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T R A N S L A T O  R

T O  T H E

R E A D E R .

y f S  th e  R ead er^ in  th is  Ira n ß a tio n ^  m a y  o h ferve  f e v e - 
r a l  V a r ia tio n s  f r o m  th e  O rig in a l^  i t  is  necejfa ry to 
in fo rm  h im  th a t  th e  A lte r a tio n s  a re  m a d e  w ith  th e 

A u th o r  s /¡p p ro b a tio n . I  a m  v e r y  fe n fib le  th a t^  upon th e 
•whole^ 1  f h a l l  he ch a llen g ed  f o r  fo llo w in g  th e  O r ig in a l too m i 

n u te ly  : h u t I  w a s w illin g  r a th e r  to  e r r  on th is  hand^ th a n  
to lea ve  o u t a n y  th in g s th a t  m ig h t h a v e  a  M e a n in g  a n d  P r o 

p r ie ty  th a t I  w as no t a w a re  o f. I t  m u ß  he con fe jfed  how ever^ 
th a t  o u r A u th o r  is ev id en tly^  in  m a n y  places^ p r e t ty  p r o lix  \ 
n o r in  rea lity^  co n ß d erin g  th e fe  as P u b lic k  L e B u re s^  cou ld  th is 
p o ß h ly  be a v o id e d : F o r as w e  h a d  n o th in g  to  d ep en d  upon 
b u t o u r  M em ories-) a n d  th e  p o r t  H in ts  w e  co u ld  ta k e  in  
W r i t in g  f r o m  th e  P r o fe jfo r s  M outhy i t  w a s n eceffa ry  f o r  h im  
to  d w e ll lo n g er u p o n T h in g s^  a n d  f e t  th e m  in  v a r io u s  L ig h ts ^  
in  o rd er to  m a ke  th e m  a p p ea r w ith  m ore Evidence^) a n d  f i x  th e m  
upon th e  M in d  w ith  g r e a te r  C e r ta in ty , I t  w ere  to  be w ifhedy 
indeed-^ th a t  w h en  he cam e to  p r in t in g  them ^ he h a d  h a d  T im e 

fu ffic ie n t fo r  re tre n c h in g  th e fe  S u p e r ß u itie s ; b u t I  h a v e  a  
g r e a t  d e a l o f  R ea fo n  to  th in k  th is  w a s n o t th e  cafe  ; a n d  y e t 
he w a s u n d e r  a  k in d  o f  N e c e fß ty  o f  p u t t in g  th e m  o u t a s fo o n

A  2 a i



To the READER.
as pojfibk^ to  ju f i i f y  h im fe lf f r o m  the  m onfirous A b fu r d itk s  

p u h lijh ed  in  a  C ourfe o f  C h em iflry  w ith  h is N a m e  to  it^ w h ic h  
fo m e  o f  h is P u p ils  ungeneroufly p r in te d  w ith o u t h is  K now ledge^ 
as y o u  w il l  f in d  ta ken  notice o f  in  th e  P re fa c e . H a d  th is  
W ork^ a t  f i r f i ,  been defig ned  p u re ly  fo r  th e  P refsy o r  h a d  
th e  A u th o r  h a d  L e ifu r e  to  have p u t  a  fin ifh in g  H a n d  to  i t  
in  th e  F orm  i t  f la n d s  a t  prefenty i t  w ou ld , w ith o u t d ifpu te^ 
have appeared  m uch  m ore to  A d v a n ta g e , both in  p o in t o f  E le - 

gance, a n d  CorreBnefs» A s  th e  S u b fia n ce  o f  th e  P e r fo rm a n c e , 
h o w le r , is f i i l l  th e  fa m e^  a n d  i t  con ta ins a bu n d a n ce  o f  
curious a n d  va lua b le  O b ferva tions a n d  E x p e r im e n ts , hath in  
C hem iflry^ a n d  N a tu r a l  Ph ilofophy, th e  R e a d e r  no d o u b t w i l l 
rea d ily  overlook a n y  Inaccuracies he m a y  m ee t w ith , a n d  
th in k  h im fe lf obliged to  th e  w o rth y  A u th o r , w ho  h a s f o  ca n 

d id ly  com m unica ted  th e  R e fu lt  o f  m a n y  Y e a rs  in d e fa tig a b le 
A p p lica tio n ,

T. Dallowe.

London 
I M arch i73 4 -f.
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A U T H O R ’S D E D I C A T I O N

T o  his B R O T H E R

J A M E S  B O E R H A A V E .

A
S I could not avoid publiihing the Work which I 
now addrefs to you, 1 have been obliged in my 
old Age to review the iLabours of my Youth. 

And whilft I have been thus engag’d, I could not help, I 
confefs, being fometimes furpriz’d, when I coniider’d both 
the number of them, and the remarkable Dangers that fre
quently attended them. The grateful Reflection, however, 
of your having been my conftant faithful Companion and 
Partner in both, gave me at the fame time a very feniible 
Satisfadion. You know very well, nor is the Remembrance, 
1 flatter myfelf, difagreeable, how many whole Days and 
Nights we have fpent fucceflively together in the chemical 
Examination of Natural Bodies. At that time, indeed, your 
Thoughts were turned chiefly to Phyiick, mine to Divinity: 
But Providence ordered otherwife i fo that altering our 
Defigns, you devoted yourfelf intirely to Sacred Things, 
making it your whole Concern to promote the true Wor- 
ihip of God, by the Plaipnefs of your Preaching, and the 
Integrity of your Life; whilft I, confcious of my weaker 
Abilities, and not daring to attempt any thing higher, was 
content to apply myfelf to the Study of the Healing Art,

Who,



The D E D I C A T I O N .

Who, therefore, has an equal Right to this Work with your- 
felfj to whom it in fome meafure owes its being what it is > 
Accept it, therefore, 1 entreat you, with the fame kind Re- 
fentments, with which I offer it; and let it ftandas a pub- 
lick Token of a grateful Acknowledgment, and a lamng 
Memorial of Fraternal Affedion, I have always efteem’d. 
it my particular good Fortune to be favoured with ¿ich a 
Brother, whofe happy Genius, and vertuous manner of 
Life, rcuucf him not unworthy of that great Office he is 
entrufted with, the noble End of which is purely to re
commend the Terms of Reconciliation, offered by 
God to Mankind, by Precept and Example, without 
a vain Affedation of any thing more. If in my Province, 
I have been fo happy likewife to behave in fuch a manner, 
as to meet with your Approbation, I ihall have wherein to 
rejoice. Adieu ; and whilfl: you are now and then amuiing 
yourfelf with Things of this Nature, don’t forget thofe 
joint-labours we were formerly fo agreeably engaged in.

Leyden  ̂ i :  Jul-j 1731.
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A U T H O R ’s

P  R  E  F A C E

o r  H I N G  was form erly fa rth er from  my ThoughtSy than 
that I  fio u ld  ever trouble the World w ith any thing in Chemißry. 
There are Jo many Books already upon this SubjeSi^ and many of 
them wrote fo  well, that it  is hardly poßble fo r  mê  either to 

reprefent things in a better L ig ht, or to offer any thing that has not been 
fa id  before. M y Academ ical C ^ ce however made it  nectary, that I  ß o u ld  
annually give a Courfe o f  LeBures in this A rt ; but this was w ith no 
other View, than ju ß  to lay down the Rudiments o f it, and give fome 
amples o f the Opérations^ fo r  the fa ke o f  thofe Gentlemen^ who were pleafed 
to p u t themfelves under my Tuition, A n d  fo  f a r  it is poßible^ the Method I  
have made ufe o f in  digeßing the SubjeBy and the great Sim plicity 1 have 
conßantly and carefully fiudied, may not have been without their ufe. A n d  
in  thefe two Particulars, indeed  ̂ there feemed f l i l l  fome room left fo r  fa r 
ther Application^ that at laß Chemißry too might deferve to he introduced 
among the Academical Sciences. This, therefore, I  endeavoured to the beß 
o f my A bilities', and having done this, I  thought I  had difcharged my D uty y 
and that nothing fa rth er could reafonably be expeâîed from  me. I t  has 
happened, however, very different from  what I  was aware o f  : For the 
Ingratitude o f fome o f my F upils, the promoting whofe Inter e ß . was always 
my Study j and the infatiable A varice o f fome Bookfellers, who w ill not 

fiic k  at the bafefi A B im s, i f  they can make any Advantage o f them, f u f f -  
ciently fowered my Chemißry^Frofeßorßip, For thefe Perfins, under a fa lfe  
pretence o f  doing Service to Learning, publißed, without my Knowledge, a 
Courfe o f  Chemical Infiitutions and Experiments, and prefixed my Name

i  to



to it'y and thus did an Injury both to the Fublick asid me, in a  manner 
certainly very dißonourahle^ and that ought to he taken notice o f by the 
Laws, ^he fa lfe  Notions, Abfurditiesj and Barharifms, that are imputed 
to me in every Page o f that Work, are fo  abominable  ̂ that they w ill not 
bear mentioning. I t  happened, however, to the Misfortune o f the prefent Age^ 
o f which by this means they have left an infiance to the fucceeding, that 
this firry  Book met with too many Buyers, very much to the Lofs and D if-  
grace both o f them, and the Ferfim  who recommended it. By this means 
I  had the daily Mortification o f feeing my Pupils before me w ith this Book 
in their Hands, whilfi I  was giving my L eB ures; and could plainly per- 
ceive, that every Word Ifa id  mufi be examined by the T^ext o f that mtferable 
Performance, ^ i t e  tired with this, I  applied myfelf fo r  R elief to fome 
Ferfons in Authority, who had Power to refirain and punifio fu ch  Enormi
ties as thefe \ and I  had almofl gained my point, had not fome others de- 

fignedly delay'd, put off, nay and oppofed it  too, though I  had deferved 
much better things at their Hands, and had received from  them fo  many 

fa ir  Promifes in my favour, as, 1 think, would have deceived the moß 
cautious Man living. Thus then I  was fatisfied by an uncomfortable JEä:- 
periment, that there are fome Ferfons in the World, who take Fleafure in 
triumphing over Learning, by every method that lies in their Power. Thefe  ̂
and other Confiderations, determin'd me to give LeBures in Chemifiry no 
longer', and therefore I  immediately refigned my Profefforfi^ip. B u t this 
was no fooner over, than  ̂ I  was again engaged in new D ifficulties; fo r  my 
Friends were a ll o f  opinion, that in my own Defence I  ought to p u blifi my 
Chemical Infiitutions and Experiments m yfef, that by this Means the World 
m ight have an Opportunity o f  judging in what manner I  did in reality teach 
Chemifiry, both in the publick and private Schools. I t  was to no Purpofe 

fo r  me to objeB, that thefe Inßitutions were defigned only fo r  my private 
life, and calculated purely fo r  Beginners, to lay before them the fir fi Elements 
o f  the Hifiory and Method o f Chemifiry, and o f  confequence would be o f  
no manner o f Service to the Publick, Nay I  infifled farther^ that as thefe 
only laid down the Rudiments o f the Chemical A rt, and had nothing elfe 
to recommend them, they mufi necefiarily be difagreeable to any Reader that 
was ever fo  little verfed in, it, They on the other hand urged, that the 

fpurious Work met with general Approbation, was mightily wanted, grew  
dearer, and would be very foon reprinted, i f  I  did not take care to pre- 
*vent it. This I  confefs gave me fome üneaßnefs, and brought to my M ind  
the great Petrarch, who lamented the Misfortujie o f his Cotemporaries, 
when he faw  them f i t  fuch  a value upon his Works, as to think him 
worthy to be rank*d amongß the famous Poets. How much more then, thought
I ,  ought I  to be afiamed, fiiould I , who am confcious o f  my own poor 
Abilities, and am an Adm irer o f  other Authors, dare to intrude m yfelf

among



amcñig the Chemical W riters. N ot ablê  however, to ß a n d  out any longer̂
I  at laß undertook the difagreeable ^ask\ arid I  publickly declare^ that 
the .Book with which I  now trouble the World, was forced from me much 
againfl my Inclination. A s for the Work  ̂ I  have wrote it  in as concije 
a manner as the SubjeB would admit o f  ; and have avoided as much 
as poßble -pure Therms o f A rt. T^hat this might be done, I fa w  evidently 
in the Example o f the incomparable G eorge Agrìcola, in that immortal 
Worky D e FoìTiIìÌdus, R e M etallica, &  Subterraneis. I  heartily w if?, 
indeedy I  had had fo  much T̂ ime at command w hilß I  was compoßng this 
^reatißy as was necejfary fo r  the fu ffd en t Imitation o f  fo  great an Author.
For want o f thisy and being hurried with a Variety of Bußnefs w hilß 
this large Work was in Handy I  am fenßble^ many Expreßions have 
efcaped me, that are not fo  elegant. I  am aware tooj that fome Verfons 
w ill think I  very often inßß too particularly upon things that feem but o f  
little Confequence: B ut this I  have done with Defign^ on purpofe to can- 
tion fufjiciently againfl thofe InconveniencieSy that in thefe kind o f  Inquiries 
continually fitrround us. I  have conflantly had Beginners in my view  j 
and therefore thought myfelf obliged to point out every thing doubtful̂  or 
dangerous. For the fam e reafon you'll fin d  I  every where proceed chießy 
upon particular Experiments, not laying down any general Rules, without 
a great deal o f  Caution. By this Example^ young People may learn the 
Method that Beginners ß:ould purfue in their philofiphical Inquiries ; a 
laborious onê  I  confefs but certainly a ju ß  one, and that w ill lead us moß 
fecurely to true K?icwledge. In  the ß r ß  part o f this Work I  bad thofe 
Leòhires to iifert, which I  had given at particular times upon Chemical 
Suhjeéís in tlje publick Schools: A nd as I  thought it  neceffary to ideiate 
them again, and confirm them by ?iew Obfervationsy it  has happened  ̂ that
I  have fometimes repeated things I  had fa id  before \ which it  was imt 
poß'ble to avoid. A nd thus the S ize o f  the Book infenfibly grew upon my 
Hmdsy though at the fam e Tijne I  was too much engaged in Bußnefs o f  
another Nature. How happy, under thefe Difiictdties, did I  count thofe 
Authors, who have Time enough to ßudy, digeß, and put a finißoing H and

10 the Works they are emplosed in. For my part, amidfl a thoufand A vo- 
cations, I  have been obliged to difpatch thefe things in a rude manner, and 
very different from  what I  ßm d d  have done, had I  been M afler o f that 
L e fare and Retirement which I  have long wiß:>ed fo r  : Efpeciallyy as I  
have a great D efre to confirjn and impi'ove fome particular Parts by new 
Experiments, ^hofe which are now contained in this Worky are what I  
made in publick many Tears ago: And this I  think proper to mention, ieß 
any bcdy ß:ouId fifp e tì I  borrowed them clfrshere, without making men- 
tivn o f ite  Auibor's Nume. B ut to detain my Reader no longer, pleafi to . 
a a cft tki.s Terformance^ fuch as it  is, in a favcuyabk manner'i excufe thg

a Troubk



trouble I  by this means give you ; and impute the Liberty I  take o f  
appearing in P rin t upon this SubjeB, to the very good Reception the fp u - 
rious Copy, which was worfe, met with from  the Publick. Upon this 
Occafon^ too, give me leave to inform you, that I  never puhlijhed any 
thing befdes what follow s; which I  confefs I  am apamed to mention.

Oratio de commendando Studio Hyppocratico. Spoken and printed at 
Leyden 1 7 0 1 ; Abrah. Eli'evier.

-  de U fu Ratîocinii M echanici in. Medicina, 1703, fo r  John 
VerbeiTel.

-  qua repurgatæ Medicinæ facilis aíTeritur Simplicitas, fo r  
John Vandcr Linden.

de comparando certo inPhyficis, 1 7 15 , Peter Vander Aa.

de Chem ia fuos errores expurgante, 1718 , fo r  Peter Vander 

Aa.

de Vita, &  O bitu Clariffimi Bernardi Albini, 1 7 2 1 ,  fo r  Peter 
Vander Aa.

de Honore M edici Servitute, 1 7 3 1, Ifaac Severinus.

A n  Oration, which I  delivered when the Curators o f  the TJniverßty 
honourably gave me leave to refign my Profefforßnps o f  Botany and Chemißry  ̂
l y t g ,  for  Ifaac Severinus.

Inftitutiones Medicse in Ufus annuse exercitationis domeilic$;, 1708, 
fo r  John Vander Linden, Father and Son.

Which was aftermárds reprinted fevera l timeŝ  with Additions in 
8 m

Aphorifm i de Cognoicendis, Sc Curandis M orbis in ufum  Do6i:rIn® 
Domefticse, j y o g , f o r  John Vander Lirrden.

O f  which there were afterwards feveral Editions^ with Additions, in Evo.

Index Plantarum, quíE in Horto Académ ico Lugduno-Baiavo reperiuntur, 
iy  lOj fo r  Cornelius Bouceftein, in

M ateria

6



\iateria  M edica, &  Retnediorum form ula, i7 i9 ,y c iA 'Ifa a c  Severinus, 

m 8 m

Afterw ards reprinted in E*uo.

Index alter Plantarum, quse in H orto Academ ico Lugduno-Batavo 
aluntur, i j 20  ̂fo r  Peter Vander Aa, in ^to,

Atrocis nec defcripci prius morbi Hiftoria, fecundum Medica; arcis 
leges confcripta, 1 7 2 4 ,/òr Bouteilein, in 8m,

Atrocis rariffimique morbi Hlftoria altera fo r  Samuel Luchtm ans, 
and Theodore H aak in %vo.

A  medicinal T^reatife de L ue Venerea, prefixed to the ColleSfion o f A u 
thors upon the Venereal Difèafe, 1728, fo r  John Arn. Langera, and John 
and Herm . Verbeek, in Folio.

Epiftola pro fententia M alpighiana de Glandulis ad ClariiH Rylfcium , 
/^tofor Peter Vander Aa.

Every thing elfe printed in my Name, except a fe w  Prefaces, is fpu-^ 
riousy and publißed without my Knowledge.

A  V i e w



A  V i e w  of the C HAP t E RS  into which this Volume is divided.
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O f Salts 27
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O f Semi-Metals 33
O f Vegetables \ ̂
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O f the Pabulum of Fire 168

in Animals ao8
in FoiTlls 208 

O f the Heat arifing from the Mixture of
Animal and Vegetable Subftances 220 

O f the Heat ariiing from the mixture of
i-oinis 221

O f Fire generated in a cold Body by the foie 
Accefs of the Air 222

O f Fire produced from cold Foffils by the 
help of Water 22;

O f Fire generated by the Mixture of cold 
Liquors

O f Air 247
O f Water 3i 7
O f Earth 3̂ 4
O f Chemical 386
O f Water and Aqueous MenJIruums 415̂  
O f Oils and Oily Menjiruums 427
O f Spirituous Menjiruums or Alcohol 43 ̂  
O f Spirituous, Aicaline, and Acid Menjiru

ums 43 ̂  
O f Simple Saline Menjiruums 438 
O f a fixed Alcali, as a Menftruum 440 
O f Acid Menjiruums 4^- 
O f Neutral Salts as Menjiruums 472 
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O f Chemical Veflels, and tlie Furniture of a 

Laboratory 500 
O f Lutes. 507 
O f Furnaces 5o3

E R R A T A .

P A  G  E  Z- Line 7. read Hiftorianj. P .  j .  1, 13 , r. 
caliProcefles indeed, P . 4.- / from the boitomf r, the 
Story. P -  5. /. ptnuUt r. A'"t feems by its- P . 19. 

1- z l ,  f .  Name. P . i z ,  I. iS .fr c m  the kttom , r, yellow 
PMSi. p .  » 4 . /. » 5 - p. and then rubbbgi Ibid. I. from 
rbt hcttcm, r, where it adheres. P ,  *51 /• 3. r. i .  T oo 
diftingiijihes. F . 30 ./. 7 . f. by Fire, i*. 3 1./. j8 . Naphtha. 
P .  4^1 /. l a  from  tbc ¡M om , r. in diretìion. P .  46 . I  29. 
r. exceeding nnr E'ements. P .  48. /. 5. from the btttom, r. 
but little , P .  4 5 . y . I .  r, this n ble vcrcoe* P .  54. /. 8 . 

from  iht bottom, r. in the middle. P .  581 /. anttpt^uh, 
r. and when it does. P . 6 1. /. 8- f r m  the bottom, r. need 
n  :t l:>y much. Ibid, I. 7 . frcm the botiim  ̂ r, John Rudo!- 
fh iiS  Ghubei', p . 6z , I. z j .  r. Ore. Ibid. /. y. from tbs 
biti'-m, r. t'rom the Cupel P .  68. /. i t .  from the bettolìi, r, 
•rh’ife o f  H», P ,  78. I, *8 , r. Lab.)rati.ry, and Jo akuayt 
■ivbft that word occurs, P . %z. I. r, warmer in the 
form-.’r, and c«'!dei- in the l^tter. P .  88. I- 9. r. and then, 
poiTb!y> it is nor. P .  Sg. /• 5 . Jr m the bottom, r. and o f 
<ourfe w ill take Ib'd. ¡.% ,frim  the bottom,r,\hthshC\<xk^, 
p .  5 1  , / .  1 2 .  r ,  t h e r e  a r i f a .  P .  0 9 .  /  6 -  r .  m e a n < , t h e n ,  u p : - n .  

P ,  1 1 0 .  A  3 .  r ,  r h u B  d e i i f e .  P .  j  j  i .  / .  6 .  r .  t h e n  t h e  M e r *  

c u t y -  P .  1 2 8 -  / .  1 3 .  r ,  f l i p i n g .  I b i d -  / -  1 4 .  r .  h o r i -  

* o n { 4 l l y .  P .  i ^ z .  ! .  1 0 .  f r f - m  t k t  b o t u m ,  r .  r e l i e f  t o  t h e  

h e a d .  P .  1 3 3 .  I ,  1 4 .  r .  a l w a y s  d e c r e a f e ? .  P .  i  4  / .  5 .  

J r . - m  t h e  b t H Q m , r -  g o o d  d e a l  o f  u x p e n c e .  P .  1 4 4 .  M a r g i n ,  

r .  d e t e r m i n i n g .  - P .  1 5 8 . / ,  2 1 .  r . g r o w  e q u a l ' y  h o t .  P ,  i - ; 8 .  

/ ,  7 .  r .  a n y  t h i n g  t h a t  i s .  P .  1 8 7 .  / ,  i 8 -  r .  i s  i n t i r e .  P .  

3 0 0 .  I  j 8 .  m e r e  F l a m e ,  p .  i o 6 .  / .  $■ f r o m  t h e  b u t t o n ,  r ,  

to be fo prtfft;d. P . z i a .  A 15 , r, the three additional, 
p .  a : 6 .  I. 5, f r  m tb> Lotf.m, r. and are at reft, P . 1 1 7 ,  
/ .S I . r, with diflilifd Vtflsgar. P . i t o .  I, i 3. r . Expcri-

ment I . aftervarlous manners. P .  444. /  uU. r. their parts. 
p .  2 15 . I. 30. r. thus produce. P .  443. I. i 6 .  r. are dried 
#nd changed intoa very black Coal, and i f  they are calcined are 
all. p .  *4$ , I. 18. r. exceeding fimpie. Ibid. /. ao. r . 
this fpecies. P . »$1. Margin, r. M utual A ttraftlon. P .  
»54. /. 12. r, by the A ir . Ibid. I. 4 . from the bottom, r. 
within the tenth. P - »59- /• 8. r, all oth.;r Fluids. P .  a6 o . 
A ultim. r, incomprefiible particles. P .  a 6 r . A i^ . from  the 
bottom, r. hermetically feal'd. P .  1. %.frcm the bott̂ im, 
r. application o f  Heat. P .  275. A 1 7 . n  but in the Summer. 
P .2 9 3 . A f .  into rpacesreciprocaliyproportional. P .  296. 
A 8. from the bottom, r , rife in the Tu!)es. Antepenult, r, 
Thefe things. P .  298. A a i .  r, Torricellian Vacuum . 
P .  303. ¡. 19. T. It is boil’d. P . 334. A I I .  r. in V/ater. 
P .  34a. A 26. r. into C h alk . P- 3 6 s. A 8. r. Hygrofcop;s. 
P . 364 I. l i . f r m  the bettom, r. to theFofiil one. P .  37a. 
A lo - fr '.m th cb 'jtfM , r, th iir vaft fubtlety. P .  379. /. 7, 
r- ; tho' this I  cnofefs. P .  385. A 8. fr',m  the b-ttom, r. 
feal’d Earths. P- 386. A 12. r. I  cou'd n.it w ell om it. P .  
388 A 7  f i i  ¿Of ««,  r.  B ut by this admixture. P - 3 9 1 . 
A 8' from the b'Atzm, r. among them an intire. P .  4 0 7 . A 6 . 
r . the Firs. P . 420. A a i .  r. fix’d and volatile A lca l.’s. P . 
4 2 4 . A %. fr'.m  the bottm , r. Al^m-nts o f  A m m ils . P .  
434. A 9. r. But thefe Oils. P . 43f>. I pinuh, th'jfe things, 
p .  4 4 1. A 1. r. acid, and thus. P . 4 4 4 . l.n lt . r. ak iiin a 

Salt. P . 4 5 4 - A r. into thefe. P . 456.
A I .  r. compound "^alts. Ibid. A 6. fram the b'Atom, r. 
Mindereri. P . 4G0. A l i . .  r. alm oft like W ax. P . 467. 
A 3 2 - n  P .  468 A 4 . r . atl\ijion. P . 4 7 i . i V « i ,
r. 9 grains, and acid. P .  4 8 1. A frcm  the bottom, r. hen «  
new appearances. P . 484. A i^ .from  the bottom, r. A lcohol 
uponthii. P .  494. I. I . r. tw o hvUrs, converts» •
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D E S I G N .
G e n t l e m e n »

A
S you have put your felves under my care, to inftru£l you in the know- xiie DeCg«» 

ledge o f  Chemiftry, I Hiall think it my duty to endeavour as much 
as poflible to anfwer your expedations.

And in this, as far as I can judge, I ihall moft efFeilually fucceed, 
i f  I clearly and methodically explain to you every thing you will have occafion 
for, either to underftand the m oil valuable Authors, in this A rt, from whom 
you may gain a knowledge o f  it purely as it ftands founded upon Experim ents; 
or^to enable you to perform the principal operations in Chemiftry ; that by this 
means you may be ready in the exercife o f  the A rc, as well as thoroughly 
underftand it.

This, however, is not fo eafy to accompliib, in an A rt cultivated by men 
taught rather by accidental difcoveries, than afting according to rules o f  A rt, thi 
and who for the moft part wanted intirely the knowledge and afiiftance o f  
the more liberal Sciences.

F or hence it came to pafs, that they have given us only a confufed colledlion 
o f  the things they obferved, juft in the order they happened, without any re
gard to a methodical difpofition o f  them.

And this difficulty was ftill farther increafed, by an almoft conftant negledt 
o f  thofe th-ings which came very frequently under their obfervation : for thefe 
they did not think worth taking notice o f ;  and yet without them, to a reader 
not verfed in the A rt, the caufes o f  many things muft be unintelligible.

But then this Science became moft perplexed, when thefe A rtifts began to 
introduce their difputations into it i came to coining their general principles j 
and went about to explain the caufes o f  the different appearances they met with.

Thefe difficulties however may in fome meafure be removed, by colledling 
together the genuine Experiments, which have been performed in this A rt j  
from thence deducing fome general rules ; and then difpofihg thofe rules the 
moft to advantage.

Efpecially, if the perfon who fets about it, has the happinefs o f  having his Methodpro- 
mind formed to the work^ by a long and careful exercife in the pradical pare 
o f  the A rt j which I hope without vanity I may lay a fmall claim to.

W ith fome hopes therefore o f  fucceis I undertake writing thefe Ihftitutions j Diflnbution. 
which I fhall divide into three parts. ofthcworfc.

T h e firft o f which will contain the rife, progrefs, culture, and fate o f  Che- Pa« the 
miftry ; will give an account o f  the principal Authors in this[Art, according to 
the times in which they lived, briefly hinting at the things in which they agreed,

B and.
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and wherein they differed j and hence will make mention o f  the different feéls, 
and what they have contributed towards the advantage or prejudice o f  the A rt: 
And here fwhich caution may be o f  iervice for guiding your condua in this 
Science) giving to every one the glory due to their meric, I ihall candidly com
mend thofe who on account o f  their fervices to the A rt  diftinguiih themfelves 
above the reft ; and through the whole ihsll carefully proceed according to 
thofe rules, and with that integrity, which Hiftones ought religiouily to obferve.

T he fécond part will lay down certain, indifputable, chemical Pofitions, 
colle<5led from fuch evident phyfical truths, as have been difcovered by the Che- 
mifts ; and thefe will be chiefly o f  a general nature, and fo contrived, that by 
the help o f them may be performed all the operations, that truly belong to 
the chemical Art.

N or indeed in this A rt  do we allow o f  any other Theory, than what is built 
upon fuch general Propofitions, as have firft been deduced from man-y com
mon undoubted Chemical Experiments, from which, as they always fucceed 
in the fame manner, fome general truth may be fairly inferred.

W e  muft take care, however, not to carry even this rule any farther, than 
this chemi- fimply to apply it to fuch particular bodies, as we evidently difcover to be
cai T h eory. ^  r  i r

perfectly or the lame nature.
For it is certain, that the powers o f  fome particular bodies, frequently pro

duce fuch effe(5ls, as could not poiTibly have been forefeen from any general 
Theorem, in as much as they depend purely upon the peculiar nature o f  thofe 
bodies, which perhaps may be different from all others.

W e  ihall farther, in forming this T heory, take the liberty to make ufe o f  
fuch truths, as are demonftrated in Phyfics, Mechanics, Hydroftatics, and 
Hydraulics ; fince the properties, which belong to all bodies in common, muft 

“ ^^^^^o^hold good in chemical ones too: but then, we muft in this affair proceed 
dry. with a great deal o f  caution as we find, that by the application of fome par

ticular bodies to one another, from the fingular nature o f  thofe bodies efïeéls 
are often produced, that are quite contrary to the demonftrations which 
are true o f  bodies in general. A n  inftance will make this plain: Galilœo has 
ingeniouily demonftrated the law by which a body will defcend from a fixt 
point above to a point on the earth perpendicularly under it, fuppofing it to 
move in a fpiral, or elliptical line, and with a certain degree o f  acceleration. 
L e t  us now only imagine the falling body to be a loadftone, and another to be 
fo difpofed, that the former in its defcent ihall come within the fphere o f  its ac
tivity ; and then his Demonftration will appear to be falfe. In like manner, 
the things which Archimedes has proved in his Hydroftatics, though they are 
ftrid ly  true when applied to bodies in general, yet do not always hold fo, 
when applied to particular ones \ as we fee that gold , which links in all other 
fluids, is diflblved, and fufpended in fo light a one as Aqua regia.

Under thefe limitations then, the truths difcovered by the Philofophers, and 
others abovementioned, will always be o f  fervice to this Arc i nor can ever pof- 
fibly do it any prejudice.

 ̂ In the third and laft part o f  thefe Inftitutions, I lliall adually  exhibit to your 
view the methods made ufe o f  in Chemiftry, in order to change natural bodies 
in fuch a manner as this A rt  direéls, and to the end which it likewife had before 
determined.

And

T h e  realbn 
o f  this cau
tious pro
ceeding.

P hylico- 
M athem a- 
tics, and 
Phyfics

T h e  laft 
part o f the

Delign.
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And here I fhall take care, that the m oft common things, i f  it is o f  any 

confequence to know them, ihall not be omitted ; nothing fhall be unneceflarily 
repeated ; and that, ihall be always treated o f  firil, o f  which there will be Ope«ti«w 
occafion in the procefs that follows.

In the profecution o f  which, the Theorems explained in the fécond part, The ufe of 
will be made great ufe o f i by the help o f  which all the operations in C h e - ‘i’« «hemi- 
miftry will be eafily underftood, and both the head and the hand fitted for the 
exercife o f  the A rt  : A c  the fame time alfo, every one o f  thefe ProceiTes will «tigns. 
be a Demonilration of the truth o f the particulars, from which the general 
Theorem was at firft conftruded. By this method, Gentlemen, I propofe to 
lead you into the moft perfeâ: knowledge o f  Chemiftry ; nor have I loaded 
with difHcukies a Science, which in its own nature is fufficiently troublefome.
Wichouc this, all the labours o f  the Chemifts, which they call ProceiTes, indeed 
are o f  no real fervice, but wafte our time, and inftead o f  being an advantages., 
are really a prejudice to thofe that are fond of them.

Ba COURSE



COURSE of CHEMISTRY.
PART I.

The Hiftory of the ART.
The name }  ■' 1 H E  wofd, which in the Greek Language fignifies Chemißry, ìsXjì û/«, 
of the Art. M qj. ; and this is o f  fo vcry ancient a date, that ic is fuppofed to

g  have been in ufe before the flood.
T his certainly was the opinion o f  Zoßmus the Panopolitani whofe 

Greek manufcripts, which George Agrìcola had feen in the year 1550, and Joßpb 
Scaliger, zndOlaus B&rrichius perufed afterwards in the K ing o f  Library,
have a remarkable paflfage in confirmation o f it.

For in the book intitled Zwcr/jU« r5 TffoivoTrohlns <f)iAO(ro<p» àa r  ®iO(Xi<cHctv 
iv iji 6 rvi he exprefly fays, that the A rt which was revealed to
the daughters o f men by D em ons, as an acknowledgment o f  their favours, 

was called Chemißry : For this is the fenfe o f  the text, as ic 
was read by Jofipb Scaliger, and inferted by him in his notes upon EufehiuSy 
p . 243, 258. N . 38 ; And by Borrichius againit Conringim-, p. 49. ^hefacred 
Writings tell uSy that there is a fart of Dcemons that are familiar with women. And 
Hermes mentions the fame thing in his Phyfics % and almoß all our learning loth open 
and occult, take notice of it likewife. 'This then the ancient and facred Scriptures in

form us, that the Angels were inamoured of women, and came and taught them all 
the Works of Nature. Now the firß  tradition they gave concerning thefe Arts was 
called X h U A a n d  the hook likewife that contained it, they called'i'üU./C \ and hence 
alfo the Art chained the name xh m i'a. N ow  this very ancient fiélion arofe from 
-the mifunderftanding thofe words o f  Mofes, Gen. vi. 2. for from this paflfage 
they concluded, that by the fons o f  God were meant D em ons, confifting o f 
a fpiricual part, and a corporeal one, that was viflble only, like the image or 
phantom refleded from a looking glafs ; that thefe beings were endued wich a 
univerfal knowledge, were converfant with men, were very fond o f  women, 
were great with them, revealed fecrets, and appeared to mankind. Compare 
with this, Luke xxiv. 37, 39. Matt. xiv. 26. And this fable probably gave 
rife to this ftory o f s//3yAAi4, ('Sta, that is in the .Äiolic Diale<5t:, A<» ßuAA«, or 
jSsiA)},) on whom Phcebus in return for her favours conferred the gift o f  Divina- 
tiQD, fo that ihe could difcover the will and counfels o f the Gods. T hus is the 
mind o f  man, whiiil in a ftate o f  uncertainty, apt to run into very ftrange 
conceits, which ic afterwards idolizes and regards with veneration.

But farther, the land o f Egypt was likewife very anciently called by the fame 
name as Plutarch obferves, {Jf &  Ofir. p. 364. C.) Befides,4 he foil o f Egypt being 
of an exceeding Hack colour, like the black of the eye, they call it XHMI'a. And 
the fame country went alfo by the name, as Steph, Byzant. takes no-

4  tice



tice under the word «<yvsr7o?. But the word Bochart informs us,
among the Arabians fignifies to hide.

I f  we now lay all thefe things carefully together, we may eafily perceive that itisv«r 
this name was made ufe o f  before the flood ; that it continued in ufe in the 
fucceeding ages; and that in thofe days it fignified,

1. A  knowledge o f  the works o f nature, $i$ci.iTv.a.Kioiv xuvrm t  (puVgwr The mean-
2. A  book containing i.he Tradition of fuch a Science. _ vjyoid'*
3. T h a t Hermes in his book o f  Phyfics had made mention o f it. name.
T h e  word now, if it is wrote according to Bochart fignifies to hide,

as we took notice juft now: And hence if  Plutarch will have it, (de If.
fc? O f  p. 364.C.) expreflTcs the black o f  the eye, or any thing exceeding black, 
there will be no great difference betwixt them, as ufed by the hieroglyphical 
writers ; for among them the pupil o f  the eye denotes fomething hidden, and 
precious.

Efpeciallyjjif we confider that the fame Egypt, called in the facred W ritings the 
land o f Cham, (Pfabn cv.) ftiled their God a/^sv, which according to Ma^ 
nctho the Sebennite fignifies fomewhat concealed, Plut. de I f  &  O f  p. 354. C.

N ay, and that the fame country even to this day is called in Coptic the 
land o i Cemi j as we learn from the fame Samuel Bochart.

T his name therefore fignifies fomething hidden, occult, myfterious, fecret; 
and the A rt  which it exprefles is called likewife, Chemi, Chemia, Alchemia, A l-  
kumia, x̂ F' >̂ iTOjJiTixJj, the Spagarite and H yflbpic Arc feparat-
ing the pure from the impure.

A nd by it, the Authors who firft made ufe o f  the word meantj a univerfal 
knowledge o f  Nature.

T h e  word therefore was ufed originally in a very pure fenfe, though it was af
terwards perverted to a very different one ; which misfortune likewife, by means 
o f  illiterate perions, befel the word Magic.

But as Metals now comprehend a large and very beautiful part o f  natural The word 
bodies ; hence the fame word came likewife to fignify M etallurgy. p S  MeS-

And this A rc alfo was cultivated to great perfedtion by the Antidiluvians: for lurgy. 
Tuhal-cain, the true Vulcan o f  the A n cients, fon o f  Lamech and Zillah^ 
and the eighth perfon from Adam, underftood how to prepare copper, and 
iron in fuch a manner as to work it into utenfils, Gen. iv. 22.

But foffil copper as it is dug in the ore requires both exquifite art and Thedifficui- 
labour to  make ic fit for ufe ; no lefs than twelve fufions being neceflTary to 
render it fufficiently malleable ; as both and inform us. An.

And iron in like manner muft be managed with a vaft deal o f  Ikill and 
pains, before it can be applied to the fame purpofes ; as we learn from the fame 
faithful Authors, who were the top mafters in this Art.

Hence therefore we fee that the original o f Chemical M etallurgy is exceed
ing ancient, as wtll as that o f the name itfelf.

T he country which is firft celebrated for the cultivation o f this A rt, is chemical 
that which was inhabited by the firft people, as the H iftory o f  Tuhal-cain 
evinces (Gen. iv. 22): Efpecially, if  you compare this with the Fables and vatedio 
Hiftories o f the Vulcan o f  the Ancients, who was tiie fame with 'Tuhal-cain,
(Voff. Id.g. I. 65.) And indeed the very name o f  the Arts fecm sby it original 
to confirm the fame thing, as you have fcen already.

From



6 E lem e n ts  o f  CnEMrsTRY, Part I.
T h en  in From hencc as its fource, thi.s like ocher Arts,, began to fpread, and was 

nexc carried into Eg-jp\ and there ic was praftifed with a vail deal o f  appli- 
cation. For Mofes who was ikilled in all the learning o f the Egyptians {ASfs 
vii. 21.) knew how by the help o f  fire to reduce gold to a powder, fo as to ren
der it miicible with water, and by this means potable, {Exod. xxxii. 20;) and 
this is what is certainly one o f the top performances o f  the A rt, and what even 
the greatcil Adepts of the prefent age are not mafters of. Vulcan  ̂ the fon o f  
Jupiter and Juno  ̂ was the firfl: who reigned in Egypt  ̂ and was deified after his 
death for the invention o f fire {Diod. Sic. 1.) or rather for the firft application 
o f  fire to making utenfils o f metals, as the fame Author fays exprefly {y.) They 
tell tis, that Vulcan was the Inventor of all works in iron., hrafŝ  gold., filver.  ̂ and 
other bodies that require the management of fire. He found out likewije all the ufes 
of fire., which he difcovered both to the workmen and every body elfe.

But Egypt itfeif in the facred language o f the Priefts is called (Plui, I f
Oftr. 364. C.) and Steph. Byz. in the word

T h e  fame country likewife went by the name, or the land o f  Vulcan^
{id. ih.) T h e great Scaliger indeed alferts, that the A rt E*
gyptians called And yet in the book entitled, Minerva mundi  ̂ taken
out o f Stobaus, it is faid.( r̂oujTm̂ V T'AfjcXy'TTJov t  {Conring. h. m. c. III.) i. e.
T h a t jEfculapius the fon Imuth., was the inventor o f  Chemiftry s for is
the fame as Cbemia, {Reinef. van leSl. lib. II. c. v j

Vulcan it is certain had Priefts at Memphis {Herod. II. 3.) A  very beautiful 
temple was ereded to him there {Herod. II. 99.) with portico’s {id. ih. lO 'i.) 
and images {id. ih, 176. III. 37.) And his fymbol there was a Vultur (Vof, id,
g. III. 573.J viz. a bird o f prey. But Zeno tells us that Jupiter too was called 
"HcpiMfo?, on account of the exienfion o f his influence to artificial fire (Diog. 
Laert. VII. 147.J j which name plainly appears to be derived from to 
to be fet on fire, or to burn. Agreable to which opinion, Horace  ̂ who is 
remarkable for the elegance o f his Epithets, expreifes himfelf,

■ II.. - dum gravis Cyclofiim 
Volcanus ardens urit ojficinas. Carm. I. 4, 7. 

as Plautus indeed had done before him {Amphitr. i. ir 1885.^
^ to  ambulas tu,̂  qui vulcanum in cornu conclufum geris ?

A ll thefe obfervations then feem to make it plain, that the part o f  Chemiftry 
called M etallurgy, or the A rt  o f  Metals, was by the ancicnts cultivated chiefly 
in Egypt. N or do I think there can be the leaft doubt about the antiquity o f  
this very old A rt, in this fenfe; or about the name itfeif.

T h e  origin A  coHfiderablc time after, the fame word firft came to be ufed to expreis
i  apjidto which the pureft gold might be procured from any fort o f  metal ;
theArtof either by a true tranfmutation, maturation, or fome peculiar kind o f  fepa- 

ration, that was not commonly known.
Afterwards, the Arabians., who principally cultivated this A rt, altering the 

found a htile, called it Alchemia in the fenfe ju ft now menLioned i and with 
a little more vartation, Alchimia., Alchem y.

‘Vcryuncer- Suidas., who lived in the tenth century, tells us (under the word
Dioclefian  ̂ who reigned the twenty laft years o f the third century, gave orders 
that all the books o f this A rt fliould be inquired after, and burnt, becaufe 
the Egyptians were plotting againft tlie Roman Government. {Chemifiry)

on-



X}Y the Art of preparing gold or filver. The books concerning which, Dioclefmn got
together and burnt, becaufe the Egyptians rebelled againfl him. He ufed them 
cruelly and without mercy, when he fought after their books that were written by 
their forefathers concerning the ^f g(>̂ d and filver, and burnt them  ̂ left by
the help of this Art they fhould gro^ rich, and fo be tempted again to oppofe the R o 
man government.

But under the word he carries the affair ftill a great deal higher, e x 
prefly and pofitively afiening, that the Golden Fleece  ̂ which Jafon and the A r 
gonauts brought away when they failed thro' the Pontic Sea to Colchis, was no
thing but a book written upon parchment teaching the method of making gold (¿’i^

by the Chemical Art. T his now, had he confirmed it bĵ  iufficient au
thority, would have advanced the antiquity o f this Science to thirteen centuries 
before Chrift, that is, before the time o f  the Argonauts. A nd yet upon this 
fuppofition we fee the A rt even at that time was known, pradifed, committed 
to writing, and was the motive to the Argonauts to undertake that fatiguing 
and dangerous expedition. I f  this was the cafe however, it muft be confefled 
it is pretty extraordinary, that neither Mofes, t\\t Sacred Writers, Sanchoniatho^
Orpheus, Homer, Hffiod, Pindar, Herodotus, Thucydides, Hippocrates, Arijiotle, 
^heophraftus, Diofcorides, Galen, or Pliny ihould mention one word o f  i t : E- 
fpeciully, as every body who is acquainted w ith their works muft allow, that 
both the capacities o f the Authors, and the defign, fubjed, and times o f  their 
writing, muft neceffarily have led them to have taken notice o f it.

N or is this difficulty at all removed by that paflage in Pliny (xxxiv. 25.) con
cerning flexible G lafs; or by that o f  Dion Caffius (Ivii. p. 617.) concerning 
the fame proje6t*s being rejefted by Tiberius], nor yet by the other o i  Pliny 
(xxxiii. 4.) where he telJs us, that Cajus, by a very intenfe fire, procured from 
orpiment a fmall quantity o f  very choice gold : For fuppofing thefe things 
to be true, they in reality prove nothing more, than that they were at that 
time excellently skill’d, both in the docimaftic A rt, and that o f  Glafs.

It muft, however, be acknowledged, that Julius Maternus Firmicus, in the ’Tisanciest 
beginning o f  the fourth Century, writes of the Science o f  Alchem y, as a thing 
perfeftly well known (3 Mathef. iv.) if  this is the genuine text o f  the author, mongiiths

A nd jiEneas GazcBUs, towards the clofe o f  the fifth Century, difcourfing up- 
on the fame fubjeil, as a common thing, tells us, in his Theophrajlus, or 
treatife De Immortalitate Animce, that thofe Perfons who were thoroughly verfed 
in this A rt, take filver and tin, and perfectly deftroying their original 
nature, tranfmute them into the moft beautiful gold. Biblioth. Pair. vol. 2.

P^g- 373-
But Anaftafius the Sindite, about fifty years after, 2̂ zVoJfiUS thinks('7̂ /. G. 1. 1, 

pag. 25.) or rather towards the latter part o f  the feventh Century, as upon 
weighing the matter carefully, Fabricius is of opinion, {Biblioth. gr. v.pag. 313.) 
writes ftill more exprefly ; ss ^
ffW0KKy,rm tj ^ rewroi (py/iriv.

And laftly, in the feventh Century, Georgius Syncellus, wrote profefledly upon 
the fame fubjeft.

Soon after him, there fprung up a whole tribe o f  Alchemiftical W riters, chriftian 
whofe manufuripts at Rome, Venice  ̂ and Paris, by their Greek Idiom, make it Crelisths 
plain what age they liv ’d in ; and by their ftyle make i: very probable,, that A iS im -
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Werethey fhcy wefc o f  fcligious ordcrs. A  Catalogue o f  cheie W orks, which are not 
yet printed, we have in Borrichius., and others (deHermeits, Mgyptiorum, (d  
Chemicorum Sapieniiay pag. 78. is? feq.)

A  Catalogue whofc treatifc o f  the Phiiofophers Stone, is in the Library o f  the
c/thefe. Univerficy o f  Leyden.

<pjAoVö(p(̂ '«V 3<€a/ov At?jWoxe/T». T h e  whole treatife is in Fabric, BihK 
Gr. L . V . cap. 22.^. 232. Gr. Lat.

0 ¡Jkiyccg, 0 0* nflivoTToAiT»;?, o f  •ss'otv»7Tokii a C i t y  o f Egypt, xxiv,
books 'IjuaS- to ©socre€«« T h e title is t 5 Tsravonrô ira yv̂ ciot

UfSg, B'eioci rS ^ woojVgw?. and Z»VijU@-
¿■fyoivuv, ^ HXjJtivî v.

'iiAU/X25TiÔ «̂ @- 0 ’AA6|«V<̂ g/V .̂
‘HA/ĉ iiip@- .BrSi ;̂ -̂ Uff’05T0<>f(r€ftii.
’l(i)äiyvyji’A^^i6f^i, rS cv dylcc sroA« <za£i rili Uyiotg
2Te<Piiiv©- o' (piÄoffoip  ̂ ¿Aeliiv/piäCV o/xovojUiJtfl? /sj€/i r?i ^ S’««? Tg;î v>if ra

;̂ pv<r« j<roi)jV/(̂ * Th^ Manufcript o f  this alfo is in the Univerficy L ibrary at 
Leyden^

ŷ)ixd̂ riKit'.
^O^CC^ i v

handed about in the fixth Century, and commended by Zoßmus, 
A<CiTxyp@- 0 (Aiyoi\n iv ’AAg|cevJg/«.

d7T"AiyV7T% ZJT̂O? ri6T«V<0V «ZT̂ ' T?ff S'Wfli? Ti)(Vr}i,
Mwfftis ar̂ 0<p̂ 'T>;? -cyßi ctwict îus.
MccsJm ‘E^^roi.
ITgA«)̂ <oi (piAoVoifoi «b:^  $«W> ^ «g^f 
nô <pvĝ oi.
£7ri€v̂ iOf. or ’ETTiŜ /̂of.

K0^«g/0i îA0(T0(i>0?, ^ ¿'t̂ oicKUV ‘rlcv KXiO^eiT^v rlw êt»V' ^
t-i)(vlw rS A/Ö» T?i (piAo« /̂«?.

KMottmt^  »J riToAĝ ÄiV T8 ßoCffiKioa?. T h e  fame ®6< ?’»̂ (x.iSv ^ jukgaiy,
Koff/x» isfiojuovx̂ ii ri"? p̂ v̂fOTrc/Äf.
Aya.̂ oicufx.uv «? Tiv- ^̂ ĵjo'ijuov ’0̂ <|)£wf ^
lieiTTTra (ptÄoco(̂ a t ŷov.
'H^xA«oi 0 ßxTtfidji.
1 , x h y ,o i v o L ^ iWiöoJ'of.
Xe/$-i'«voff meJi Tx 9-«» v,iöt7ös>.
©göip^fOf (¡¡nhCToiSfoe arggyi Tiii 9-«Vf 
Â t̂\äiog $iAöa'0(pos' zerĝ / T?f S’««? T2;̂ v>}i.
KA«v̂ töiv<ii‘,

Ay?;r/)/'̂ <|>öf (p<AoVö(P'oi «rgg/

 ̂ Uixotn^ arĝ ; ;̂ v̂!Tö7rö»öi?. H e lived in the time o f  Conßantine Ducas^
in the year o f our L o rd  1060. Borrich. 79.

’̂ Lr/f zs'̂ otp̂ Tif Tw pw wpa.
i ŷiv ;̂ î?̂ (5L7<xov.

NiÄSî ô ö?.

A>ĵ ox£;(Tii ßiSAoff ar̂ oî «vij6«i'öt

*Iê o9ia?



H i f i o r y  ^  A R T. g
‘ií|oó?flí (?íXoVo(9flí ^ <PiA(3«-fl̂ wv.
"liTtfiiiJC Uavoix°̂  ̂ Jwŝ oioV apyv^y.
Concerning thefe Greek Alchemiftical W riters, confuJt in particular, Andre

as Lihavius throughout all his W o rk s; but efpecially againll Guibertm.
Conring. de Med. Herm. pag. 21, to 31. Borrich.Ort. Ch. and againft 
Conring. from pag. 66, to 95. Jonnn. Albert. Fabric. Biblioih. gr. in various pla
ces. And the Catalogue o f the Univerfity L ibrary at Leyden.

Is it not furprifing now, that the incon:iparable George Agricola, ihould 
h a v e  b e e n  acquainted with thefe A uthors? F or thofe elaborate Books o f  his.
B e R e Metallica, which the great Erafmus fo highly extoll’d, he wrote, and 
perfedtly finifh*d, before the year 1550 ; and yet, in a very elegant Preface 
prefix’d to thefe W orks, he recites in order, almoft all the W riters we have 
juft now mention’d. F^or your intire fatisfailion on this head. I ’ll beg your 
patience, whilft I give you the paifage in the very words o f  this noble Author.
O f Chemifiry ('Xu/uíutíjc«) wrote Ofihanes, Hermes, Chañes, Zofimus of Alexandria 
to his Sifter Theofebia, Olymfiodorus o f Alexandria likewife, Agathodcemon, Demo- 
crituSy not of Abdera, but another. Oris Chryforichites, Pehechius, Comerius, Jo~ 
annes, Appuleius, Petafius, Pelagius, Africanus^ Tbeophilus, Syneftus, Stephanus 
to Heraclius Ccefar, Heliodorus to Theodofius, Geber, Calides, Rachaidihus^ Vera- 
dianus, Rhodianus, Canides, Merlinus, Raymond Lully, Arnaud de Ville Nieuve, 
Augufiinus Pantheus a Venetian \ three of the female fex, Cleopatra, the Taphnu- 
tian maid, Maria the Jewefs \ thefe all wrote in profe \ one only, Joannes Aurelius 
Augurellus of Merrechia, in verfe.

A ll  thefe Authors, however, made ufe o f the W ord Chem iftry hitherto, to Themean- 
exprefs the A rt  o f  converting the bafer Metals into pure Gold ; and don’ t 
feem fo much as ever to have thought o f  any univerfal Medicine for all  ̂
the difeafes o f  the human body. Sttt Conring. de Med. Herm. 15 , 16.

But after the Arabians began to cultivate Chemiftry in the fenfe hitherto def- Theorigin 
cribed, viz. as it relates to M etallurgy, and the A rc o f  making G old , they c h S S r *  
feem by their metaphorical and hieroglyphical ftyle, to have given occafion from the ’ 
to the Materials made ufe o f  to perfect their M etals, going by the name o f  ¿'iing’the 
Medicines \ the impure Metals being called fick Men j and G old, a M an in Exprefliom 
perfeiSt health and ftrength. Hence, in time it came to pafs, that perfons, 
who were unacquainted with this way o f  writing, imagin’d thefe expreflions 
were to be underftood in the literal fenfe ; efpecially, when they faw the im 
purity o f  the bafer M etal called a Leprofy, which o f  all diftempers is parti
cularly incurable.

A nd this is fuppofed to have given rife to that report, which afterwards 
fpread fo far, and grew fo common, that the impure Metals might be tranf- 
muted into pure Gold, by the very fame chemical inftrument, by which the 
bodies o f  fick perfons might be reftored to health.

And this inftrument they call’d the Philofophers Stone, and the Gift of Azoth ; 
and to the perfons that were poifeis’d o f  it, they gave the name o f  Adepts.

And this prejudice a few fimplc Experiments afterwards rooted ftill deeper; 
for by thefe, they faw the healing vertues o f  Medicines might be extracfted 
from them by the Chemical Arc. O f  this Rhazes had given fom e inftances. 
Avicenna too, in the eleventh Century, had in his book, De Vm ius Cordis, ex-
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hibited the fame thing in the Julab o f  the Arabians  ̂ or the diftill’d W ater of 
Rofes ; and k  was afterwards confirm’d likewife by Me/ue.

The An- Am ong thefe, the Authors o f the greatcft charader are Geher, called the 
thorsinAi- . xho' Lio Afrìcatius will have him to be a Greek: H e was at Erft a 
IblcleiT  Chriftian, but afterwards renounc’d his Religion. H e wrote in Arabic, and 

jiv ’d in the feventh Century. T h e Library of Golius furniih’d us with his 
W orks, which have been tranilated into Latinhy  various hands. SeeZLio Afric, 
L ,  III. p- 136* Conr. h. m. 369. 372, 373. H e wrote chiefly

J)e Alchimia, vel Chimia ; aui de invefiigatione perfe^fionis Metallorum»
X>e Summà Perfe5iionis Metallorum.
De Ciarliate Alchimice.
D e Lapide Philofophico.
De Teftamento.
De Epitaphio.
D e inveniendà arte Auri 6? Argenti.
Morienus Romanm  ̂ a Hermit o f  Jerufalem: H e wrote concerning this 

xanmi^ in a very elegant manner, and is reckoned among the pureft Authors, 
H is W orks were tranflated out o f  Arabic into Latin the i  ith  o f  Februar-j 1182.

Albertus Magnus  ̂ a German., Biihop o f  Ratijbon-t born at LavingmSchwaben, 
about the year 1200. H e wrote

A  Treatife De Mineralibus.
Liliumjloris de fpinis evulfum.
Speculum Alchemice de compofitione Lapidis, &cc. See Borellus.
Roger Bacony a Briton, who was a M onk o f  Wefiminfler, and refided at 

ford. He was famous for his knowledge in Alchem y, Chem iftry, natural M a
gic , Mechanics, Metaphyfics, Phyfics, and Mathematics ; and was in vaft re
putation about the year 1226. T hofe o f  his W orks that are come to our 
hands, are

T w o  Treatifes, D e Chimia, wrote in a plain ftyle enough, without any de- 
fign’d obfcurities.

Speculum AlchemicB, and another different from the printed one, the Manu- 
fcript o f which is in the U niverfity Library at Le'^den.

Thefaurum Chemicum.
De fecretis artis  ̂ atque natures operihus, Ü  de nullitate Magia. Specula M a 

thematica.
H is Works De Arte Ch’jmice, printed Francfort, 1^03. 12*. which con

tain a great many very beautiful obfervations in Mechanics, natural M agic, 
and various other Arts, the honour o f  which is unjuftly given to modern A u 
thors •, and which were fallly imputed to M agic and Herefy. Borrich. Ort. Cb, 
p . 122. and Borellus.

George Ripley, a Briton, Canon o f  Bridlington, liv ’d about the fame time. 
H e wrote Dmdecimporta. Medulla Chimica. Alchemy, the Manufcript o f  which 
is in the Library o f  the U niverfity o f  Leaden, in Engli(h verfe. A l l  his W orks 
Mere printed at Caffel, in 8v^ 1649.

Hermefius, the Philofopher. H e wrote a Treatife, De Mercurio Philofopho- 
rum. T h e Manufcript, in the Library o f  the Univerfity o f Leyden.

Arnoldus, or Arnaud de Ville Fiieuve, who liv ’d in the thirteenth Century. H is 
W ritings are Rofarium, Teftamentum novum pra^icum^ De Alchimia, Semita 
Semitarum, Rafa



Rofa Novella. A  Letter to Pope Pius.
Novus Splendor  ̂ vel Lumen. Flos Florum. B e  Furno Philofophico. De Secrelis 

Naturce. V e nova compofitione Lapidis vitce Philofophorum. De PrincipHs natu- 
ralibus to Pope Clement. Opus in Arte Majore. A ll thefe Treatifes are in 
M anufcript, in the Univerficy L ibrary at Leyden.

Raymond Lully, o f  Majorca., rìefcended from a family o f  Barcelona. H e  was 
born in the year 1235, was a Scholar o f  Arnaud de Ville Nieuve^ and died in 
Africa in 1315. H e was one o f  the principal W riters o f  the univerfal Rem e
d y for all difeafes o f  the human B ody, and o f  the Lapis AurificuSy in his T rea 
tife De ^ in tà  EJfentià. H e wrote likewife, D e Secretis Natures  ̂ feu de ^ in t à  
EJfentià-, ¿s? de Accurtatione Lapidis Philofophorum. Codicillum  ̂ feu vade mecum, 
de formatione Lapidum preiioforum ; Manufcripts in the Univerficy L ibrary at 
Leyden. Claviculam de L . P. Tefiamentum Apertorium. Some Letters to Ed- 
wardi King o f  England. L u x Mercuriorum. De Mercurio Speculum magnum. 
Tejiamentum Noviffimum. A  Letter to*R obert K ing o f  England. Aphorifmi. *^inthe 
Epiftola Accurtationum. De invejiigatione occulti fecreti. Exempla Accurtationis.
T h e Manufcripts o f all thefe Treaiifes are in the L ibrary o f  the Univerficy 
o f  Leyden. H e is faid to have wrote upon chemical Subjeds, to the number 
o f  fixty Volumes.

Joannes de Rupefcljfa a Francifcan M o n k ; he died in prifon about the 
year 1375. H e wroce various Treatifes o f  Alchem y. See H . M . Borellus* 
Paracelfus laid o f  him, that he aiferted things that were both trifling and falfe.

Ifaacus HoUanduSy Joannes Ifaacus Hollandus-, o f  Stolky a little town in 
Holland. They wroce a good many things on Alchcm iftical Subjejfls, in which 
there ;ire a great many very curious Experiments. De Lapide Philofophorum.
Scientia Chimice. De projetiione infinità. De MineralibuSy Csf vera Metallorum 
Metamorpofi. De Vino. De Vegeiabilibus., and other things.

Bafil Valentine. It is commonly reported, he was a M onk o f the Benedictine 
Order at Erffurt -, tho* it is confidently aiBrm’d, that there never was any fuch 
M onaftry there ; and indeed, both names feem to be a iiflicious compofition 
from the Latin and Greek : This however is certain, that he was a moft ex
pert Artift in every Branch o f  common Chemiftry. T h a t fingle Treatife o f  
his, intitled, Currus triumphalis Antimonii, is a fufficient p roof ofchis AfTertion ; 
for that alone contains an exa<St defcription o f  almoft all the chemical A rtifi
ces that are now-a-days unfairly put upon the world for new difcoveries : In 
the more abilrufe parts o f  the A rt  too, he difcover’d a profound knowledge.
H is very great fault was, that he extolled every Preparation o f Antim ony, w ith
out exception, for its medicinal vertues ; than which, nothing can be more weak, 
fallacious, or mifchievous. And this fatal error has infected all the Schools o f  
the Chemifts, from that time, quite down totheprefent age. It appears b y  his 
writings, that he was both a M onk and Phyfician ; and feems by his learning, 
to have gain’d a very great reputation in the Courts o f  feveral Princes.
H e is fuppofed to have flourifhed in the Century before Paracelfus. H e  was 
the Inventor o f  the three chemical principles, Paracelfus afterwards made
great ufe of. H e wrote a great many things in a pretty prolix manner, and 
iome o f  them upon medicinal Subjects.

A fter thefe laft five Authors had publiih’d their W o rks, the opinion, as we chemiii* 
ja f t  now took notice, every where got ground among the Chemifts, that it was
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poflible, by one alchemiftical Medicine, perfe£lly to root every diftemperout 
o f  the human body, to reilore abfokite health, and prolong life to a great fe
ries o f  years, without being impair’d by any difeafes.

Who be- Puffed up therefore with thefe expeftations, and grown vain with the fuc- 
cefs they had had from fome o f  their ftrong chemical Medicines, in a IhorC 

feme good time they were for engroifing the A rt o f Phyfic intirely to themfelves. 
ihdf Art A t  the fame time too, the A rt o f Phyfic had for a good while, by the fubtle 
efpeciaJiy’ in fophiftry, and jargon o f  the Schools, been become intirely Galenical, and gi- 

ven up to the doctrines o f the Arabians: Hence bleeding, purging, and a few 
theinfluence efficacious Medicines, being the fum o f the prailice, and thefe not being fuf- 
of Mercurj, to cncountcr with the venereal Difeafe that then made havock among

them, it was forc’d to give way to the more powerful Preparations o f  the 
chemical A r t ;  for Carpus, by the aififtance o f  his M ercury, eafily out-did the 
Shoolmen, and thus afforded the Chemifts freíh occafion o f  triumph, 

promifed By this means, the condition o f  the old Phyficians feem*d now to grow very 
Btw and in-uncomfortable s for after they had taken a vaft deal o f  pains to fearch into 
cur«,' nature, in order to difcover the origin, and cure o f  difeafes, thefe boafting 

Alchemifts condemn’d all their labours in E tio logies, Diagnoílics, Prognoftics, 
Dietetics, and Therapeutics, as trifling, and o f no manner o f fervice ; whilft 
they, without any regard to diet, orthecaufe and nature o f  the diforder, could 
intirely remove all manner o f  diftempers, by the fimple application o f one and 
the fame Medicine.

But perform This extravagant crtor, however, by fweeping away great numbers at the 
very iittie. grft onfet, made it appear, upon maturer confideration, that the bold preten- 

fions o f thofe praditioners were not only vain, but did likewife a great deal o f 
mifchief.

This we learn plainly from the life and writings o f Paracelfus and Van HeU 
mont, as may be fairly collected from the hints they have given us.

Aureolus Pbilippus Paracelfus Theophrafius Bomhaji de Hohenbeim-, was 
fnmMm- Son o f  William Hohenheim, a man o f  Letters, and Licentiate in Phyfic, 
fcif, tho’ not much noted for his pradice, who hada very fine L ibrary, being him

fe lf a natural Son o f a M after o f  the Teutonic Order.
H e was born in the year 1493, in a village called Einfidlen, which fignifies 

a Defart, two German miles diftant from Zurich in Switzerland: And hence he 
came to be called the Hermit s which appellation Erafmus gave him, in the 
letters he wrote to him.

H e is faid to have had his tefticles bit o ff by a hog when he was but three 
years old j and from that time he was looked upon as an Eunuch. T his is cer
tain he always behaved with the greateft averfion to the female fex 5 and yet 
a picture o f  him drawn from the life when he was grown up, reprefents him 
with a beard. Under the advantage o f  the faithful inftrudlions he received 
frorn his father, he made great progrefs, both in medicine and furgery j but 
having whilft he was very young a vait fondnefs for A lchem y, his father com
mitted him to the care o f  ‘Trithemius, abbot o f  Spanheim, who was at that 
time in great reputation. U nder him he got an infight into a good many Arcana^ 
and then quitting him applied himfelf to Sigifmund Fu^erus, who at vaft ex
pence and with á great many fervants, was then ftrenuoufly profecuting the 
chemical A rt  in German'  ̂> which he had very much improved by abundance 
o f  new Difcoveries. .............. ..... ^ n d



And here it was, as he himfelf confefles, he learned both the Theory and 
P rad ice o f  the Spagarite Art.

Afterwards he tells us, he fought out, and ftudied under all the tutors, that 
bore the greateft reputation at that time o f  day, and were deepefl ikilled ia 
the adept Philofophy; and they, he fays, concealed nothing at all from him , 
but revealed to him all their Arcana.

However not being fatisfied with this, in order to get a better knowledge o f  
Phyfic, he vifited all the Univerfities in Gerinan’j-, Italy  ̂ France, and Spaing 
and travelled into Pnijfta-, Lithuania^ Poland, fValachia^ Tranfjlvania., Croatia^ 
Portugal, Sclavonia, and in fhort into all the Kingdoms o f  Europe \ and 
wherever he went he made ic his bufinefs to inquire among Phyficians, Barbers, 
old W om en, Conjurers, Chemifts, rich and poor, for the beft and fureft re
medies, and was always very well pleafed to be informed by any perfon whac- 
foever.

From the writings o f  Bafil Valentine, he learned the doflrine o f  the three 
Elements, Salt, Sulphur, and Mercur^  ̂ which he afterwards, concealing the A u 
thor’s name, publifhed as his own.

When he was twenty years o f age, he took a view  o f  a great many mines 
in Germany; and whilft he was on this expedition, wandering quite up into 
Mufcovy, he was upon the borders taken prifoner by the lartars and carried 
before the Cham, who fent him wich the Prince his fon to Conftantinople: and 
here in the eight and twentieth year o f  his age, he is faid to have become mafter 
o f  the Philofophers Stone.

In the character both o f  Surgeon and Phyfician he was often in camps, battles 
and fieges.

H e had a high efteem ior Hippocrates, and the ancient Phyficians: as for 
the Doftors o f the fchools he made very little o f  them ; and had a particular 
averfion to the Arabians.

Mercurials and Opiates he ufed plentifully and boldly, and with thefe he 
cured the Leprofy and Venereal Difeafe, ehe Icch, Ulcers, the lighter forts 
ofD ropfies, and acute pains j which Diftempers were at that time o f  day be
yond the reach o f the Phyficians ; as they knew nothing o f M ercury, and 
were afraid o f  Opium , from an idle notion o f  its being cold in the fourth 
degree.

By the cure o f  fuch diftempers he grew bold and fam ous; but particularly Thefiriv 
by that which he performed upon Frohenius at Bafil, which brought him ac- puIjI« ac
quainted with our great Erafmus. T h e  M agiftrates o f  Bafil being on this ac- 
count very well pleafed with him, courced him with^a very handibme faiary to 
the Profeflbrihip o f  Phyfic and Philofophy in their Univerfity ; which he ac
cepted in the year 1527, and gave public Ledlures for two hours every day, 
in the Latin tongue fometimes, but chiefly in the German.

H e took this opportunity Co explain his own books, de Compofitionihus, Gra- 
dibus, and Tariaro \ in which, as Van Helmont obferves, there is a great deal o f  
trifling, and very little o f any real fervice. And here he burnt the works o f  
Galen and publickly from the chair; and declared to his pupils, that if
God would not afTift him, he fhould not fcruple to confulc even ehe Devil himfelf.

A t this j)lace he got a great many Scholars, with whom he lived in a very 
friendly intimate manner. Three c f  them ac his own expence he furnifiied

both
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both with diet and apparel, and let them into fome o f  his Arcana% but they 
deferred their mafter, wrote reproachful things againft him, and injudiciouily 
m aking ufe o f  the obfervations he had communicated to them, did their pa
tients a vaft deal o f mifchief. H e maintained in his family likewife, Surgeons 
and Barbers, to whom too he communicated fome o f  his fecrets \ but thefe 
likewife foon forfook him, and became his enemies. A s his proper faithful 
fcholars, he only fpeaks handfomely o f  D oilor Peter, D o d or Andrew^ Do<5lor 
Urfing  ̂ Licentiat Pangratm, and M after Raphael. When he had been in his 
office two years, with three Pills o f  his Laudanum he cured LiechtenfeJJius a 
noble Canon o f moft terrible pains in his ftomach, which had brought him 
ib low that his Phyficians had given him over. T h e Canon like ocher iick  
folks had from the beginning promifed him an hundred Louis d*ors, if  he re- 
Hored him to health, but refufed to pay it when he had got w e ll; upon 
which Paracelfus in a merry manner told him, he had given him nothing clfe 
but three pills made o f  moufe dung j for which he was cited to appear in 
court by iheophrajlus. T h e  Judges proceeding according to their common 
law, and hence having regard not fo much to his ikill, as to the charge and 
trouble he had been at, decreed him but a trifling acknowledgment. T h is 
fo provoked Paracelfus, that according to his cuftom he could not help ac- 
cufing the Judges both o f  ignorance and injuftice; and thus knowing himfelf 
guilty in fome meafure Icefce majeftaiis, he made what hafte he could home, 
and by advice o f  his friends got privately out o f  the city, leaving his whole 
chemical Apparatus to John Oporinus. H e did not however retire to any great 
diftance, but for two years wandered up and down all the while
bearing him company, and waiting upon him : And during this time he was 
as happy in his pradlice, as he was diiTolute in his life. T his Zwinger informs 
us(Tbeatr. 1412), who at that time lived at Baftl  ̂ and frequently heard the 
llory from Oporinus himfelf.

H e had then taken Oporinus for his Amanuenfts, and fervant. H e  was a fa
mous man, and mafter both o f  the Greek and Latin  tongue, but was led away 
by the vain expedation of being let into Paracelfus*^ Arcana. A fter rambling 
about wich him however for two whole years, he found he could get nothing at 
all out o f  him, though he had left his own family purely on that account. 
Being quite tired therefore, and grown wifer at laft, he left Paracelfus, and 
returned to Bafil

T h e immediate occafion, however, o f  his leaving him was the following ac
cident. O ne evening as Paracelfus was merry making with fome country fellows, 
he was fent for to a Peafant, that lay dangeroufly ill near Colombaria in Alface ; 
but he being fet in for drinking, and not caring to break company, put o ff 
going to fee him that night. In the morning however he went, and when he 
came into the room, with a ftern countenance aiked whether the fick man had 
taken any thing, having fome o f  his Laudanam ready to give him. T h e  per- 
fons about him anfwered, that nothing had been given him but the Sacrament, 
as he was now juft upon the point o f  expiring. U pon which Paracelfus flew 
into a paflion, and told them, ii he had fent for any other Phyfician, he had 
no occafion for him, and left the houfe immediately. T h is impious behaviour 
fo ihocked Oporinus  ̂ that he was afraid, he himfelf ihould fom« time or other 
fuffer for the monftrous inhumanity o f  his mafter, and therefore refolved to
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take a final leave o f  Paracelfus, though he had a very particular value for him. 
Zwinger, Theatr. 2275.

Paracelfus had now loft what knowledge he had o f the Latin tongue, and never 
after this fettled in anyplace, but kept rambling abou t*, never fober, neither 
changing his clothes, nor fo much as going to bed ; till at length after a few 
days illnefs, in which he held perfectly fenfible to the laft, he died through ex
treme weaknefs at a publick inn at Saltzherg, on the four and twentieth o f  Septem- 
1er 1541, and in the feven and fortieth year o f  his age, though by the aififtance o f  
his Elixir Proprietatis alone, he had flatter’d himfelf with the years o ï Methufalem,

Some o f his works he publiih’d himfelf, v iz , T h e fourth part o f  his Chirur- 
gia Magna, which he dedicated to Hieronynus Bonerus chief magiftrate o f  the 
cw.'j 0Ï Colmar  ̂ the fécond day o f  June 1528. His Treatife âe Apoftematihus  ̂
which he prefented to Conrad Wiferam. Confuí at Colmar the 5th o f July 1528,
H is books de Gradihus, Compofitionihus, and 'Tartaro. Cbirurgia Magna, which he 
addreflTed to Ferdinand Cœfar, from Münchrath, May the feventh 1536. T h e  
fécond part o f  this, which he infcribed to the fame perfon the eleventh o f  An
guß, 1556. In thefe he quotes thofe works o f  his, that were already publiihed 5 
De Archidoxis, De Sanationihus, De Sanitate Microcofmi, tâ Elementorum. DeGe^ 
neratione Naturalium. De Suppuratione. De Signis. De Chara5leribus, Adeptis.
De Phlebotomiâ. De Origine novorum Morhorum. De Magia.

This whole H iftory o f  Paracelfus I have extrailed from his own writings, 
from Oporinus, Zwinger, and Helmont in particular \ nor has ic coft me a little trou
ble. See Van Helmont, 187.  ̂ 3. p. 324, 325, 698, 699.) A s  for the accounts 
given o f him by other Authors, I was afraid to fubjoin them, as a mixture o f  ill 
nature or prejudice in his favour feems too evidently to appear amongft them.

yohn Baptîft Van Helmont, defcçnded from a noble family at Brujfelsy was 
born in the year 1577, fix and thirty years after the death o f Paracelfus. In the montuom 
year 1580, he loft his father, being the youngeft o f  all the children, and then ^  
Vy'ithout the knowledge o f  his friends, and contrary to  the inclination o f  his ” 
mother, he a p p l ie d  himfelf to the ftudy o f  Phyfic, p .  833.

In the year 15P4, he had gone through a Courfe o f  Philofophy, being then who was 
but feventeen years o f  age, (p. 12. § i.)  H e was a prodigious Jover o f  books, 
and had carefully read over Galen twice, Hippocrates once, other Greek, and 
all the Arabian Phyficians 5 and whatever he thought worthy o f  notice in them pwiofophy, 
he had colledted into a common place book. And hence, at this time, he gave 
publick Leélures in Surgery in the College o f  Phyficians at Louvain^ being ap
pointed to that oflîce, by the Profeflbrs, Thomas F ’jenus, Gerard Villers, and 
Stornius, (p. 833.)

In the year 1599, he was made a Graduate at Louvain, in the two and wasmade 
twentieth year o f  his age, (p. 11. § 7 .); and began to fee the infufliciency o f 
the fchools, long before he was mafter o f  any good Medicines, (p. 423. § 2).
In him felf he experienced the unfuccesful method o f  cure o f  the fchoolmen, 
being troubled with a flight Itch, which was happily removed by the aififtance o f  
Sulphur, (p. 256, 257). H e then began to grow uneafy, that he being o f  a defpakcdof 
noble defcent Ihould be the firft o f the fam ily, that had ever applied himfelf to 
the ftudy o f Phyfic-, and for this reafon he quitted his Profefl’ion, divided his phy&? 
efi^efts among his relations, and went out o f  the country with a refolution never 
to return again, (p. 833). H e threw away his library which coft him two

hundred



hundred Piftoles, (p. 666. § 12), and wandered abouc for ten whole years, 
(p. I I .  § 7). H e then, by die afliihnce o f  an illiterate perfon, got a notion o f 
Purotechny, and applied himfelf intirely to Chem illry. W ithin two years after 
he made himfelf mafter o f certain Chemical Medicines, by which he was able 
to cure fome Diftempers, (p. 833).

In the year 1609, he m a r r i e d  a  weaUhy virtuous wife, o f  a noble fam ily; 
and with her he retired to Vihorden, where he gave himfelf wholly up to the 
Chemical A rt, (p. 41. § 7. p. 833, 838.; ^

A t  firft fetting jout, by making fome very dangerous Experiments, he fre
quently run a rifque o f his life, p. 719 , 948.

H e neither vifited any patients, or followed his Profeflion with views to ad
vantage, (p. 693. § 3.)

And yet he tells us he relieved myriads o f Tick perfons every year, (p. 835.)
H e fpent fifty whole years in diftillations, (p. 241. § i*) H e was in great 

efteem with the Biihop and E leflor o f  Cologn, who was vaftly fond o f  Che
miftry, and exceedingly well fldlled in it. H e was fent for by the Emperor 
Rudolphus', and invited to Court by two Emperors: but he would not accept 
their favours, (p. 833, 835.)

Couidnot H e was not able to cure his two fons o f  the Plague, but loft them both, 
P̂’ ^73)’ eldeft daughter o f the Leprofy, though he fpent two whole

years about it, (p. 714.$  27); nor his wife, or maid, (p. 469) 5 nor him felf when 
fomebody had given him poifon, Ibid.

In the year 1624, he publifhed a little treatife, de Aquis Spadanis, at Liege 
and afterwards fome other pieces.

i S i f  and * 7^^') paiTed his
iixty third, on the third o f the Kalends o f  January^ 1640, he was feized with 

Jjjs r̂eby a Fever, accompanied with a flight that made his teeth chatter. H e
monS-  ̂ pricking pain about his Sternum, attended with a difficulty o f  refpiration. 
ihods, W hat he fpit up, was at firft ftreaked with blood, and afterwards pure blood 

itfelf. He took the Pi-wV of a Stag fcraped, and his pain abated. Afterwards 
he drank one drachm o f  goat’s blood. In four days time the bloody Sputum 
left him j but he was ilill at times troubled with a flight cough, with fome 
difcharge. His Fever ftill continued, and a pain in his Spleen fucceeded, which he 
removed by drinking fome wine made hot with Crabs E y e s : And in a fhort time 
all the fymptoms difappeared, (p. 322, § 35,) In the year 1643. being expofed 

without to the fume o f  burning charcoal, he fell into a Syncope, (p. 242. § 19.) from 
the inconveniences o f which he relieved himfelf by Sulphur o f V itrio l, ihid. 
On the eighteenth of November, 1644, he was attacked by an Afthma and 

thence finks two Paroxyfms o f  a Pleurify : Under this diforder he laboured feven weeks, 
S m ji l  o f  ̂ flight Fever from extreme weaknefs, on the thirtieth day

o f December, 1644. See his fon’ s Preface, who after his father’s deceafe pub- 
liihed all his works.

Hence therefore it appears evident beyond difpute, that neither o f  thefe Authors, 
who were the moil famous o f the Chemifts that pradifed Phyfic, were mafters

*  T h e  account given us here o f a g e  don’t agree w ith  the preceding one o f  his b ir th : for 
i f  he w as born^in 1 5 7 7 ,  he could not on the third o f  the kalends o f  January, 16 4 0 , be in his fix ty  
fifth year. T h is , am ong other th ings, I  mentioned to the learned A uthor, who is fenfible o f  the 
diíÁgreeraent, but fays it  ftands fo in  the places <juot«d from  Van Hilmnt him felf.
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o f fach a univerfal Medicine as they every where boait o f ;  tho* where the 
Vifcera o f  their Patients were found enough to bear the fhock of their violent 
Remedies, it muft be confefs’d, they perform’d a great many noble cures.

And here we m.i.y likewife remark, that neither o f  thefe vain men, with all 
their pretenfions to longevity, arrived in reality to chat ftagc o f  life, that one 
can properly call old age.

Afterwards the celebrated Phyficians, Francifcus de k  SoeS^hiuSy Otto Tache- chemiftij 
musy and their followers, incroducM the chemical Arc into Medicine, and made 
this every where dependant upon it, both in Theory and Practice. and made

Thefe things then being chus flightly gone through, it will be o f  fervice to 
ji beginner, at his fetcing out, to examine carefully thofe Authors, who have Science, 
digefled the operations o f  Chemiftry themfelves into a regular fyftem ; and o f  
thefe, the following are the moft valuable,

Ofwald CroUlus Bafilka Chemica cum notisJo.HârtmûMni. Genev, 1658, 8vo.
Beguinus Tirocinium Chemicum., often reprinted. 8vo. and i2m o. forthePw-
John Hartmann. Opera Medico chymica. Francf. 1690. fol®.
Glafer. Traité de la Chymie, Brujfels 1676. i2m o.
L e  Fehre. Traite de la Chymie. Leyden 1669. i2m o, 2 vol. Paris 1660.

2 vol. 8vo.
L e  Mery. Cours de Chyme. Leyden 1716 , 8vo.
L e  Mort. Chymia Medico-Phyfica, (àc. Leyden 1696, 4to.
Barchaufen. Purofapia. Leyden 1698. 4to.
In the métallurgie part o f  the A rt, the moft celebrated are
Geher  ̂ often printed in various fizes.
George Agricola. De Re Metallicay Lib. xii. &c. BafiU 1657.
Lazarus Erkern. Befchreibung alter furnemiften Mineralifchen ertz^ und ierg- 

werks arten-> ^ c , Francf. 1629. fol®. T h e fame in 4to. Francf, 1^94, intitled.
Aulafuhterranea, alias Prohirhuch Lazari Erker.

John Rudolphus Glauber  ̂ throughout all his works publifti’d feparateiy, at 
different times, and in various fizes.

Joachim. Becher. Metallurgia Becheri. Francf. 1660. 8vo.
John Kunkel. Philofophia Chymica, experimentis confrmata. Amfierdam i2moT
Olaus Borrichius. Docimaftica metallica. Copenhagen i<58o. 8vo.
In Alchem y the following are o f  greateft repute.
GebeTy who Bernardus reckons amongft the Sophifis. Akhemift«
Morienus.
Roger Bacon.
George Ripley.
Raymond Lully.

- Bernardus  ̂ C o m t o f  Trevifan. H e wrote in the year 1453.
Joannes Ifaacus HoUanduSy and who perhaps is the fame 

 ̂ Ifaacus Hollandusy who is more modern than Arnaud de Ville Nieuve^ but an- 
cienter than Paracelfus. Penotus had fuch a value for him, that he imagin’d 
him, lying conceal’d in Paracelfus*?, time, to be Elias the A rtift, the promis’d 
revealer o f  fecrets. Lihav. Alchimia Pharmaceut. 122.

Bafil Valentine. Chvmifche Schrifften, Hamburz 1604. Svo.
Artephius.
Theatrum Chemicum.
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Turha Philofophorum.
Paracelfus. Opera omnia^m Latin, Genev. 1658. 2 vol. fol*.

Higb-I)utch, Strajburg, 1603. 2 vol. fol«» 
h High-Dutch, Strajburg, 1616.  2 vol. fol».

Ireneus Philaletha.
Michael Sendivogius.
John Baptift Van Helmont. Opera omnia. Amjierdam, 1652.  4to.

Chemicaj Fot Chemiftry apply’d to Medicine and Natural Philofophy.
MeSe^ The fame Fan Helmont.
and natural RoheTt Bo^k. In all his writings.
Philofophy. John Bohn. Vijfert. Chymico-Phyfica, Leipf.

Dr. Cox and Dr. Slare. In feveral o f the Philofophkal TranfaSiions o f the RoyaP 
Society.

MtffituYs Homherg, Geoffroy, ?ind L e  Mery, ih t  younger. In Memoirs of 
the Royal Academy o f Sciences.

Giorg. Erneji. Stahl. In his Fundamenta Chymics. Norimb. 1723. 4to.
But above all, the very ingenious Frederic Hoffman, in his Obfervationes 

PhyftcO’ Chemica feleSliores, lihris tribus comprehenfce, publifli’d iitH all, 1722 ; a 
Gentleman, who has done a vaft deal of fervice to the chemical A rt, and en
riched both Chemiftry and Phyfic, with abundance o f beautiful obfervations.
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COURSE ofCHEMESTRY.
P A R T II.

Which delineates the Theory.

C
H E M I S T R Y  is an A rt, that teaches us how to perform certain chemiftry 

phyfical operations, by which bodies chat are difcernible by the fenfes, 
or that may be rendered fo, and that are capable o f  being contained 
in veifels, may by fuitable inftruments be fo changed, that particular 

determin’d effedts may be thence produced, and the caufes o f  chofe effeds under
ftood by the effefts themfelves, to the manifold improvement o f  various Arts.

A nd certainly, it very juftly  deferves the name o f  an A rc i inafmuch as it di- 
refts us to the performance o f  fuch aftions, as the underftanding certainly knows 

.will produce fuch and fuch effefts.
T h e  objeds, in obferving or changing o f  which this A rt  is converfant, are 

all fenfible bodies •, and that whether they arefo in their own nature, or fuch, as ®  ̂  ̂’ 
tho* they were before imperceptible, yet by the help o f  this A rt, either in chem- 
felves, or by their effedbs, may be brought within the reach o f our fenfes 5 
efpecially, i f  they are naturally capable o f being contain’d in veifels ; or by 
the power o f  this A rt, may be fo managed, as to be confin’d therein.

N ow , from an accurate confideration o f  thefe bodies, it appears, that they Difpofedinto 
may commodiouily enough be diitributed into chree ClaiTes i and thefe have 
obtain’d the names o f  Kingdoms.

T he iirft Clafs comprehends Foiiils, or, as they are vulgarly called. M inerals; Thefirftju. 
which are defined natural bodies, generated in the bowels, or on the furface 
o f  the earth, whofe texture is fo fimpIe, that the moft accurate obfervers, af- charaaerof 
fifted by the niceft microfcopes, have never been able to difcover any diffe- 
rence in them o f  veifels and contained fiuids, nor any part o f  them, but what 
is perfedtly uniform, and fimilar to the whole ; tho’ at the ilime time we cer
tainly know, that moft o f  them are compounded o f  parts, both iblid and 
fluid : Thefe the Chemifts call the Mineral Kingdom.

O f M e t a l s .

And among thefe, the firft place in order is given to M e ta ls; whofe cha- m  firft 
rader is, that they are the moil ponderous Foifils, melting in the fire, uniting piacegiwi 
again in the cold, and then being duftile under the hammer. Marktof

N ow  o f thefe, if  we ioiiiider them am ply, there have never yet been difco- 
vered more than fix, viz. G old, Silver, Copper, T in , Iron, and Lead.
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T h e ancient Philofophers indeed, added M ercury ; but as that has neither 
Hardnefs, D udility , or Fixity, it muft certainly be o f  quite a different nature 
T h e  place however where it is found, its weight, fim plicity, and eafy union 
with Metals, naturally led them to think in this manner and indeed, *tis a 
very ancient, and has been a very prevailing opinion, that M ercury conftitutes- 
the principal part o f  all Metals.

The ancient The moft ancient among the Perjiam^ which is pretty remarkable,, in their 
Smsui*! religious affairs, conftantly made ufe o f  the fame Names, for the feven Metals 

they faw produced in the Earth, which they had given to the Planets in the 
Heavens.

T h e Aftronomers too, and Aftrologers, have diftinguiflied the heavenly 
Planets by the very fame Characters ©, d , 2 , as the Chemifts do
their Metals.

Thimean- W hich o f  them made ufe o f  thefe M arks firft, it is not eafy to determine j 
iscertain, that the Chemifts, by their hieroglyphical manner o f  writing,, 

e ra ers. ^jjprefs’d the Bodies they defign’d to reprefent, as upon examination
will eafily appear.
^  Denotes every thing that is iharp and corrofive. Vinegar, Fire 5 and hence it 

has thofe iharp points which you fee all round it.
® I .whatever is pcrfeit, immutable, and moft fimple r Such is G old, in 

which there is nothing corrofive, or heterogeneous.
— half-gold; whofe inward part turn’d outwards makes pure gold, with

out anything foreign, or corrofive. T his the Alchemifts have obferv’d 
in Silver.,

^ ........the inmoft part pure Gold ; but that at top there appears the colour
o f  Silver, whilft underneath there is fomething iharp and corrofive ; 
both which being remov’d, there will remain pure G old, but Aurum 
vivum. This the Adepts aifert to hold good in M ercury,

?  — the greateft part to be gold ; but that there is ftill a confiderable quan
tity o f  a crude, Iharp, corrofive matter join’d with it. which being fe- 
parated from it, the remainder will have the properties o f  '̂^old. ThiS' 
alio the Adepts declare the truth of.

i ......"that this too is intimately Gold ; but that it has with it a great deal o f
the fliarp, and corrofive; tho’ with but halft;he cicgree o f  Acrim ony as 
the former, as you fee it has but half the ugi- i -At exprefies that qua
lity. And what the Alchemifts aifert, the Phyficians <>-)ierveto be 
tru e: Indeed, it is almoft the univerfal opinion o f the A> . ¿jts, that the- 
Aurum vhum , or Pbil&fophorum, does lye conceal’d in Iron ; and 
that here therefore we muft feek for metalline Medicines, and not in. 
Gold itfelf.

% that T in  is half Silver, the other half a crude corrofive Acrim ony: And 
this every one who is ufed to docimaftic trials experiences the truth o f ; 
for the Cupel Ihews, that it has pretty near the fim e fixf.aiiei- in the 
fire with Silver; and that it contains abundance o f crude Sulphur, well 
known to the Alchemifts.

T? — that it is nearly all corrofive, with fome refemblance o f Silver ; which to 
the ikilful is iufficient,
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J I I — Chaos, TO i!r«v. T h e  world. T h e  one in which are all things. Gold, and 
a large quantity o f  an arfenical corrofive.

T h e individual proper charafter o f  Metals, is their extraordinary weight, wdgbt, the 
which far exceeds that o f all other bodies: And this, as it is o f all properties 
the moft difficult for A rc to produce, affords us a certain mark o f  Metals. nsark of

A  catalogue o f  them, as they have been examined in the pureft water, I 
have here inferted from the Philofophical fra7ifaUions N<». 169, p. 926.
N". 199, p. 694.

® 19636. ^ 7852. S i , ' " '
5  I 4 O I 9 .  ^  thatdiftm-

b  11345- Granate 3978.
2) 10535, 11087. Glafs 2805. one another«

5 8843, Pump W ater lo oo .
I f  we want therefore to be fatisfied, whether bodies that we are not acquaint- heaJJibSL. 

cd with, have any quantity o f  M etal in them, the confideration o f  their weight 
furniflies us with the beft method o f  trial. the weight

N ay, and by this means it often appears too, o f  what fort it is. «r-̂ ^
H ow  great therefore muft be the difficulty o f  increafing the weights o f  bo- gre« ufe. 

dies to fuch a degree, as to condenfe other Metals into G old, or to convert 
other bodies into Metals ?

Hence again we fee farther, what fubftance comes neareft to G old, in refpeft 
o f  its weight, and o f  confequence, is moft likely to be tranfmuted into it.

And laltly, that the demonftration from weight is infallibly certain.
©. i . O f  all bodies is the heavieft, Thetni*

2. T h e moft fimple, or homogeneous.
3. T h e moft fix’d, both in A ir  and F ire: N ay, it is fo to fuch a degree, 

that an ounce o f  Gold has been kept in fufion for two months together, 
in the E ye o f  a Glafs-houfe furnace, without lofing one Grain o f  its 
weight. Hence ic appears to be incorruptible.

4. It is the only body that is capable o f refifting the power,, both o f  Antim o
ny and Lead *, nor when it is melted with them, does it run into Scorics 
with ’em, like other Metals, but finks to the bottom. Hence it is the 
moft durable o f  all bodies we are hitherto acquainted with ; nay, perhaps 
immutable, by any phyfical pow er: And for this reafon, the wifeft among 
the Alchemifts, have unanimoufiy agreed, that it is eafier to produce 
Gold by A rt, than it is to deftroy it.

5. O f  all bodies ’ tis the moft dudtile. T h e  workmen can hammer out a grain 
©f Gold, between fldns made o f Ox*s guts, into a leaf, that ihall contain 
367 fquare inches, and 24 fquare lines. Forty-eight ounces o f  Silver 
ftap ’d into a cylindrical form , may be gilt with one ounce o f Gold 5 from 
this, W ire may be drawn fofine, that 2 ells o f  it ihall weigh no more than 
one grain ; and confequently, in the furface of thefe z  ells, there muft be 
extended-5."-o f a grain o f  G old j and yet upon examination with a M i- 
crofcope, the Gold is found to be fpread fo thick, that there is not-s in 
any part o f the furface, the leaft appearance o f  §ilver under ic. Hence 
therefore it follows, that ¿ g o f a grain o f Gold may be difcern’d by 
the naked Eye 5 and that the thicknefs o f this vifibje Foliage, is no more 
than o f  inch. Hailey. Bhilofoph, TranfaSl, N °. 194. p. 549,
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And in the M m . de /’ Acad. Roy. des Seien, ’ cis demonftrated, that the 
gilding on the fmalleft Silver wire, is but o f  a hne chick. A  fin
gle drop o f a Solution o f  Gold in Aq. Reg- will give a metalline tafte to 
a pine of redifyM  Spirit o f W ine *, and will change fome quarts o f  W a
ter, that have two grains of T in  diiToIv’d in ic, to a dark purple colour. 
Hoffman. A  workman at Außurg^ by a particular A rc o f  his own, could 
draw one grain o f  Gold into a wire o f  500 feec Jong. Cajfius de AurOy 
pag. 77.

6.1c is fofc, fcarcely elailic, or fonorous.
7. When ic is once red hot, ic prefently melts 5 but in Madagafcar there is a 

very fofc fort, which runs like Lead with agende Fire. Flacourt. H iß. Inß 
Madagafc. Borrich. Ort. Ch. 49.

8. Nothing will diiToIve it, except Sea-Salt, or fome Menßruum prepared from 
it, all other Salts having no effedt upon it; and hence it comes to pafsthat 
it never rufts, as there is no fuch thing as Aq. Regia, or Spirit o f  Sea-Salt 
in the Air.

9. It very readily unites with M ercury, i f  it is purej but not fo eafily wich 
crude M ercury, as .people generally imagine j no, not even by theafllftance 
o f  Fire.

.10. I f  ic is diiTolv’d in Aqua Regia, and precipicated with Salt o f  T artar, it 
will, like Gun-powder, acquire an explofive Power. Gold is never cor
rupted by ruft.; or in the longefl: time, lofes any thing by exhalation : 
Nature gives it perfeélly pure in grains and glebes, o f which there have been 
fome found, that have weighed two pounds ; and this Gold is called Ohry- 
zium\ but it often requires the management o f  the Fire, as there is fcarce
ly  any Glebe that contains pure G old, without a M ixture o f  fome other 
Metals ; unlefs, when it is moft intimately united ; and even then, it has 
in it fomething o f  Silver: But Silver and Copper excepted, ’ tis rarely ob- 
fervM to be mixed wich any ocher MetaJ : A lm oft all the world over ic 
is diftributed, more or lefs, and is found fometimes in a white Glebe, 
wich black fpots, which is accounted the beft ; at others in black, 
red, or yellows. In the Glebes, as they are dug from the Mines, there is 
obferv’d a white, blue, red, and green Vitriol 5 and what goes by the 
.name o f Antimony o f  Gold.

It is feparated from the Ore, i .  By torrifying it in a reverberating Fur
nace ; by which means the volatile parts are carried off. 2. By boiling ic 
in W ater, that the faline and pinguious parts may fwim at top, and fo be eafily 
taken away. 3. By rubbing ic with M ercury, if  the Mafs is not pin
guious. 4. By rubbing it with M ercury, and Calx o f  Vitriol, if  the Glebe 
is fattiih, and then boiling it in Water. 5. By Aqua Regia. 6. By cer
tain Salts, which ferve to fix the volatile Oil, or Sale ; for thefe would other- 
wne carry off with them a confiberable part o f the Gold, 7. By waihing 
it with W ater; which is pra^lifed chiefly with Gold Duft.

See upon this head, Lazarus Erker, L ord  Verulamy and the Philofiphical 
Tranfaüions.

' S ?  of ^ i .O f a l l  bodies comes the neareft in weight to G o ld ; and the more fo , the 
Mercury. morc it ,is puflfìed.

2. It



2. It is the moft fimple o f  all bodies*, Gold itfelf not excepted, i f  it be per- 
fe¿lly pure.

3. In the Fire, ic intirely evaporates in form o f  Smoke, with a degree o f  
H eat, little greater than that o f  boiling W ater.

4. It is not at all duftile under the Hammer, but w ill, by a gentle ftroke, 
be divided into very fmall P a r t ic le s a n d  the more fo, the purer it is: N o 
degree o f  cold has ever been obferved to condenfe it into a folid  Mafs. Is 
it therefore fluid Gold ?

5. O f  all Metals, it unites the eafift with Gold, then with Lead, Silver, and 
T in  j with more difficulty ilill with Copper ; and fcarcely at all with Iron.
In the union therefore o f  Mercury with Metals, as M ercury is the Báfís 
o f  them all, is it not the M ercury, that by an affinity o f nature, unites with 
itfelf? Hence, does it not unite fo much the eaiier with any M etal, as that 
Metal contains more o f  M ercury, and. lefs o f any other Matter ? T his 
certainly feems very probable,

6. Both Aqua Fortis  ̂ and Aqua Regia, will diíTolve it.
Hence then we may conclude, how difficult a piece o f  work it mull be, to 

convert M ercury into G old, as we muft firil give it weight, fixity, and duc
tility: In its nature, however, it approaches the nearefl to Gold.

T h e greateft quantity o f  it now a-days, is found in Friuli in lialy, where it 
is produc’d, i .  In a Matrix^ hard like Stone, and o f  the colour o í  Crocm. 
Metallorum. 2. In a foft Earth, which yields fluid M ercury, 3. In Scones o f  a . 
globular figure. 4. In Cinnabar.

It is feparated from its Matrix by diftillation ; or b y  fifting it, and wafhing:. 
it  with Water, T h a t which in the Mines is found fpontaneoufly fluid, without» 
the alfiftance o f  Fire, is called Virgin Mereurj.
h .  I. Comes next in weight to M ercury. Rfarksof

2. It is found by every fort of trial to be exceeding fim pki ■
3. It fumes in the Fire, and if  kept melted a good while runs through moft 

V efiels; nor is it o f  a fixed nature.
4. It isthe fofteft and leaft elaftic o f  all M e ta l; not fonorous; eafily ductile.
5. N ext to T in  it melts with the leaft degree of Fire long before it is red hot, 

throws out a Calx, and quickly turns into Glafs, which put again into 
fufion no veiTei in the Fire is able to contain. A n y  light things thrown 
into it, it cafts up to the Surface. It vitrifies with impure M etals, and 
carries them with it out o f  the concave Surface o f  the T eft, leaving 
Gold and Silver only, pure from all the others. T h e  reft it either dif- 
fipates in Fumes, or draws with it through the pores o f  the T eft. A fter 
fufion, it prefently hardens again into a foUd Mafs^ but not fo quick . 
as Tin.

6. It diíTolves in Aq. Fortis, but not in Aq. Regia  ̂ and yields a fweet ialt.
There is abundance o f  it in a great many Mines in Europe \ the confumption

o f  it is very great 5 and though it is cheap, it is a M etal vaftly ufcfül, as well ;

*  T h is  feems to contradiñ  .what was afierted before o f  G o ld i  and indeed it does fo, except y o u  > 
underiknd it in an A lchem iftical fenfe, w h ich  w as w hat our A uthor defign’d. F or thefe G entlem en t e l l  
us, that M ercury is the B ajts o f  a ll M e ta ls ; and that G o ld  itfe lf  is compounded o f  M ercu ry and a  
fixing Sulphur, w h ich  confequently therefore m uft be lefs fim ple than pure-M ercu ry, w h ich  they“* 

luianimoully agree to be p erfeftly  homogeneous.

as..



as o f  a wonderful nature. In the Fables o f  the M ythologifts, it is called the 
Origin and Father o f all other Metals, and at the fame time their Deftroyer.

7. Its Ore is heavy, ihining, and o f  a lead colour, and is half Lead ; ’ tis 
fometimes too, white, red, or yellow 5 but thefe are not fo rich, Ic has 
frequently fomewhat o f  Silver in it, which is apc to impofe upon the A f- 
fayers, i f  they are not aware o f it.

M arks of 5 I .  Is the nexc heavy Metal to Lead.
suver. 2. This alfo is fimple, nor ihews the leaft diffimilarity in its parts b y  any 

common trials,
3. Ic is fo fixed in the Fire, that it hardly diminiflies, i f  it is perfeftly pure. 

A fter keeping it fufed in the Eye o f a Glafs-houfe Furnace for the fpace 
o f  two months ic is faid to have loft fcarce ^  o f  its weight 5 and it is a 
queftion whether chat Silver was abfolucely pure.

4. Ic is malleable, and may be drawn inco exceeding fine W ire.
5. A s foon as ever it is grown red hot, ic melts.
6. Ic is diifolvable in Aq̂ . Fortis alone.
7. It may be purified with Lead, being able to refift ic.
8. W ith  Antimony ic runs inco Scorify and becomes volatile.
It is found in a great may places, in various, and very difi^rent beds, and 

has commonly a fmall quantity o f Gold interfperfed with it. There is often in 
the Ore a corrofive, bituminous Sulphur, which renders the Silver volatile, 
and carries it o ff5 or changes ic into glaify Scoria, much to the difadvancage 
o f  the Owners. It yields neither to Salt, nor Lead, and therefore they ma
nage it with M ercury 5 and this they do by mixing ic wich the Ore after it has 
been torrified and reduced to powder, and then in rubbing them together for 
a confiderable time, by which means the Silver unices wich the M ercury, and 
this they afterwards draw off by diftillation. Pbil. Tranf. fS 9 , 590, 591.

^rksof 2 I . Is che next ponderous Meral to Silver.
2. Ic is fimple likewife, chough lefs fo than the preceding,
3. In the Fire ic is preccy fixed, but fumes, and difcovers fome volatile parts. 
.4. It is dudlile under the hammer, and may be drawn .out into very fmall

W ire i ic is very elaftic too, and o f a iharp found.
5. It grows red hot before it melts, and requires the greateft degree o f  Fire 

to fufe ic, nexc to Iron. W hen it is in fufion it wonderfully refifts W ater, 
and is agicaced by ic in a moft violenc manner, and hence i f  any Wacer 
happens co come cothis Metal whilft it is melted, the event is exceedingly 
dangerous.

6. Ic is eafily dilfolved by any falc, and then becomes greenifh, or blueifh; 
but foon getting rid of its diffolvent, it grows o f  a dirty difagreable colour, 
lofing all ics former beaucy: Hence both in A ir and W ater ic.contracts a 
greenilh mould, which is nothing but a colledion o f  fmall Cryftals.

7. W ith Lead and Antimony it readily runs into Scoria^ or is changed into 
Glafs i and then leaves the T eft, ekher going o ff in fumes, or running 
through che pores o f  it.

Mines every where abound with ic, when ic adheres fo firm ly to its ftony 
Ore, that it commonly paifes fourteen Fires before ic is pure. Ic has frequencly 
Silver m ixt with ic, efpecially, in the black or lighc blue Ore ; the yellow^ 
green, and brown concain le fs ; In it veins are very often found, green, blue^
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reddiih and white Vitriols ; and very fine green and blue ftones: So that there 
is no metallic foflil matter inriched wich a greater variety o f  beautiful colours.
¿  I. it  too diftinguiihes itfelf by its weight.

2. It is lefs fimple than the preceding, having manifeft marks o f  a crude 
Sulphur, and a truly combufbible matter, which may fometimes be railed 
into flame.

3. It is fixed indeed in the Fire, though not fo much but that it fumes, 
throws out fparks like combuftible Subftances, and conftantly lofes o f  its 
weight.

4. It is dudlile under the hammer, and may be drawn out into W ire, i f  you 
don’ t attempt it too fine ; for then it will fplit, or difcover its brittlenefs;
It is hard, and fonorous.

5. It grows red long before it melts, requiring the ftrongefl: Fire, and being 
melted with moft difficulty o f  all Metals. W hen ic is perfeftly red hot, 
it will bear the contaél o f  cold W ater.

6. A ll Saks readily diflblve ic, with which it changes o f  a red colour ; but 
ic eafily gets rid o f  its diffolvent, and then waftes inco rufty Scoria:: Hence 
it  is fcarce pofllble to preferve ic from rufting.

7. O f  all Metals, ic is the moft eafily deftroyed: wich Lead, and Antim ony 
it prefently turns into Scorics.

8. It both attrads, and is atcraded by the Loadftone.
9. It is endued with a medicinal vertue very beneficial to the Human Body, in 

which it may be nearly diflblved, and to which ic feems to approach nearer 
in nature than any other M etal,

It is obferved to be generated in all parts o f the earth, difperfed through fat 
clayey earths, which being put into the Fire difcover this M etal by their red 
colour. In the ftony Ore ic diftinguiihes itfelf by a rufty colour, or i f  the 
vein is extraordinary fine by a pale blue one; nay, and often by its magnetic 
vertue. Ic is evidently contained in the native green Vitriol. It requires, how
ever, the greateft degree o f  Fire to procure ic pure from the Ore, as well as 
the aíTiftance o f  certain proper materials, and a previous torrefadion in the Fire.

1. O f  all Metals is the ligheft. ° Chata^of
2. It is much lefs fimple than the former, emitting with a gífncle Fire ful- 

phureous fumes, which are eafily feparated from the metalline part, and 
are almoft combuftible.

3. Hence, it is much lefs durable in che Fire.
4. Ic is foft, eafily bent, and dudtile under the hammer, and may be drawn 

into W ire, but wich much more difficulcy than the former : It is not con* 
fiderably fonorous, or elaftic.

5. Ic melcs much fooner than the other Mecals, long before ic is red hot, and 
in a degree o f  heat not much greater than that o f  boiling water ; but 
grows hard again immediacely in the cold.

6. W hilft ic is crude, and recains its natural Sulphur ic is difibluble only 
in Aq. Regia ; but i f  by Calcination ic is purified from its Sulphur, 
even Vinegar will difiblve i t ; and a little matter o f  the Solvent is fuf- 
ficient.

7. It refifts Lead and Antimony fo ftrongly in the Cupel, that it cannot be 
forced out o f  it without great difficulty; and not at all indeed, without the 
afliftance o f  Copper. E  B, la  ■



T h e  true 
principles o f 
the tranf- 
nutation o f 
M etais.

8. In many o f  its properties it comes near to Silver.
T h e  Ore which produces it, is exceeding ponderous, though the M etal itfelf 

is but light. The Glebe it is found in is o f  a brown colour inclining to yellow, 
or, which is the richeft, o f  a black one, fmooth and ihining, and fometimes 
not unlike the Iron Stone : It is contained likewife in a rocky fubftance very 
heavy and porous. _

After the Ore has been burnt, pounded, and waflied, it is melted, and fepa
rated from its Drofs. T h e  beft fort o f  it is found in Great Britain, which 
yields vafl: quantities ; and hence Bochart was led to conjeaure that the word 
Bretania was derived from the Syriac Barat Anac, which fignifies a field o f Tin.

This H iftory o f  Metals, which is undeniably true, furniihes us with the fol
lowing obfervations.

1. T h at Metals are abfolutely difi^erent from all other bodies hitherto known^ 
whether natural, or artificial ; as we find that the lighteft M etal weighs 
more than twice as much, as the heavieft body o f any other kind.

2. T h a t they muft therefore be vaftly in the wrong, who pretend to convert 
any other body into Metal \ for as the weights o f  bodies ihew us exaClIy 
the quantity o f  matter they contain, the condenfing them muft be in
finitely difficult, and fcarceiy to be effeéted without a creating power.

3. T h at the moft certain rule o f  judging, how nearly pure Metals are alike 
in their intimate fubftance, is to be drawn from the nearnefs o f  their 
weights.

4. T h at there is no M etal therefore that comes fo near to G old , as Mercury,, 
i f  you confider only their matter ; for as to the other principle which gives 
C O  each its particular form, it muft be quite o f  a.different nature, and 
therefore does not enter into our prefent inquiry.

5. T hat the other properties o f Metals, fuch as, fixity, colour, malleabiliCy, 
and fimplicity, may poifibly be more eafily changed and produced.

6. T h at Gold confifts o f  a moft pure, fimple matter, very like M ercury, 
faftiy held together by another exceeding fubtil, pure, and fimple prin
ciple, which being intimately difperfed through the whole, firmly unites 
the Particles o f  the former both with itfelf, and with one another ; Thefe two 
principles are fuppofed to be M ercury and Sulphur.

7 . T h at the other Metals are compounded o f  the fame principles, but that 
they have likewife a mixture o f  another lighter fubftance in them, which in 
every particular Metal is di-fferent, and is called Earth ; and hence they 
appear to be compofed o f  three forts o f  matter, to  which in fome. o f 
them, as a fourth, you may add a crude Sulphur.

8. T h at they may be refolved therefore into thefe their compounding E le
ments, which in different M etals, both in nature, and number, will: be 
different.

9. T hat this may be effecfled, by M ercury, a refufcitating Salt, or Fires b y  
various methods, in various Metals.

J O .  T h at there is very little reafon therefore for aiTerting that Metals are 
eafily tranfmutable into one another, except you confine it to their mercurial 
part alone, their original Texture being firft perfeilly  deftroyed ; and 
that hence no more Gold can polTibly be procured from any other M eîal, 
than in proportion to the quantity o f M ercury which that metal contains.

I Î .  T h a t



T h em y  o f  th e  27

i r .  T hat it does not in reality appear, that there ever has been any M etal 
produced by A r t , different from the fix which have been mentioned; 
notwithftanding what Van Helmont boldly aiferts o f M ercury fixed by his 
Alcahefi.

12. A  perfon therefore acquainted with what has been faid o f  Metals will not 
eafily be impofed upon by empty promifes, and fpecious appearances; 
fince none o f  thefe deceitful Pretenders could ever truly counterfeit the 
weight of G old, or produce a body that would be fo fixed in the Fire as 
G old  or Silver; by thefe two properties then we ihall be always fecure 
againft their cheats, or plaufible reafonings, and be able to difcover their 
fpurious, artificial M etals; which brought to the anvil too generally wane 
malleability.

1 3. T h at the fix Metals, if  they are melted in pure vefl!els, have all the very 
fame appearance, and perfedly refemble M ercury, in colour, folidity, 
contradlion o f  themfelves into a fpherical figure, attradion o f  their Par
ticles, degree o f  fluidity, and mobility. Hence perhaps M ercury may be 
a Metal that requires the very leaft degree o f  heat to put it in fufion.
T in  a Metal that won’ t run without a greater degree of fire ; fo that 
fuppofing the A ir  to have as much heat in it as is neceifary to put 
T in  in fufion, then T in  would be M ercury, but would fume, and caft 
up a fcum. Again, Lead would become M ercury, in a degree o f  heat 
ftill a little greater, but would throw out a fcum too, and run through 
the vefiiels it was put into. A  much ftronger Fire ftill is necefliary to re
duce Gold and Silver to a ftate o f ffuidity, which would then be M ercury, 
and immutable. Copper requires yet a greater degree o f  heat to fufe it, 
and reduce it to M ercury, and then too it would be fubjed to change. A n d  
laftly. Iron which o f  all Metals runs in the Fire with the greateft difficulty, 
would then be fluid M ercury alfo, but as the former, would be likewife 
mutable.

Of S a l t s .
Salts, fometimes called concreted Juices, claim the next place in order to Foffiisaia. 

M etals; inafmuch as they are exceeding fimple and enter into the compofition 
o f  Semi-metals, and other Foffils.

By Salt, we mean a Foffil, which diifolves both in Fire and W ater, and is it, different 
o f  fo fimple a nature, that every fingle particle o f  it is fimilar to the whole, 
and impreifes a tafte upon the tongue.

T he natural Salts are, Sea Salt, G m , or fofTil Salt, Fountain Salt, N itre, Fomisait, 
Borax, nztive Sal-Ammoniac^ A lu m , and a Vague-acid o f  the pits. SaUCm-

Foffil Salt, the purer part o f  which is called Sal Gem, is found in different 
parts o f the world, and is dug out o f its pits perfeftly pure, in vaft quantities, 
and to prodigious depths.

Fountain Salt, is procured from running water, in which it is found diffolved, Fountain 

and when it is depurated, and infpiflTated, is exceedingly like Sea Salt.
Sea Sait, is difperfed throughout the Sea, and by fimple evaporation, and scaSait. 

purification is reduced into Chryftals.
Thefe three forts o f  Salt, though they are different as to their manner o f  pro- 

du6lion, yet are found to be o f  the fame nature ; the fame quantity of W ater dif-
E  2 folvds
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Iblves them all, viz. 3 ^ times their own weight; in our air they all fpontaneoufly 
melt away ; the Chryftals they form are nearly ah'ke, being cubical, parallelopi- 
pedal, o r  pyramidal, tho’ one chryitallizes quicker^, another flower ; i f  they are 
put into Aq. Fortis they produce a Menßruum that will diffolve Gold ; i f  they 
are urged by Fire they all yield an acid fpirit, of the fame nature; when 
they are dißblved in moift air, they leave a great deal o f  earth, and a fat, lharp;, 
aftringent liq u o r; they crackle in the Fire, which, if  it is ftrong, will mclc 
them ; and then, i f  they are very pure, they will remain fixed in ic a great 
while withouc undergoing any alceration ; they yield no fpirit, and but very little 
w ater; no Alcali can be procured from them *, nor are they fufceptible of pucre- 
fadion.

Nitic. Modern Nitre, or Salc-petre, whofe chryffals are octogonal prifms, is a
femi-foiTiI extraded from an acrid, nitrous earth : ic is puc inco fufion by a 
moderate F ire ; fcarce any water exhales from ic, and *tis pretty fixed: when it 
is melted it deflagrates wich any inflammable fubflance : it difTolves in 6 f  times 
its weight o f water.

Nitrous earth, or fVone, owes its vertues to the excrements o f  animals, or 
their putrified carcaiTes (thofe efpeciaily» whofe food has nothing o f  Sea Salt in 
it, as birds in particular,) when the aflies o f burnt vegetables, and quick lime 
happen to be mixt with them : and the nitrous matter being thus produced,, 
is diluted with a great deal o f wacer, filcered through fand, and chen formed 
inco chryftals wich odogonal bafes.

Nicre is generated from a fat alcaline earth, and air. Hofm. de E ß. Aq. M in. 
T .  II. p. 42.

Sorax. third Salt, is Borax, or Chryfocolla, which is a foflll o f  various figures,
requiring more than 20 times its weight o f  water, wich a great degree o f  heat, 
to diflblve ic ; its tafte is binteriih, buc with a fort o f  fweetnefs at its going ofT' 
it melts very eafily in the Fire, and then runs o ff in a rifing froth, by which 
means a great deal o f  water is feparated from it, whilft the remainder fubfides 
into a beautiful kind o f  glafs; It very much forwards the fufion o f  bodies that 
are mixc wich i t ; and hence is o f  great fervice in foldering o f  Metals, Gold 
in particular.

Tom Sal N ext in order comes Sal Ammoniac., or Sal Arenarius, which is produced in, 
Ammmac, the moft fcorching parts o f  Lyhia, T h e Sal Cyrenaicus o f  the ancients, which was 

in fuch great abundance abouc the temple of Jupiter Ammon, appears by Pliny*?, 
defcription o f  the beft fort o f  it, to have been exceedingly like the Sal Am* 
moniac o f  the moderns. T he burning mountains too in different parts o f  the 
world caft out this fort o f  S a lt ; o f  which that from Vefuvius even to this time, 
is efteemed the beft.

And the It ought, therefore, to be referred to the clafs o f  fofTils; though that indeed 
m̂ ernfec- which is broughc co US now a-days from Egypt, is fuppofed to be an animal 
iitious., produdion. In reality, does ic not every where owe its origin to foot i*
A n  acidfof- fimplc foifil Salts, is an acid, vague, volatile, liquid one, di-
fdSait. fperfed perhaps every where throughout the M ines: This being united with a 

fofTjl O il, 2.% i\\t Petroleum, Oleum term , and the like, may poffibly produce 
the different forts o f  native foifil pellucid Sulphurs, called quick Sulphurs 
as well as thofe which are found united with the Semi-metals, Cinnabar, A n - 
tiniony, and.other Foifils j^and that, bath the fluid and folid: with M etals it*

produces



produces the various fores o f  V itr io l;  with earths abounding with L im e the 
different Alums ; and laftly from the fyriies^ which is the matrix o f Vicrio!, 
calcined in a quick Fire, it gives us the common Sulphur.

Is not this exceeding like that acid, which fumes from the blue flame o f  burn
ing Sulphur, and is fo fuffocating and deftrudtive to all animals? certainly its 
analyfis, and refolution would lead one to think fo.

And for thefe reafons perhaps it may not improperly be looked upon as a 
male Sale, which feems to impregnate the female Salts, and earths.

T he fixth, and laft is Alum , which is a true FoiTil, procured either from a Alum* 
ftone that lies deep in the earth, which is hard, capable of being cleft, abounds 
with Bitumen and Sulphur, and is eafily inflammable \ or from a bituminous 
combuftible earth, which in burning fends forth a fulphureous ftench, that is 
very pernicious: T his matter expofed to the air for the fpace o f  a month, 
moulders into a powder, from which Alum  may be then produced, though 
the earth was unfit for it before.

I f  the ftony fubftance is firft expofed to the air, and then burnt, it will 
flame, and by its fmell make it evidently appear it contains Sulphur.

T he matter therefore being thus prepared, by the air only, if from the earth ; 
but both by air and fire, i f  from the ftone i it is diifolved in water, and then 
by the addition o f  a fixt, or volatile A lcali is precipitated with an effervefcence; 
by which aftion the predominant acid being united with the A lcali produces 
a new Salt; which therefore owes its being to the air, the A lcali, and the Foilil.-

T h e precipitated matter being then feparated from its Lixivium, and dif- 
folved in boiling water, is infpiiTated in a leaden veilel and put into a tub, 
where after fom e time it ihoots into white, or reddifh oClogonal chryftals; o f  
a fweet roughiih tafte; not eafily diflbluble in the air 5 and that require four
teen times their weight o f  water to difiblve them.

T h e  acid o f this Salt when it is forced out by the Fire, is like the acid va
pour colledled from burning Sulphur, in almoft every property.

After the acid is drawn off, the faces that are left behind, yield a large 
quantity o f a lig h t, fubtil earth, which very much refembles bole.

I f  it is burnt with triple its weight o f  charcoal, it gives the Phofphorus o f  
Homherg \ and hence it feems to poifefs a particular power o f  exciting fire with 
the aftiftance o f air.

In the formation therefore o f foflil Salts, nature feems to have made ufe o f 
a threefold acid; fpirit o f Salt; fpirit o f  N itre; and fpirit o f Sulphur; and 
that, in a very large quantity: with which fhe has likewife joined, a fmall 
portion o f  Sulphur; as well as water, and earth.

O f  S u l p h u r - ' .

T h e  third clafs o fF o fllls , is compofed principally o f  Sulphurs, though fome SuJph«?. . 
other bodies are referred thither likewife,.

Sulphur, is a foffil b o d y ; hard in the cold, and eafily reducible to powder ; 
but in a moderate degree o f  heat running like melted wax ; it may be raifed 
by fire in a clofe veflel, intirely, and without any alteration •, but if  any air 
comes to it whilft it is melted, it will burn all away, with a blue flame, and a 
volatil fume, that is fatal to animals.

T ru e Sulphur, as fuch, is found bui feldom in the earth, and but in fmall Qukie..
quantities j
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quantities*, and there, it is either pellucid and yellow, like A m b e r; o r  pel
lucid and red, like a ruby, which is called Sulphur o f  Gold ; or opake, yellow, 
grey, or of various colours, and thefe go  by the name o f  Sulphur vivum, or 
Virgin Sulphur.

'Common. A s to all the common Sulphur, which is fold in Europe, it is an artificial pro- 
duition, from che ftone called PynVii; which neverthelefs feems fcarce to con
tain any naturally in it \ for no Sulphur rifes from its matrix when urged by fine 
but an acid liquor like the acid o f  Vitriol.

This foffil matter however, i f  it is firit prepared by A r t , will afterwards 
,by the aififtance o f  fire afford a true Sulphur.

And this is eifefted by keeping the Pyrites for a confiderable time in a ftrong 
fire ; where it foftens, calcines, cleaves afunder, and difcharges a perfeft Sul
phur.

But i f  there is true Sulphur actually exifting in the matrix, then it is only 
melted down in crucibles, which are placed in fuch a Hoping manner, that the 
Sulphur .as it melts may diilill into proper receivers.

N ow  the vein o f  che matrix both o f Sulphur and Vitriol, is the fame.
A n d  hence. Sulphur is artificially made too, from O il o f  Vitriol, Alum , 

o r  Sulphur per campanam, united with fome pinguious vegetable fubftance.
Sulphur therefore has not improperly been called by the Artifts, refin o f  earth.
When it has been purified by repeated fufions, from what rifes to the top, 

or fubfides to the bottom, it is poured into cylindrical wooden moulds, and 
is then the common Sulphur o f  the Ihops \ o f  which that o f a lemon colour is 
cfteemed the beft.

Auripigmen- Orpiment, in a great many o f  its properties very much refembles Sulphur ; 
turn, orOr- it is ftiablc fufiblc ; eafily inflammable ; and then becomes hurtful from its 
piment. difagreable fulphureous fmell, not from a volatile a c id ; it is unaftive, and in

nocent, and does not do that harm to the bodies o f  animals, as is commonly 
reported ; it grows red by fufion, and then yields a volatile matter o f an emetic 
quality. T his improperly goes by the name o f  yellow Arfenic

This native Orpiment melted in a clofe veffel is converted into a brittle 
mafs, eafily reducible to pow der; o f  a beautiful bright colour, like that o f 
red Lead j not very acrid ; nor of a very poifonous quality ; and yet both the 
ancients and moderns have called it Realgar, red Arfenic, and Sandarach; 
and by this confufion o f names have given occafion to fome errors, that have 
happened in the A rt.

wiiteAr white, chryflalline, pulverizable Arfenic, which is fuch a ftrong
fcnicofthe poifon, it is an artificial produftion of the moderns, not having been known 
moderns* above two hundred years; and it is made in the preparation o f Smalt from 

Cobalt, Flints, and a fixed A lca li: for whilft thefe materials are melting to
gether, the flowers that rife in the operation are a crude white Arfenic ; which 
being afterwards put in fufion, with a ftrong fire, and in a clofe veifel, is the 
common white Arfenic o f  the (hops. See Kunkel, De Arte Vitriaria, where he 
has given a cut o f the furnace made ufe o f  for this purpofe.

Mwiern el Arfenical Flowers o f  Cobalt are melted down with a tenth part o f  com-
lowA îiSc' mon Sulphur, you have then a poifonous yellow Arfenic, which ought careful

ly to be diftinguifhM from Orpiment, as it is a moft infuperable poifon.
But i f  you melt the fame plowers with a fifth part o f  Sulphur, you produce
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the poifonous red Arfenic o f  the Moderns, which we muft take care too not to 
confound wich the Arfenic o f the Ancients, for the reafons already mentioned.

Hence therefore the modern Arfenic does not fo much refemble Sulphur, 
but feems to poiTefs a very particular quality peculiar to itfelf, and deftrudlive 
to all animals: This the Ancients were not acquainted with ; nor is it eafily re
ducible CO any Gems o f  known bodies: A s it comes nearer, however, to Sulphur, 
than any thing elfe, ic is referr’d thither. See by all means on this head, Hofm.
O hf Phyf, Chem.

T hofe pinguious fubftances likewife, which are the natural produftion 
o f the Earth, Ihould be look’d upon as bodies thac are near akin to Sulphur, 
inafmuch, as they contribute the greateft part towards its compofition. O f  
this kind is whofe name fpeaks both its nature and origin: T h is is Petroleum.
expreflTed from melted Bitumen ; drips down the rocks ; is exceeding thin 5 very 
l ig h t ; o f a fetid fmell, and perfeftly inflammable j often fwims at the top o f  
fountains, and is fo like a diftill’d Oil in rnoft o f  its properties, that many per- 
fons will have ic to be prepared by a fubterraneous Fire. T his Liquid is often 

Bitumen, tho’ they differ in colour, fm ell, and tranfparency.
Napththa very much xtkmblts Petroleum, but is more diluted, thinner, and Napththa. 

brighter it is vaftly inflammable j continues burning a long time, when ic is 
once fee on fire ; nor can it be eafily extinguifii’d : It is the Flofs, or moft pure 
and fubtii part o f  Bitumen.

T h e Bitumen o f  tht Latins, and Afphaltum o f  the Greeks  ̂ is thicker than Napth- Bitumen». 
tha, and Petroleum y very tenacious j but in its firft form nevertheJefs,. fome- 
what fluid ; fo long as ic remains in its natural ftate, ic generally fwims upon- 
W ater 5 it burns exceedingly furious.

This however being concoded, and dried by the heat o f the Sun or Fire, or p.^ 
even by time itfelf, grows harder than Pitch ; ihining j ponderous; melts 
again in theFire ; will mix with any thing oily is inflammable ; and is then 
called, P ix Jud(sa or Bitumen Judaicum.

Pijfaphaltum, as its name indicates, is o f  a middle nature, between Pitch and piflaphai- 
Bitumen ; black j earthy j  fetid, and feems only in degree to differ from the*“®* 
former : And poiTibly it may be, either an artificial, or natural produdion, 
from a mixture o f  various fat fubftances wich melted Bitumen.

This, when it is brought by nature to fuch perfeition, as to become black i. 
hard j earthy j  capable o f being,cleft ; fm coth} fetid, and Ihining i it then 
feems to form the Jet-ftone, or the Lapis Thracius o f  Meander.

And again, i f  the pinguious parts o i  Bitumen happen to be mix’d and con-Lithantiirax 
creted wich a rocky Glebe, or perhaps the Scorics o f  Mecals, and forms a hard 
Mafs ; difpofed in flakes or lamina ; black •, f a t ; cleavable, and inflammable; 
it then feems to produce i \\q Lithantbraa, or foflil Coal, which muft alfo be re- 
ferr’d hither.

Amharum, Carahe, Succinum  ̂ EleStorrum, Am ber, belongs likewife to this Amber, 
clafs, which feems to owe its origin to a bituminous Sulphur ; it both burns 
and melts in the F ire j it confifts o f  an acid Salt, both folid and fluid, and a 
foflil O il, which very much refembles Petroleum : O f  this there are different 
forts, as the white, lemon-coloured, yellow , black, and red.

The Oleum Terns o f  the Indies  ̂ defcribed by NeuhoviuSt is feldom brought to oUofEarth 
us, being, fecured by the Princes in Afia ■, whether therefore this is a fpecies o f  
Pitrokum, or Naphthas I can’ t pretend to determine. A s



"  A s for the common Oil which comes from the Indies under that name, i  
am inform’d, by a Gentleman perfedlly acquainted with the affair, that it is no- 
thino- elfe but an expreíTed O il from the Caco-nut, m ix’d up with fome medi
cated Earths, and therefore belongs entirely to the clafs o f  Vegetables. Is not 
what goes by the name o f  Barhadoes O il, prepared too in the fame manner ?

O f  S t o n e s .

■Stone. A  Stone is a hard Foffil i not d u d ile ; brittle ; fixed in the Fire ; fcarcely
fufible by any Fire ; nor diifoluble in W ater.

By which marks it is perfectly diftinguiflied from M etal, Sait, and Sulphur.
Stones may conveniently enough be divided into pellucid; fem i-pellucid; 

and opake.
Gems. Pellucid Stones may not improperly be called Gems, and ib reduced to a 

Genus under that name.
Thefe, in all their properties, approach very near to Glafs ; tho’ they ex

ceed it in hardnefs, folidity, fim plicity, and very difficult fufion in the Fire, 
and feem to confift o f a moft perfect fine Salt and Earth, intimately united 
together 5 as we fee Aihes, which have a Salt in them, when melted in the 
Fire, run into Glafs.

A  tranfparent Gem , without the leaft mixture o f  colour, as nearly as poflible 
refembles Glafs.

T h e  white, bright, pure Chryftal, that cuts Glafs, is fcarcely fufible in the 
Fire, is much like Glafs, and is form’d by a certain particular concourfe and 
application o f  Radii and Strata  ̂ feems to claim the firft place in this clafs.

T h e  true Diamond, is an exceeding pure Gem ; vaftly hard ; remarkably fo
lid 5 perfectly tranfparent; very refulgent 5 o f  great valu e; coming neareft to 
the Chryftal which (perhaps o f  all Gems is the moft perfeél) and excelling 
every other body in its particular reflection o f  the rays o f light. This will con
tinue a very confiderable time in a ftrong Fire, without being deftroy’d.

T h e  moft pure o f  the Baftard-Diamonds, have fomewhat o f the nature o f  the 
true ones; bucare fofcer ; lefs folid, and lefs pellucid.

T h e white Saphir, is akin co the Diamond.
A s likewife, the Oriental Am ethift, when it is either naturally or artificially 

colourlefs.
T h e T o p az too, and Chryfolite, when perfeClly free from colour, are near

ly  o f  the nature o f Diamonds.
T h e  true Afiroites, which by a certain law refleCls the folar rays from 

one common point, belongs likewife to the clafs o f  Pellucids.
T h e exceeding hardnefs, folidity, and p erfed  tranfparency o f  thefe Gems, 

make them vaftly  efteem’d.
Gems that are pellucid, but inrich’d too with fome beautiful colour, feem to 

confift o f  the fame matter with the former, but to have receiv’d likewife in 
their firft formation, a tinge from fome metalline in particular, or other fix’d 
foffil mixture, which by this means becomes intimately united with them: 
T his the refemblance o f  their colours to the tinc5tures o f  M etals, and the arti
ficial manner o f  making them, fufficiently evinces. T o  this clafs are referr’d 
chiefly,

The Amethift, Beryl, Carbuncle, ChryfolitCj Granate, Jacinth, Opal, Ru-
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b y , Saphire, Emerald, and T o p a z :  N or ihouldj I think, the colour’d Chryf- 
tals be left out.

T he exceeding great value o f thefe too arifes from their vaft hardnefs, re
markable folidity, pure fimplicity, and beautiful brightnefs o f  colour.

There is another fort likewife o f  a middle nature, betwixt Gems and opake 
Stones, which may therefore be called the Semi-opake, and feem o f  a more 
compound nature than the former: T h e chief o f  thefe are the following, which 
differ in degree o f  opacity.

A gat. Sand. One fort o f  the Afiroltes. T h e  true hapis Armenius. T h e  T o ad - 
ftone. T he Cornelian. The Chalcedony- T h e  Heliotropium, or true oriental 
Jafper. Jafper. 'Xhtx.vut Lapis Lazuli. T h t  Lapis Nephriticus. 'X\it Leucoph- 
thalmus. T he Malachites. T h e  O nyx. T h e  Sardius. T h e  Sardonyx. T h e 
Selinites, and the Turquoife.

Thefe too, are efteemed in proportion to their folidity, hardnefs, tranfparen- 
cy, and th« beauty o f  their colours.

T h e opake Stones are the Eagle-ftone. Alabaftcr. T h t  Amianthus. 'TYieBe- 
lemnites. Gypfum. 'X\\t Hematites. Jafper. The. Lapis Judaicus. T h e  Touch- 
ftone. T h e Load-ftone. W hite, G rey, Yellow , Brown, B lack, Porphyrian,
Red, and Green Marble. T h e Ophites. T h e Ofteocolla, Pumice-ftone, L im e- 
ftone, Whet-ftone, Mill-ftone. Flint. T h e Specularis, Em eril, T a lc , a n d ' 
Tripoli.

Thefe laft are o f very different natures; fome o f  them vitrifying in the Fire» 
and others turning into an exceeding fix’d calx.

L aft o f all come the foifi),' native Earths, which for the m oft part arc o f  a Earths» 
pinguious nature, and may with W ater be w ork’d into a pafte, whence they 
are commonly called Boles; but are not diifoluble, either in W ater, or Fire.
Thefe are, Clay. ThtAxungia Terrce  ̂ ox Lunce. Cimolia. FullerVearth.
T h e W hite Bole. T he Armenian^ Chian, Etreriant Lemnian, Y ellow , Mal~ 
iauy Red. Ruddle. T h e Samian. T h e Selinufian. A ll  the feald Earths, and 
the Tocavienfis.

There are fome likewife o f  a poorer fo r t ; as W hite Chalk. M arl, and 
Ochre.

0/  S e  M I-M  E T A L  s.

T he feventh clafs o f  Foifils, comprehends thofe bodies, which evidently 
contain fome true Metal in them *, or at leaft fomething fo hke it, that ic 
may almoft be look’d upon as M etal, and indeed, has been rank’ d under 
that denomination by very good Authors. Thefe, i f  they are o f  the more iim- 
pie fort, may properly enough be reduced to three fpecies.

1. Semi-Metals, that confift o f  a true M etal, and a Salt, united together.
And thefe are generally called Airamenta Sutoria  ̂ Calcantha  ̂ Vitriols.
ThefH’now are obferv’d to be o f two forts; one which owes its origin to Iron, 

and is of-a green colour; the other produced from Copper, o f  a beautiful blue.
A s for the other Metals, they are fcarce ever found in the Mines, in a ftate o f 
folutionj their diflblving Menfirua, the Acids o f N itre, and Spirit o f  Sea 
Salt, being never difcovered there: And hence, you will hardly ever meet 
with the folucions o f  G old, Silver, M ercury, Lead, or T in , either fluid or 
concreted; at leaft in but a very fmall quantity.

3 i  Lead,
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Lead, it is true, may be diJfTolv’d by a weak A cid  ; but then the chemical 

A rc informs us, how very difficult it is, to reduce it into Chryftals, as it prefently 
gets rid o f  irsacid, and turns into a powder, which goes by the name o f  Cerufs: 
A nd this is likewife true of T in .

Every foffil Vitriol therefore that has hitherto been dug out o f  the Earth, 
owes its origin folely to Iron and Copper.

W e don t̂ deny, however, buc that ic is pofTible, that fome particles o f  other 
Metals may be mix’d with Vitriol in a ftate o f fluidity, and by this means be
come concreted with it ;  but that any other than Iron and Copper, has ever 
been ailually diiTolv*d by it, and fo, equably and intimately united with it, wants 
hicherro confirmation.

This difTolvent, both o f  Iron and Copper, is thac A cid , which when drawn 
o ffb y  a very ftrong Fire, goes by the name o f  the Spirit, or O il o f  Vitriol 
and is the very fume that is feparated by art from A lum , or colleited from- 
the fumes o f  burning Sulphur.

And indeed, both Vitriol and Sulphur, are generated, grow , and are pro
cured from the fame MalrtXy viz. the P yrites; which after ic is dug, is expo- 
fed to the A ir, freed from its great quantity o f Sulphur, reduc’d to Powder, 
diiTolv’d in W ater, and then fuffer’d to form its Chryftals about Sticks thac, 
are plac’d in it for that purpofe.

Ic may readily likewife be produc’d from the M̂ y of the Ancients, by 
fimple Solution, and Chryftallization.

Hence therefore Vitriol is o f  five forts, i .  T he green; which owes its origin, 
iflCirely to Iron, and Spirit o f Sulphur : T his is extoli’d for its medicinal ver
tues, and is the beft for making Ink. 2. T h e bluiih, which confifts o f a 
great deal o f  Iron, and a little Copper, difToIv’d by Spiric o f  Sulphur ; for i f  
you make a folutionof it with W ater, and then immerge plates o f Iron into it,, 
you will find them ting’d o f  a Copper colour ; which makes it evident, that ic 
contains a fmall mixcure o f  thac MetaL T h e white, which feems to be 
very little different from the green, and poffibly owes its particular nature,, 
only to a greater degree o f  H eat, as we fee in the fad itiou s; for in every ref- 
p e d  but its colour, it perfedly refembles it. 4. T h e Chalcites  ̂ true Calcan- 
thum  ̂ or red Vitriol ; and this too is exceedingly like the green, and may be 
refolv’d into the fame principles ; it feems compounded chiefly o f  Iron, and an . 
acid ofSulphur, with, perhaps, a little mixture o f Copper.. 5. T h t  Cyprian  ̂ or 
Hungarian  ̂ which is perfedly blue, and confifts purely o f  Copper, and the 
fame Acid o f  Sulphur. T h e  Sory too, which is an exceeding acrid, hard, 
coarfe, fat glebe, feems to be nothing but a grey or black concreted juice of 
V itrio l; and hence will produce a Vitriol, by the help of W ater alone.

T he Melenteria alfo, which is a grey, or black glebe, o f  a cauftic quality,, 
is o f  the fame vein, nature, and family.

Thefe all therefore, for their Bafis  ̂ have Iron or Copper; for chmr diffol- 
ving Menftrmm^ an acid o f  Sulphur ; whilft Wacer, which dilutes, th^ acid, 
and difpofes in a proper manner the particles o f  the M etal, gives them their 
.figure and tranfparency : A nd hence, according to the different proportion 
o f  thefe three principles, may all the variety o f them, deliver’d by the A n ci- 
cnts, be underftood.

T h e  native Vitriols therefore confift o f  W ater ; an acid Spirit o f  S u lp h u r;
I  and,
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and the Metals, Iron and Copper, m ix’d in a certain proportion, and concte- 
ted into one mafs.

i .  Other Semi-metals are compounded o f Sulphur and M etal, intimately Suipbureo«» 
united together: O f  thefe the following are the chief. _ _ _

Native Cinnabar, or the Minium o f  tlie Ancients, which is a compofition o f  cinnabar. 
Sulphur and M ercury, fufed and brought into union in the Mines, by fome 
fubterraneous F ir e : This the artificial Cinnabar is a proof o f  It is eafily re- 
folvableinto true Sulphur and M ercury ; from whence it appears, that there is 
in reality abundance o f  Sulphur in the Mines, which owes its production intire
ly to nature.

T he Stibium o f  the Ancients, the o f  the Greeks  ̂ and Antim ony o f  the Anümony. 
‘Moderns, confifts o f  a true foiTil Sulphur, and another matter exceedingly 
refembling Metal j which, could it be render’d malleable, would be truly o f  a 
metalline nature, and be a feventh duClile M e ta l: But it, is univerfally acknow 
ledged, that this manner o f  purifying Antim ony, has not yet been difcover’d.
M r. Bo-jle however, afierts, that by fome fecret methods, true fluid M ercury 
has been produc’d from i t : And indeed, every modern dabler in the A rt  pretends 
to it. It is fufible in the Fire, and makes other Fofllls melt with a great deal 
more eafe than they would without it.

Being brittle too itfelf, if it is mix’d with bodies that were ductile before, it 
will render them brittle.

And again, if  it is put among bodies that are fix’d in the Fire, by its vb- 
latile Diipofition, it will make them volatile a lfo ; fcarce any one being 
perfcdly excepted.

Ic very much too increafes the brightnefs and beauty o f  Gold.
A nd laftly, in its nature it feems nearly to approach to white Arfenic.
Bifmutbum  ̂ Bifemutum, Bifmuth, is akin to Antim ony, and confifts o f / á « ;-Bifinuth. 

or flakes difpofed one upon another ; in its white, bright colour, it refem
bles Silver ; it is harder, and lefs friable than the former ; nor duClile under 
the ham m er; has evident marks o f  Sulphur in it ; and by the aClion o f  an acid 
upon it, lets fall a bituminous matter ; it is lefs fixed in the Fire than M etals; 
and being mix’d with them, renders them more volatile and friable.

Zinetutuy Zincq is very much like the former, but lefs friable. Zlncq.
3. T o  this clafs o f Semi-metals, may be referr’d all foíTiJ, chryílalline, fto

ny, or earthy bodies, which have a mixture o f  true M etal in their compofiti
on ; o f which fort fome are found interfperfed thro’ the veins o f  moft Metals.

This clafs therefore will include a very large number o f  bodies, out o f 
which we ihall only take notice o f the following, which are the moft remarkable.

Lapis ArmenuSt Cyaneus  ̂ LazUlus, which is a fmooth blue Stone, fpan- Lapis L a -  

gled with golden ftars, and is faid to contain a great deal o f Gold.
Th^ Lapis Hcsmaiites, which abounds with a metalline fubftance ; is exceed- Lapis 

Ingly like Iron ; and fublimed with Sal-Ammoniac^ fmellsvery ftrong of an aro- 
matic Sulphur, for which reafon fome perfons have called it Aroph  ̂ or Aroma 
Phikfophorum.

The Loadftone, which has a particular tendency towards Iron, is almoft 
the fame colour, and very much o f the fame nature.

Ochre too, perhaps, may come into this tribe, as it appears to be a precipi- 
tation o f Iron from chalybeate Waters.

F  2 From



From what has been faid then upon this head, we may be able to form a juft 
notion o f  the principles o f  FofTilsj for upon examination it appears, that they 
may b e  r e d u c ’ d  chiefly to M ercury, Metallic Sulphurs, Salt, Combuftible Sul
phurs, Earth, and Stones; tho’ it muft be confefs’d,̂  that thefe are vaftly dif
ferent, i f  they come to be nicely examined in particular FoíTils. W e learn 
farther too, that they contain an acid Salt in them, which is exceedingly ac
tive ; befides which, they are a i i r e d  upon by no other moving power, but Fire.

O f V e g e t a b l e s .

The next kind o f  bodies that come under the confideration o f  Chemiftry, 
are Vegetables, or as they are commonly called. Plants.

A  Plant îa By a Plant now we mean a Hydraulic body, which contains different fores 
senerai. jyi^es, in various veJlels, and by fome external part o f  ic, fo adheres to 

another body, that through this part it is capable of drawing in the matter, both 
o f  its growth and nourifliment.

B y  this definition then, we evidently fee the difference between a Plant, and 
the foffil fubftances afore defcribed ; and that whether you confiderthe varie
ty  o f its folid parts; the different nature o f its juices ; or its whole compofiti^ 
on together, as made up, both o f  folids, and fiuids. 

tbi Root. again, the external fwrt called the Root, which attrads its nouriíh-
ment from the body to which it is join’d, fufficiently diftinguifhes it from 
every Anim al we are hitherto acquainted with»

T h e folid parts o f  Vegetables are a mere Earth, fo faftly united together by 
a tenacious, oily, glutinous matter, that they cannot be feparated from one ano
ther, without the affiftance o f  an open, flaming Fire.

T h e  veffels o f  Plants, as they are exceedingly different in theiv make and po  ̂
fition, fo they are alfo in their contents and vertues.

T h e  bufinefs o f  the Root, is to faften the Plant to its foil, or (in which 
fenfe only we have here to confideritj to take in its nourifhment ; and hence 
fometimes, its whole furface is obferved to perform this office ; as we fee evi
dently in the Mufhroom and Puff.

F or this purpofe therefore, it coniifts o f  an infinite number o f  apertures of 
veffels difperfed through its whole furface, by which the nutritious juice is 
fuck ’d in, and fo receiv’d into its veiïels, and by thefe convey’d through every 
part o f  the Plant. Thefe veffels may not improperly be compared to the M e- 
fenteric Lafteals, and other abforbent veins in Animals.

T h is juice, however, at its firft reception into Plants, is not o f  the fame na
ture with the Plants themfelves, but crude, and o f the nature o f  the bodies, 
b y  which they are fuftainM and nouriihed. Thefe now in general, feem to be 
either Earth or W ater 5 which upon examination we ihall find, receive again, 
fooner or later, the very fame matter which the Plants had before drawn from 
them: For whether they are produc’d in the W aters, or on the Earth, when 
they come to die, they drop again into the fame W aters, or Earth; or elfe are 
difperfed into the A ir, whence, in form o f  Dew, M ift, Snow, H ail, H oar- 
froft, and Rain, they defcend again into the bofom o f  the Earth. Hence 
then it appears, that the Earth is a Chaos, o f paft, prefent, and future bodies, 
from which all receive their birth, and to which all do certainly return again.

T he Water, Spirits, Oils, Saits, and whatever lies hid in the bowels of the
Earth,



Earth, are put into motion, by Tubterraneaus, artificial, and celeftial Fire i b y  
which means they are rendered capable o f  being mixed with W ater, and con- 
fequentiy o f being applied to the roots o f  Vegetables, that are inferted into the

Earth. , t-> t j
T h e W ater again, o f  the Sea, Rivers, and Lakes, receives, as the Earth docs,

the bodies that float about in the A ir  i and contains befides a variety o f  other 
matter, which it waihes off from the Earth.

Thefe crude Juices circulate through Vegetables in the greateíl quantity, 
and with the fwiftefl: motion in the Spring-feafon, and are then particularly ob
ferved to be watery, thin, and inclining to the acid \ as the liquor, that upon 
incifion diftils from the Birch, Walnut-tree, or Vine in the month o f March 
demonfl:rates.

Afterwards however, as they are’ propelled through the various organs o f  the 
Plant, from the make o f the Plant itfe f, from the effeds they have imprefied 
upon them by the Fire in the Earth and Heavens, from the changes o f  M oi- 
fture. Drought, Cold, and H eat, and laflly from the viciflltude o f  day and 
night, and the various feafons o f the year, they are by degrees concoded, and 
made more perfeit, and in particular parts o f  the Plant putting on different 
natures, become the proper Juices o f  the Plant.

T h e  Leaves from the make, number, and finenefs o f their veflels, receive T h e  Leaft . 

the moft fubtii of the Juices, and in a very large Surface expofe them almoft 
naked to the A ir, which various caufes renders very aélive ; here therefore they 
undergo very great alterations, and being.perfeéted according to their particular 
natures are returned back again to the Plant ; the Leaves performing the fame 
office in Vegetables, as the lungs do in Animals, as we learn from the elegant O b
fervations o f Malpighi.

T h e Juices thac properly belong to the Leaves themfelves, are the honey 
Dew thac is fpread over them in fummer nights, a wax that oozes out o f  them.
Manna, and the Thereniahin o f  the Arabians^ which being put into motion and 
concoded by the heat o f  the Sun, are condenfed by the Cold o f  the fucceed- 
ing night, and fo may be gathered from their Surface.

Afterwards the Cups, Pétala^ or LeaveSj Stamina, and Apices o f  the Flowers, Theflow«»̂  
bring the Juices thus prepared by the Leaves to greater perfedion, and im- 
prefs upon them, more certainly, that diftinguiftjing charader, which is pecu
liar to the Plant; as well as fit them for producing, preferving, and nouriihing 
a new E m bryo: this certainly, the affinity between the Leaves and Flowers, 
their near ficuation, the origin o f  the Buds, and the make o f  the Flowers, induce 
us to believe.

Here is generated that fragrant, reviving, almoft vital Aura, chat Flowers 
in their perfe<5lion fo delightfully breath forth j which, probably, by its prolific 
odour may be grateful to the E m bryo: this is certain, that it is a very pure, 
and moft excellent liquor, and i f  it is mixed with any thing elfe, lofes it  for
mer beauty and excellence.

In the Flowers too is produced true honey, which oozees out into recep
tacles that provident nature has joined to the bottoms o f  the Leaves : this the 
Bees fuck up, convey into their little bags, diftil into their combs, and then 
fecure wich wax.

On the Apices of the Stamina  ̂ and on the p t a h  there is obferved likewife a
wax,



■wax, which the Bees fcrape off with their rough feet, roll up inta balls, dif- 
pofe under die hinder part o f their bodies, and ib carry to their hives, in order 
to form and clofe up their combs,

TheSeed. jg jhg repofitory o f the Seed, and its contents. T he Seed, is the
Em bryo o f  the Plant, with a uterine placenta  ̂ or one, two, or more Cotyle
dons, to which the E m bryo is faftened by an umbilical cord. T h e  Coty. 
ledons for the moft part abound with a Balfam difpofed in proper cells^ and 
this feems to be O il brought to its greateft perfection whilft it remains humid, 
and then lodged in thefe repofitories. One part o f  the compofition o f  this 
Balfam is oily, and tenacious, and ferves to defend the Em bryo from any ex- 
traneous moifture, and by its vifcidity, to entangle and retain that fine, pure, 
volatile fpirit, which is the ultimate production o f  the Plant: This the A l
chemifts have ftiled, t\\Q Spiritus Re£for, the inhabitant o f  Sulphur, iht Archceusy 
and the fervant o f  nature.

T his Oil is never obferved to enter into the veiTels o f  the Em bryo, which 
are too fine to admit fo chick a fluid. T h e fpirit however being quickened by 
an aClive power may poifibly breath a vital principle into the Juices that 
nouriih the Em bryo, and ftamp upon it the character that diftinguiihes the 
family ; after which, every thing is changed into the proper nature o f  that 
particular plant. T h at this fpirit now, is truly the efficacious part, is evident, 
for when that is gone off, the O il that remains is quite vapid and unaCtive. 
^Tis this that gives Plants their fragrant fm cll, and peculiar taftes; nor do 
their particular colours a little depend upon it. This Spirit Ijaac Hollandus called 
the f^inta EJfentia  ̂ or quintefcence o f Plants.

A gain , as the dry, brittle, fibres o f  Vegetables, require fomething to foften 
them, that they may bend eafily without danger o f  breaking, they are provid
ed with another fort o f O il running in its proper vefifels by the fides o f  the 
woody Filaments ; this may be difcerned to drop from the middle o f the wood, 
when it is heated, and by warmth, or length o f  time, is eafily changcd into a 
Balfam, and Refin.

^Bark. "^his Oil, which is much lefs volatile than the other Juices, being concoCled 
by the heat o f  Summer, is carried into the Bark, which like the Memhrana 
adipofa o f  Animals is furniihed with proper cells for its reception *, in thefe re
ceptacles it is firft detained, and collected by the Cold o f Autum n, that by thus 
forming a pinguious covering, ic may fecure the whole body o f the Vegetable, 
from the injuries o f  Froft and Rain during the Winter Seafon. This always 
contains in it an acid fpirit; which is a prefervative againft putrefaCtion. In 
this Oil o f the Bark confifts intirely the value o f fome o f the Afiatic and In- 
dian Plants; as we fee in the Cinnamon o f  Afia, in the Bark o f  whoie trunk and 
branches refides chat choice O il, which is fo vaftly valuable 5 whilft the Bark 
o f  the root affords us that wonderfully medicinal O il, called falily from its 
fmell, Oil o f Camphire. T h e Saftafras too o f  America^ irom its Bark yields 
us a very beautiful O il;  as in this part lies the vertue o f  that noble Febrifuge 
the Quinquina o f the fame country. N ay and the vertues o f  the European me
dicinal Vegetables likewife are very often co be fought for in the Bark ; wit- 
nefs, the Caper-tree, the Tam ariik, and theA ih . In the winter time therefore, the 
B ‘'irk contains a large quanticy o f  chefe Oils ; whereas in the Spring, and Sum- 
J5)€r, the other Juicesj which abound with a W ater, Salt, and Sap&, proper to

the



the whole Plant, pafs through ic in great abundance likewife ; _ and hence at 
thofe times what it yields by a chemical Analyfis, is very different from 
what is procured from it at others. T h e  true O il that belongs properly to the 
Bark, in its natural ftate is liquid, though by time and the heat o f the Sun ic 
will alter its coniiftence, and thicken into a Balfam. T h is again by longer 
time and a greater degree o f  H eat, being yet more infpiffated, becomes a pin
guious fort o f a Refin ; and by a continuation or increafe o f  the fame caufes^ 
acquires both the name, and nature o f  a R efin: This therefore owes its origin 
to the O il, but is freed in a greater degree from its acid f p ir it a n d  it then melts, 
and burns all away in the Fire, may eafily be diffolved and mixed with O il, 
never fuffers any folution from Water,, hardens in the cold, and then lofes its- 
oily tenacity, and grows brittle. This Refjn being yet further concodted,' 
grows ftill harder, and then it is called Colophony. In this part o f  Vegetables, 
there is obferved too, a thick tenacious Juice, which goes by the name o f  a>
G um ; this likewife will melt and confume in the fire, but in the cold, except 
it be extreme, retains its tenacity, and is intirely diifoluble in water. This- 
oily M ucilage ferves like a Pigment to cover over and defend the Buds o f  Trees,, 
but will melt with a moift warmth, and eafily runs from them, nor is ever fo' 
far hardened into a cruft as to do any injury to the tender twigs.

A bout the bark o f Plants, efpecially the umbelliferous kind, there is found 
ftill another Juice, which is a mixture o f  a Gum , and Refin, and therefore 
called a Gum-refin. Hence one part o f  it like a Gum eafily melts in water 
whilft che other is nor at all affeded by it, but in the manner o f  a Refin is rea
dily diffolved and mixed with O i l : O f  this fort are A loes, M yrrh, Galbanum 
and a great many others.

And laftly every Plant contains in it a particular and peculiar Juice, which T h e  prop«- 

is produced by the whole efficacy o f  every part o f  the Plant fuccefllvely ap- 
plied to the crude Juices it is continually receiving. This therefore, when it is 
thus prepared, poffeffes the true nature and vertues o f  the Plant. T his Juice 
can fcarcely be reduced to any clafs o f things yet known, and therefore muft 
be looked upon as fomething perfedly fingular.

I f  you examine the L e a f o f  the Chelidonium Majus in a live, fiouriihing Plant, 
you may obferve a parcel o f  Fibres arifing from the Stalk, which unfold, and 
difperfe themfelves all over the Leaf. Y ou  may perceive too that thefe are 
every where fending off branches, which joining with one another compofe a 
curious kind o f  net w ork, which almoft fills up the whole Area o f  the Leaf,'
I f  you gendy now prick any one o f thefe little ramifications, there prefently iffues 
out a Juice o f a golden colour, which has the true vertues o f the Chelidonium,
In the fame manner in the Spring you may procure from the common A loe, a 
yellow, bitter Juice,, which circulates through the Plant, in its proper vcflels.
T h e Poppy too upon making an incifion diftils a pure milky Opium. But 
here it is proper to obferve, that thefe Juices, whilft thus fimple, and feparate,. 
are vaftly different from the mixture that arifes from the confufion o f  all the 
Juices o f  the Plant together.

This then. Gentlemen, is what I thought proper to lay before you o f the Hi^ 
ftory o f Plants, before I proceed to explain to you the methods in which they- 
are managed by the chemical A r t ;  nor do I fee that more is neceifary. F or 
hence you may fee. how vain the endeavours o f  chofe Chemifts muft appear, who^

pretend



pretend by their A rt to be able to exhibit to you thofe parts o f Vegetables in which 
their particular vertues confift, without a mixture o f any o f  the other parts wich 
them. I f  they would do this, they muft certainly make ufe o f  very different 
methods from what they do at prefent, or elfe they will take a great deal o f pains to 
no valuable purpofe ;but on thecontrary will lead us into miftakes. And indeed, 
with fubmiíTion to fome famous Authors, I muft take the liberty to declare. 
T hat Diftillation, Fermentation, Putrefidion, and Combuftion, produce fuch 
confidcrable alterations, in the particular crafis or confticution o f Plants, and 
confequentJy in the medicinal vertues which depend upon it, chat we ought to 
ufe a great deal o f  caution, and circumfpedion, before we can pretend, from 
thefe Operations, to determine the true caufes o f thofe vertues: N ot that on 
this account this noble Science ought by any means to be negleded ; N ay, for 
this very reafon ic ihould be more vigoroufly cultivated : For by this Arc 
alone we are inftruded, what fuch, and fuch particular Operations are capable 
o f  producing from any given bodies; and this alone correds the error of 
thofe who pradife ic : Thefe two advantages therefore, fufficiently recommend 
it*, and by thefe alone it is capable o f leading us to an infinite number of 
beautiful Difcoveries.

T h e Spiriius Re5ior\ an exceeding fine O il which is the true feat o f  this 
fp ir it; an acid Salt; a neutral Salt *, a fixt, or volatile, alcaline S a lt ; an Oil 
m ixt with a Salt in form o f  a Sapo ; and a faponaceous Juice arifing hence ; an
O il which is m oft€ rm ly united to an Earth, nor is eafily feparable from ic ; 
and’laftly a pure fimple Earth, -which is the firm Btifts o f  them all *, are thofe 
principles, which Chemiftry applied in a proper manner, has really difcovered 
and produced from Vegetables.

O f  A n i m a l s .

O f Animals« T h e third clafs o f  bodies, that have engaged the labours o f  the Chemifts, 
are Animáis, called the Animal K ingdom : But as of thefe the corporeal part 
only, has come under their confideration ; hence when we fpeak o f  Animals, 
we mean only their bodies, and the parts o f them, negleding intirely their 
other principle, which is a fubjed o f a very different inquiry. In this fenfe 
then, an Animal is defined a hydraulic body, which fubfifts by a conftanC and 
determin’d motion o f humours through its veflels, and which contains within 
itfelf certain veflels, like the roots o f Vegetables, by which it draws in that 
nutriment, which iupports its being, and increafes its magnitude.

N ow  the vefiTels, which thus perform the office o f  roots, are obferv’d in al
moft every kind o f Anim al, and that chiefly in the fmall guts, going by the 
name o f  the ladeal and mefenteric veins. T h e  food., and drink which Animals 
lake in, being applied to the mouths o f  thefe abforbent vefliels, is the matter 
by which they fubfift, and is the fame to them, that the Earth is to Vegeta
bles J and the concave fuperficies o f  the mouth, ¿sfopbaguŝ  ftomach, and fmall 
guts, which is in the infide o f  all Animals, are the parts to which the nouriih- 
ment is apply’d, and through which they receive it. Hence then it appears, 
that Vegetables fuck in their nutritious juices by external roots. Animals by in
ternal ; and chat the Earth, which is the fupport o f Vegetables, is always 
without them, whilft Animals receive their nouriihment conftantly from wich- 
Jb. And this obfervation holds true, even in that kind o f  Anim als, which na
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turaHy grow, and are ftrongly join’d to fome other body, as is evident in the 
Limpins, Oyflers, ?iï\à oihtr Zoophyta, whofe ihells adhering to rocks, or pieces 
o f wood, contain an Anim al firmly faften’d to them by a very tenacious li
gament : For thefe very ihelis, fo long as the Anim al lives, receive from this 
inclofed body, by certain veiTels deftin’d intirely to this office, their nouriih- 
ment, fupport, and increafe, whilft the Animal itfelf Cakes its food in at its 
mouth, and conveys ic into its intcftines, in the fame manner as all others do, 
that are at liberty to move about from one place to another.

But farther, even the Fcetus o f  oviparous Animals, which refide, and are 
confin’d in their fhell, till cheriih’d b y  a pregnant warmth, and nourilh’d b y  
their own white, being ftill planted as ic were in their yolk, they grow to maturi
ty enough to break their ihell, get out o f  their prifon, and ihifc for themfelves :
N ay and laftly, thofe, whofe eggs are lodg’d within the Uterus o f  the mother, 
to which they grow as it were by means o f  cotyledons, or a placenta, and um
bilical cord, and are thus cheriihed and fupporced : I fay, both thefe, tho’ in re
gard o f their Cotyledons, Placenta^ yo lk , umbilical cord, and omphalo-hepa^
/iV veiTels, they then very much refemble a Plant; yet during the very fame 
time, they take in at their mouths the liquor contain’d in the Amnion, convey 
it into their inteftines, and by this means are nourifhed in the manner o f  other 
Animals.

Hence then, as we fee evidently, that there is a great analogy betwixt 
Plants and Animals ; fo we perceive likewife, that there are fome circumftan- 
ces, wherein they evidently differ.

But farther, as we obferve among Vegetables, that fome are fix’ d in the 
Earth, others flu6tuate about in the W ater, and a third lort grow  in both ; 
in like manner we learn from the Zoographers, that there are fome Animals 
that live on the Land, fome in the W ater, and others, that to anfwer their 
different neceiTities, are equally fuited either to Land or W ater.

And laftly, as Plants, by the apertures o f  the vefliels on their furface, draw 
in the humours that float about in the A ir  ; fo likewife the bodies o f  Animals 
are known to do the fame.

But we ihall yet again find a farther agreement between them, i f  we confi
der that they are both fupported by the fame kind o f  nouriihment : For as 
Pliints flourilh and increafe by the juices they draw out o f  the Earth, fo A n i
mals live either upon Vegetables, or the parts o f  other Anim als, which upon 
examination, we fhall find to have been fed with Vegetable juices: T h e  matter 
therefore o f  both is the fame.

And as the juice, which Vegetables receive from the Earth, is not o f  their 
nature, but crude, at its firft reception ; in the fame manner, the food, which 
Animals take in, and the chyle which is produced from it, does not preiently 
put on the Anim al nature, but retains a confiderable time the properties o f  
thofe bodies from whence it was derived.

Indeed afterwards, by the furprifing efTeft o f the animal machine upon them, 
and the mixture o f the juices with them that are already concoCted, the crude 
ones by degrees are wonderfully chang’d, and in every part o f the body put on 
new appearances, as will be taken notice o f  in its proper place. Ic is fufficient 
to our prefent purpofe to obferve, that the longer the food has been taken in
to the Anim al, the oftener it has circulated through every pare o f  its body,
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and the greater number o f  ics juices it has been mix’d and incorporated with^ 
the more it conftantly recedes from its own nature, and approaclies to chat o f 
the body into which ic is received.

The Spirits Am ong the humours o f  Animals there is one that is vaílíy more fubtil than 
iiiAnimais. jg called the exhaling Spirit, and feems to contain that

fingular quality which is peculiar to every particular Anim al, and diitinguiihes 
it from every other. This we learn evidently from your Hounds, who will 
jfingle out, and purfue over a great deal o f  ground,, and through a vait con
fufion o f  tracks, that particular Animal which they firit got freíh fcent of, 
without any regard to the reil o f  the herd. W e  fee the fame thing too in their 
following their mailers through common ways, where there is a great number 
o f perfons pailing every minute backwards and forwards, and yet moil certain
ly  finding them out. Hence therefore ic appears, that thefe Effluvia muiif be 
exceedingly fubtil, and perfectly diilin d  from every thing elie. Thefe feem 
to be o f  an oily nature, or to reii'de in a moft fubtil vehicle, which owes its 
origin to an o i l ; as the analogy o f  things, and the reft o f  their properties in
duce one to believe.

Thrir Wa* W ater conititutes the greateft part of the animal fluids, as in reality it does 
*“ • o f  moft others; and indeed, it is fo intimately united even with their molt 

folid parts, that thefe are fcarce any o f them that are intirely without it j as the 
chemical A rc has long ago informed us.

TLeir Salt. There is a Salt too difcovered in them peculiar to the Animal Kingdom, be- 
fides thofe Salts which they Cake in with their food, which from the power of 
the body fufFer no alteration.

N ow  this Salt was never obferved to be a fix’d one.
N or yet fo volatile, as ever to exhale from the body o f  the hotteft Animal, 

fo long as it continued in a itate o f health.
H owever, i f  for a good while you apply to it a degree o f  H eat, little great

er than that o f  boiling W ater, it will become inrirely volatile.
A gain , no perfon living, has ever difcovtred this Salt to be acid, unlefs 

it happens fo, from things o f  that nature, which the Animai had received from 
without inco its body.

N or laftly has ic ever appeared b y  any experiment that it is alcalious, fo 
long as the Animal is in health, nay, nor even when it is fic k ; for upon a very 
careful examination that I  made upon fome urine^ which had been retained five 
days in che body by a diforder in the urinary pafTages, I found, thac even in 
that time, it was not become o f  an alcaline nature.

T h e  fame, however, by putrefaétion, or a greater degree of heat, will be 
changed into a perfeft alcali; but whenever in its natural ftate, by inf^iíTation, 
and letting ic ftand undifturbed, you can artfully reduce it into little glebes, it 
appears to be a Salt different from every one that we are yet acquainted with: 
It comes neareft, indeed, to Sal-Ammomac o f  but ftill, in fome o f its pro
perties, it differs from that too ; for Sal-Ammoniac.  ̂ i f  put in a ftrong Fire, 
will be all raifed without undergoing any alteration, whilft that which is drawn 
by Fire from urine, which is the Lixivium  o f  the animal Salts, becomes imme
diately and intirely alcalious.

In ihorc, after a great many experiments made on purpofe to determine the 
true nature o f  this animahSalt,. as it really exifta,in found bodies,, and aóts there
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by its own peculiar vertue, it appears to be o f  a mild dirpofition ; pofTeiling a 
faponaceous quality from an Oil that is united with it ; being a kind o f  middle 
Salt, between a fixt and volatile one; having not the leaft mark either o f  an 
Aicali, or an Acid ; being eafily, however, refolvable into a volatile fetid Oil, 
and a volatile alcaline S a lt, and hence very much difpofed to putrefaition.

N or let any one be here led into a miftake by the fixt Salt, which is pro
duc’d from the aihes o f urine when burnt in the Fire 5 for this is nothing elfe 
but the Sea Salt, that was firfl taken into the body, which is able to bear all 
theadions, and powers, o f  the animal machine, without fuffering any alterati
on in its nature.

A nd to the fame caufe do we owe that fmall quantity o f  acid, which after 
fo much trouble, and with fo ftrong a Fire we are able to extrad from human 
blood ; for it certainly appears to be only an acid Spirit o f  Sea Salt that was 
united with an Earth, and is now forced out by this excefllve degree o f  H eat.

And hence Animals, in whofe food there is no mixture o f Sea Salt, have neither 
this fixt Salt in their urine, nor latent acid in their blood.

T h e Oils which upon careful examination Chemiftry has difcovered in A n i
mals are o f a very different nature : Some, for inftance, are fo fubtii, that theyMl 
bear to be mixed with W ater, and become volatile with a fmall degree o f  
heat, in which refpeit they very much refemble the fpirits o f  Vegetables, in' 
their natural ftate; but they differ vaftly from thofe which are produced from 
them by the help o f  Fermentation.

There is another fort o f O il, which contains but a very fmall quantity o f  Salt 
in it, and is o f an exceeding foil and fmooth nature, ferving to lubricate and fup. 
pie the more rigid parts of the b o d y : T his in the cavities o f  the bones, is 
called marrow, in the Membrana adipcfa  ̂ fa t; in both which it is colleiled, and 
referved for proper ufes: It is this, that helps to (heath, and foften, the lharp hu
mours o f the animal body *, and ’tis this that has fometimes been obferved 
fwimming upon the top o f  blood.

A gain, there has been difcovered another O il which differs from the former, 
being concreted with the animal Salts, and fo rendering them o f  a faponaceous 
quality, peculiar to the animal body : T his, i f  you feparate it, appears o f  a 
different nature from thofe already mentioned, being more acrid, fetid, and 
volatile.

There is yet a fourth kind o f  O il, whofe office is firmly to unite together the 
Elements o f  the folids, but fo, as ftill to leave them a requifite degree o f  flexi
bility. This was originally form’d, and always continues in intimate union, with 
thefe Elements o f  Earth, not fuffering itfelf eaiily to be feparated from them :
This diffolution, indeed, a ftrong Fire will efied , as well as putrefadion pro
duced by a long continued adion o f the A ir , W ater, or H eat upon it ; for 
then it becomes volatile and flies off, leaving nothing behind it but Afhes, which 
eafily moulder away. Whenever this O il is alone, it always difcovers itfelf by 
an intolerable noifome fmell.

But of all the Oils that are difcovered in the animal body, there is none fo Earth of 
wonderful as that which is drawn from their infpiffated juices, when they are Animal«, 
expofed for a great length o f  time to an exceeding ftrong Fire, and goes by the 
nam eof T h is  naturally cakes fire in the A ir , and burns away,
eaving a fixed, acid, fluid behind ir.
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Earth of In the laft place, there is found in Animals an Earth likewife, which ferves as 
Animds.  ̂ whoIe body, conne(5ts all the ocher particles together, and retains

the fluids within their proper bounds.
This now differs very little, i f  at all, from the pure Earth o f Vegetables 5 

for whenever you feparate them carefully, and examine them nicely, they ap
pear to be perfeélly alike. A  plain proof o f this we fee in the docimaftic Tefts, 
and the little Furnaces made ufe o f in aíTaying o f  Metals 5 for nothing is fit for 
this purpofe, but a moft fimple earthy matter, that will neither melt in the Fire, 
nor run into Glafs : But whether now you procure this from the i^ihes o f  burnt 
Plants or Animals, i f  you do but take care to feparate it perfedlly from every 
thing elfe, it equally anfwers the end : N or indeed in the Earth thus procur’d, 
does there feem to be the leaft difference in any o f its properties.

Their che- Thus then I have explained to you the principles, which enter into the com- 
pofiî ioî  o f  animal body ; thofe at leaft which A rt has been able to dif- 
cover, and lay before us j nor has there hitherto been obferved any greater 
variety.

’ T is idle, however, hence to imagine, that the moft accurate mixture of 
thefe Elements together, after they have been nicely feparated, will ever pro
duce the natural humours from whence they were extrafted : On the contra
ry, the compofition will moft certainly be vaftly different: F or in every part 
o f  the animal Body, we find the humours o f  fo fingular a nature, that every 
one appears perfectly diftinCl from all the reft. T h e  particular feat, for inftance, 
o f  the bitter Bile is in one place 5 that o f the Hepatic in another j. the Seed is 
formed and perfefted in its own proper organs ; whilft another part gives being 
to the animal Spirits; the Chyle again o f  the Stomachy Inteftines, Mefentery, 
Thoracic D u fl, Vena cava., Heart, L.ungs, and Arteries, is different in every 
one o f  thefe parts o f the Body ; not to mention the M ilk , Far, L ym ph , Se
rum, Saliva, Blood, and Urine which are produced from it.

From  what has been faid then, it plainly appears, that there is an extraor
dinary agreement between the Elements o f  Animals, and Plants, fo that the 
former feem almoft to be made up with the matter o f  the latter; and likewife, 
that the chief difference between them, confifts in the variety o f  their ftrudlure, 
and the fwifcer circulation o f  the aliments through the Animal.

And thus much for the Objeds o f  Chemiftry.
Aaions of Chemiftry then is engaged in the examination o f  the Bodies comprehended 
Chem iftry. three ClaíTes we have hitherto treated o f  N ow  the alteration that is

induc’d upon thefe by this A rt, is owing intirely to motion : And here either 
a new one muft be produc’d ; or elfe one that was in being before, muft be de- 
ttroy’d , chang’d in degree, or alter’d in directions. Thefe changes now hap
pen fometimes to the whole M afs, its form  remaining perfectly the fam e; and 
at others, to the particular Particles alfo, o f  which the Body is compounded.. 
And on thefe very fimple aClions depend all the effeCts produc’d in thé chemical 
A r t  ; which, tho’ they are fo fimple, yet from the vaft number, and great va
riety o f  the conftituent Particles o f  Bodies, they prefent us with an infinite 
number of'n ew  and furprizing appearances: N or can we, upon the moft ftriCt 
inquiry, difcover any other caufes o f  thefe alterations ; nor indeed, is it pof
lible to conceive, how the A rt  o f Chemiftry can effeCt any thing more. Let 
us coniider, for inftance, one fingle Body, and fuppofe both the whole Mafs to.
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continue at reft, and all the Particles o f  it one among another; will it not 
for ever continue the fame without any alteration ? Certainly, tho’ all the 
powers o f Chemiftry ihould be exerted upon it, yet i f  no motion is excited, 
either in the whole, or any o f  the parts, they would leave it perfectly the fume 
as they found it; But again, let us imagine a motion to be impreíTed upon che 
Body,^ fo as to move the whole Mafs, without inducing any alteration in its 
compounding Particles ; why chen too we ihall have perfectly che fame idea o f 
the Body as wc had before, except, that in every point o f time it changes its 
fituation: But now, ihould the Particles o f  the Body themfelves be pur into 
motion, then it’s eafy to conceive how an infinite variety o f eíFeéls may be pro
duc’d, which it is impoíTible for us to determine. T h e  whole bufinefs o f  Che
miftry therefore is to unite, or feparate ; nor is there a third thing thac it is ca
pable o f performing ; and hence all its operations may be reduc’d hither, with
out exception. N or let any one be offended at this fim plicity, as i f  it was 
impoffible, chat from this alone, ihould arife fo great a number o f  very dif
ferent and wonderful effects, which we obferve no where elfe \ for it is a 
known, and fettled truth, chat the fimple mechanical union o f different Bodies 
wich one another, is capable o f  producing very furprizing varieties in che com
pound. T h e Arithmeticians too evidently demonftrate, thac from a few E le 
ments, difpos’d, and chang’d, according to the laws o f combination, may be 
form’d an infinite feries o f new Bodies. And laftly, from the application o f  
one Body to another, there often appears a new power, which before (ay in- 
tirely concealed. If, for inftance, no two Loadftones had ever been brought 
fo near together, as to be within the fphere o f  each other’s activity, we ihould 
never have had a notion o f  any fuch thing in nature as a magnetic Pow er: I f  
again, no Iron had ever been feen in contail with the M agnet, certainly, the 
peculiar, and ilupendous tendency that is obferved betwixt thefe two Bodies 
towards one another, had never been difcover’d : And laftly, ii iron touch’d by 
the Loadftone had never been applied to another piece o f the fame Metal*, 
either touch’d, or not touch’d, what peifon living had ever been able to find 
out thofe hidden vertues, which in this cafe are che caufe o f  fuch fingular mo
tions? But ic will farcher appear in the H iftory o f  Menjiruums, thac a greater 
number o f Bodies have this mutual tendency towards each ocher, which whilft 
they are at a diftance is not perceptible, but upon their near approach, difco- 
vers itfeif immediately. From what has been obferv’d then, it evidently ap
pears, that by the refolution o f compound Bodies into their Simples, and the 
compofition o f  Simples with one another, may arife an infinite number o f  ap
pearances, chat we were not acquainted with before.

I f  a Body undergoes any alteration, but ftill retains the fame quantity ofThepowe- 
matter, then, the figure only will be changed, or the furface altered 
but even this fo fimple a change prefently endues it with new powers. This chang«of 
we fee plainly in the mechanical A rt, which by changing rhe figure only can 
work the fame piece o f  Steel into inftruments o f vaftly different properties. L e t  
an ounceof Steel, for inftance, benicely formed in to a  W edge, Knife, D agger,
Lancer, Sphere,Cube, Cylinder, Prifm, Pyram id, and Cone; will it not then, 
under every one o f  thefe ihapes, acquire new and peculiar powers?

On all thefe accounts, then, it is evident that che fim plicity o f  the aótions o f  
the chemical A rt, is no hindrance to their producing an infinite number o f  
different cffe¿ts. And^



A nd, indeed, ic is o f fome confequence to conceive, o f  this affair in a proper 
manner, as the Chemifls are always prejudiced in an opinion, that their Arc 
does really contain in it fomething yet more m yfterious: I f  you examine their 
performances, however, you will perceive the truth o f  what has been alTerted. 
Certainly, Calcination, Fixation, Vitrification, Sublimation, Fermentation^ Pu- 
trefadion, Digeftion, Depuration, and Adunation, with whatever ocher Opera
tions they reckon proper to their A rt, may be reduced hither.

Achemtcai W e muft Hot, howcver, pretend to affirm, that thofe very parts, into which 
Analyfis a Body may be feparated, did really exift in the Body, in the fame manner 
hS"the'’̂ * as they appear to us after their feparation; For fmce the fame powers that 
partsof difunite thefe Corpufcles, may produce in them likewife a very great alteration, 
they'eifted we fhall oftcn fall into an error i f  we fuppofe that the compound bodies in 
incheBodies reality do contain chefe very Elements.
t cm ves. And, indeed, upon the refolution o f Bodies, there often arifes in the parts of 

' them new vertues, which never difpovered themfelves by any effed in the bodies 
whilft they were intire; o f  which there is an infinite number o f  examples.

From both thefe reafons therefore it appears, chat the Chemifts are not al
together in the right, when they pretend to exhibit to us the firft Elements of 
bodies, and think they can determine the nature o f  Compounds, from the know
ledge they have o f the Elements which by chemical Operations may be extraded 
from them.

phyficai examination o f  Bodies, it is true, informs us, that there are in nature
Atoms. certain Corpufcles, which when perfedly feparated from all others, are not 

mutable by any caufe we are hitherto acquainted w ith; whether it proceeds 
from their excefllve, and more than adamantine hardnefs, which prevents any 
farther divifion or change ; or arifes from their very great fubtlety, by which 
they are capable o f  eluding the force o f all natural Powers.

When the refolution therefore o f  Bodies is carried fo far as to reduce them 
to thefe fine Elements exceeding, there is a ftop put intirely to any farther di
vifion, till thefe again are either united with one another, or with fome other 
compound Body.

Scarcely af- Thefe principles the Philofophers call. Elements o f  Bodies ; and into thefe 
cSftry^  the Chemifts have often affertedthat they have reduced them ; but they themfelves 

confute their own opinions. W e can’ t, indeed, but allow them, that the E le
ments of Fire, A ir , W ater, Earth, Alcohol o f  Wine, M ercury, and the6’̂ />;V«j 
ReSfor o f  every body, and fome other things, do appear exceedingly, fubtil, 
and durable, when they are abfolutely fim ple; but that thefe particles can 
ever be colleded, and exhibited to us pure and without any mixture, no Arc 
hitherto has been able to demonftrate: And indeed, that there is nothing of 
this fimplicity in the common chemical Operations, has long ago been paft 
difpute.

Theproduc- P h c pchaps, and that only, whilft it paffes through G old, or the like fub- 
SchL e may give us its Elements perfedly p u re: But what perfon living can
feldom iim- by any A rt  ever ftjow us one drop o f  pure iimple W ater ? and this in the 
■P'«' reft is ftiil more difficult. There is no need to mention A ir, Earth, and the 

others.

N ay farther, the parts into which the greateft mafters pretend to have re- 
Iblved compound bodies, are not themfelves o f  a fimple nature, but mutable,
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and capable o f  farther divifion. This the W ater, Spirits, Saif, O il, and Earth 
extraded from animal, or vegetable bodies plainly evinces, N ay  A lcohol itfelf 
is feparated in burning into different principles.

And laftly, from a compofition o f the Elements, which the A rt ofChem iftry 
is capable o f reducing bodies to, we can fcarce ever again produce the o r i- united pro- 
ginal compound. This we have a proof o f in the Analyfts o f  Blood, W ine, and 
many other things. pound.

It  is neceffary therefore to fix fome fure limits to our A rt, which w'e muft 
not exceed if  we would avoid miftakes, and come at the truth. It muft be from a che- 
allowed indeed, that certain chemical Operations, do always produce in A n i- mipaiAiu- 
mals. Vegetables, and Foftils, fome determined effeds, which by their proper 
marks may be eafily diftinguiihed ; but whether the things they lay before us 
did really exift in the fame manner in the bodies themfelves before thefe O pe
rations, we cannot always rightly determine, without borrowing arguments 
fomewhere elfe. Alcohol o f  W ine, for inftance, by the help o f  a proper fer
mentation and diftillation, may be always procured from certain forts o f  Vege
tables, in the fame manner, and perfedly o f  the fame nature. N or was ic everpof- 
iible to draw this fpirit from any other fubftance whatever; nor from this, but 
by means o f  this double Operation. This liquor therefore, that the Chemift ex
hibits to us, was never difcovered in Vegetables, till they had undergone both, 
a due fermentation, and diftillation. Hence too, nobody, can give any to
lerable account o f  its matter, caufe, nature, and vertues, befides the Chemift.
T h e fame thing holds true likewife in a great many other inftances. T his Arc* 
therefore we circumfcribe within a narrow compafs ; on this account we afferc 
it to be more valuable, excellent, ufeful, and neceffary ; and ’ tis under thefe 
limitations that we are ambitious o f profeffing it.

It appears then at length by the help o f  the chemical A rt  only, that there 
really is in every fingle Anim al, and Vegetable, a kind o f  Aura, or Vapour, ¡heAkhe.'*̂  
that is proper only to that particular body ; and that this is o f  fo fubtii a na- 
ture, that it difcovers itfelf only by its fcent, tafte, or fome peculiar effeds. S SS ””** 
T his Spirit expreffes the true genius o f  the Body in which it refides ; and it is 
this chiefly that accurately diftinguiihes it from all others. T h e  infinite fine- 
nefs o f this Vapour makes it invifible to the eye, though affifted b y  the moft 
perfed glaffes; nor can the moft exquifite A rt detain, and co lled  it by reafon 
o f  its vaft volatility: W hen it is pure therefore, and feparated from every
thing elfe, it grows impatient o f  reft, flies off, and mixes with the A ir, and 
fo returns to the grand Chaos o f  all volatile bodies. There, however, it ftill 
retains its own proper nature, and floats about till it defcends again with Snow ,
H ail, Rain, or Dew : It then finks down inco the bofom o f  the Earth, im
pregnates it with its prolific feed, mixes with its fluids, and fo at laft unites 
itfelf again with the animal and vegetable Juices ; and thus by this revoluticm. 
returns into new bodies, in order to govern them and render them adive..
This Spirit, from its vaft penetrability, exquifite fubtlety, and prodigious vola
tility, the ancient Alchemifts, who were certainly the top mafters o f the A rt, and- 
the moll coniummate Examiners of natural bodies, called the Spiritus Re5ior, o f 
Governing Spirit.

Now that this Spirit ihould be confined, and remain in ics proper body, the Ation thè 
all wjfe Creator has united it with a.tenacious,. durable OJlj which neither, AÌr,-"j^s^^ritÌ
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W ater, or natural heat can eafily diilipace ; that by this means, being intangled 
in its vifddicy, it might not too readily fly ofF, and fo leave the body it was 
defigned to govern, and moderate. Hence the fame famous Authors loudly 
affert, that this Spirit refides in a Sulphur.

Onwhich Again, theOil that thus ferves to hold down and fecure this Spirit is found to be 
accountit is morc Volatile than any other o f the oily fubftances in the fame body: and it 
more voia- formed o f fuch a nature, to the end, that it might almoft fponcaneoufly

exhale with its Spirit, as the body tends towards its diifolutioni left the Spirit 
which is fo vaftly ufeful, Ihould remain unaitive in the body after death, 

ofthisoii And laftly, nature is fo fparing in the diftribution o f this Spirit, that it al- 
fautS'S-* every Body but an exceeding fmall particle o f i t ; which, however, is of
ceedingfmall fo noble a nature, that it is abundantly fufficient. T he antient Adepts have been 
particle. enough to pretend to meafure the quantity o f this Spirit, and tell us that

it is part of its feminal B o d y ; and that it is always found in this proportion 
in every feed in which it refides.

Butprodi- T hey aiTure us farther too, that they have obferved it to be vaftly a<5tive, 
ouiiyaftive. and have learned by repeated obfervations that if  you cherifti it with a preg

nant warmth, and fupport it with proper nouriihment, it will ftill increafe in 
aftivity, and in a wonderful manner continually acquire new ftrength for the pro- 
dudion o f  an Offspring like itfeif. Hencc they ftiled it the Vital Spark, the 
Son o f the Sun, the Spirit that nouriihes within, with many other appellations 
o f  the like nature.

This won- N ow  before I proceed any farther, give me leave to illuftrate this whole af- 
SiuftLid’̂  fair by one fingle Exam ple: T o  this purpofe let us pitch upon a Vegetable, 
by an Ex- that evidently diftinguifhes itfeif from every thing elfe. Let it, for inftance, be 
ampi«. Cinnamon, that noble Arom atic, which is o f  fo fragrant a fmell, and fo de

lightful a tafte, far excelling almoft all others, even the moft precious. I f  
you cautioufly then, and according to A rt, diftill a pound o f  the choiceft o f ’ 
this Spice with boiling W ater, and take care that nothing o f  it be loft, it will 
yield you a m ilky Liquor o f  a fine fmell and tafte, and at the bottom o f  it, a 
imall quantity o f  a red O il, which is exceedingly fragrant, and pofiTefies in a very 
great degree the true vertues o f  the Cinnamon ; as indeed does this m ilky 
Liquor. I f  you then remove both thefe, and boil up the Cinnamon that re
mains with frefli W ater, you will draw off a clear, watery Liquor, o f  an acid 
tafte and faint fmell, which is fo far from containing any figns o f Cinnamon, 
that it is fo like many others, you won’ t be able to diftinguiih one from the 
other. Examine now the Refiduum o f  the Decoilion, and you will find it o f 
a browniih red colour, an acid auftere tafte, without fmell, or any thing that 
gives the leaft Indication o f  Cinnamon. T h e body o f  the Spice, indeed, that 
remains in the Decoflion, you would fwear to be Cinnamon, it reprefents it fo 
exadly  in its figure, and outward appearance ; but upon farther examination, 
you will find that this is the whole it retainsof this noble Bark, having loft all its 
former excellencies ; And indeed, there is a little difference betwixt this, and 
any other Bark or W ood, that has been treated in the fame manner.

The true peculiar vertue, therefore, o f  the Cinnamon is contained in the di- 
ililled Water, and the Oil that fubfides to the bottom o f  it. I f  you let, now, 
this W ater remain at reft for a good while in a clofe veiTel, ic will let fall 
an -Oil, grow -clearer, and become lefs aromatic : In the O il therefore chiefly
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rcfides this choice noble vertue. But again, i f  you feparate this water from the 
fubfiding Oil whilft it yet remains ftrong of the Cinnamon, and put it into an 
open bottle with a fmall mouth, the whole place will fmell ftrong o f  Cinnamon, 
and in a little time you will have the W ater quite vapid, without any o f the 
properties o f the Spice y and yet you will find that ic has loft no more o f its 
weight, than common W ater would have exhaled in the fame time, in the 
fame velfel, and in the fame place: T h e fine vertue therefore o f  this W ater is 
really lodged in an exceeding fmall quantity o f  it, which confequently, muft: 
be extremely efficacious. L aftly , i f  you expofe the O il abovementioned to 
the A ir in a wide-mouth’d glafs veflel, there will be difFufed through the 
whole place a moft fragrant, delightful fmell o f  Cinnamon ; but in the mean 
while the Oil will lofe its peculiar vertue, and after a ftiort time there will re
main an O il, almoft o f  the fame weight with the former, but perfedly ex- 
haufted and deprived o f  all its original qualities.

Hence then it is evident, that all the proper aromatic vertue o f Cinnamon 
refides in a very fmall quantity o f O iU  and that even o f this, it conftitutes 
but an infinitely fmall part. And this particular demonftration will almoft uni- 
verfally hold good.

T h e mafters o f  this Science who have been moft happy in their difcoveries, a  spiritus
tell us, that they have feen thefe Spirits even in Metals, and every kind o f  MetalsTnd 
Foflll ; that they are locked up in their proper Bodies, and confined there in ocherBodies. 
their fixed Sulphur ; and that whenever they can extricate themfelves from 
their fetters, and become free, they then grow vaftly ad ive , infinuate them
felves intoother kind o f  Bodies, and are exceeding efficacious in the cure o f  dif- 
eafes. But enough o f  this ; i f  your curiofity abouc thefe things leads you any 
farther, confult the Adepts in thefe myfteries. For my own part, I don’ t 
choofe to fay any thing more upon this head, left I ihould be fufpeded o f  
recommending, and impofing on others, thofe things to which I m yfelf am 
not equal.

T h e  effeds o f  this A rt the Chemifts have reduced principally to four clajjes \ The ciaiTe* 
which are all produced either by adunation, or feparation. W hen, for inftance, 
they refolve a Body into any diftind parts which they co lled  and feparate from 
it, they call this Operation extradion, and to thofe parts chiefly which are the 
moft confiderable they give the name o f an E xiraß: T hus, when they draw Extraa. 
from W ormwood the penetrating, bitter part only, they call it the E x tra d  
o f  W orm wood; as the moft fubtii part o f  Iron artificially feparated from ic 
goes always by the name o f the E x tra d  o f Iron. H ither therefore are referred 
a great number o f  Operations, which may be performed on the fame Bod.y, 
as Diftillation with Water, or without it ; D scodion, and the infpiifation of this 
Decodion through different degrees ; T ind ures, let the Menfirumn made ufe 
o f be what it will ; & c.

But when an E x tra d  is drawn from feveral Bodies mixed together, in the ciyrnjs. 
fame manner as the former was from a fingle one, ir then changes its name for 
that o f a Clyjfus. And this appellation ferves likewife for different E xtrads pre
pared from the fame Body, and afterwards mixc together-, as when the W ater,
Spirit, O il, Salt, and T ind ure o f  W ormwood are artfully compounded into 
one mafs, which poifeifes the united vertues o f  them all. Under this head there
fore may be reduced a great number o f  beautiful produdions o f  this A r t ;

,as the artificial Soaps, & c. H  AM agifler'j



Magiiiery. A  Magiftevy fccms at firil to have fignified among the greateft Mafters o f 
Chemiftry the moft excellent produdion, or mafterpiece o f  their A r t :  For 
they tell us, they can change any fimple Body inro a matter very different 
from the former, and that commonly a liquid one, without any alteration in 
its weight, or the leaft feparation o f  its parts. T hus, for inftance, they aflërt 
they can reduce an ounce o f  Gold into a fluid o f  the fame weight: without 
the leaft admixture o f any thing elfe; juft in the manner as we fee ic when put 
in fufion by Fire. T his, certainly, were we Mafters o f  it, would be a moft 
noble Arc \ but ic lies hitherto out o f  our reach, unlefs you will fuppofe, 
that the effeéb produced by Fire are fomething like it. This however we muft 
allow, that w ax brought once over the helm, undergoes a furprizing alteration 
without any feparation o f  its parts, 

tiixir. L aftly  b y  the word Elixir, feems to have been meant the compofition of 
different Bodies into one, fo as perfectly to change their form , without mak
ing any alteration in their weight: A nd hence *tis a kind o f  M agiftery from 
feveral Bodies, as the former was from one. This Paracelfus aflerts he has 
performed in Aloes, Saffron, and M yrrh, but conceals the only folvent which 
is able to effeCt this wonderful Operation ; for which Van Helmont blames him, 
though he has not at all mended the matter himfelf. W h at reafon is there 
however that we may not expeCt this from the chemical A rt ? Certainly, the 
preparation with tartarized Tartar, fetting afide the fkins o f  the Saffron, 
pretty nearly effeCts it : N or do we make any doubt but that other Chemifts 
are acquainted w ith better Solvents. It is certainly an argument o f  a weak 
mind to meafure and limit other perfons underftanding by our own ; though 
it muft be confeffed too, that the Artifts by their too great pretenfions very 
much leffen the opinion we ihould otherwife have o f  them.

I am well apprifed that the terms abovementioned have been ufed in a dif
ferent fenfe by very good Authors 5 but then, there are famous ones too, that 
have underftood them in the manner, in which I have explained them. L et 
every one make choice o f  that, which pleafes him beft.

The fervice of the Art to 'Natural Philofophy.

Theufeof A s Chemiftry is engaged in the examination of all fenfible Bodies, it is
neceffarily enter into, and be o f  ufe in all the branches o f  Na- 

AsicLk« Philofophy. And as Fire chiefly is the Medium by which it brings about 
•ifeofFire, the changes it produces in the Bodies that come under its management, in 

this very refpeCt it muft be o f fervice to Phyfics, fince Fire too, is the very in- 
ftrument that Nature herfelf generally makes ufe o f  in the Operations it per
forms upon material Beings. A s  Natural Philofophy therefore is the know
ledge o f  created Bodies with all their different modes o f exiftence, it muft cer
tainly be promoted by the chemical A rt. G ive me leave to explain this a 

And difco- little mòre clearly. ’ Tis the bufinefs o f  the Philofopher to deliver a true and 
whicïwe accurate account o f  natural Bodies together with all their affeClions and pro- 
were not be-perties. N ow  this knowledge cannot otherwife be obtained, than by carefully 
q S d  making obfervations upon all thofe Beings which the great Creator has formed 
with. within the compafs o f  our fenfes. T h e  firft therefore, and indeed the prin

cipal part o f  this Science, confifts in collecting together all thofe Phcenomena 
o f  Bpdies, which our fenfes are able to difcover j and then reducing them into 
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a natural H iftory. N ow  there are two different ways o f  coming at thefe 
Obfervations: T h e firft, when we regard the appearances o f  things only as n« only 
they happen indifferently to all in the common courfe o f  nature without any 
defign in the human mind towards their produdion 5 and this is not o f  fo Phæno- 
great fervice to the A rt, as in this cafe it is chance only that difcovers to us 
certain properties, which happened to be produced at thofe particular times i 
T h e  other, when we deiignedly apply different Bodies to one another that we But making 
are well acquainted with, purely with a view to obferve the new Phenomena S ' S ?  
that will arife from them. And this now, is o f  vaftly more fervice to the tonewOif- 
Philofopher than the former: F or, to mention no other reafon, there are an * 
infinite number o f  properties o f  Bodies, and thofe too very efficacious ones, 
that could never been found out in the common order o f  nature, but then only 
difcover themfelves, when the A rtift wich his Fire in particular, comes to ex
amine them, either jointly or feparately, on purpofe to know what will be 
the refulc. A n d , indeed, Chemiftry is almoft the only A rt, that feems fuited 
to cultivate this fécond, and moft valuable method o f  making phyfical Obfer
vations. *Tis this that refolves compound Bodies into their fimple parts, and And that 
after it has carefully examined them combines them together again, in order to “ ŷ othe" 
know , what new appearances, and powers, will thence arife: *Tis this, that Art. 
feparates, or compounds various Bodies, and then examines them nicely with 
a determinate, and well obferved degree o f  H eat, in^order to find out i f  pof- 
fible, what it is in them that nature is chiefly engaged about : And laftly, ’ T is  
Chemiftry that by thefe means difcovering how it may e x a d ly  imitate the na
tural and common Phœnomena abovementioned, hence truly explains, and 
exhibits to us the inftruments by which nature fo efRcacioufly operates ; and thus 
pries into her moft fecret methods o f  w orking, and very often prudently dlreéls 
and improves them to its own advantage.

A  p roof o f  this we have in Gunpowder, Phofphorus, liquors that 
upon mixture raife violent Ebullitions, and break out into flames, and an in
finite number o f  other inftances. W e  muft, indeed, acknowledge that perfons 
ikilled in Mechanics, Hydroftatics, and Hydraulics, from certain general and 
univerfal properties o f  Bodies, may moft certainly explain a great many phy
fical Aftions : But ftill, let them be ever fo much mafters o f  thefe Sciences,- 
they will never hence be able to difcover thofe effeds o f  Bodies, which depend 
intirely upon the proper, and particular nature o f  fome certain Bodies only, 
and which had never exifted had it not been for thofe peculiar vertues. W hen
ever, for inftance, the Loadftone, and Iron touched by the Loaftone, 
come near one another, what fwift, and furprizing motions are immediately 
produced, which are no where to be feen in nature befides ? N ow  that Che
m iftry is much more likely to help us to the knowledge o f  thefe particular qua
lities than any other Science is evident paft all difpute; as this A r t  is vaftly 
the beft fuited to the difpofing o f Bodies towards thefe kind o f  Difcoveries.
W e  may very juftly therefore conclude, that o f all Arts ours is the principal, 
and moft efficacious in the promoting o f  natural Knowledge. A  perfon that 
is tpafter of this, will in reality make ufe o f  his Knowledge for the producing 
o f  its proper phyfical Effects, and not fit down fatisfied with fubtle words, or 
idle fpeculations. W hen the Chemift explains to you the nature o f  Glafs, he 
at the fame time teaches you the fure way o f  making it. I f  he talks to you
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o f  Fermentation, he gives you an inftance o f  ic likewife to make it more evi
dent. In ihort he never pretends to any thing more, than what he is willing 
to let you fee he is able to perform. H e don’ t trouble his head with fruitlefs In
quiries into ultimate caufes ; the prefent caufes of things are what he ftudies, 
and what he teaches. H e never invokes Demons, H obgoblins, or Spirits, to 
his afliftance j but performs all his Operations by the fimple application o f 
natural Bodies to one another. N or does he concern himfelf at all about fub- 
ftantial forms ; but, more to the purpofe, takes pains to difcover to us by their 
efFeifs, thofe peculiar qualities and powers which nature has implanted in every 
particular Body ; and then informs us how we may make ufe o f  them for the 
performing many furprizing Operations. N or will he ever when at a lofs, fly to, 
and take refuge in occult qualities ; no, inftead o f  that, by the help o f  his A rt, 
he will fearch out, and difcover thofe eiFeds, which are faifly afcribed to thofe 
names, and then produce them into pradticc. The creation o f  the feeds o f 
things, and the proper formation o f every Body in its firft original, he rea
dily confeflTes he is noc acquainted w ith ; buc takes a great deal o f  care to ob
ferve all the appearances chat arife thence, and having faichfully colledled 
them, makes a prudent ufe o f  them in the managing and changing o f  natural 
Bodies. Thefe happy fruits is Chemiftry capable of producing for the fervice 
o f  the Philofopher; and this A rt, was it properly cultivated, would lead us 
to thac knowledge o f  natural things, which the famous Lord Bacon fo much 
wiihed for, and gave us a iketch of, and which afterwards, upon the beautiful 
defign o f  thac great M after, wa& improved and carried on by the immortal 
Robert Boyle,

The ufe o f Chemijir'^ in Phyjic.

The great N ow  all that has been aflTerted o f  the ufefulnefs o f  Chemiftry in natural Phi- 
S S ft iy  Jofophy, will hold equally true in the A r t  o f  Medicine: F or this treats o f  the 
inthe medi- Human Body, and the powers, and effedts o f  other Bodies upon it, neither o f 
anal Alt, can be thoroughly underftood without the afliftance o f  Chemiftry. It will

not however fuit with our prefent defign to enter inco this affair too minutely, 
and therefore we ihall only curforily hint at fome o f its fervices in this Science. 

A s  it teaches Chemiftry, then, alone informs us, that the firft Elements o f  which the folid parts 
Srfofuie o f  Body are compounded, are a mere Earth firmly united together by an oily 
Soiidi,, glutinous matter, which cannot be feparated from them but by the extreme force of 

an open Fire. ’ T is this teaches us too, that W ater alfo infinuating itfelf among 
thefe Elements, ferves to bind them together, and being confolidated and con
creted with them will nor be expelled without a great deal o f  difficulty. ’ T̂is 
this farther that firft explained to us the origin o f  this Earth, O il, W ater, and 
all the humours o f  the animal Body, from the Aliments ic receives, thefe being 
firft carefully examined according to A r t ;  o f  which without this afliftance we 

And Fluids. Ihould have been intirely ignorant. And as for the parts, kinds, powers, and 
changes, obferved in thefe humours, who can give any tolerable account o f them 
without a thorough acquaintance wich this Science? A nd laftly, as there is a 
certain degree o f Heat that conftantly accompanies a perfed ftate o f  health, 
which now a-days we are able to determine by the Thermometer ; and as 
this when rightly difcovered is the true meafure o f  its adive power : Chemiftry 
far excels all other Sciences in explaining the proper effeds o f  this Heat.

’ Ti&



*Tis true, indeed, that Mechanics, Hydroftatics, Hydraulics, and the other which 
parts o f Natural Philofophy, help us to the knowledge o f  a great many things 
that happen in the animal Body, whilft ic continues in a ftate o f  health ; but 
then, Chemiftry leads us to a greac many likewife, that we could not poifibly 
have learn’d any where elfe: So that we are oblig’d to confefs, that there are 
abundance o f truths, and thofe o f the’greateft importance too, in the whole phyfio- 
logical branch o f  Medicine, that we could never come at, without the aiTift- 
ance o f the chemical A rt. But the greateft glory o f  this valuable A rc confifts in 
its being able to difcover and corredt thofe errors, which fome whimiical dabiers Andcorrefl» 
in Chemiftry had introduc’d into Medicine, z.%Boylet Bohn  ̂ Hoffman, Homhergŷ ^^̂ '^̂ '̂ 
and others, have by beautiful examples made appear. Thofe vain, trifling 
Chemifts, were certainly in the wrong, when they pretended by their A r t  alone 
to explain phyfiology in all its parts ; nor however are they lefs miftaken, 
who imagine they can do the fame thing without it. N o  i let Anatom y faith
fully defcribe the parts, and ftrudure o fch e B o d y  5 let the M echanic, by his 
particular fcience, examine the Solids, whilft Hydroftatics helps us to the laws 
o f  Fluids in general ; and the actions o f  them, as they move through given 
canals, are explained to us by that beauiful Science Hydraulics j a-nd laftly, 
let the Chemift add to all thefe, whatever his Arc, when fairly and carefully 
apply’d, has been able Co difcover: And then, if  I am not miifaken, we ihall 
have a complete account o f  the phyfiological part o f Phyiic.

N or is Pathology, as I apprehend, lefs beholden to the chemical A r t  than AffiflsPa- 
the former. W ould you underftand the caufes, modes, andeifefts o f  the de- 
generation o f the humours in the animal Body ? W ould you know how the 
juices are vitiated, when they move too ilow ly, are perfedly at reft in their 
veifcls, or run out o f  them, and ftagnate in the cavities 5 O r would you form- 
a ju ft notion o f  che alterations, thac the Oils, Salts, Spirits, and Earth, that 
are mixed with our Fluids undergo, when they circulate through the Arteries 
with too great rapidity ? Y ou  muft go  to Chemiftry, and that only, for your 
information. Here too you will plainly difcover, what Acrim ony there is in che 
Body, how many ibrts o f  it there are, whence it had its origin, and.what are the 
efi^eds o f  it after it is produced \ which in vain you will feek for any where 
elfe. This will inform you farther, how the conftituent parts o f  the Blood are 
com paded together, and by what means they are again refolved. And laftly, 
here you may learn the nature o f Pus, Ichor, Sanies  ̂ virulent Fluids, and a pu
trid Gangrene, and what is the certain event o f a Sphacelus. N ow  fearch after 
thefe things in any other way, and I am certain, with your ucmoft endeavourSy 
you will never be able to give any tolerable account o f  them : N ay , the very 
Difeafes o f  the Bones themfelves cannot be rightly underftood, without calling 
to our aififtance the labours o f  the Chemifts.

But fome perfons will be ready to fay, we allow you, indeed, thac C h em i-o f «fejji 
ftry may be o f  ftrvice in the phyfiological, and pathological parts o f  Medi- 
cine; but as to thac part which treats o f the iigns o f  H eahh, Sicknefs, and 
Life, this was cuUivated fo accurately by the ancient Greeks, that there can be 
no room lefc for its airiltani.e here. T o  this we anfwer. It cannot be denied, 
but that they did tnke an infinite deal o f pains in colleding together the Signs 
o f  Difeafes, and afterwards communicated them with as much integrity ; but 
iliil, ali their labours were confined to  the examination o f  thofe things only,.
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which nature fpontaneoufly oifered to their obfervation. In this, we confefs, 
they were furprizingly careful and accurate, even to that degree, that they 
fcarce left any thing to be added by thofe thac came after them. A ll theft 
things therefore muft the Chemift borrow from them, and them only, before 
he pretends to make ufe o f  his A rt for gaining a knowledge o f  Difeafes \ and 
thefe he muft gratefully acknowledge, as che effeds intirely o f their wifdom. 
But then, i f  we would rightly underftand what every individual fign truly fig 
nifies, we ihall be at a lofs without the aliiftance o f  our A rt, which alone is 
able clearly to explain it. T his I could particularly demonftrate in every fin
gle inftance, would che nature o f  our prefent bufinefs admit o f  it. But to men
tion only a few. T h e Ancients knew, thac the more frequent Pulfe o f  the Arteries, 
was a certain indication o f a prefent F ever; and taught us, that the degree 
o f  it was to be meafured by the number o f  ftrokes within a given tim e: B y  this 
means they tell us, the native Heat is increafed, the radical Moifture deftroy’d ; 
and hence, according to the different degrees o f  it. L ife itfeif is brought more 
or lefs in danger. T h e famous Harvey has farther inform’d us, that the quick- 
nefs of the Pulfe is owing to the more frequent reception o f  che vital Blood 
from the Veins into the Heart, and expulfion o f  it thence into the Arteries : 
A nd here their obfervations refted, nor ferv’d us any farther. T h e  Chemift, 
however, by the afllftance o f  unexceptionable experiments, is ftill able to pro
ceed, and teaches us, that by this increafe o f  Heat from the celerity o f  the Pulfe, 
the more fluid parts o f  the Humours muft necefTarily be diiTipated, and the re
mainder infpiflaced ; that the Oils will be diflblv’d and m ix’d with the Blood, 
and by the attrition they fuffer in the courfe o f  circulation, will become acrid, 
volatile, and putrid, and in this condition, being ftrongly prefs’d againft the 
fine veffels o f  the Brain, will o f  confequence, wonderfully difturb it, nor will 
be eafily again difengag’d from their union with Blood ; that the Salts o f  the 
Humours will lofe their natural ineptitude to motion, and become almoft vo 
latile ; from an innocent, mild, diipofition, will grow  vaftly acrim onious; 
and change their fofc faponacious quality into a fiery, corrofive one, and be
come, as fome have afierted, a perfed A lcali. By this means, therefore, the 
Chemift comes to a right underftanding o f  this Sign ; and at the fame time 
explains to us the ufe o f  it. W ith regard to the Urine, the Ancient Phyfici
ans were very careful in infpefting it, in order to difcover, i f  poffible, the in
ternal difpofition o f  the Body, and the more occult Symptoms o f  Difeafes ; and 
the Moderns are obliged to do the fame: But o f  what fervice has this been to 
Phyfic.^ certainly o f  very little, as the judgm ent form’d from thence is very 
precarious: But let now a Phyfician, that is verfed in Chemiftry, examine ic 
according to che rules o f  thac A rt, and how many, and how ufeful will be his 
difcoveries? T h e  quantity, colour, tafte, concents, whether fwimming at top, 
the middle, or fubfiding to the bottom, and the fpume, will make appear the true 
difpofition o f the W ater, Salt, O il, and Earth in rhe Urine, and confequently in 
the Blood at that time ; and hence they difcover to us the intimate diforders o f 
the Humours, which are otherwife out o f  our reach, and ferve as Prognoftics, 
to point out to us the good or bad event, that in a fhort time is likely to fol
low. Here therefore, and here only can the Phyfician truly learn, both how to 
m anige the prefent Symptoms, and forefee and provide againft future events, 
in fuch a manner, thac nature may be fupported, and not left to fink under
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them. ’ T is the Chemift, farther, that is alone capable o f  accurately diftinguiíh- 
ing by their Signs, the true nature o f  fweat, fus^ khor  ̂ úitjputa, and the ex
crements difcharg’d by fto o l: N ot that he is able to perform all this by the af- 
fiftdnce o f his own A rt alone; but when to this he likewife joins a competent 
knowledge o f  Medicine, then it is he becomes truly qualified to difcover, by 
the help o f them both together, agreat many things, which, otherwife, muft 
certainly have efcaped our obfervation. And it were much to be wiflied, 
that thofe Gentlemen o f  the faculty, who are fuch enemies to the Chemifts,
■would confider this affair in a proper l ig h t ; and then they would not fo rafhly 
condemn an A rt, whofe afliftance may be o f  fervice to Medicine, but cannot 
pofllbly do it any prejudice. W e confefs, indeed, that fome o f the chemical 
Profeffion have done a great deal o f  mifchief, by boldly venturing upon the 
pradice o f Phyfic, without fufficiently underftanding i t ; but then, this was 
the fault o f  the Men, and not o f  the Science.

Again, its impoffiblefor any perfon rightly to determine the diet that’s pro- Nor left in 
per for people in health, unlefs he knows what kind o f corruption our meat and 
drink will naturally undergo, from the peculiar temperament o f  the Body thac 
receives them, or the particular degree o f  exercife to which it is accuftomed.
In running-footmen, huft^andmen, and all perfons ufed to hard labour, fiih, 
and frelh meats, putrify immediately from the violent motion o f  their Bodies, 
i f  they are not eat with a good deal o f Salt: For fuch therefore, brown Bread 
inclining to be foweriih. Corn food, M ilk , and Fiíh or Flefti dried in the A ir  
o r  Smoke, and well feafoned with Salt, or Vinegar, is the beft food; as W a 
ter, or ftale fmall Beer, is the moft proper drink: F or fince, by this exceffive 
motion, the Bile, and the whole mafs o f Blood, neceftarily tend towards putre- 
fadlion, this muft be guarded againft by thofe foods, which.by their acidity, falt- 
nefs, or firmnefs, are leaft difpofed to this kind o f corruption. On the contra
ry, your pale ftudious perfons, who fit long at their books, and deny them
felves proper exercife, Ihould eat only thofe meats that are eafift o f digeftion, 
and are fooneft converted into the proper nature o f  the animal Humours : For 
thefe therefore, as Chemiftry teaches us, the fofter kinds o f freíB" meat, fiíh» 
and eggs, with a little fait, are the moft convenient. And in ftiort, i f  there’s 
any Science that truly explains the nature o f  our M eat, and D rink, their M atter, 
and the method o f  pickling and preparing them ; M otion, Sleep, the E xcre
tions; and thofe paiTions o f  the M ind, that are o f  fervice towards the prefer- 
vation of Health ; it is, beyond all contradiflion, that o f  Chemiftry.

I f  we confider, laftly, the Therapeucick part o f Medicine, we ihall find, that princi- 
the chemical A rt is here o f  vaft fervice alfo ; For where (hall we procure a Therâ u- 
fuitable diet for our patients? W here ihall we find Medicines proper for fup- tics, 

porting o f life, or recovering o f  health ? O r where fhall we be furnilh’d with 
thofe Remedies thac are capable o f  corredting things foreign, and hurtful in 
the Body, or expelling them o u to f it  ; or that will foften and footh whatever 
is fo iharp or ftimulating ? I fay, how ihall we come at all thefe, except by 
fuitable helps, vphich Chemiftry chiefly explains; which that alone digefts in 
order, and beft adapts to their proper ufes ? A nd indeed, it would be nothing 
abfurd, fhould I aflert, that it is this A rt that moft accurately points out to us 
thofe methods, by which we may learn from the Symptons o f  the fick , whether, 
in whac manner, and by what methods, we ought to a d , in order to fecure
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and eftablifii the life of the p^cienc, and to correft or remove both the caufe 
o f  che Difeafe, and the DiJiafe itfelf And here give me leave to recommend 
to your reading thofe things I formerly wrote, de Methodo Medendi, for the 
ufe o f young Phyficians.

Now the truth o f what has been aiferted, is confirmed by the authority of 
the great Lord Verulam  ̂ who by experiments, being thoroughly convinced o f 
it, every where ilrenuoufly recommends the chemical A rt, as proper for che 
fully completeing every branch o f Medicine. I might mention too the illuilri- 
ous Boyle, who in his elaborate pieces. The Sceptical Chemift, which he himlelf 
inlarg’d and illuftrated, O f the uncertain fiiccefs of Experiments, O f fpecific Re- 
medies. O f the hiftory of human Blood, O f the ufefulnefs of experirnental Philofophy, 
O f the mechanical produäion of ^ alities, and a great many other T ra d s , has 
evidently demonftrated the ufe o f Chemiftry, in every part o f  Phyfic. It is need- 
lefs fure, after chefe two, to mention any body elfe: However, for your farther 
latisfadion, you may confult the Philojophical Tranfa6iions o f  the Engliß, and 
the Memoirs de I'Acad* roy des Sc. o f  the French and there you will fee how in- 
duftrioufty this A rt has been cultivated for the improvement o f  the knowledge 
o f Medicine. Bnt tha Ephemerides o f  the Germans are particularly ftor’d with 
elegant arguments to the fame purpofe. Ic is, however, our greac misfortune, 
that the moft expert and learned Phyficians, have very feldom been thoroughly 
acquainted with C hem iftry; as on the other hand, the greateft mafters o f Che
miftry have hardly ever had a true notion o f Phyfic, to the great detriment o f 
both thefe noble Arts. a.nd Frediric Hoffman, indeed, excel! in both ;
and by this means diftinguifti themfelves above all the reft, and deferve che high- 
€ft praifes. I don’ t mention with thefe Otto Tachenius, and Francis de le Boe 
S y lv i u s becaufe out o f  an excefiive, and rafti fondnefs for the chemical A rt, 
they would not allow it to be the fervant o f M edicine; but judging more from 
their own inclination, than the nature of the thing, would have it her miftrefs. 
W hatever I have been able to colled  from this A rt, that may be fafely, and 
ufefully applied to Phyfic, you have, m Tvt3,t\(t I' ¡̂TOiQ De cognofcendis
,£s? curandis MorhiSj and in my Materia Medica, which I publifhed afterwards.

»

Ufefulnefs of Chemiftry in the Mechanic Arts.
Chemiftry B y  which are commonly underftood thofe Arts, that are cultivated and per- 
M ecSS formed by manual operation, and which-are perfedly different from that mecha

nical Science that is the bufinefs o f the Geometrician, which explains the pow
ers o f  Bodies, from the properties that belong to Bodies in general. T o  this 
latter, Chemiftry is o f  no manner o f  fervice ; but the former, which confift in 
the managing, and changing o f  Bodies, are very much promoted by it.

ToPaint- T he Arc o f  Painting, which by Colours can, to the life, truly exprefs all 
iing. vifible objeds, and hence is able to reprefent the moft beautiful parts o f  the 

creation, and tranfmit them down to pofterity, is o f fo fine and noble a nature, 
that it has always been honoured with the regard, and efteem o f  Princes. Confulc 
on this head in thac vaftly  laborious work, D e PiHuraVeterum. Now
this, tho’ it receives the aififtance o f  a greac many other Arcs, yet in that part, 
which confifts in the preparation o f  beautiful, and durable Colours, Chemiftry 
very tar excells them all ; A  few examples o f  this will be fufRcienc. T h e Pig- 
meJifa called the Ultramarine  ̂ which is o f  fo charming a blue, and infinitely
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lafting, is prepared from the Lapis Lazulu  intirely by the help o f  Chemiftry.
T he common Blue Smak likewife, is a beautiful produdtion o f  the fame Arc.
S tt Jntonius N erl L .  VII. 115 . and D r. Merret's Notes upon the fame.
W hat is it that the greateft mafters o f  Painting are fonder of, than a fine dura
ble Green? W h y the lovely Ultra>marine Blue, m ixt with a holding Y ellow , 
will give you one that will retain ics beauty for many ages. W as it not there
fore for Chemiftry, Painting would intirely want thefe two delightful Colours.

W hat ihall we fay o f  thofe Colours, called Lacca^ which are chemically pre
pared by codtion, and precipitation ? D o not thefe, by their brightnefs and 
clearnefs, give Pi<5tures a vaft deal o flu ftrean d  beauty? But for thefe, we are 
intirely indebted to Chemiftry, as you may fee in the fame iV<?WL. V II. 116 .
120.

N ot to mention Cinnabar, Orpiment, Ochre, or that Preparation o f  Bones 
that the Painters make ufe of, which is made by calcining them in a clofe vef
fel to an intenfe Blackncfs. It appears therefore evident, that tho* the A rts o f  
Chemiftry, and'Painting, are in their nacure perfedtly different, yet this, with
out the aiiiftance o f  the former, would want its greateft ornaments: N or in
deed, could the Painter well do without it  i tho* the Chemift ftands in no man
ner of need o f  che A rt o f  Paincing.

Theinduftry o f  the Chemifts has difcover’d an invention, by which they are inEnamsl- 
able to incruftate Mecals, Gold in particular, with moft pleafant, beautiful 
Pigments, which fiiine like Glafs, and are compofed chiefly o f  a metalline or 
glaiTy Matter, and a moft penetrating fix’d alcaline Salt. Thefe, they call 
Emaufia, Atnaufa, Efmaillades^ Smalta, Enamels 5 which by the brightnefs, and 
elegant variety o f cheir Colours, are vaftly agreeable; nor will any lengch of 
time deftroy them. Confult again the famous Neri in all his fixth Book, and 
you ’ll think your time very well employ’d ; but more particularly Ifaac Hoi- 
landus, who has treated fo largely and finely o f  this noble A r t , which vies 
with the moft magnificent tefielated works o f  antiquity. Ic is certain, the fair 
Sex are indebted to it for moft o f their valuable ornaments.

There is yet a third fort o f Painting, v iz . that upon Glafs, which is exceed- inftaining 
ing beautiful, reprefencing its figures in Colours that are wonderfully ftrong, 
and at the fame time tranfparent. A  noble inftance o f  this furprizing A r t , 
we have in the Windows o f  a Church at Tergou, in our Province o f  Holland^ 
which now-a-days can hardly be imitated. For formerly they were mafters 
o f  a particular method, by which, after they had laid their Pigments on the 
Glafs, they could, by the aififtance o f  Fire, vaftly  heighten their Colours, 
and difpofe them to a perfect tranfparency, and at the fame time make them 
penetrate into the very fubftance o f  the Glafs, without running beyond their 
proper lines, or confounding themfelves in the leaft with one another. A nd 
indeed, I don’ t fee that any ching can pofllbly be invenced more curious, and 
ornamental, for the decorations o f  Courts, and Churches. W e have not, how 
ever, a great deal o f reafon to hope, that this A rc will ever be again retriev’d, 
unlefs the Chemifts will diligently employ all the produftions o f  their A rt, in 
order to difcover it.

A kin  to Painting, is the A rt o f  D yin g, which confifts chiefly in tinging in 
Silk, Cotton, F lax, and W o o l, with beautiful Colours, and fo furniihes us 
with curious Garments, T apeftry, Banners, ¿sV. N ow  this A r t  depends prin-

I cipally



cipally upon three things. F irft, the materials to be dyM muil be perfedly 
clean’d, that they may eafily fuck in, and retain the D ye ; which is done by 
ibaking, beating, and fcouring them wich various Lixiviums. And here, pu
trified human Urine, the acrimonious Salt o f Alhes, divers fqrts o f  Soaps, and 
the Gaul o f  Animals, are o f  principal fervice. B y  thefe the vifcous kind o f 
G iueof the Silk-worms, that firmly adheres to the threads o f  the filk, which 
are always double, is diluted and walh’d off, by which means they become 
pure, and fit to receive their Colours ; and by thefe the fetid oily impurities o f 
the W ool, and the tenacious greafy matter, which has long been concre
ted with the F lax, is intirely difcharged. N ow  in the choofing, preparing, and 
applying all thefe materials, the knowledge o f  the ikilful Chemift is of a vaft 
deal o f  fervice, fo chat he is continually improving them by the difcovery of 
fomething new, and ufeful. T h e  fécond thing requifite in Dying, is a proper 
preparation o f the D ye, thac ic may perfedly penetrate into the fubilance o f  the 
thing to be dy’d, and then may retain its beauty without any alteration. Cor
nelius Drehhelim o f  Alcmar  ̂ in our Province, a man o f  remarkable integrity, 
and fo perfedly fkill’d in the moft profound parts o f  Chemiftry, that he was 
rank’d amongft the Adeps, and was in great efteem with one o f  the Kings o f 
England  ̂ befides other things, left behind in writing, a particular method of 
dying W ool o f  a bright flame Colour ; by which fecret, Kufielaer, his Son-in- 
law, afterwards got a great deal ofmoney. T he rich Colour o f  Cochineal may 
be heighten’d by Spirit o f  Nitre, till it is perfedly bright as Fire ; buc chen, 
by its Acrim ony, it too much corrodes the W ool ; you may foften it, how
ever, by the afliftance o f  T in , and chen you have a D ye thac is no ways inju
rious either to Silk or W o ol, whofe beauty is exceedingly durable. T h e third 
thing neceffary in Dying is fine Colours *, and thofe our A rt  is capable o f  pro
curing. 1 remember, as I was formerly ihewing a famous Dyer fome liquors 
prepared from a folution o f  Copper, he feem’d furpriz’d at the elegance of 
the appearance, and declared he would give any thing for thofe Colours, were 
it polhble to make Cloth take them in their proper ftrength and brightnefs. 
A nd no wonder ; for in the Azure, V iolet, and Green, Colours from Copper, 
which at the W ill o f the A rtift are in a moment made fuller, or paler, there is 
fuch a vaft deal o f  beauty and variety, that any perfon, who had the A rt  of 
D ying W o ol, Silk, Linnen, and Cotton, with thefe Colours, in fuch a man
ner as to make them hold and not fly off, might certainly get an immenfe fum 
o f  money. It is therefore paft all difpute, that the knowledge o f  Chemiftry 
would be o f  great fervice to the D yer, fince by the help o f  ic, he might be 
continually improving his Arc by new and beauciful difcoveries. 

inmakifli Buc i f  thetc’s any A rc chat is greatly beneficial to mankind, it is certainly 
that o f making Glafs. ’ T is  this, chat by the Poliiher’s affiftance, fo comfort
ably helps the d e fe d so f our Eyes, and lengthens out our pleafure o f  reading, 
even to great old age. ’ T is  by this alone that we are fecured from fcorching 
H eat, and piercing C old , kept free from Duft, and prefcrved from the incon- 
veniencyof the W ind, in our Houfes, Coaches, and Ships; and at the fame 
time have light enough perfedly to diftinguiih the O bjeds abouc us. Pure 
Glafs doesnoteafily ftain,and when it is, may be clean’d again with all the eafe 
imaginable. This expofes to our view the things it inciofes, and keeps them 
for ages i  nor makes any aUeration in them, or rarely fuffers any from them.
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And indeed, whatever is preferved in a Glafs vefTel, that i_s perfedly dofed, and 
intire on every part, becomes immutable, and incorruptible. Glafs eludes th® 
power o f  all corrofives, even the Alcahefi itfeif, i f  there ever was any fuch 
thing, which it is faid it is able to confine, whether it boils in it, or agita
ted by the Fire flies about in i t ; whereas the Alcahefi diffblves every thing 
elfe into a pure W ater. Glafs is the principal inftrument in the A rt o f Che
miftry ; is o f  a very ancient invention; was cultivated chiefly among the Egyp- 
tians; in the time o f  Tiberius was rendered malleable ; and is at prefent, and 
has for fome ages paft, been made in the greateft perfedlion among the Veneti
ans and Englifij. And certainly, was it not for its great abundance, it would 
be more valuable than any kind o f  Metal. N ow  the choice o f  the Materials for 
this (noble work, the artful preparation of them, and the proper m ixing, 
melting, and bringing them to their greateft purity, depend fo much upoti 
Chemiftry, that they really receive no afllftance any where elfe, but hence are 
capable o f  daily improvement. From  Flint, Sand, and Stones, are made the 
various kinds o f  Glafs 5 and the difi^erent methods made ufe o f  in the burning, 
and calcining them, in order to reduce them to a Calx, make a vaft deal o f dif
ference in their beauty. T h e diverfity of the Aihes too, as they are procured 
from Plants o f various kinds, will make a confiderable alteration in its 
goodnefs. T hat made from a pure, acrid, fixt alcaline Salt, melted with the 
beft fort o f  Calx o f  Flint-ftones, is o f  all the fineft and moft perfed. And 
here, the more there is o f the Salt, and the lefs o f  the Flint, the more fine and 
perfedly tranfparent will the Glafs b e : But then its charms are not o f  long 
continuance, as it is very ready to crack and flaw, either by Fire, or W ater, b y  
which means it lofes both its beauty and tranfparency : It is apt too to damage 
things that are put in it, and very often quite fpoils them ; as T ea, which m 
a green Glafs fuffers no manner o f alteration, in the molt beautiful fort lofes all 
its vertue. F or our bufinefs therefore we always choofe the green^Glafs, which 
is moft durable, and is compofed o f a larger proportion o f Sand, and a leflTer 
o f  Salt, kept melted for a confiderable time in a ftrong Fire. But thefe hints 
are fufficient •, as you may confult upon this head, the valuable Antonius JSIeri 
o f  Florence, in his Book De Arte Vitriaria ; the famous George Agricola, in his 
feventh Book o f  Foflils \ that celebrated Engliflman, D r. Chrtftopher Merrety 
in his obfervations and Notes upon N eri; and John Kunkel, who, at the vaft: 
expence o f  that truly generous Prince, the D uke o f  Brandenburg, brought this 
A rt  almoft to its greateft degree o f perfeffcion ; as appears by his commentary 
upon Neri, which he publiih’d at Leipfic in 410, in the year 1679 ; but more 
efpecially in the T r a d  De Gemmis Artificialihus, which is annexed to it.

There is another kind o f  Glafs, that is tranfparent likewife, but at the fame 
tim efo inriched with fome beautiful Colour, that it almoft vies with the bright- 
eft natural Gems. This noble invention now owes ics origin to the chemical 
A rt, and truly imitates nature, by intimately mixing the infinitely divided par
ticles o f  Metals with the pureft, and moft perfed G lafs; and by this means, 
giving it a lafting beauty. So that, in reality, there are fcarce any ftones, va
luable on account o f their Colour, whofe agreeable appearance this Glafs can
not be made to refemble. And indeed, ihould ever any perfon happily im
prove the A rc o f  Glafs to that degree, as to be able to increafe its weight by 
Fire in a fefquialter proportion, we may then, by the afllftance ofMeCals, make
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artificial Gems o f  the fame brightnefs, with thofe that are the true produibion 
o f  nature ; for the more denfe and folid the pellucid matter is, the ftronger will 
the colour o f  the Metal appear, that is difperfed through it : But as this con- 
denfacion o f Glafs has hitherto been beyond the reach o f  A r t , the fubftance 
o f  the artificial Gems is lefs denfe than that o f  the natural ones ; and confe- 
qqently the vibrations o f  the rays o f light are more weak and languid, and 
want that vividnefs that is peculiar to the other. Some have, indeed, attempted 
to increafe its weight by a mixture o f  Lead i but then, it grows too foft. It 
is well worth while therefore, for the lovers o f  Chemiftry, to employ their ut- 
moft endeavours for finding out a method o f  condenfing o f  Glafs ; for it cer
tainly will abundantly recompenfe all their labours. There is yet a fécond 
thing requifite to the perfection o f  artificial Gems, and that is, the giving 
Glafs fuch a degree o f  hardnefs, that it may not by wearing, lofe the luftre 
o f  its poliih, but retain its beauty, and put on the incorruptible nature o f  a 
natural Unit. And laftly, when we have communicated to it a proper foli
dity, and hardnefs, we muft afterwards colour it with fome rich metalline T inc
tures ; and then, we might by Fire form the Mafs thus prepared in
to multangular Bodies, that would excell the natural Gems, both in magni
tude, and variety. For we have an incredible number o f  the choiceft colours, 
that might be either intimately m ix’d with the Glafs when ’ tis in fufion ; or 
be diipoied upon its furface, and by the afllftance o f  Fire, be made to pene
trate into its fubftance, i f  that ancient A rt  fhould again be reftored. N ow  it is 
Chemiftry alone that furnifties us with thefe three principles, on which the ar
tificial way o f making Gems intirely depends, and gives us frequent opportu
nities o f  improving this beautiful A rt.

As the greateft mafters, however, intHe chemical A rt, have never been able 
to give  artificial Glafs a requifite weight, and hardnels, fome o f  the fubtleft of 
them took it into their heads, that che moft clear and perfectly pellucid fof
fil Cnryftal, m ight poffiblv anfwer the fame purpofe ; for this t>eing narcrally 
very heavy, and hard enough to cut Glafs, wants only colouring with fome 
iDCCaL’iue Tincture, without deftroying its tranfparency, or the beauty o f  its 
p o lii i, to  make it nearly rdcm ble natural Gems. T h is therefore they attempted 
by beating the Chryftal red hot, and then extinguiftïing it in colour’d L i
quors -, b'jt the fiaws that were occaûcKî’d in this operation dilkppointed their 
expectation, which would otherwife in fome meafure have been anfwered. Sec 
S :  . G  p. lo . aj.. Others have endeavour’d the fame thm g. by ce- 
mertri.-g C h rylU li with cirèrent k ia is  o f  Metals, and not without fjccc^  ; for 
ti>i Dcing âfrerwards m e i» 3, and forc’d  up b y F ire , petîtù'^ated intircare-
h- their And is potHbk, that fome time or other, there

be vv..KVv-?-r\i for'ii ^rxiT.dû Pjgtrxnt rkfv with i  metaiJine Cciour, 
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I  fhall honeflly relate thofe few things, I have, upon mature deliberation, been 
able to difcover, when I come to difcourfe o f  the ufefulnefs o f  the chemical 
Arc in Alchemy. In this place I would be underftood to treat purely o f  that 
A rt, which teaches us how to prepare Metals for the ornaments and ufes o f  
life. Gold, for inftance, is frequently o f a pale colour, and that from a great 
many caufes; now this the Chemift, by a cement, or o f Antim ony, can
heighten in the Fire to a moft beautiful yellow. This we fee at prefent in the 
gold coin o f w h i c h  far excels all other in its particular luftre; for 
which, we are beholden to the curious and peculiar ikill o f  the mafter o f  the 
Mint. T h e fame Metal, when it is perfedly pure, is from its natural foftnefs 
unfit for coining ; but tempered wich a proper alloy o f Copper chiefly, or 
Silver, ic excellently anfwers that valuable purpofe. Silver, in like manner, 
is coo fofc, and dudile, either for coin, or the common ufes o f life ; buc is 
eafily rendered fit for both by a due admixture o f  Copper; ’ T is  needlefs to 
mention Brafs, which is a compofition o f Copper and Lapis Calaminaris^ and 
much refembles Gold in the brightnefs o f  its colour ; or chat M etal made o f 
Copper and Zincq, called Prince Robert's Metal, which being nicely gilc vies 
in luftre wich the moft beautiful Obrizum G old. A s for the A rt  o f  G ilding 
the bafer Metals with Silver, or G old, how curious is that A rt, and how va
luable? T hefe now are all inftances o f  the fervice o f  Chemiftry in che mecallic 
A r c ; and though they are few indeed, yet they fufficiently demonftrate whac 
an infinite number o f  effeds might be produced, would the Ikilful Chemift 
make a proper ufe o f  his Arc in che various compofitions o f  Mecals. N or 
even in this affair don’ t Medicine receive fome advantage ; wicnefs the 
cups made o f Regulus o f  Antim ony tempered with ocher M etals, which com 
municate a medicinal quality Co the W ine chac is puc in them. And it is 
ten thoufand pities the famous Van Hehnont ihould have been fo unkind to his 
poor fellow creatures in diftrefs, as to conceal from us the A rc o f  making a 
parcicular Mecal, which he cells us made into rings, and worn only whilft one 
mighc fay the L ord’s Prayer, would remove the moft exquifice hemorrhoidal 
pains, both internal and excernal, quiec the moft violenc hyfteric diforders, 
and give eafe in the fevereft Spafms o f  the Mufcles. p. 745. § 39. ’ T is right,, 
therefore, I chink, to profecuce Inquiries o f this nature; for there is very fre
quently fome hidden vertues in thefe Compofitions; and we may make a vaft many 
Experiments o f this kind wichouc any danger or inconvenience. M etallurgy 
again , chac confifts in che knowing and diftingniftiing che foíTil glebes as they 
are found in their fubterraneous veins, and thence producing pure and perfed
ly  diftind Metals, depends intirely upon our A rt. T his is plain, even from 
this confideration, that Chemiftry owed its origin principally to M etallurgy ; and 
this, by modern inventions, ic now again vaftly aíTifts and improves. But we 
need noc ftay much upon this H ead, i f  you will carefully confult George Agri- 
cola, Lazarus Erkerus, John Rudolpbus  ̂ Glauber, and others, who have for the 
moft part borrowed what they have, from chefe. F or your greacer fatisfadion, 
however, I will give you three or four Examples, Ic is a known thing among 
the Chemifts, that it is very eafy to prepare a matter, which being mixc with 
Gold, Silver, and other Metals will render them fo volatile, thac they may 
in a glafs veíTel be brought over the helm wich a moderace heat. A n d  ex
perience as certainly evincesj thac chere is very often in che native Glebes thac
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contain the richeft Metals a certain fubftance, which, when che foftil is ex- 
pofed to the management o f  che Fire, carries off a great deal o f  the Metal 
wich it, to the prodigious lofs o f  the Owners. There is, for inftance, a vola
tile, noxious Sulphur very often united with Gold aud Silver, which difperfes 
vaft quantities o f  thefe Metals inCo the A ir whilft they are only torrified by the 
Fire. But the induftry o f  the Chemifts has difcovered certain methods, by 
which they can at once render thefe volatile Glebes fo fixt, that they will 
bear fufing in the ftrongeft Fire j and by this means the Metals will be fepa
rated from every thing elfe. Y ou  know that Regulus o f  Antim ony, m ixt with 
a double quanticy o f  the corrofive Sublimate o f M ercury, will by a gentle 
Fire be changed inco a fat fubftance that is extremely volatile ; and that this 
by  a moderate degree o f heat will rife in deadly Vapours, and by the repeated 
action o f the Fire become at laft a limpid Oil that fumes fponcaneoufly. 
T his, I remember, I have frequently both explained to you, and demonftrated 
before you. Pour, now, upon chis Oil an equal quantity o f  pure W ater, and 
it will prefently in a furprizing manner turn o f  a whice colour, and precipi
tate a white metallic Calx o f  Antim ony, which is fo capable o f  bearing the 
Fire, that it may be intirely melted intoa mafs like Silver, and is the fineft 
Regulus o f  Antimony that A rt can produce. L et us therefore, from this 
fimple Experiment, learn to mix W ater wich rhe volatile Glebes, and obeferve 
whether by this manner o f treating them, they won’ t yield a greacer quanticy 
o f  the richer Metals than they did before. Iron likewife being added to thefe 
Pores in their calcination, ofcentimes fo abforbs che Sulphur, chat ic cannot 
carry o ff the metalline Particles along wich it. And the fixt alcaline Salts 
too have faved a great deal o f  treafure by fubduing and refolving the Sulphurs, 
or Acids, which being difperfed chrough che metallic fubftance made ic volatile 
in the Fire. T h e richeft Silver Mines o f  Peru are unfortunately infefted with 
a pinguious matter, which makes che Glebe o f a volatile nature when ic comes 
to the Fire, by which means there was formerly an incredible quanticy o f 
Silver intirely loft. But the Chemifts have now inftruded us, firft, to torrify 
the Ore wich a gentle Fire, then, to reduce it inCo powder and rub ic with 
M ercury, afterwards to waih it in a proper manner with water, and laftly to 
co lled  the Silver together into one mafs, by putcing the matter thus prepared 
into a Retort, and forcing out the mercurial Particles wich which it was uniced j 
and fince this has been pradifed there has been fcarcely a grain loft j by which 
means there is an infinite deal o f wealth preferved, which would otherwife 
have been difllpated into the Air. T h e difficulty o f  perfedly feparating Silver 
from che T in  that is found m ixt with it, ufed co be a matter o f  great concern, 
both to the Miners, and the perfons employed in the docimaftic A r c : But 
fince we have learned from the Chemifts that by the admixture o f melted 
Copper the T in  may be eafily difingaged, and carried off, we can colled  the 
Silver pure from che aihes with a great deal o f  eafe, and little expence, There 
are a thoufand other advantages for which M etallurgy is indebted to che Art 
o f  Chemiftry i but you don’ t exped thac I ihould be more particular upon 
this fubjed i nor indeed will our prefenc bufinefs permit ic.

Swa the chemical A rt  alone furniihes us w ithagreac number of inftruments of
ar. W a r, that were intirely unknown to the ancients, and wh ¡ch, indeed, are fo deftruc- 

tive to the moderns, that we ihould have been happier without their difcovery. But
as



as the evil and reftlefs fpirits o f fome part o f  mankind are perpetually the occafion 
o f W ar, and violence; hence *tis abfolutely neceffary that we Ihould be able 
to repel force by force, in order to defend and fecure ourfelves; and in this, 
money excepted, the whole ftrefs lies at prefent upon the Inventions o f  Che
miftry. In the twelfth century Gunpowder was found out hy Roger Bacon in 
England', and with this he imitated Thunder and Lightning, but to the hap- 
pinefs o f  that age did not employ this wonderful difcovery for the deftrudlon o f  
his fellow creatures. A bout two hundred years after, Bartholdus Schwartz o f  
Germany-, a M onk and Chemift, accidentally obferving the fudden expanfive 
power o f this powder, whilft he was preparing it for medicinal ufes, immediately 
made a trial o f its furprizing force in an iron Tube, and foon applied it to the 
A rt of W ar, and taught ic the Venetians. A nd indeed the whole force o f  W ar 
now a-days confifts fo much in this chemical Invention, that by the help o f  
this the weakeft boy may overcome the moft valiant h ero; nor is there any 
thing, be it ever fo ftrong, that is able to ftand againft its ftupendous power.
T h e  great Coehorn, therefore, General o f the Butch forces, wifely confidering 
the efficacy o f this chemical Difcovery, immediately changed the whole A rt  o f  
W^ar and all the methods o f  defence ; fo that thofe fortifications which were 
formerly looked upon as impregnable, are now not able to fecure the perfons 
that defend them, or preferve them from danger even within their own walls. A n d  
indeed the power o f this wonderful Powder, is yet more and more to be dreaded.
A s  for that Powder which is compounded o f  Sulphur, N itre, and the burnt 
Fisces o f  W ine, the force o f  it is fo prodigious, I can fcarce mention ic with
out Ihuddering. W ho can think o f the violent explofive faculty o f  Aurum 
Fulminans, and not be aftoniihed ? W hen we mix the chemical Oils o f  the 
moft fragrant Aromatics, wich a liquor extraded from Salt of N itre , we pro
duce fomething vaftly more powerful than Gunpowder itfelf, which fponta
neoufly, without the appHcauon o f  Fire, rages in a moft furious manner. A nd 
laftly, which it gives me pain to mention, let me here puc you in mind o f  that 
melancholy accident, which happened in Germany from fome Balfamum Sul- 
fhurls terebinthinatum, which being unfortunately quite flopped up in a Bolthead, 
the glafs burft by the heat o f  the Fire wich a prodigious expiofion, farfuperiour 
to any o f the former. Heaven grant that the noble Inventions o f  this valuable 
Science may be no farther improved by che crafcinefs o f mankind to the deftruc- 
tion o f one another ; the fear o f which obliges me to conceal many things, I 
could ocherwife mention, thac are ftill much more pernicious, and deceftable.

T hat the ancient o f Afia were men o f  fuperiour wifdom, I  think is fuifi- innaturai 
ciencly agreed by che learned world. And chat this name has not always figni- Magic, 
fied evil Agents, Contrivers o f  mifchief, and Slaves o f the Devil, is evident 
from the M»y(n ¿tto »'/»■xcKuv, mentioned by Sc. M.attheWy who were famous 
for their knowledge o f  the Stars, and fincerely worihippcd the true God, by 
whom they were accepted. T hat they were in great efteem too with the Princes o f  
that country, in ancient times, and confulted in their moft weighty affairs, we 
have relaced in abundance o f  places o f H iftory. A nd we find that Zoroaftres 
himfelf, the King o f  the Ba£trii, who was the founder o f  this fe d , is chiefly ex
tolled for his knowledge o f  the heavenly bodies, whofe motions, and the prin
ciples o f the world, he is faid to have ftudied with a great deal o f  application,
JuJlin. I. I. F or thia reafon therefore, as Cicero tells us,, the Perfian Kings were 
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inftruded in the A rt  of M agic, before they were admitted to the government. 
D eD ivw at. I. 91. And he likewife alTuies us, that che Magi in Perfia were 
looked upon as perfons o f  greac wifdom, and learning. B e Bivinat. I. 47. 
I t  happened afterwards that an illiterate fet o f  men, greedy o f  fame and riches, 
endeavoured by their deceitful cunning, and jugling tricks, to imitate the pro
found knowledge o f  thefe W ife Men i but their frauds being often openly de- 
teded, the M agic A rt  came to be bafely exploded i which has frequently too, 
though undefervediy, been the fate o f  Mathematics. T h e  employment o f  che 
true Magi was to fearch carefully, and curiouily into nature; by which means 
they often difcovered things thac were concealed from the obfervation o f others, 
and which the all-wife Being deOgned as the proper rewards of laborious ftudy 
and application. Hence the ignorant regarded them as men endued with more 
than human knowledge, which they imagined therefore they received by che 
intercourfe and inilrudions o f  Dæmons, and for that reafon paid them greac 
reverence, tho’ more out o f fear than any real refpeil. And this they were the 
more naturally led into, as it has been a prevailing opinion o f  all ages, that 
there are two kinds o f Spirits, the one good, the other evil} and that thefe 
being perfedly fkilled in natural knowledge, and moved the one with love, 
the other with enmity to mankind, endeavour by their ikill to allure them into 
their fervice, the good, in order to make them happy ; the evil, with a defign 
to make them miferable. Whether this way o f  thinking be ju ft, or no, I do 
not here examine. T h e perfedions, powers, inftruments, and hidden faculties 
o f  nature, the produdion o f fupreme W ifdom , vaftly, I confefs, exceed my com- 
prehenfion. B y  that little however which we do know, we are difpofed to be
lieve, that there lies hid in che bofom of futurity, an infinite number o f  things, 
thac will fome time or other be clearly revealed to mankind, o f  which at pre
fent there is not the leaft Inadow o f  appearance. W ho can deny, that there 
may be beings, who have a faculty of looking more incimacely inco nature than 
the moft fagacious human mind was ever capable of? W ho can demonftrate 
but that thele Spirits, without corporeal aififtance, may be able to get acquainted 
with Bodies, underftand their powers, perceive the chain or order o f  caufes, 
fee things prefent, forefee things future, and know things that are paft? Nor 
is there any abfurdicy in fuppofing, thac thefe Dæmons may infinuate their 
thoughts into human minds ; fmce we ac prefenc are no more acquainted with 
the connexion, and mutual intercourfe o f  thinking beings, than we are with 
the number o f  different kinds o f beings, that are endued with underftanding, 
will and affedions. N ay even the manner o f  motion’s paifing from the mov
ing body into the body ic ftrikes againft, is more than we are able hitherto 
to explain. W ill any perfon dare to aifert that ic is impoifible for thin incor
poreal images to fly about in a hollow empty form, that has in the open A ir 
feen the Spedres refleded from a concave Speculum  ̂ which fo ftrongly, and 
perfedly reprefent the dimenfions, colours, and every thing thac appears in 
the folid bodies, that one can’ t help being furprized even though one is aware 
o f  it; and yet if  you offer to touch them, you find them a perfed ihadow? 
A n d  as our foul is united to a body, by whofe aififtance it perceives things 
without us, why may not every one of thefe volatile Species have a fpirit im
planted in ic, capable o f  penetrating, moving, and changing every ching ? 
.Whether chefe things are fo , or not, I don’ t pretend to determine j ’ cis poifible
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time may difcover ic. N or will I affert, that there have been perfons who by 
the affiftance o f  Daemons have been able to know, and do more, than they 
could have done by their own natural powers; nor yet will I abfolutely deny 
it. *Tis an argument o f too much prefumption and vanity in us, who fcarcely 
know any thing, to take the liberty to fpeak confidently o f  things that are 
far above our reach. I would not have you imagine, however, that I defigti 
by this to perfuade you to believe, a parcel o f  old wives fables, the reveries 
o f  idle perfons, the ftories o f credulous ones, or the fi(5bions o f  thofe that defign 
to delude us. Nothing lefs I I am too fenfible that it is with the ignorant 
chiefly that thefe things find credit** with men o f  fenfe very rarely % and that 
always the I&fs, the more cautious we are, and the more circumfpedion we ufe, 
that we are not impofed upon. A s for the foretelling things future ; the difco
vering o f  fecrets; the raifing the paffions o f  the mind, and fixing them upon 
any objed one has a mind to 5 the creating, removing, or affwaging diftempers 
by numbers, words, figns, figures, inarticulate murmurs, charms, little images, a 
look, or laying on o f hands; the changing one’s felf, or others, into different 
form s; the making perfons invifible that are in your company ; riding through 
the A ir  at one’s pleafure; the giving life, fenfe, motion, voice, and affedions 
to inanimate beings; the calling up o f  Ghofts, Diemons, Spirits, and the Bodies 
o f  the departed ; the maftering, driving aw ay, and binding o f  Speftres; the 
obtaining o f honours ; the finding o f treafures ; the making money always 
return back again into its mafter’s p o ck e t; the rendering Bodies invulnerable; the 
getting the better o f  one’s enemies ; the fixing them like ftatues at one’s plea
fure ; che ruling the Elements; the overcoming even nature herfelf, fo that 
neither Fire or W aterfhall have any power over us; the raifing meteors in the 
A ir  by a command ; the taming and governing the moft furious wild beafts, 
purely by incantation; and the producing ludicrous appearances only with a word .5 
thefe, and fuch like things, are what the true Magi never pretended to, but 
are only the boafts o f  crazy-headed people, which the fuperftitious are apt to 
believe, and the wicked fometimes invent in order to delude the credulous, 
and get them into their power. Againft fuch foolifh notions as thefe, that fa
mous Author, whom I have before mentioned with refped:, Roger BacoUy 
wrote with a great deal o f  ftrength, and ihews us that there is in reality no 
fuch magic A rt in the world ; nor does he believe there ever was. On the 
contrary, he carefully inculcates, that there d oad u ally  refide in natural Bodies, 
certain latent and hidden powers implanted in them by their Creator, by which 
as wonderful effeds may be produced, as were ever afcribed to the borrowed 
aififtance o f the D evil: T hat thefe qualities however cannot be difcovered with» 
out a very laborious, and diligent inquiry ; but that when by aiTiduous Study, 
and proper repeated Experiments, they have been once found our, they may then, 
b y  a due application o f them to one another, be made ufe o f for the produdion 
of fuch things as, to perfons unacquainted with thefe properties, will feem con
trary to the laws of nature, and will therefore be concluded to be the effeds 
o f a preternatural power. And this kind o f  true fubftantial knowledge may 
properly be called natural M agic. This is that magical A r t  which I would 
endeavour to recommend; and this in reality is very ferviceable to mankind, 
very entertaining to perfons that are acquainted with it, and by its wonderful 
Operations very well fuited to ihew forth the praife and g lo ry  o f  the great
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Creator. Indulge me a little, and PlI g ive you a few Examples o f  thi?, 
which intirely depend upon the chemical Arc. Suppofe an Author o f  undoubted 
veracity that Jived a thoufand years ago, ihould have told his pofterity, that 
there was in his time a man who publickly gave out before a vaft number o f 
wicnefles, thac a prodigious tower, which they there faw at twenty furlongs 
diftance, ihould at a certain point o f time fpontaneoufty rife into A ir, and pre. 
fendy fall down again in ruins *, and that it happened exactly as he had fore
told \ would not every one that read this look upon it as a fabulous ftory, o r  
elfe, regard ic as the efFed o f  a power fuperiour to that o f men, or even nature 
itfelf, and confequently afcribe ic either co the Divine Being, or fome infernal 
Spiric? And yet i f  you imagine that at that time there was but one man in the 
world, fuch a one for inftance as Mahomet  ̂ or Haly, that was acquainted with, 
the force o f Gunpowder, and that he had conveyed a fufHcient quantity o f  it 
under the tower, and according to che modern invention had artfully difpofed 
a piece o f clockwork in fuch a manner among it, that at the very moment of. 
time that he had fixed, it ihould by ftriking a flint againft a piece o f  Steels 
fet fire to the G unpow der; you fee wich how much eafe he might have per
formed this furprizing miracle, by which he would certainly have gained fo' 
much credit, noc only wich che common people, but even with men o f  under
ftanding, that he m ight have influenced their minds in whac manner he had> 
pleafed. "When- the fecret indeed comes to  be difcovered, our admiration' 
ceafes; and we then look upon thefe things as the produftion only o f  natural- 
powers, which before we thought fuperiour to any magical Miracles that have- 
ever been related. N ot that even at this time the moft fagacious perfon liv
ing can truly comprehend the caufe o f  this furprizing efiedt j  but we are faifly 
apt to imagine that we perfectly underftand thofe things, which we feq very 
frequently happen, it  is poiTible in the fame manner for a perfon to forecel, 
that in an hour’s time there ihall happen an Earthquake in a certain part o f  che 
earth, which fball at firft fend forth a prodigious black fmoke, and afterwards 
burft out into crackling flames. People indeed thac heard it would be ape to 
laugh at u s; but then certainly they would be as much furprized when they 
found it to be true. A nd in order to this, take only equal parts o f  freih filings 
o f  Iron and pure Sulphur, rub them together, and with a little W ater make 
them into a pafte o f  about fifty pounds weight, then put this a foot and a 
half under ground, and ram the earth hard down upon it, and your prediilion 
w ill be fully compleated. Surprizing eflxdt! that cold Iron, inadlive Sulphur, 
and cold W ater, only by being m ixt together, ihould, under a weight o f  earth, 
be capable o f  producing H eat, Smoke, Fire, and Flam e, without the leaft aifi- 
ftan ceofF ire . But again, there is a ilory o f  a T utor, who after all other 
endeavours to no purpofe, by a contrivance borrowed from Chemiftry, hap
pily reclaimed a noble youth, who by his diflbluce life brought difgrace both 
upon himfelf and fam ily, and feemed paft all hopes o f  amendment; and this 
was in the following m anner: One night as he lay in the fame room with this 
young Gentleman who was faft aileep, he got out o f  bed fofdy, and with 
ibme Englilh Phofphorus wrote bis name in large letters on a board that was 
a t  the feet o f the bed, and added three words, intimating that i f  he did noc 
immediately repent, he muft expe£t to die in a very ihort tim e: W hen he 
bad doucj without difturbing his pupil he ftole gently to his bed again, buE
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then made a great noife on purpofe to wake him, and laid him felf down as i f  
he was aíleep. T h e youth prefently ftarted up in his bed, and liilened 
attentively in order to difcover the occafion o f  his furprize, but heard no
thing except the fnoring o f the other, who feigned himfelf aíleep ; but looking 
accidentally towards the feet o f  the bed, he faw fome letters íhining with a 
blue light which vaftly aftonilhed him. Upon this, he calls to his companion, 
and Ihews him the w riting; who making as i f  he knew nothing at all o f  the 
matter, profelfed that he did not fee any thing ; which fo much the more 
increafed his terrour. T he fervants who were not in the fecret, were then called 
to bring in fome candles, upon which the letters difappearing, they declared 
too thac they faw nothing ; and indeed the youth himfelf was aftoniflied to 
find that che writing was vaniihed. T h e  fervants went away again, but lefc 
a candle which happened to ihine upon the board ; the tutor fets down b y  his 
pupil and perfuades him to go to íleep, tells him ’ twas only a dream, and 
then goes to bed himfelf, and puts out the candle. A s  foon as ever the 
room was dark, the youth no fooner looked towards the fatal place, but he 
again faw the fame letters, at which being vaftly frightened, he cries out, and 
begs his tutor to come to him ; who then pretending himfelf to be afraid, 
confeifed that he did indeed fee the writing, and that not without a great 
deal o f  aftoniflimenc} and then took this occafion to admonifh him fincerely 
to repent, in obedience to this M iracle, and calling for a candle fpent the re
mainder o f the night with his pupil, who was under greac concern, and was 
brought by this means to a better way o f  life. N ow  this ftory, if ic is true, as 
I have frequently heard it affirmed, is an Exam ple o f  natural M agic from 
the chemical A r t : I f  it is only a fiition, it is certainly a poffible one, fince fuch 
things may ac any time be effeded by the help o f  Phofphorus, as nobody 
that knows any thing o f the matter will deny. I f  the power o f  Phofphorus 
be fo far weakened by a foft O il, that it may be applied to the ikin without 
burning it; then the face being rubbed with this O il will íhine terribly in the 
dark ; and yet upon the approach o f  a light the íhining will intirely difappear; 
which being again removed, the countenance will regain its former brightnefs, 
than which nothing certainly can be more furprizing. Suppofe now a perfon 
was to anoint his face, hands, hair, and beard with this fort o f  O il, and then 
difpofe himfelf in fome dark place ; would not the credulous vulgar pre
fently imagine there was fomething in it celeftral, angelical, or divine, and be 
ready to beheve any thing upon fuch a one’s authority ? Give me leave yet to 
mention another thing, which you yourfelves have been here often eye-witneflfes 
to , and that is, the furprizing eft'ed o f mixing together two liquors perfedly 
cold, which in a moment boil up in the moft furious manner, and burft out 
into a beautiful fiame. N ow  if  the chicknefs and blacknefs o f  the ¡fmoke, and 
the brightnefs o f  the flame is fo aftoniihing in the middle o f  the day, would 
it not to appearance be vaftly more terrible, if  the Experiment was performed 
in the dark, when the flaíhes o f  the light muíl be abundantly more vifible?
And, indeed, if we compare this wonderful PhiBnomenon, with the ftories thac 
are told o f  magical Spedres, I verily believe we fhall fcarcely find any o f  them 
that will equal it. N ow  this is the effed only o f  one drachm o f  one o f  the 
liquors and tw o of the other ; what therefore muft be the event fhould pounds 
o f  them be mixed together? Certainly the force o f  the fmpke, and flame,
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would be infinitely great, nor any ways to be retrained, but would over
throw every obftacle thac ftood in its way, and deftroy, and confume every 
thing about it with a Fire not to be extinguilhed. And which is ftill 
more furprizing, i f  the fame Expeiiment is performed in vacuo-, it ads with 
fo much the more violence, and in the very inftant o f  m ixing, tears every thing 
to pieces, and flies about with a force fuperiour ta  the ftrongeft Whirlwind. 
The impetus o f  this Fire is certainly o f a vaftly different nature from that 
which was raifed about Creufa's head by M edea; for by the ftrength o f  this even 
the whole court might have been blown down and turned into aihes. But 
again, who has ever heard, or read of any thing fo wonderful and terrible af- 
cribed to the magic A rr , as we have known effefted by Balfamum Sulphuris 
ierehinthinatum? which being clofely'confined in a Bolchead, and forced by a 
ftrong Fire, burft the veflTe] wich a ftupendous noife, and produced fuch 
ftrange and peculiar effeds, that in all the extraordinary Fhanomena I have 
read of Thunder and Lightning, I don’ t remember ever to have met with any 
thing that equalled them. See the Qbfervationes Phyfico-Chemica o f  the fi- 
mous Fredific Hoffman, lib. HI. Obf. 15. where you will find an account of 
many things which you would have thought abfolutely impoflible to be effeded 
by the powers o f  nature. Am ong others, you have there fome very furpri
zing effeds o f Spirit o f  W ine, which a Cooper putting into a ftrong cafk with, 
fome lighted Sulphur, and then perfedly clofing ic up, there followed a moft 
violent explofion,. that tore rhe veiicl to pieces, and was the occafion o f  fome 
accidents that are almoft incredible. But laftly, when we fee the ikilful Che- 
mift take a parcel o f  clean glafles, and in a moment’s time produce all forts 
o f  colours, and as fuddenly deftroy them, then renew them again, and vary 
them at his pleafure, does not this, to a perfon that never faw it before, or 
knew any thing at all o f the matter, appear fupernatural, and even greater than 
the power o f  M agic? T here are an infinite number o f  other inftances to the fame 
purpofe s but let thefe fuftice to demonftrate the ufefulneis o f  the chemical 
A r t  in natural M agic. G ive me leave, however, to trefpafs upon your pa
tience a little longer, whilft I add a few more obfervations upon this fubjed. 
T h e Divine Being has created the human Species in fuch a manner, that thofe 
in particular, who are in fome meafure adult, and enjoy a p erfed  ftate of 
health, are capable o f  perceiving and underftanding the changes and properties 
o f  the things about us, that have a power o f  producing fome alteration in the 
Organs o f  our Bodies, and by this means exciting ideas in our minds. This is 
evident beyond all contradidion, let the immediate caufe o f  it be what it will. 
Now the firft time that this happens to us in our life in any extraordinary in
ftance, it generally affeds our minds in fuch a wonderful manner, that it en- 
grofles all our faculties, and often gives us an infinite deal o f  pleafure ; though 
fometimes indeed it proves too ftrong for our mortal powers, and quite overwhelms 
us. T h e llluftrious Boyle tells us a ftory o f  a man that was totally blind from 
his childhood, occaiioned by a C atarad in each eye, which afterwirds being 
happily couched by a ikilful hand^ he was ihftantly reftored to his fight. But 
what was the confequence ? W h y , the man was at firft fo vaftly tranfported 
w ith the pleafure o f feeii^, that his fenfations were raifed to fuch a degree, and 
his Nerves fo ftrongly aiieded, that he narrowly efcaped falling into a DelU 
^ium . T h ey  were forced therefore immediately to cover up his eyes, and af̂
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terwards to let in the light a little at a time, and thus accuftom him to it by 
degrees •, by which means, never any thing like it happen’d to him afterwards.

For the fame reafon, the Author o f  Nature has wifely provided, that the 
aqueous humour o f  the eyes o f  children ihould be always turbid, and fome- 
w hatopake, when they are firft born, and afterwards by degrees become pel
lucid. And in like manner the external orifice o f  the Meatus Auditorius is 
conftantly clofed up with a fort o f  callous membrane, and the paflage itfelf 
has not its proper length and curvature, by which the force o f every found 
would be vaftly increafed j by which means the child, when it comes firft in
to the world, is fecured from any inconvenience that might otherwife arife 
from the noifes about it. Afterwards, indeed, as it grows able by degrees to 
bear ftronger founds, the acouftic tube is lengthen’d, and the membrane drops 
ofi^ofits own accord. And here give me leave to obferve, haw imprudently 
thofe people aft, who fuifer the children o f  Princes and great men, co be ex
pofed to the light o f abundance o f  candles, and (hock’d with the noife o f  
cannon fired at a fmall diftance from them, as foon as ever they are born.
I f  perfons therefore o f  this rank, ihould ever be committed to any o f  your 
care, as feems promifing from your Genius’s, and indefatigable applicafionj 
be fure take care, that the tender infants are not injured in this manner; either 
by wholly forbidding ir, or at leaft advifing, that it may be put ofî  till a 
more proper opportunity. Buc to return : Y ou  know that we are afi^eded in 
a different manner by things we are ufed to, and by things that happen but 
feldom: Hence it comes to pafs, that being deceived by cuftom, we are apt 
to think we perfedly underftand the nature, and caufes o f  the former, whilft 
we look upon the latter as fomething miraculous, and are ready to believe, that 
they cannot be accounted for by the common laws o f Nature. Thofe appear
ances therefore, that fall frequently under our obfervation, tho* in reality we 
are perfedly ignorant o f  their caufes, we readily call natural; and on the other 
hand, thofe, that offer themfelves to us, in a manner quite uncommon, we 
conclude to be above the power o f  Nature. And hence, when we fee any phy- 
iical Ph(snomena, which are not produced b y  the natural Powers which we ob- 
lerve in thofe Bodies which we have chiefly to do with, but depend on the 
fingular properties o f  iome particular Bodies which we are perfedly unacquaint
ed with, there prefently arifes in us a fufpicion o f  M agic. O f  this, give me 
leave to mention the following inftance. Count Furjiemiurgt a military officer, 
coming one day into a ihop, where they were filing fome iron and brafs, and 
feeing the filings promifcuouily fcattered one among another, he fmil’d upon 
Zwinger, who was then at his work, and ask’d him in a joking manner, what 
he ihould give him to feparate the particles o f  Iron and Brafs perfedly from 
one another ? Zwinger merrily anfwer’d, he would do ic for a very fmall mat
ter;. nay, even for a  bottle o f  wine. T his being .agreed to, he took a L o a d 
ftone, and applying it to the heap, wich a fort o f  incantation, to amufe the 
Count, call’d the filings o f  Iron^ which came leaping and running to the 
Stone,, and left the Brafs intirely by itfelf. T h e County who had never feen or 
heard o f  any thing o f  this nature, tho* a wife officer, and brave foldier, imme
diately cry’d out, that it was done by the power o f  the magic A rt. See Zwin^

Treatifey 239. But laftly, and I have done, when we obferve any uncom
mon changes in the appearances o f  the Bodies about usj which depend upon
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■fome qualities o f  thofe Bodies, which nature never difcovers -of herfelf, but 
■which then only appear, when the Bodies have been properly prepared, either 
by arc or accident, we are then, too, ready to look upon fuch Phesnomenay as 
the effeéls o f  M agic; which the following example may ferve to illuftrate. 
•If you take the very cold Srilt o f  Nitre well dried, and mix it with h alf its.quan
tity o f the pureft O il o f  Vitriol, and chen puc chis mixture into a Retort, .and 
by the help o f  Fire force ic inco a dry Receiver, in form o f a  very red, vo
latile, acid, fiery Spirit, you will then have fuch a Liquor, as has never been 
produced eicher by Nature or Arc, in any other manner chan chis, which was dif- 
covtt*áby Glauber. Again, take any o f  the-choiceft ftronge-ft aromacic Vegecables 
thac grow in the hotteft Climates, boil them ftrongly in pure Wacer, and con
fine che Vapour with a proper head in fuch a manner,- that it may pais chrough 
a T in  worm every way furrounded with cold W ater, and it will be condenfed 
in form o f  W ater, ac che bottom o f which you will find a fragrant heavy 
O il, that perfedly expreifes the qualities o f the Spice from which it was di- 
•ftilled. And this Liquor coo, is the foie production o f  this pperacion. Take 
now one part o f this O il, and pour upon it in a quiec veffei, two parts o f  the 
abovementioned Spirit, and there will immediately arife a moft violent conflid 
between them, they’ll puff up, caufe a furious ebullition, and throw ouc a 
.kind o f lighcening, thac confumes every ching that is near it. Here then you 
fee z-PhcBnomenon-, the caufes o f which are implanted in thefe Bodies, buc in fuch 
a manner, chat they never difcover themfelves, except chey are firft managed 

-and prepared in che manner defcrib’d ; and confequently^ the knowledge of 
producing thefe extraordinary Motions, and Flame, depends intirely upon che 
three circumftances caken nocice o f ; nor can chey be effeded in any ocher na
tural way. Hence then we conclude, wich how little reafon we can pretend to 
iimic, and determine, che powers o f  created beings, whatever age we live in: 
'For there may always lie conceal’d in the bofom o f Nature, infinite numbers 
.o f properties o f Bodies, vaftly more wonderful than any thac have been yet 
difcover’d ; nay, and even thofe things that in one age are vulgarly known, in 
The fucceeding are frequently loft, and when in after-time they come again to 
be found out, are look’d upon and extoll’d as new and wonderful difcoveries. 
Buc we muft ..quit chis fubjed, which would carry us to a very greac length, 
were it accurately created in the manner ic deferves. 

i n  Cookery. H ow  comfortably are the neceilities o f mankind provided for, by che Art 
call’d Cookery, which preferves and prepares our Food, for che eafy fupport of 
life, and is as ferviceable to people in health, as Medicine is to thofe that arc 
fick. N ow  this, cho’ exceeding ancient, nay, poifibly coeval with mankind, 
may receive a great deal o f  aififtance from Chemiftry. T h e acid L,iquor, for 
inftance, drawn by Fire from Sea Salt, i f  it is diluted wich a proper quantity 
o f  Water, wonderfully preferves Fiih, Fleih, and other things thac eafily pu- 
trify, prevents their being corrupted, gives them an agreeable tafte, fits them 
for che eafieft digeftion, guards them againft the bad efl^eds o f  exceffive hot 
weather, and even cures the diftempers ihac this heat is ape Co produce. And 
hence it is o f infinite fervice to Sailors that are obliged co go  into chofe parts 
<3f che world, where che W acer and Fifli pucrify, Fleih ftinks, and Bacon grows 
•rancid, with che extreme heat o f  the Climace. U pon chis hta ú joh n  Rudolphus 
•Glauber, who wrote,fome Trea;ifes, De Confolatiom Navigantium, D e Fro/peri-
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tate GemaniiSy and others upon the fame kind o f  fubjefís, deferves the higheft 
commendation.- H e, in thofe informs us, how a man, without any  ̂ trouble,. 
may in a little veifel carry about wich him a Liquor, which only being made 
ufe o f  to the quantity o f  a few drops, will anfwer very valuable purpofes. There 
too he teaches us, that by proper folution, depuration, infpiifation, and prefer- 
vation from the A ir, we may prepare a Liquor from corrupted Corn, now-a- 
days called M alt, a little o f  which contains a good deal o f nourifhment; and 
farther, how this, with a mixture o f  W heat-flour, may be made into Bifcuits 
that will keep a confiderable time, and are very hearty Food. T h e illuilrious 
Boyle, in that excellent Piece, O f the Ufe of Experimental Philofophy, gives us 
an account o f  fome fimple methods, borrowed chiefly from the chemical A rt, 
by which Fleih, Fiih, and Eggs, either frelh, roafted, or boiled, may for a 
vaft while be prefervM from corruption. And it is this A rt that furniihes us 
with thofe Pickles, thac will even corre£t and prevent the progrefs o f  putrefac
tion, after it is but ju ft begun.

T he juice o f  Grapes, Apples, and almoft all fummer Fruits, i f  you boil in mafcirs,- 
and infpiifate it when it is frefh prefs’d, may be thicken’d into a durable Mafs, 
a bit o f which being again diluted with W ater, will even in winter nearly re
gain its native fweetnefs; and that, whether it is prepar’d with Sugar, or with
out it. I f  this fame Juice is prefs’d in' the time o f  vintage, and fuffer’d to fer
ment, work, and depofite its Lees, it then becomes good W in e; and here, 
upon examination we ihall find, chat in almoft every ftep, from the beginning 
to che end, we are obliged to proceed according to the rules laid down by 
our A rt: N ay, and even the faults which are apc to happen in the making,.. 
and which the W ine is liable to after ic comes to perfeftion, are chiefly pre
vented, and correded, by the helps we borrow from Chemiftry. I f  ic begins 
to fret again,, inclines to be tart, or is growing foul, it is this Science thac pre-- 
fcntly furniihes us with fuitable Remedies o r f f  you would make it into Vine
gar, this will teach you by whac means you may efíeél ic. T h e  fame A r t  too 
inftruils us how to prepare W ine from all forts o f pulpous F ru its: Grapes, all 
kinds o f  Cherries, Gooiberries, Berberries, Currants, Elderberries, Pears, A p 
ples, and the various forts o f  Plums, are all, by the management o f  the ikil- 
full Chemift, made to produce an agreeable Liquor, which truly deferves the 
name o f  W ine, and is with a little aififtance equally graceful. A nd all thefe 
now are conftantly obferved to be o f  che fame nacure and eificacy ; /or chey 
all agree in this general property, that the firft Liquid that is feparated from 
them by a gentle heat, is pregnant with Spirits, which will burn in the Fire, 
and may be diluted wich W a te r; and this Liquor, when it is perfectly redify ’d 
according to A rt, you will always find ex a d ly  the fame, from which-ever o f  
the abovemention’d Fruits it is produced. N or has happy Britain any reafon 
to repine, that in her foil Grapes won’ t ripen to thatperfeftion, as tobe fit tofup- 
ply her with W ine, fince Nature has fo liberally indulg’d her with A p p k s, ■ 
which with proper management yield a W ine, thatin the fragrance o f  its fmell, 
and gratefulnefs o f  its tafte, vies with tlie richeft o f Italy, Spain, and France,
Nor is the juice o f the Grapes in Holland rich enough tor chis purpofe j buc 
then, the^ have a way o f preparing che fame from Currants, Gooft)errie3, and. 
Eldeiberries, which is liccle inferiour to the produce o f the hotter Climates.
And laftly, from Herbs themfelves, after being prepared by boiling them with

3 a gentle



a gentle Fire, may be drawn a Spiric, tho’ in but a fmall quantity, which is 
confiderably ftrong. Now after all thefe are fkilfuJly made, is it not the Che- 
inift that teaches us to preferve them, and prevent a new fermentation by the 
afliftance o f the fumes o f  burning Sulphur, and ac the fame time to keep 
them freih, and fecure their flavour ? ’ T is  from the chemical A r t  that we 
learn how to foften W ine, when it is too rough by a fmall mixture of Salt pre
pared from che burnt Faces o f  che W ine, and how Co recover ic, when ’ cis grown 
tare by a proper addition o f Crabs-eyes, or Chalk. And ic was to the fagacicy 
o f the Chemift, that we were beholden for the difcovery o f  that abominable 
pradife which fome perfons made ufe o f  with their iharp crude Rheniih Wines, 
which was a certain management o f chem with Lead, by which they could give 
them an agreeable mellownefs, but which enervated and deftroy’d the drinkers 
o f ic with infuperable Palfies ; for which reafon it was juftly branded with a 
moft rigorous puni(hmenc.

In Brewing, jßs  ̂ and Ofivis, inftruded the countries that were deftitute o f  W ine, by 
what methods they might prepare Beer from Corn, which was very properly 
therefore called che W ine o f  Ceres i and hence Tacitus tells us, that the ancient 
Germans ufed to make W ine from corrupted Corn. N ow  this the A rt  o f  Che
miftry lays claim to in a particular manner, they both having their rife in the 
fame part o f  the world, viz. Egypt. And indeed, Bafil Valentine has elegant
ly  given us the whole dodrine o f  che fecreCs o f Alchem y, in his defcription of 
the Methods o f  making Beer, which he has examined wich all pofllble nicety 
and accuracy. But there’s no need to enlarge upon this head ; for as there is ve
ry little difference between W ine and Beer, what has been faid o f  the ufefulnefs o f 
the chemical A rt in the former, your ingenuity will eafily apply to the latter.

And thus, Gentlemen, I think I have fufliciently made appear the abundant 
fervices thac all the mechanical Arcs, or the chief o f  them at leaft, receive 
from Chemiftry. And hence, I believe, I may fafely conclude, that i f  the 
parcicular Artifts in che different branches o f  Mechanics, had a good knowledge 
o f  the chemical A rt  likewife, they would be able to improve their feveral pro- 
feflions to very great advantage. There are therefore very many and weigh
ty reafons, that urge us to apply che A rt o f  Chemiftry to all other Sciences 
that are ingaged in the examining and changing o f  natural Bodies. And chis 
we ihould do with a refoludon, carefully and faichfully co cake notice o f  every 
thing chac we may be fo happy to difcover, which we Ihould afterwards digeft 
in order, and publifti to the world ; chat thus, by the united labours o f  us all, 
human A rts may be im prov’d, and carry’d co ftill greacer and greater perfec
tion. W hac I have been able to contribute to chis valuable purpofe, I have 
given you ; I confefs, indeed, ic is buc a little : In this view, however, the 
pains I have taken, will be o f fome advantage, i f  ic ferves to incite other per
fons o f a happier genius, and greater application, to make more ufeful DiC- 
coveries.

inAichfmy. ^nd now at laft we are come to lay before you a few fimple obfervations 
concerning the excellenc ufefulnefs o f  the chemical A rt in A lch em y, where I 
ihall candidly reprefent che affair exad ly  as I have found it. A m ong all the 
W riters o f Nacural Philofophy, ic has noC yet been my fortune to meet with 
any, that have more incimacely examined, and evidencly explain’d the nature 
o f  Bodies, and the effeds they are capable o f  producing, than thofe that have
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gone by the name o f  Alchemifts. F or the confirmation o f  this, left I ihould 
be unjuftly fufpefted o f  prejudice, I beg you will read, but with a vaft deal o f  
attention, the works o f  the principal, true, profeifors o f  the alchemiftical A rt.
Give me leave upon this head, to quote Raymond Lully, in that Treatife o f  his, 
which he calls Experiments. There you will fee with what perfpicuity he 
explains the nature and aftions o f  Animals, Foifils, and Vegetables, and 
that purely from fimple experiments, without any circumlocution, difguife, 
or fiaion *, and I am fatisfied, you will candidly acknowledge, that you 
can fcarcely find thefe things treated o f  in fuch a manner any where elfe.
T he obfervations, fays that Author, that Bodies refolv*d by our A rt, ex- 
pofe to the Eyes, and difcover to the M ind, are o f  infinitely more force to 
gain the aifent, than the utmoft ftrength o f  pure A rgum ent; by thefe we per
form what we aifert, and give Examples o f  what we inculcate. A nd ic certain
ly muft be allowed, that he did as he faid : So that in reality, thefe men at
tempted to found fuch a Philofophy, as the great Lord Verulam fo earneftly 
wiih’d for ; which ihould confift in the right comprehending and explaining 
to others thofe powers o f  Bodies, which being in action, would conftantly pro
duce certain determin’d eifefts; and hence ihould lay down no other caufes 
o f  things, than what being at any time fuppofed, would certainly and readily 
efiedb thofe very things, thus always performing at pleafure whatever it alferc- 
ed the truth of. T hey laugh’d at thefubtle univerfal caufes, which the School
men, making an ill ufe o f their leifure, impofed upon the learned world ; for 
thefe were intirely the effedt o f  pure fpeculation, and the knowledge o f  them did 
not at all qualify the poifeifor for any phyfical operations. A nd hence they 
moft carefully inculcate throughout their Philofophy, that it is abfolutely im - 
poifible for the utmoft A rt o f  man to produce any effeCls in natural Bodies, 
which ihall exceed thofe powers that the divine Being has implanted in them : 
That'fom e o f  thefe qualities lie open, and manifeft to every one’s obfervati- 
on, for the neceifary ufes o f  life ; whilft others o f them are more abftrufe and 
conceal’d, and are only difcover’d to thofe perfons, who with diligence and 
conftancy wifely apply themfelves to fearch out the deeper and more hidden 
W orks of the great Creator: But that both nevertherlefs are to be regarded 
as equally natural. T hey aifert, therefore, that no perfon living, even fup
pofing him to be poifeifed o f all the wifdom o f  paft and future ages, can 
ever, with all his fkill, either create any one fingle Being, a grain o f  M uf- 
tard-feed, for inftance, out o f  nothing, or produce it from any other kind o f  
matter, that is o f  a different nature : But that prudent men, however, by 
receiving and examining created things, as they are ofiered to their obferva
tion, may, by the help o f  proper Experiments, come afterwards to difcover 
by what law Nature ad s, and what methods ihe purfues, in forming, produ
cing, and perfeding every particular Being, according to its proper and pe
culiar Nature. And here they obferve, that this is found to be the grand 
principal law, that every thing is generated from fomething o f  the fame kind 
that firft exifted. T hus Plants fpring from Plants ; Animals from Animals  ̂
and Foilils from Foifils. T hey further ailert, that the whole power o f  Gene
ration confifts in one feminal principle, which digefts and changes the crude 
matter it receives into its own likenefs, and forms it into a refemblance o f  the 
original: T h at in order, however, to a fruitful procreation, there is abfolute-
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ly  required both a Male and Female, without whofe natural conjundlion, no 
Offspring can ever be produced: Thac when che prolific Seed is fafely fecured 
in che Matrix or W om b thac nature has deiign’d for ic, and has there for a 
convenienc cimebeen cheriih’d,and fupporced wich a kindly warmth, and proper 
nouriihmenc, there will then appear a new Being refembling ics father; whereas if 
Nacure is any ways broke in upon, and difturb’d in her proceedings, her de- 
ijgns will prove abortive, and che thing that was intended will not be accom- 
pliihed. Hence they infer, that after creation is once perfeilly compleaced, 
there is nothing begotten de novo \ but that all things fpring and increafe ac
cording to certain laws, purely from the Seeds o f  fomething o f  the fame na
ture that was in being before ; that any created thing therefore, by means of 
ics Seed, may be in infinituniy _h\xi not without it ; and confequent-
]y, that the whole face o f  the Earth might be covered with one fort o f  Plant, 
as Fennel, for inftance, i f  its Seed was continually gathered, fown, and culti
vated, as its particular nature requires. T h ey remark yet again, that there are 
found in Nature fome Bodies, and thofe generally exceeding fimple ones, chat 
are not obferv’d to have any feminal power in them and hence, neither in
creafe chemfelves, or tranfmute any ocher Bodies into their Nature, but ferve, 
either to put everything in motion, as Fire •, to dilute, and be a proper vehi
cle for nouriihmenc, as W ater ; or to give ftrength and ftability to compound 
Bodies, as Earth, when it is perfeiflly pure. INow thefe things being found by 
an infinite number o f  Experiments to hold good in all other parts o f Nature,, 
they at laft difcover’d, that even Foffils were fubjedt to the fame univerfal law., 
F or tho* their natural fimplicity, and the fimilarity o f  their parts are incon- 
fiftent with the organical, compound, fabric o f  a Seed •, yet they are found 
to  be indued with a certain innate faculty, by which they can attrafb a proper 
Pabulum for their increafe, and apply it in fuch a manner, as to be hence con
tinually propagated. T h ey add farther, that the Spirits called ReSfores are 
fealed up, and do not appear in Metals fo long as they are dead ; but that 
when they are refolv’d, open’d, and vivified, chey then manifeft chemfelves, 
and produce very fudden and wonderful eifeits and that even here there is a 
kind o f  prolific union ; for they tell us, there is an impregnating M ale, and 
a fruicful Female, by whofe procreating power live Metals do propagate their 
Species. Nor have they conceal’d from us, by what methods Metals may be 
made alive, with what degree o f  Fire they muft be managed, in what propor
tion they muft be mix’d, and wich Pabulum they muft be nouriihed, in 
order to make them capable ofbeing mulciply’d as long as you pleafe. And laiily, 
they aifure us, that Metals alone, on account o f the extraordinary fimplicity of 
their Nature, may be produc’d in the leaft time imaginable from a mercurial 
heavy fluid, fix’d by a fulphureous feminal principal, if chey can buc be intimately 
m ixt by che affiftance o f  Fire, and join’d together with an indiffoluble union 
T hat thus M ercury is the M other o f Mecals, and che quickening Sun che Fa
ther : And hence, chat that may be effefted upon Metals in the twinkling of 
an Eye, if  they are firft arcfully and properly vivified, which would not have 
been brought about by a fubterraneous Fire in the Bowels o f  the Earth under 
a long Series o f years. I 'h ey  confcfs’d, indeed, that in the Vegetable, and 
Anirnal Kingdoms, the action o f  procreation is limited, and determined by 
mature within its proper time: And thatii was impoffible it lliould be otherwife,.
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confidering the exceeding tender nature o f the Seed, its compound, intricate, 
and curious ftrudure, the very various, and numerous parts o f  which ic is 
compofed, and how eafily the living fpark in the center o f  the prolific Sulphur, 
or the little Embryo, might be deftroy’d. But at the fame time they tell us., 
that in the pure Metals, Gold, Silver, and their M other, M ercury, there is fuch 
a fimilarity o f parts, that every individual particle is perfedly o f  the fame 
nature with the whole M a fs : T h at they are obferved to be fo greatly immu
table, that neither the gentleft or ftrongeft Fire is capable o f deftroying them:
T h at the prolific feminal power refides in Fire, and hence ad s with infinite ce
lerity, and in a moment aflimilates the mercurial matter that is fuitable to it:
T h a t upon this principle depends the increafe and procreation o f  pure M etals:
And that thus may be prepared the 'Philofopher*% Stone, which will convert all 
other Metals into Gold 5 on which head, i f  you defire to know my opinion, IMl 
give it you freely.

T he wife Socrates having a Book o f  Heraclitus*  ̂ given him to perufe, that 
was wrote in a very intricate and abftrufe manner, he read it over with a 
great deal o f care, and when his opinion was deiir*d concerning it, the great 
man anfwer’d, that in thofe places where he underilood ic, he found it excel
lently well done, and believed it was the fame, where he was not able to com
prehend it ; but that it required the moft fubtle penetration to come at che 
le n fe o fit. In the fame manner, where I can difcover the meaning o f  the 
Alchemifts, the truths they deliver appear very evident, and are exprefs’d in 
the moft fimple terms, nor are they often miftaken themfelves, or do they im- 
pofe upon others. W hen I come therefore to pafiages where the fenfe is more 
obfcure, why fhould I pretend to condemn them o f  being in the wrong, who 
have ihewn themfelves vaftly my fuperiours in the A rt, and from whom I have 
got a great deal o f  information, where they thought it proper to exprefs them
felves clearly ? For they themfelves declare, that when they come to treat o f  
the utmofl limits and perfedion o f  the A rt, they defignedly tell us no more 
than chat the A rt is true, in order to excite proper perfons to purfue and dif
cover i c : T h at they are obliged in honour, not to publiih a fecret that mighc 
be abufed to agreat many ill purpofes: And that it is enough, i f  they point out 
to us the trad that Nature teaches us to follow, and prevent our failing into 
errors. For this reafon therefore, I am rather apt, in thefe circumflances, to 
lay the fault on my own ignorance, than to accufe them o f  vanity. W ith  
proper deference, however, I muft take the liberty to make the following 
remark : When I read over the Secrets o f thofe excellent Artifts and great 
Mafters o f  Nature, la m  apt to doubt, whether, after they had by pure obfer
vation made fo many, and fuch fingular difcoveries, they did not arrive to fuch 

perceiving the confequences o f  things, as led them to relate 
thofe tmngs for fads, which they ju d g ’d might poffibly be, nay, and certain
ly happen, i f  they had profecuted the inquiries they had in their view.
A nd indeed, Alexander Suchthenius, a confiderable Author in A lchem y, who 
wap a fcholar o f  Paracelfus, and a zealous defender o f  his D odrine, feems to 
intimate fomething o f  this nature; for after having cry’d a great many things

us, in the end o f one o f his Treatifes o f  Antim ony, 
u J u of which he there mentions the chief, died before

they had brought their fpeculations to a proper ifTue. N ow  fuppofing tins to be
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true, which I don’ t pretend to determine, yet every grateful mind will think 
itfelf vaftly obliged to them for difcovering to us thofe phyfical truths, which 
it coft them an infinite deal o f pains to come at the knowledge of. A n d  the 
g r e a t  Lord very properly compares them to a Father, who when he
was dying, made his lazy Sons believe, that in a certain field he had hid a 
treafurej upon which, as foon as ever he was dead, they went to digging, 
in hopes o f  finding the riches, but were baulk’d in their expectations, tho’ 
the fervice they did the Land abundantly recompenc’d their trouble. Thefe 
few things concerning the kjiow ledgeof the true Alchemifts in Natural Philo
fophy, I have long deftred to make known, that they may not be mifrepre- 
fented, and condemn’d by perfons, who are no ways capable o f forming a pro
per judgment o f  their abilities. T h e  chief performances che Alchemifts pre* 
tend to are, as follow :

T h e  preparing the Philofopherh Stone \ a fmall portion o f  which.being 
thrown into Metals, whilft they are in fufion, will in a moment tranfmute 
the true mercurial part into ohryzum G old, purer and finer than was ever 
dug out o f  the Mines, or procur’d by any docimaftic Arc ; and at the fame 
time will inftantly confume and diflîpate every thing contain’d in the Metals, 
that is not o f a metallic mercurial Nature. This, they fay, is o f  the fame 
weight with G old, brittle like Glafs, o f a  very deep red Colour, and runs in 
the Fire like W ax;

T h e  making another Stone o f  the like Nature, call’d the Lapis Argentijicus  ̂
which will in the fame manner turn all Metals, exccpc Gold and Silver, into 
the moft perfect Silver.

T h e  carrying the Pbilofopher's Stone io  fuch a degree o f  perfection, that being 
caft into melted G old , ic will totally convert the Gold into the Philofopher's Stone.

And che exahing chis ftill higher, fo as co change pure M ercury incirely 
into che fame Stone.

T h ey  fay farther, that they have difcover’d a Body prepared by A rt, which 
is o f  fuch vaft efficacy, that ific  is mix’d and united with any thing, either in 
the Anim al, Vegetable, or Foffil Kingdom , it will fo far improve cheir nacu- 
ral inherenc vercue, as co render chem che moft perfeCt in their kind. In che 
human Body,, cherefore,. it would prove a univerfal Medicine, fo difpofingboth 
its Solids and Fluids, thac it would become abfolutely found, and would con
tinue fo, till it was gently confumed and worn away by the necelïary aCtions 
o f  life itfelf, and then would leave the world eafily, and without reluCtance. 
T h e  fame thing too ic would effeCl in any living Anim al 5 and if ic ihould 
infinuate itfelf inco the roots o f  Vegetables, it would greatly increafe both their 
beauty and fruitfulnefs. T o  this noble figment they gave the name o f  the 
Univerfal Ferment-.

T hey pretend likewife, to make artificial Gems, that fliall perfectly refemble, 
and be o f the fame value with natural ones.

And to exalt the bafer imperfeCt Metals into Gold, by carrying on their 
coCtion and purification from that ftep, where Nature was defective and lefc 
off. For it is their opinion, that the ultimate defign o f all Nature’ s operations 
in the Mines, is the production o f  G old from M ercury by the affiftance o f  Fire, 
and by refining and filtringic chrough pure denfe Bodies : T h a t if  Ihe is hinder
ed in her proceeding, either by. the want of Fire, che loofnefs o f the paifages
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through which it runs, or the mixture o f  any heterogeneous matter with it, 
there then arifes a crude Metal which is not perfeftly homogeneous, and hencc 
mutable by the Fire. And thus they fay are produced all Metals except G old,
Silver, and M ercury; which, neverthelefs, may be ftill fo far perfeited by A rc, 
as to be converted into Silver and Gold. T his Jaft, however, was not the 
univerfal opinion o f  the Alchemifts. And indeed, Lead, T in , Copper, and 
Iron, feem as perfe<5b in their kind, as Gold j and are always found to be pre- 
cifely o f the fame determinate nature. A nd, perhaps, the particular nature 
of Copper may render it as fit, or fitter, both for philofophical purpofes, and 
the common ufes o f  life, than either Silver, or G old, although it is lefs iim ple, 
and confequently more changeable. N or in reality is it at all probable, thac 
this Metal ihould, by any continued fubterraneous digeftion and feparation o f  
its heterogeneous parts, be ever exalted into G old, or become any thing but 
the moft perfeft C o p p er; which is likewife true of all che reft. I confefs 
indeed, that fomething o f Gold may be obtained from what we call the bafer 
Metals, if  they are kept a long time in the Fire •, but then it is not certain, 
whether this is a(5tually produced there by carrying on thofe Metals to greater 
perfedion 5 or whecher ic is only feparated from them by the force o f  the Firev 
N or can I eafily conceive how it comes co pafs, chac lead, which o f  all folid 
Bodies, comes neareft in weighc to Gold, ihould be reckoned fo much more 
diftant from ic in nature than Silver; fince all the Adepts affert with one con- 
fent, that the Demonftration from weight is o f more force than any mathema
tical one. But I have fufficiently tired both your patience, and my own,- 
upon this fubjed, and therefore to conclude. L et us never imagine thac we 
are able co determine how far che powers o f  nacure may extend. Thofe 
things are looked upon as impoffible, that ignorant people are not acquainted 
wich. T he ancienteft Philofophers gave fome hints o f  an eternal Fire, folid, 
and durable even under W ater; and were ridicul’d for their pains as a parcel 
o f  idle m en: But fince it has been difcovered by Craftius, improved by Kun- 
iely defcribed by Boyle, more clearly explained by Newentyt, and moft plainly 
o f  all treated o f  by Hoffman, the poffibility o f  the thing is actually demon- 
itrated. T h e artificial Thunder and Lightning o f  Roger Bacon were looked 
upon for a good while as fiftion, and d e c e i t b u t  they afterwards, were made 
appear by Schwartz to have too much truth in them. And che ocher things 
that 1 have mentioned in natural M agic, co perfons perfe«5lly  unacquainced 
with Experiments, will feem much more incredible than the tranfmutation o f  
L ead into Gold with regard to its mercurial part, its original form being 
firft perfedly deftroyed. There are inconveniences in being too credulous 5¿and 
fo there are in being too fcepcical. Ic is the bufinefs o f  a wife man to try’ every 
thing, and abide by that which he frrds co be crue ; nor ever to prefcribe li-r 
mits co the power o f  the omnipotent Governour o f  the univerfe, or.'the natural 
beings which he has creaced.

N ow  we are upon chis head give me leave^ before we proceed,j’uft to mencioi> 
the Apparatus, chat che greateft Mafters in the A rt  declare, co be abfolutely 
neceifary for bringing this grand Arcanum to perfeftion. And firft chey all 
agree, that Gold, M ercury, and Fire, are principally requifite. A s alfo Lead^
Iron, Antimony, and Nicre, and the nitrous fpirits drawn from ic. A -C u p el.
A. glafs.PeJiil and Morcar. A  JRetorCj Receiver, and pure W ater.. A  Fur-



nace. Bellows, filtring Papers, a glafs E g g , or Matras, and an Athanor. The 
whole charge o f  which upon computation never amounts to 20 /. Sterling, 
fetting afide the value o f  the labour.

O f the Injiruments of Chetnijlry,

H aving thus, Gentlemen, explained to you the Bodies about which Chemiftry 
is engaged, and che ends that it chiefly propofes in the changes it produces in 
them, I fuppofe o f  courfe you will be defirous to be informed by whac me
thods thefe may be broughc abouc ; which I readily comply with. A s it is 
impoflible now thac any A rt can produce effeds withouc proper inftrumencs; 
hence chefe, o f  confequence, come firft under our confideracion. A  perfon, for 
inftance, defires that I would acquaint him, what it is in W orm wood that 
gives ic its bitter tafte, and that I w'ould feparate that part from all the reft. 
N ow  here I muft know that W ater ju ft ready to boil will fetch all that is 
bitter out o f  the plant, i f  it is poured on, digefted, decanted again when it 
is impregnated, and this is repeated fo long till the laft after ftanding fome 
time comes o ff  as infipid as it was put on. T h e  Plant then w ill intirely 
have loft its bitternefs, which will all be contained in the W ater: And here 
-you fee evidenijly, that Fire, and W ater, are the Inftruments made ufe o f  in 
this Operation.

For in every A rt that inftruds us in the changing o f  Bodies, chat particular 
thing is called an Inftrument, which either has or may have given ic a cercain 
peculiar mocion, which being applied co the Body to be changed will produce 
fuch an alteration in it, as the A rt  had before determined. And thus in Che* 
m iftry we have Inftruments by which we are able to perform the adions we 
defire; and thefe we ufually reduce to fix, as the principal, with thofe Chemifts 
who have culth^ated the A rt  with the greateft accuracy ; and they are as follow. 
Fire, W ater, A ir, Earth, the Solvents which tlie Artifts call Menjlruums^ and 
the common furniture o f  the Elaboratory ; all which the Chemift ought well 
to be acquainted with, i f  he would rightly underftand the Operations, which 
are effeded by the help o f  them. O f  thefe therefore I ihall treat in che 
order I have mentioned them, beginning firft w ith Fire, as there never was, 
or can be any chemical Operation, in which Fire is not concerned ; which is 
not fo univerialiy true o f  che reft.

O f  F  I  R. E .

wonderfai . is fo great, its cffcds fo extenfive, and the manner of
juture. its a d in g  fo wonderful, that fome o f  the wifeft nations o f  old reverenced and 

worfhipped it, as the fupreme Deity. Some o f  che Chemifts coo, after they 
had difcovered ics furprizing vertue, have fufpeded ic to be an uncreated 
Being. A nd indeed, che moft famous o f  them have acknowledged ic as che 
fource o f all cheir know ledge; and hence have profefTed chemfelves Philofo
phers by Fire, nor thought they could be honoured with a nobler tide. N̂ ow 
among all che wonderful properdes of Fire, chere is none more extraordinary 
than this, that though it is the principal caufe o f  almoft all the fenfible effeds 
that continually fall under our obfervadon, yet it is icfelf o f  fo infinicely a 
fubcil nature, that it eludes the moft fagacious inquiries, nor ever comes within 
the reach o f our fenfes: and hence others have been led to be o f  opinion that 
ic ought CO be looked upon as fpirit, rather than Body. It



It is neceíTary, therefore, i f  we would keep clear o f  inift=ikes, to aél with the 
utmoft caution in our fearches after a thing whofe nature is fo hidden and my- Ĵlthcau-' 
fterious. And for this reafon we muft abfolutely difengage our felves from all tioa. 
mere fpeculations, nor give into any precarious hjpoth^u, how plauQbly foever 
contrived, unlefs we would run headlong into confufion, and uncertainties:
For if  at fetting out we lay a wrong foundation, the errors that arife hence 
will diifufe themfelves through all the branches o f natural Philofophy ■, fmce 
in all the productions o f  natural eifeCts, Fire, as I obferved before, has always 
far the greateft ihare.

When we fet abouc cherefore to inquire what Fire really is, we muft be- Not 
gin perfedly as though we knew nothing o f the matter, and muft intirely lay 
afide every notion thac we had formed o f it before. And here we muft fol
low the analytic method o f  the Geometricians, who in order to come ac the 
knowledge o f any thing, proceed as though they were ignorant o f  it, and 
that they may conftantly keep this in their eye, reprefent it always by fome 
fign that only expreifes fomething unknown, and that is then fought after.
N or do thefe religious Obfervers o f truth, in their inquiries after things they 
are not acquainted with, ever make ufe o f any other properties, than whac are 
evidently obferved in the things themfelves, or have been before clearly de
monftrated.

And I will venture to aifert, that this extraordinary circum fpedion is never OnedifficuU 
more neceifary, than in the fubjed we are at prefent engaged in : F or the 
Elements o f  Fire pervade and refide in the moft folid matter o f  Gold, as 
well as in the moft perfed Torricellian vacuum-, and are equally difperfed and 
diftributed chrough all Bodies, and every part o f fpace ; as will be evidently 
made appear hereafter. And hence it comes to pafs, that there is nothing in 
our philofophical Inquiries more difficult, than truly to diftinguiih the par
ticular adion o f Fire from that o f the other caufes that in every phyfical 
Operation concur with it j and yet the nature o f  Fire is fo vaftly different from 
theirs, that they cannot be confounded with one another without the utmoft im
propriety, and danger o f miftakes

There is yet another difficulty that puzzles the Philofophers in their fearches Afewaí̂  
after Fire as much as the former, and that is, the vaft fubtlety o f  its parti
cles, which in their finenefs not only exceed everything yet kn,own, - buc pe
netrate into the moft folid, and even the fmalleft Corpufcles that ever fall un
der our notice. And hence it comes to pafs that we find fuch very different, 
and. abfurd opinions concerning its nature, even among thofe Authors, who 
have ftudied ic with the greateft diligence, and happieft iuccefs. And the 
errors that have rifen hence, have not only infeded Chemiftry and Philofo
phy, but have alfo fpread themfelves into the medicinal A rt,.as  every Phyficiiin- 
mult acknowledge, who has carefully confidered what has been advanced con
cerning innate H eat, radical Moifture, and many other things that depend upon 
them. L et us therefore in our Inquiries on this fubjed  proceed as i f  we were 
perfedly unacquainted with it j and let this be the cafe, *till we are able to . 
come at fome certainty about ic.

Ic is impoifible, however, with our utmoft endeavours, fo to difengage our The iigna 
thoughts in this affair, as not to retain at leaft that idea o f  Fire, by which 
every perfon fays he knows whether it is prefent in any particular place, or is firft mnñh 
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abfent from it. F or it is abfolutely neceiTary that chis mark Ihould be perfeftly 
obvious to our fenfes, and thac we ihould all agree about it 5 otherwife the 
word Fire even among perfons that talk the fame language, would fignify 
nothing at all. And the fame Obfervation equally holds true o f  every thing 
elfe. I f  a perfon ihould fay, for inftance, that he knows nothing o f  the nature 
o f  Thunder ; yet ftill under this word he conceives this notion o f  it at leaft 
in his mind, that it is fomething thac produces a very exCraordinary noife in 
the A ir, and thus underftands the fame thing by this term as every body elfe 
does, nor will eafily confound it with any thing elfe. In like manner, both 
the learned and the ignorant, i f  they ufe the fame fpeech, as foon as ever 
they hear the word Fire, immediately think o f  the very fame thing. And in
deed were not this the cafe, that word would have no more effeft upon the 
perfon that heard it, than i f  it had been fpoken to an Indian, or an African. . 

Therequi- N ow  this general mark or charader muft belong fo peculiarly to Fire, thac 
fit« in thefe ^juft HOC be common to any thing elfe ; for otherwife, we ihall be con- 

ftantly at a lofs how to diftinguiih Fire from any other o f  thofe things, that 
this property might equally point out.

N or is ic lefs neceifary that this mark ihould be an individual one, and ab
folutely infeparable from Fire, fo thac wherever Fire adually exifts, this 
ihould alfo moft certainly and conftantly be prefent wich ic 5 for by this means 
alone we ihall be able to come at the knowledge o f  it, a fign being o f  no 
manner o f  fervice, i f  the thing iignify’d may neverthelefs lie concealed, and 
not be difcovered by it.

A n d  laftly, it is abfolutely requifite, that this chara«5ler ihould lie open to 
our fenfes, and eafily affed  them ; and Ihould plainly point ouc to us the de
grees in which Fire increafes, decreaies, or continues in any fpace, or Body. 
I f  thefe three properties, therefore, are found together in any charader o f  Fire, 
we may venture to make ufe o f  this for our purpofe.

The ufe of A nd then fafely relying upon this, we may cautioufly proceed to fome phy- 
ftcbafign. Experiments in order to gee a farcher infighc into the nature o f  Fire, 

which though indeed it lies out o f  the reach o f  our fenfes yet, b y  chis fign 
w ill certainly difcover its being prefent : Efpecially, i f  we fet about our In
quiries with prudence and diligence, on purpofe to examine into its hidden 
properties, when we are once undoubtedly fure o f  its prefence. A n d, then 
beiides, any accidental difcoveries that unexpedledly oner themfelves to our 
obfervation in the profecution o f  thefe Inquiries, will likewife prove o f  fervice: 
F or both thefe will ferve to furnifh us with arguments, which being properly 
reduced into order, and rightly improved, will help us by degrees to an in
fight into the nature o f  this abftrufe, and myfterious Being. And how can 
we be afraid o f  falling into miftakes, whilft we purfue this method, which is 
univerfally approved by men o f  the ibundeft judgm ent, as the only certain one 
in fearching after natural knowledge?

The diffi- acknowledged, however, that it is exceeding diificult to difcover
iuityof fuch a mark o f Fire as will always demonftrate its prefence, lec che quanticy o f it 

be ever fo fmall and that for the following reafon. Upon examination it 
evidently appears that there is an incredible quantity o f  true Fire even in thofe 
places, where every body not only judges there is none, buc imagines there is really 
ibmething o f  a quite different nature. In a hard fio ft, for inftance, ic will be

demonftrated,



demonftrated, that Fire is adtually contained in the very coldeft maffes o f  Ice, 
and may be inftantly produced from them with a great deal o f violence: And yet at 
that time ic no ways manifefts itfelf to our fenfes \ not one o f its adions appears ; 
nor a n y  o f the effeds that a r e  commonly afcribed to it. I don*t pretend, there
fore, to lay down any mark, b y  which a perfon may be fure o f the prefence 
o f  the very leaft quantity o f  Fire ; buc T il venture to offer one which will 
certainly difcover it when it is fomewhat greater ; which will be fufEcient for 
our purpofe. And as in Bodies, we have no idea o f  great, or fmall, except 
by  comparing the Bodies, either with one another, or with fome certain mea
fure: So here, though the abfolute quantity o f  Fire in a given place, cannot 
by any fign be rightly determined ; yet we are able to demonftrate how 
much there is more, or lefs o f  it there, than in any ocher place ailigned. In 
like manner ic is dilHculc co afcercain the abfolute degree o f  Fire in any 
particular point o f  time •, and yet che various degrees o f  ic at different cimes 
may be eafily compared with one another.

W hilft we are engaged now in purfuic o f  che marks abovementioned, thofe Such /ign» 
effeds firft offer themfelves to our obfervation, which are produced by the fSetffeS' 
power o f Fire alone, and by which, when they are manifeft to our fenfes, we produced by 
univerfally infer the prefence o f  Fire. Thefe therefore we may fairly make 
ufe of for the prefent. For i f  thofe phyfical changes which ^  the foie pro- 
dudion o f Fire very eafily affed our fenfes, they will ferve a $ a  certain indi
cation o f  Fire 5 and i f  thefe conftantly appear wherever Fire is generated, 
we ihall come, in reality, at the very thing we defire. N or need we here be 
over follicitous left among thefe effeds there ihould be fometimes intermixed 
others, that owe their being to fome other caufes; for when we come to con
fider them more nicely, we fhall eafily be able to diftinguiih thofe that are 
proper to Fire, from thofe that are common to ic with other Bodies. Lee us 
therefore at firft affume thofe properties only that are commonly, and univer
fally afcribed to Fire ; and afterwards proceed to examine them with care, and. 
accuracy, in order to make a proper difcovery o f  thofe among them, thac 
we are particularly in fearch after. N ow  o f  thefe the following are che prin
cipal. I .  H eat. 2. L igh t. 3. Colour. 4. Expanfion or Rarefadion, both o f  
Fluids, and Solids. 5. T he power o f  burning, melting, & c.

Thefe therefore let us confider in order. H eat then in the firft place isTheex- 
afcribed to Fire, and that with the greateft reafon, as they are moft intimate- 
ly  conneded together. A nd yet i f  we clofely contemplate this very idea o f  H eat, and lirftof 
we fhall eafily perceive chat people mean nothing more by it, than a certain 
fenfation o f the mind, excited by the application o f Fire co the fenfible parts 
o f che Body. But by this perception certainly we underftand nothing o f  the 
adion o f Fire, or the alceration that is produced in our organs o f  fenfation b y  
i t .  And hence H eat, confidered only as it exifts in the mind, whence alone ic 
receives its name, does not really fignify any thing corporeal, buc indicates 
only fome affedion, or change o f  our chinking faculcy. When any perfon is 
hot, he has a clear and diftind idea o f  whac he feels ac thac cime 5 buc yec he 
will never chence be able to obtain the leaft knowledge o f  Fire, er the changes 
that it then produces in him. L et me aik you, Gentlemen, what it is you 
feel in yourfelves, when you fay you are warm ; is ic not a perception o f  fome- 
whac agreeable? N ow  compare this with what che Phyficians are o f  opinion
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happens then in the Body; and what a prodigious difference! T h ey teil us 
thac during that rime a moft fubtil Fluid is moved in the capillary Nerves af
ter a particular manner; But is it poffible that ever fuch a notion as this fhould 
enter into any perfon’s mind purely from the fenfation o f  warmth, ihould he be 
affefted with it ever fo often? But confider again, what is the ftandard by 
which every one meafures his proper degree o f H eat ? W h y, fo long as a man 
enjoys perfed health both in body and mind, he will confefs that the kindly 
warmth he then feels, excites an agreeable fenfation in his mind. I f  this after
wards leffens by degrees, and at laft becomes imperceptible, he then fays he is 
co ld ; A s on the contrary, if it is increafed beyond that degree which affeded 
him with pleafure, he complains o f  a troublefome Heat. But there is no- 
thing in all this that will be o f  any fervice to us, as a Criterion o f  Fire. 
Befides, as in all other circumftances, fo here, the degree o f  Heat that we are 
conftantly accuftomed to, we are not feniible o f ;  and hence we are apt to look 
upon every degree o f it, that is lefs than the natural, or ufual one, as no Heat 
at all 5 which leads us continually too into miftakes: Whereas on the con
trary, thofe perfons that have for a long time been inured to cold, are thence- 
affeded in a very different manner from what others are. It is an old Obfer- 
vatiofi that fubterraneous places afford a moft refrefhing coolnefs to perfons 
melting with Heat in the fultry D og-days; and that on the other hand, when 
the Body is almoft frozen with the winter Cold, it will perceive a kindly 
warmth in the very fame places. A nd hence it has been falily inferred, thac 
thefe places under ground undergo a true Antiprijlafis, and grow  colder in 
Summer, and warmer in the W inter ; whereas we certainly know that cellars 
confiderably deep are colder in the former, and warmer in the latter: Indeed 
i f  they are funk to a very extraordinary depth, the degree of H eat continues 
always pretty nearly the fame. From  all this wre conclude then, that the in
formations we receive from Heat are very precarious and uncertain. F or your 
farther fatisfadion, however, I will mention one inftance more, o f  great con
fequence too in Phyiic, which will ftill farther confirm my affertion, that we 
can by no means determine with any certainty the quantity o f  Fire, by thac 
H eat with which our fenfes arc affeded. In the fummer time, when the H eat grows 
cxceffive, fuffocating, and intolerable to perfons in health, occafioned either by the 
reflexion, or refradion o f  the Sun from the Clouds, there follows very frequently 
Thunder and Lightning, with large fhowers o f  R ain, and fometimes o f  H a il; and 
this no fooner happens, buc the A ir  grows chill, and this very troublefome 
H eat is fiicceeded by Cold, W ith  chis fudden change we are ready to fhudder, 
and feel as though we were pierced through with a W inter’s Froft ; and yet I 
have found by repeated Obfervation, that the A ir  at thac very time, chough 
it feems lb cold, is in reality fo very warm, thac ihould the fame come upon 
usfuddenly afcera very hard froft, the Heat o f  ic would be greater than we could 
poflibly fupport ourfclves under: F or ihould a room, in the iharpeit frofty 
weather, be heated to che fame degree, as the Atm ofphere is in the month'of 
Attguji after fuch Thunder, there is no perfon living who had been abroad 
a good while in this piercing Cold, chat could bear the H eat o f  chis room, buc 
would foon faint away. From  che whole cherefore we conclude, chac H eat is a 
very uncertain meafure o f che quanticy o f  Fire, 

secowjjyof A gain , L ig h t is looked upon by judicious M en as a moft certain Demon-
ftratioa-



itration o f the prefence o f  Fire. F or, fay they, does not this oifspring o f Fire 
evidently point ouc its parent, and hence imagine, thac che ftronger, and 
brighter its rays are, the greater quantity o f  Fire is really contained in ic ; 
and that on the contrary this decreafes in the fame proportion, as the fplen- 
dour o f thac noble Being is diminiflied. This therefore chey imagine may be 
laid down as a mark o f  Fire. Buc how little, Gentlemen, are they acquainted 
with experimental knowledge that are o f  this opinion ? I f  you make any doubc 
o f  this, put a piece o f  Iron in the Fire, and let ic remain there ’ till it’s almoft 
red hot, then carry ic into the dark, and it will afford no light at all ; and 
yet if  you apply it to the body o f an animal, it will burn it to the bone, nay the 
very bones themfelves, wich a hiifing noife, and a very difagreable fm e ll; or 
i f  you lay it upon a piece o f  dry wood, you will produce both fparks and 
flame. Here, therefore, there is a vaft deal o f  Fire without the leaft ap
pearance of Light. On the other hand, take a concave Speculum made o f  
folid M etal, and exadly poliflied, and in a clear winter night oppofe ic to the 
M oon when it is at the full and upon the Meridian, th-.n place a piece o f  
white paper in the Focus, fo thac ic may receive the contradted image o f  the 
M oon, and you will have fo refulgent a L igh t, that the ftrongeft eyes will not 
be able to bear i t ;  and yet in che center o f  che Focus there will be a very 
piercing Cold. T h e  fame Experiment was performed by that famous Englijh 
Philofopher Dr. Robert Hook  ̂ (who feemed formed by nature for Experimental 
Philofophy^ with a double Convex-glafs, and the image o f  the Moon received 
upon a paper in the Focus was exceflive bright; and yet upon pucting a very 
nice Thermometer into the Focus there did noc appear the leaft fign o f  H eat, 
or Fire. T he fame thing was níitxsNzrás by 1fchirnhaujen*s glaifes at
Paris. Mem. del*Ac.Roy. desSc. 1699. p. n o .  And laftly, in the Focus o f  Fíleií*s 
Mirrour diredled to the Sun at mid-day, there is not the leaft appearance o f a 
lucid image, unlefs it falls upon an opake Body, or a perfon fiiould on a fudden 
fatally put himfelf diredlly againft ic ; and yet there is in thac very place a Fire 
fo intenfly hot, that ic is able in the leaft inftanc o f  cime to melt even ftones 
themfelves. N ow  will any one pretend that L ig h t can be a proper meafure o f  
the quanticy o f  Fire, when we evidently fee, that there may be the ftrongeft 
F'ire without any vifible L ig h t; and on the ocher hand, the moft refulgent 
L igh t wichout producing the leaft degree o f Heat?

Upon the head o f Colour now, there is lictle room to fay any thing : F or as AnáCoW 
this is either L ight itfeif, or a various reflexion o f Lighc from opake Bodies, 
ic is evident from what has been demonftrated o f  L ig h t’s being an infufficienc 
mark o f Fire, that Colours o f confequence muft be much lefs fo.

As thefe, therefore, do not anfwer our purpofe, we muft carefully examine 
the remaining efl êcts of Fire, to fee if  we cannot at laft difcover one o f  them, theV eíFecis 
which Vî ill ferve us as a certain token, and a proper meafure o f  the prefence, 
and qüantity, o f this rnoft aftive Element. But alas. Gentlemen! tiie more 
accurately one contemplates them, the readier one is almoft co defpair o f  gain
ing one’s point, they appear fo full o f contrarieties. I f  we confider, for inftance, 
its power o f  attenuating Bodies, why we fee, on the ocher hand, that a greac 
many are more clofely com pared together by it. Some are confolidated by 
this Element, whilft it has a power o f diifolving others. Many it feparates into 
difíérenfparcs, chough at che fame time it unites, and combines others more
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intimately, than can be efFefted by any thing elfe ; as we fee plainly in the 
m a k i n ^  o f  Glafs, and the mixing o f  Iron and Gold. But this fruitful argu
m e n t  w i l l  c a r r y  me to too great a length: In ihort, therefore. I’ ll venture to 
afTert, that you can fcarce mention any one effect o f  Fire, which you may ima
gine to hold good in all Bodies, but IMl fhew you a quite contrary one pro
duced in fome, by the very fame Fire. Y ou ’ ll be apt therefore to fay, does 
t h e n  this wonderful caufe produce no one effed, which is always, and every 
where the fame, perfedly infeparable from it, and conftantly invariable in 
every kind o f O b jed  ? W h y , Gentlemen, I believe there is fuch a one ; and 
by the moft faithful, and diligent inquiries I have been able to make, I never 
could difcover any more.

Theme- F or upon a careful examination o f  natural Bodies, I don’ t find any one to 
which that Being may not be applied, which we generally call common Fire, 

mark of whether folar, aruficial, or fubterraneous: But ever body, without exception, 
that has been hitherto try’d, upon its being united with this Fire, increafes 
in its magnitude, fwells, and rarefies, without any apparent alteration in its 
weight. N or does it at all fignify whether they are folid» or fluid > hard, or 
fo f t ;  light, or heavy*, for the fame law holds conftantly and univerfally true 
in all.

I f  you take two Bodies, however, o f  the fame bulk and weight, one of 
■which is folid, the other fluid, you will always obferve this difference, that 
the fluid one will fuffer a greater expanfion from the fame Fire, the folid one 
a lefs : A t  leaft, I have never found it otherwife in thofe that I have hitherto 
made trial of. Fluids, therefore, are more proper for the examination o f  Fire 
b y  this efFed, than Solids. But again, I have conftantly found, that thofe L i
quors which are lefs denfe, and light, are always the moft rarefied b y  the 
fame degree o f  H e a t; and confequently, the expanfion o f  the lighter Fluids 
will moft fenfibly affed us, and are therefore the moft fuitable to indicate to 
us the very minuteft augmentations o f  the fmalleft Fire. T h e  truth o f  this 
I  confirm by the following E xperim ent: Y ou  perceive, that this Glafs in 
m y Hand, which confifts o f  a fpherical Body, and a narrow cylindrical Neck, 
is fill’d with fair W ater as high as this mark which you obferve on the N eckj 
as foon now as I dip the bulb o f  the Glafs into the warm W ater that is con
tain’d in this open veffel, you fee immediately that the W ater in the Neck 
rifes above the firft mark, and afcends continually, fo long as it acquires a ftill 
greater and greater degree o f  H eat. A gain , i f  I take it out of this Water, 
and put it into that other which is fomewhat hotter, you perceive that it rifes 
ftill higher in the N eck o f  the Vial. And laftly, as I move it nearer and 
nearer to the Fire, you difcern that it is more and more expanded 5 and that 
it defcends again by degrees, as foon as ever I remove it farther from it. 
N ow  does it not hence very plainly appear, that the W ater is expanded by 
the Fire, fo as to take up a greater fpace when it is heated, than it did when 
it was cold, and that, without any fenfible increafe o f  its weight ? A n d  is ic 
notas evident, that thisfolid glafs Veffel is not equally dilated with the Water j. 
fince, tho’- this is heated to the fame degree, and indeed fooner than the Water, 
yet the Bulb is not now able to contain it as it did before, and therefore fome 
o f  it rifes into the N eck ? A gain , pleafe to turn your Eyes this w ay, and here 
jQ.u’ll fee bow much quicker A lco h o l o f  W ine rifes in this G lafs, when it is

immerged.



immerged in the fame hot W ater, and how fwiftly it mounts to the very top 
o f  the Neck, fo that it is ready to run out at the Mouth. Hence then, with 
me you will readily infer, that Alcohol, which is lighter than W ater, is fooner, 
and more rarefied by the fame degree o f  Heat. Thefe Experiments therefore, 
tho* they may feem plain and trifling, evidently confirm the truth o f whac I 
aiferted. And I wiih that thofe Gentlemen who have had a thorough know
ledge o f  Hydroftatics, had given us the comparative weights of all the Fluids 
we are hitherto acquainted w ith: Then, pofiibly, I might have been able to 
Jay down this as a general Rule, which the conflderation o f many o f  them 
fuggefts, viz. that the fpaces o f  expanfion from the fame degree o f  Fire, are 
to one anothtn, as the rarities o f  the expanded Bodies, or in a reciprocal pro
portion o f their denfities. Thefe that follow are found, by Experiment, to 
fucceed one another nearly in the order they are mentioned :

T h e lighteft o f  all Fluids is the Vacuum of Torricellius,
Then Boyle î.
Air.
Alcohol.
Pure diftiird Boyl. Mech. Sual. 88.
Spirit o f  Turpentine.
W ater.
Vinegar.
Aqua Fortis.
Spirit o f  Nitre..
O il o f Vitriol.
Mercury.

See the great Boyle  ̂ in his Medicin. Hydrofi.
I f  feems, therefore, as i f  the eafy expanfion o f  the lighefl: Fluids, might 

ferve as a certain mark o f  the prefence, increafe, or decreafe o f  Fire : F or this 
no ways depending upon our fenfes, which we find in thefe inquiries to be fo 
uncertain a guide, will not eafily lead us into miftakes. Befides, this will de
termine to the greateft exaClnefs its very fmalleft increments, or decrements, 
which cannot be fo nicely adjufted by any other method that I am acquainted 
with. And there is yet this ¿further advantage in it, thac it may moft expe- 
ditioufly be called into ufe in any place whatever that you have a mind to, even 
in the infide o f Bodies, as well as without them ; for it is always and every 
where equally ready for fervice. And laftly, it has this excellency in itv that 
this expanfion o f  Bodies by Fire, i f  it is efl’eCled in a Glafs hermetically fealed, 
cannot be produced by any other phyfical caufe hitherto known. W e have 
now cherefore at length difcover’d that property of Fire which we were ia 
fearch after; which may, and ought to be regarded as a true, certain, indivi
dual, and proper mark o f  Fire. T his then alone is what we ihall make ufe o f  
as we proceed in the inveftigation o f  its N atu re; and we fhall take it for grant
ed, that in every Phenomenon where we fee this rarefaCtion excited, there is 
^ere a proportionable degree o f  Fire as the caufe o f  i t ; by which means we 
ihall have an opportunity o f examining it in almoft every circumftance, and 
hence may fairly reafon about its hidden Nature, which will difcover itfe lf to 
us m every Experiment o f  this kind. N ow  in the profecution o f  thefe inqui- 
iiesj we ihall begin w-ich the moft plain Experiments, and proceed in order to

thofe



thofe that are more uncommon ; and thus lead you by degrees from the fim- 
pler, to che more abftrufe properties o f  this Element.

E x p e r i m e n t  L

Iron is in- Fire expands the hardeft Bodies in all their dimenfions fo long as it is con- 
tained in them,

«iî fions!̂ * Which I thus demonftrate. Y ou  fee thefe two iron cylindrical Rods, which 
are exactly three feet long, and pretty nearly o f  the fame thicknefs, as you per
ceive by their ju ft paifing through this iron Ring.

One o f thefe 1*11 put into the tower o f  this Athanor, in which there is a F ire ; 
and when it has been there a fufficient time to heat it, 1*11 take it out again. 
Y ou  fee now that it is almoft red hoc, and that when I apply it to the ocher Rod 
that is cold, it exceeds ic in length very confiderably fince it was put into the 
Fire.

Decreafes a- Y ou  obfervc farther, very evidently, that as it cools, it grows every mo-
ihorter: A nd now it is quite cold, it is oi the fame length 

grows coo. other ; its lengch decreafing in proportion as the cold returns, and
the Fire leaves it.

I have now again made the end o f  the fame R od red hot, and endeavour, as 
you fee, to thruft it through this Ring, but am notable: F or you are witnef- 
fes, that it is a good deal thicker now than it was when it was cold. But have 
a little patience till it is quite cold again ; and now you fee it will go  through 
the R ing : So that tho* this would not admit it when it was hot, yet it lets ic 
eafily pafs chrough now it is cold.

A method p^rfon now has a mind to meafure exadtly the difference there is be-
by which twecn the lengch o f  a piece o f  Iron, or any ocher folid Body, when it comes red 

out o f  the Fire, and when it is cool*d to any certain degree determined by the 
fured. Thermometer, he may do it in the following manner: L e t A B  and CD 

j.i.Fig.a. parallel brafs Plates, contriv’d fo to move upon the fide ones, that
their parallelifm may be always preferv*d ; and let the fide ones be divided in
to very fmall equal parts. T ak e  then the Body you defign to make your Ex
periment upon, and fit ic e x a d ly , when ic is cold, betwixt A B  and CD, 
clofe to the Plate A C . Then put ic in the Fire, and when ic is red hot, as 
nimbly as poflible place ic pretty near the fame A C , and remove A B  from 
C D , till they can contain the heated Body betwixt them ; which muft be done 
expeditioufly, that A C  may not be too much heated. Y ou  will then have 
the difference betwixt the Rod when ic is cold, and after ic is heated : Buc you 
muft take care that the Rod be made ftiarp at both ends, as you fee in the figure 
E  F , that it may heat the Places as liccle as may be. T h e  fame thing may Jike- 

fig* 3‘ wife be determined in the manner following: L e t A B  reprefenc a ftreight 
brafs Ruler, the longer che better, at whofe extremity B , let there be another 
pretty long one fixt perpendicularly, and minutely divided into equal parts, 
and let the brafs Hypothenufe A D  be made moveable at A ,  upon the plane 
A B C  : Then i f  the heated Rod is placed upon A B , ic will elevate the Ruler 
A D , and by the motion o f  this upon BC , you will have the difference you 
wanted, which will be the more remarkable, the longer you make A B , and 
BC*

J o fS en l this expanfion o f  folid Bodies b y  Fire, is fo univerfal, that I have
in all Bodies* n S V C r



never obferved it to fail in any one that I have had as yet an opportunity o f  
making trial o f :  W hich is a remark o f  confiderable confequence in our pre
fent inquiry.

T ak e care, however, you don’ t here fall into an error, by imagining this Butisdifre- 
expanfion to be equally great in all kinds o f  Bodies : For by every Experiment S  ofd^ 
that I have hitherto made, it appears that heavier Bodies fuffer a lefs, and lighter ftrent denfi- 
a greater dilatation from the fame degree o f  H eat; fo that this rule feems to hold 
true o f  all in general. But let it fufîice that I have hinted thefe things to you 5 
yo'j yourfc'Jves will eafily carry on thefe obfervations, by the help o f  the fécond 
jnilrumcnt, and examine, whether, univerfally, the dilatations o f  folidsby the fame 
degree o f Fire, are in a reciprocal proportion o f  their refpeélive denfities?
I did defign to have purfued this inquiry farther myfelf ; but the multitude o f  
my affairs, and the little time I had to fpare, would not permit it t Thofe 
things, however, which I have feen and perform’d, perfuade me to believe, that 
the r.irer Solids are always more dilated, and the denfer lefs, by the fame Heat.

But there are ftill other caufes that produce fome variety in the degrees o f  
this expanfion of Bodies, befides the difference o f  their weights ; which I came odiercacfe* 
to the knowledge o f in the following manner. I defired that induftrious and 
incomparable Artift, Daniel Gabriel Fahrenheit, to make me a couple o f  T h er
mometers, one with the denfcft o f all Fluids, M ercury, the other with the 
rareft, Alchol, which fhould be fo nicely adjufted, that the afcents o f the in
cluded Liquor in the fame degree o f  H eat, ihould be always exad ly  equal in 
both, as might appear by a fcale fix ’d on the fide. This, after a good deal 
o f intreaty, he endeavoured to do; but tho’ he had made his calculations with 
the greateft accuracy, yet upon examination I found they did not perfedly 
agree. I acquainted this honeft Gentleman, therefore, with my difappoint- 
ment, and he candidly confefs’d that there was a defed, and acknowledg’d  
frankly that he. did not then know the occafion o f it. H owever, noc being, 
fatisfied himfelf, he fet about more diligently to inquire into the caufe o f  this- 
difference; and upon a nicer examination he difcover’d, that the various forts 
o f  Glafs made in Bohemia, England, and Holland, were not expanded in the' 
fame manner by the fame degree o f H eat; but chat one fort of it was affeded 
fooner, and wich more eafe, another wich more difficulty, and in a longer 
time. And hence he found out, that his method o f  making thefe inftrumencs 
would fucceed, i f  they were both form’d o f  the fame fort o f Glafs ; but would- 
be defedive, i f  one was made o f Bohemian, and the other o f  Dutch : For it 
appeared, that that Glafs which requires a ftronger Fire tO'melt it will be lefs 
expanded, whilft thac which runs eafily in the Fire will be more dilated, if  
they are both expofed to the famedegree o f  Heat. H ow  infinitely careful there
fore ought we to be in our fearches after natural knowledge, i f  we would come 
at the truth ? H ow  frequently fhall we fall inco miftakes, i f  we are over hafty 
in laying down general rules ? H ow  vaftly preferable is that Science, which 
is form’d wich patience and deliberation upon cautious Experiments, to thac 
which is the efïed  only o f  rafh and precipitace ratiocination ?

2. T his expanfion always increafes in proportion, as a greacer quancity o f  Tiegreater 
Fire is admitted into the expanded Body ; fo chat this R od, when ic is per- ÎÎe 
fed ly  white with H eat, is longer chan it is when ic is not red, tho* it ihould t̂ eExpan- 
ilill continue exceeding h ot; and it is ihorteft o f  all, when it has laid a good

i  while



while in the moil intenfe cold. H ere, therefore, I would again recommend 
to you, the making fome Experiments upon Iron, (which o f all Metals will 
bear the ftrongeil Fire without being fufed) in order to difcover the difference 
o f  its length, when it is juft upon melting, and when it is perfectly cold in the 
coldeft feafon : For tlien you will have the adion o f  this expanfive power in its 
greateft latitude.

When Solids When once Iron is put in fufion, and becomes a fluid Mafs, it feems after- 
fion? continue o f  the fame bulk, tho’ the adion o f  the Fire upon it is in-
ihSr Lpln-creafed by the aififtance o f Bellows: And then poifibly, i f  it is not capable of 
ñon ceafes. receiving any more Fire, nor confequently, o f being farther expanded by the 

force o f  any common one: For M etils, when they once are melted, do not 
feem, as far as one can judge, to admit any more Fire, except ic is colleded by 
Bellows, a M irrour, or Burning-glafs, and by this means direded to fome par
ticular part o f  them.

All the parts 3. Hence we evidently perceive, that Fire, as it increafes from the greateil 
o f  known Cold, to the moft intenfe H eat, muft neceifarily dilate all 

iionbyFire. the parts o f  the hardeft Bodies to which it is applied, and remove them from 
their mutual contad. It appears farther too, that this extenfion, and the ra
rity o f  the Body confequent upon ic, is fuccelfively augmented, *till the whole 
Mafs, fuppofing it fufible, becomes fluid in the Fire. And hence ic follows, 
thac all the conftituent parts o f Bodies, during the application o f  thefe different 
degrees o f H ear, are continually expanded from the centre o f  their fubftance, 
as well as the whole Body itfelf.

■Even in the Thus then we fee, that the particles o f  Fire which are diftributed through 
veryhardefl. the corporcal M afs, a d  wich an equal force upon all its or corpufcles 5

nor is there any Body fo hard, or rigid, that it will not lubmic to the power of 
this Element, and may be fo chang’d through its whole fubftance by the very 
gentleft adion of it, rhat there iha’n’ t any one part o f it remain unaltered.

4. N ow  what is che expanfion o f Bodies, buc a dilatation o f  them into larger 
fpaces chan they took up before ? Hence cherefore we infer, that their compo* 
nent parts muft be conftantly in motion during this extenfion. N or does it 
Jefs evidently appear, that Fire moves all the particles o f  the hardeft Mafs, 
both external and internal, towards every point o f  its furface, and always fo 
much the more, the fiercer it is 5 till at laft, having reduced them into a 
ftate o f  fluidity, it then violently agitates, mixes, and drives them one among 
another.

Does Fire Does Fire then fo attenuate and divide fuch a Body, that thofe corpufcles 
S i t S ^  which are thus fluid, are in reality the very Elements o f  the Bodies, fo long as 
very Ele- they continue in this ftate } And is this the reafon, chac the particles o f Metals, 

when in fufion, are fo intimately mingled one among another, that ic is impof- 
fible to reduce them to the fame degree o f  finenefs by any other method? Why 
certainly, the docimaftic A rt, which is the trueft o f  all A rts, informs us, that 
i f  one grain o f Gold is m ix’d wich a hundred thoufand grains o f  the pureft Sil
ver whilft they are fufed, fo that they may be perfedly melced together, chen 
the Gold will be fo difperfed among the particles o f  Silver, that i f  you afterwards 
take the leaft bit o f  chis compound, you will find the proportion o f  the Gold 
to the Silver, as i ,  to 100,000: N or indeed, has there ever been difcover’d 
any limics to this divifion and diftribucion o f  the Gold among the Silver.

you



y o u  accurately examine, then, the efFeél o f  this Experiment, you muft readily 
allow, that the Fire, whilft it gradually a£ted upon the Gold from its greateft 
degree o f cold, fo agitated its elementary Particles, that they continually co
hered lefs and lefs, tilt at length their cohefion being perfeélly deftroy’d, they 
were feparated, and run from one another. And here. Fire, io long as it ex
erts this force upon them, is the only caufe that thefe Particles, tho’ they 
touch one another, do not coalefce ; for that being removed, they are again 
prefently united into one folid Mafs.

I confefs, indeed, that the parts o f  pure Metals, when they are put in fufion, 
retain a tendency towards a union : For I always obferve, thac Gold, Silver, taUattraa. 
and other melted Metals, immediately colled  themfelves intoa globular figure, one another» 
perfedly in the fame manner as M ercury would form itfeif into a fphere, i f  the , 
weight o f  its parts did not prevent it. T his property, however, cannot exert 
itfeif with any effed, fo long as che violence o f  the Fire is continued j which is 
pretty extraordinary.

Again, it is impoíTible to unite two pieces o f  Gold together in fuch a man- fufion alone 
ner, that they fliall regain the tenacity that’s peculiar to this M etal, unlefs £„¡4 the 
you firft divide them into their ultimate parts, by reducing them to a fluid 
ftate by Fire 5 but then, as foon as ever they are cold, they immediately reco- they are fe
ver their former dudility : And whac we have aiferted o f  Mecals, holds true p̂ aiedafun’i 
likewife in other fimple Bodies; as we fee in fix’d Salts, Glafs, and many 
others. L aftly , it appears from whac has been faid, that ic is not only pof
fible, buc really crue in fa d , that the moft fix’d and folid Body, may be fo 
continually agicaced in ics conilicuent Elements, that there íha’n’ t be any one 
Parcicle o f  che whole M afs, cho’ ever fo fmall, chat will be abfolucely ac 
reft. A ll  which obfervacions follow fo evidently, from che confideration o f  the 
aforemention’d Experiment, thac nothing can poifibly be clearer. Does chere- 
fore the influence o f  Fire reach even to the moft intimate nacure o f  Bodies? 
Surprizing Power !

5. W hy therefore ihould that Phenomenon., which is often obferv’d to hap
pen, any longer appear fo wonderful, w z. that houfes built in che ftrongeft man
ner, frequently tumble down in very hoc clear weather, and for che moft pare 
in che middle o f  che day, when there is no wind at all to affed  them ?

6. From  this property of Fire we learn yet farther, that Bodies removed The w  
into the torrid Zones, grow bigger in all their dimenfions, than they were in
a colder clim ate: That hence they will become comparatively lighter, as chey S afip̂ aftS 
contain che fame quantity o f matter under a larger furface: T h at their percuf-*^^ 
fions, of confequence, will be more feeble: T hat Galileo*  ̂ pendulums, there
fore, that are made in the frigid Zones, i f  they are remov’d into the torrid 
ones, will increafe in cheir lengch, o f  courfe, and will take up a longer time in 
performing their ofcillations; on which account clocks the beft carried thither, 
will be found to vary from the truth. T he fame things in proportion hold 
true likewife in the fame climate, according to the various viciííicudes o f  
Heat in the different feafons o f  the year.

7. T hat very ancient obfervation therefore is moft certainly juft, that Bo-The laxity 

dies are principally relax’d and weaken’d by F ire: For as thefe two words de- of Bodies, 
note that condition o f the Solids by which they are difpofed to have their
parts more eafily feparated, it evidently appears from whac has been faid o f

N  Fire,



Fire, that this is the very thing it is effeding from the firft inftant o f  its a d 
ing upon them, and that through every degree o f  its increafe it brings abouc 
this diflblufion more and more, till at length the moft folid parts retain their 
firmnefs no longer, but dilTolve, and melt away. And this is confirmed by 
the univerfal teftimony o f  all Hiftorians, who inform us, that the inhabitants 
o f  Jfiay and Ajricay who are expofed to the fcorching heat o f the Sun, have 
always been o f  a fofter and weaker make, and lefs fit for hard labour, than 
thofe o f  colder climates. And in like manner we fee, that in the moft ardent 
Fevers, our Bodies are quite diiTolv’d, and enervated. I confefs, indeed, that 
at that time too they are parch’d up with the heat, and by this means grow 
dry and more rigid: But then this is not to be attributed to the Fire, as it is 
difperfed among the Solids, but only as it diflipates the moft watery part of 
the Fluids; and in this fenfe alone is it true, that Fire ever gives ftrength to 
Bodies when once they are debilitated.

E x p e r i m e n t  IT.

Coidrê u- Cold, b y  which we univerfally mean the abfence o f  Fire, contrads the 
Sistitor hardeft Bodies in all their dimenfions, fo long as it remains in them. This I 
lefs fpace, demonftrated to you fo plainly in the latter part o f  the former Experiment, 

that it would be paying a very indifferent compliment to your underftanding, 
ihould I attempt the proof o f  it again. Y ou ’ ll give me leave, however, to 
point out to you the confequences that evidently follow from it 5 o f  which let 
this be the firft.

ofwbat I. A ll  folid Bodies are equally affeded by this adion o f  Cold 5 nor was 
land ibever. gygj obfervM any one, tho’ ever fo firm, and clofely com paded, buc might 

be ftill farther condenfed by i t ; even Diamonds themfelves, the hardeft o f all 
Bodies, not excepted.

This con- 2. T his contradion o f  Bodies is always increafed, in proportion as the cold 
SiSsVn"” augmented ; and the former expanfion, which they had in a lefler degree of 
proportion to cold, is diminiih’d ; which ought to be confider’d.
Andieffens A n d , which is pretty remarkable, this redudion o f  Bodies into fmaller fpa- 
the cavities ces, happcHS cvcn in hollow fpheres, and orbicular rings, and is direded to> 
ofiodics. ^ards the center o f the Body, or Surface. For when this Iron ring is cold, 

it will not admit this Iron cylinder, tho’ it will receive it within its cavity af
ter it is heated. This glafs fphere, with this very narrow cylindrical neck to 
it, is fill’d as you perceive wich a colour’d Liquor, as high as this mark which 
you fee on the Cylinder: I dip this now inco a Fluid, that is a good deal 
colder than the Sphere, and what is the confequence ? W h y you obferve, thac 
the L iq u o r in an inftant rifes very difcernibly higher than it was before, the’ 
afterwards, indeed, it finks down again. And the reafon o f  this is plain j for 
the external cold being immediately apply’d to the Surface o f  the immerfed 
Sphere, muft o f  courfe affed  that, before it can reach to the included Fluid j 
and hence, that being contraded into a narrower fpace, muft neceffarily expel 
fome o f that Liquor into the neck, which before it was capable o f  containing; 
But afterwards, when the cold has intimately penetrated into the Liquor it- 
felfj that is condenfed as well as the Glafs, and fo muft o f  confequence de* 
fcend again. From this Experiment then we learn very clearly, that this power 
o f  contradion exerts itfelf, i f  I  may fo exprefs myfelfj upon the very fubftance

of



o f  Bodies. In other glafs veifels made hot, and then expofed to the cold, this
coardation is much more evident. _ r

3. Again, it appears, that this contradion of Bodies into leiier Ipaces, pro- Hence Ae 
ceeds always in proportion to the cold itfelf i whence it plainly follows, th^t
fince they ftill contain the fame quantity o f matter in a leffer bulk, k  muft: in- diesuncw- 
creafe their comparative, or fpecific gravity: N or is it lefs evident, that ev e ry« ” *
Solid is then aftually leaft, when it is aifefted by_ the intenfeft cold. As there 
is, however, no aifignable Body in which there is abfoluce Cold, or no degree 
o f Fire, hence, it is impoifible to reduce any Body, an ounce o f  Gold for in
ftance, to its leaft poffible fize ; tho* the proportion o f  this condenfation from 
different degrees o f  cold may be neverthelefs difcover’d.

4. From the foie abfence ofF ire, therefore, there raifesin every folid corporeal The fub« 
Mafs a very furprizing motion, both in its internal and external parts, by which
all its Elements conftantly tend towards its center, and by this means become denfed by 
more intimately united with one another. I f  then we confider cold as a mere nltcea 
privation o f Fire, it follows, that this power, by which the Elements o f  So- wid is pror 
lids contract themfelves into a fmaller fpace, muft be look’d upon as fomething P'̂ ôBody. 
implanted in matter itfelf, whilft the force by which they are expanded, muft 
be regarded as the adtion o f Fire ; which, confequently, being external, and 
accidental, cannot exert itfelf upon Bodies, without offering them fome degree 
o f  violence. Hence, therefore, all Solids would naturally endeavour to form 
themfelves into little compaCt Mailes, and when they were reduced to the 
fmalleft ones poflible, would enjoy a moft fix ’d perfeCt quiet: W hilft on the 
contrary, they would be fo conftantly agitated by the aCtion o f  Fire, that their 
parts could never poifibly come to a fe te  o f  reft. T h e laft efteCt o f  cold, 
therefore, upon the Particles o f  Bodies, would be their moft intimate union, 
and abfolute reft: T h at o f Fire, their diflTolution, and perpetual agitation.

Does Fire and Cold, therefore, alone, affeét the very fubftance o f  Bodies, Heat and 
whilft every thing elfe reaches only their conftituent parts ? Does perfed: reft, prindpli* 
in any part o f fpace, produce the greateft degree o f  Cold ? And fhould any 
place be perfectly free from Fire, fo as not to poffefs the very leaft degree o f   ̂
it, would there o f  confequence neceifarily follow abfolute reft?

5. Hence it appears farther, that Pendulums grow ing ihorcer about the Poles The figure 
o f the Earth, will perform a greater number o f  vibrations within any given
tim ei and their appended weights being condenfed, will fuffer a lefs reflitance andCoiï 
from the A ir. And hence too does it not feem probable, that the Cold to
wards the Pole, and the Heat about the Equator, are one caufe o f  the fphe- 
roidal figure o f  the Earth ?

6. Again, Cold condenfes all folid Maffes, by reducing that very part o f  Denfityfroa 
them, which we call Body, into a leifer fpace than it took up before*, and
hence their whole matter being more clofely united, there almoft always arifes 
a ftronger cohefion o f  the Mafs in general ; which is what we call ftrength, 
and firmnefs. From the fame caufe too, che particular Particles o f  which the 
Body is compos’d, are more ftrongly compacted together, nor fuffer them
felves to be fo eafily feparated afunder, as they were in their former ftate \ 
which therefore is a fécond caufe o f  their ftability. And laftly, as far as one 
can judge, the very conftituent Elements o f  Bodies are render’d more denie 
by Cold, as well as che whole M afs; and this gives them che greateit degree
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o f  ftrength, and was what we juft now called a d in g  upon their very fubftance. 
B ut, Gentlemen, whac notion can the moft fubtle penetration form o f  ultimate 
Body ? For my own part, I confefs, all that I can conceive here is this, that 
any fingle Body, fuppofing it fimple, is compofed o f leiler Bodies perfedly like 
the greater, and thefe again in the fame manner o f  fmaller, and fo on 
beyond any limits that the mind is capable o f  fixing: T h a t there is a certain 
principle implanted in fome corpufcles by the great Creator, by which they 
are united and form’d into little Maifes, which it is not poflible for any natu
ral, or artificial Power, to feparate afunder ; and which o f  confequence re
main always che fame, notwithftanding all the violence that can be exerted upon 
them: A n i  laftly, that thefe may be concreted with one another, and by their 
reciprocal attradion, produce fo firm a union, as will be very feldom deftroy’d, 
and then only by fome few particular caufes, which will be able to effed no
thing more upon them, than barely dividing them afunder, and reducing them, 
again to their original ftate \ for then they will be perfedly immutable as they 
were before. Thefe few fimple things, are all, that upon che moft intent in
quiry into the powers and operations o f  Nature, I have been able to come to the 
knowledge of. Hence we underftand whac were the Atom s o f  Democritus  ̂
che Monads o f  fome Philofophers, the Hylarchic Principles o f  others, and che 
laft Principles o f  Bodies o f  almoft all Philofophers in general. A re  thofe Par
ticles therefore fo folid, that they won’ t admit even Fire itfe if within them? 
A n d  hence are they neither dilatable by any natural power, or reducible into a 
leffer fpace ? And o f  confequence, does condenfation and rarefadion affed  on* 
ly  che corpufcles which are compounded o f  thefe Elements, and not the very 
Elements chemfelves? Be this as it will, chis is certain, that both the Philofo
phers and Phyficians have conftantly obferved, that all Solids in the Animal, 
"V^egetable, and Foflil Kingdom , are ftrengthen’d by cold, and the condenfa
tion that arifes from it.

ADuumvi- 7* T h e alternate viciffitudes o f  H eat and Cold feem coproduce a continuaf
TtAz and Vi- motion and agitation in all the Bodies in the univerfe, and in all their Particles, 

as often as they fucceed one another, inafmuch as the adions o f  each o f  them
Cold. muft neceffarily bring about the effeds already mention’d.
Always and 8. Now thefe feldom continue to a d  long upon Bodies in the fame degree,.

perpetually changing, and when one begins to grow  exceffive, it is 
generally foon cemper’d b y  che fuccefilon o f  che other, whofe effeds are quire 
contrary to the former. F or i f  we diligently examine into the order ofNature, 
w e ihall find nothing more cautioufly provided againft, than that the fame de
gree o f  Cold or H eat ihould reign for any confiderable time. Is not the Earth, 
for inftance, difpofed in fuch a manner, wich regard co the Sun, that atone 
time it may receive its rays in a more oblique diredion, at others in a more 
perpendicular one, nor fliould ever remain for the leaft fpace o f  time in the 
lame afped ? by which means, this perpetual change o f  Heat in the different 
feafons o f  the year, brings about very different effeds. N or is there a lefs 
variation produc’d in H eat and Cold by the alcernate fuccefilon o f day and 
night V for hence it comes to pafs, that they feldom continue in the fame de
gree, for fo fmall a time as the fpace o f  an hour : N or are the Meteors weob- 
ibrve in the A ir, a lefs evident proof o f  this m utability,. T h e  Sun again, has 
no fooner parch’d up the Earth with its fcorching Hea.Cs. and fill’d the Atmo-
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fphere with vapours anS exhalations, but there very foon follow Clouds, Thun
der, Lightning, H ail, and Rain, fo that inftead o f  that exceffive H eat, there 
prefently arifes a very coniiderable Cold. From  theie confidcrations then, I 
can*t but infer, that in every folid Body that exifts in our W orld, there is a con- 
ilant periftaltic or ofcillatory motion o f  all the particles that enter into its

compofition. t ^
9. It appears evident, now, that this reciprocal fucceffion o f  Heat and Cold of great ufe 

induces very different and more powerful alterations in Bodies, than either o f
them would do were they continued any confiderable time in the fame degree.
By the fame H eat, for inftance, ad in g  upon them a long while, Plants and A - 
nimals are rendered dry, and the remainder becomes more durable^ and a con- 
ftant Froft effeds the fame: Whereas i f  thefe very frequently fucceed one an
other, there follows an intimate folution o f  bodies, which are hereby difpofed to 
become volátil, and are in a great meafure diflipated into the A ir. But there would 
be no end, ftjould I only hint at the effeds that are hence produced.

10. For this reafon the wife Author of Nature feems to have ordained that Putting 
fuch a viciffitude o f  things ihould be fixed, and unalterable 5 thac thus the intô r̂ tion 
whole univerfe might remain in a perpetual motion, not only in the l a r g e r  even to its 
Bodies that compofe it, but alfo in their moft intimate and ultimate particles,
thac by this means the prodadion, increafe, ftate, decreafe, and diffolution o f  
every thing might be brought about by the fame law.

11. But who, now, will pretend to determine the ultimate limits o f  Cold ?
O r where is that fo intenfe, that it cannot be increafed ? There, youMI be apt to be detei- 
to fay, where there is no Fire. T ru e ; but ic is impoffible for us to find any 
fuch place ; nor can the fubtleft Artift' wich all his ikill ever perfedly extrad  
Fire out of any Body, or any part o f  fpace. Upon this head, therefore, we 
need not trouble ourfelves with any farther Inquiries. M ay the ultimate de
gree o f  H eat, therefore, be more eafily difcovered? Nothing lefs i for we are 
here as much at a lofs to find out the greateft quantity o f  Fire that may be 
contained in any given fpace, as we were before to affign any place that is abfo- 
lutely free from it. The violence o f  that Fire which we fee colleded in the Focus 
o f  a large concave Mirrour, or a convex Burning-glafs is apt to ftrike us with 
aftoniihment: Buc who knows how prodigioufly this power might be increafed, 
i f  the concave furface o f the Speculum was vaftly greater, and o f a conoidal, or 
parabolical figure? O r if  it could be made o f  a fubftance perfedly folid with
ouc the leaft Pore in it? O r laftly could ic be formed o f  fome matter o f fuch a 
nature, that it would refled the rays exad ly  in the fame manner as they f e l l . 
upon it?

12.. ’T is fufficient, however, for our purpofe, i f  we can determine the dif- The degrw* 
ferent degrees which happen commonly here upon our Earth. And it is very 
eafy now to inform ourfelves, what alterations happen inthe increafe or de- 
creafe o f  H eat, and when it continues the fame, by what has been already de
livered : For here (as our fureft guide) we have principally to regard the dilatation 
or contradion o f Bodies, which by proper inftruments m aybe readily afcertained 
•without difficulty.

while it muft be confeffed, that it is both an ingenious And exañíy- 
and diincult w ork to determine the quantity o f  Fire in any given place, fo as 
to be able to exprefs the proportion o f it in numbers to any other known Fire.
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It is eafy enough, it’s true, to perceive whether it is increafed, or not ; but 
to difcover the degree o f this augmentation, is vailly  more difficulr. It will 
appear, however, prefently, that even this, hard as it is, is not impoifible, 
but may be attained to by human induilry. A ll thefe things now, feem fo 
evidently to flow from our firil and fécond Obfervation concerning the nature 
and prefence o f  Fire, that I think they may be fairly taken for granted, nor 
will they be o f  fmall fervice to us in our chemical Inquiries.

E x p e r i m e n t  III.

Common A ir, is every way expanded by the leail increafe o f  Fire in its 
whole bu lk , and in all its parts.

T h is the Philofophers were long ago acquainted with j tho* the illuilrious Boylt 
principally fee abouc the proof o f  ic: Upon this head therefore we need not 
detain you.

The Air- truth o f  this was fufficiently demonilrated form erly by the Thermome-
Thermo- tcr invented by Cornelius Drehbelius o f  Alcmar\ for this purely by the affiilance 
SÏÏL/L. rarfefied, or condenfed A ir, very evidently repels liquors from it, or at- 

traéis them to ic. Y ou  fee, for inftance, by only breathing upon this Sphere,
I make the coloured fluid in the neck to fill lower : But as foon as 
o ff it begins again to afcend : And upon the approach o f  a warm hand co
wards ic, you perceive che fame effefl is initancly produced. N ow  chefe In- 

improved. itruments may be rendered fo fenfible of the very leaft degree o f  H eat, that 
by the help o f  them you may plainly difcern the perpetual Syftole, and Di- 
aftole o f  the A ir, which is never obferved to be at reft. T h e  conftruflion is 
as follows. Lec your veifel that is to contain the A ir  be made o f  thin and 
very clear glafs, and formed o f  two Segments o f  a Sphere joined together, and 

Plat. II . fo contrived that the two great oppofice Segmencs A B , C D , may be pretty 
near one another : And here the larger the veifel is, and the lefs fpherical che 

Fig. II. Figure, i f  the A ir  can but be eafily contained in it, and freely pafs in and 
ouc, the fitter it will be to demonilrace thefe minute differences. T o  this 
veifel then let there be conne<5led a {lender pipe E F , open at F , and as nar
row as it can be made, without hindering the free paifage o f  the A ir  wich 
all its force. I f  this Inftrumenc, now, being full o f  common A ir, as ic will 
be o f  courfe if  it is expofed to ic, has its lower orifice F  immerfed in a veifel 
filled with water deeply tinged ; and you then genily heat the glafs ABCD , 
you will prefently obferve bubbles o f  A ir  pafs out o f  E F , by the mouth 
F , which will continue to do fo, as long as you keep the Fire near the glafs. 
W hen, therefore, you have forced ouc -a fufficient quanticy o f A ir , which 
muft be buc a few lictle bubbles, remove che H eat, and che coloured liquor 
will immediately afcend into the neck ; and if  you have taken care that too 
much A ir  was noc expelled, ic will gee no higher than about the middle of 
the pipe E F  ; and then you will have the pleafure o f  obferving the perpertual 
rifings and fallings o f  the liquor in the neck, at the fmalleft changes o f Heat, 
and Cold. And this will be always the more evident the thinner the glafs is, the 
larger the veifel A B C D  is in rcfped o f  the Cavity o f the pipe E F , and che nearer 
the Segmencs A B , C D , are made to approach to one another ; as is ealiiy 
demonftrated by H ydraulics. Y ou  readily apprehend, now, why I prefer 
the Segments A B , C D  to a Sphere in this Inftrument, and wliy I  would have
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them but at a fmall diftance : For you fee plainly that by this means the furface 
o f the included A ir  being much increafed, either H eat, or Cold will be more 
readily communicated quite through ir. But that che truth o f this may ap
pear evidently to you all, fee here I take this cheniical glafs with a large 
belly, and very (lender neck ; which being now full o f  the common A ir, we 
breath at chis time, J. thus invert, and immerge into this W ater. You obferve 
now, that as I bring the Fire near the glafs, the included A ir  runs out o f  the 
neck in bubbles through the Water. Y ou  conceive therefore, that there is lefs 
A ir  at prefent in the veifel than there was before, and that in proportion to the 
quantity o f  bubbles chat were forced out. PlI now remove the F ire: and you 
fee how inftantly the W ater afcends into the ncck \ and perceive firther, that as 
I bring the Fire nearer, and remove it by turns, how the W ater alternately 
rifes, and falls, fo that it fcarcely remains a moment at reft.

C  o R  o L .  X.

This expanfion o f  A ir  by Fire extends to a prodigious fpace, nor can eafily Firebreaji- 
be determined by any Experiments. F or a proof o f  this, heat a hollow fphe- *̂ ®̂pand3 
rical glafs in a glafs-houfe furnace till it is ju ft ready to melt, then hermecically 
feal ic there, and afterwards carefully cool it by degrees, and you will find that 
even then it is not perfedly void o f  A ir : F or i f  you fink it under W acer, and 
there break off the end o f the neck, the W ater indeed will ruih in with great 
violence, but itiii there will always remain a fpace at top full o f A ir , which 
is able to fuftain the whole weight o f  the Atmofphere.

Hence, therefore, we evidently learn, that though the intenfe Fire o f  the But does not 
furnace rarefied the A ir  to a prodigious degree, yet it was not able totally to 
expel it. Ic is probable indeed, that a greacer degree o f Heac would ftill have ' 
rendered it more rare ; but it is equally probable chat it can never be expanded 
in and that therefore, there will always remain fome A ir  in the very
ftrongeft Fire. From fome Obfervations made on this head the famous Ties 
Amenions has ingenioufly inferred that the fpace into which A ir is dilated by the 
degree o f Heac neceifary to make W ater boil, is a third part greater than that 
which ic took up before. I am aware o f  a plaufible objedion, that may be 
made u>-the inference drawn from the laft Experiment, and that is, that the 
A ir which thbs colleds itfeif at the upper part o f  the glafs, when it is immerfed 
in the Water, does in reality proceed from the W ater, whilft it is forced into 
the neck by the preffure o f  the Atm ofphere: For as this repletion is lucceffive, 
the firft portion o f W ater that enters, is in reality, in a more perfed vacuum than 
that o f  Boyle ; and confequently the A ir  which is mixed with that W ater, 
will endeavour to difengage itfeif, will ruih into this vacuum  ̂ co lled  itfeif there, 
and thus hinder the perfed repletion o f the veflel. T o  this I anfwer, I will 
allow you indeed that fome A ir  may have come into the glafs, in the manner 
you mention, but then it muft be wich chis limitation ; that all the A ir chat 
thus extricates itfeif out o f the W ater inco the empty glafs, will be always 
again abforbed by that W ater from whence it came, and then the whole cavity 
will be perfedly filled with W ater ; for this the accurate Mariot has happily 
dîfcovered, and I fhall evidently make appear when I come to treat profeifedly 
o f  A ir; Since therefore (in this cafe) the A ir will noc be abforbed, and the Sphere 
be filled, it is plain that the fpace that will not admit the W ater, does really
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contain a portion o f true A ir, which the force o f  the Fire dilated indeed, but 
was noc able perfediy to expel j which was what I aíTerted.

C o  R  o L .  2 .

Thedif- I f  we confider now the dilatation which was before demonftrated in Iron, 
fmall is that, even in a Fire fo fttong as to heat it red hot? How 

expanfionof great on the other hand do we obferve the expanfion of Air from a fmall degree 
âltof’/oa. iound indeed that Iron is capable of being prefently extended by

° a very gentle Fire •, but then, this was not to be oilcovcired without the aíTi. 
ftance o f an Inftrument; whereas the'difference or t!ie rarefadion o f  A ir  by 
the fame Fire, is vaftly remarkable. N o Body thar we are acquainted with is 
more eafily affeded by Fire than A ir ; nor any one put into fufion with more 
difficulty than Iron, or which is the fame th in g, diftended to its greateft 
dimenftons.

C  o R o t,. 3.
rHie expan- Hcnce wc may have the pleafure o f  determining the leaft increafe o f  the 
fionof Air Heat o f  A ir  almoft to any given meafure, that can here be o f  fervice: For 

we have nothing to do, but to make the fpherical Segments in the Inftrument 
above defc '̂ibed very large in proportion to the capacity o f the pipe, and to 
make this very lo n g ; for then, the leaft difference o f H eat will be very fenfibly 
difcerned in the pipe.

C  0  R  O L .  4 .

Thegmteft But whereas the greateft natural Heat o f  the A ir, even in the moft fultry 
Sfthe A¡r  ̂ Dog-days, is rarely obferved to come up to the 90th degree in f  Fahrenheit^ 
fseePiate Thermometer, hence we know exad ly  the limits o f  that H eat, which it will 
v.andvi. found hardly ever to exceed. A l l  its natural variation therefore in this re- 

fp ed  will confift in its decreafe below this degree. Hence therefore the ufe of 
the Drebhelian Thermometer is very eafy, and very ferviceable. But then you 
muft take care to have always a Barometer near it, in order to meafure the dif
ferent weights of the Atm ofphere at the fame time j for that muft likewife 
enter into the confideration. By this means, then, and with very little trouble, 
you will be able to obferve the fmalleft increafes of the leaft degree ofH eat.

C  o R o L. 5.

-Air «never I f  we confider, therefore, the very eafy dilatability, and contradility o f  Air 
•ztteñ. jjy ygj-y leaft augm^entations, or diminutions ot Fire, and at the fame time 

remember that thefe are in a conftant viciiTitude ; does it not evidencly appear 
that this A ir  can never be at reft, but muft fuffer a perpetual agitation in all 
its parts, by which even its very ultimate particles muft be kept in a conftant 
ofcillation? And this will hold as true in what we call the open A ir , which is 
only kept within its bounds by the weight o f  the incumbent Atmofphere, as 
it does in that A ir  which is perfedly confined in a clofe vefiTel.

E x  P E R I M E N T  IV.

A ir , by the leaft dccreafe o f H eat, is every way contraded, b;>!:h in its whole 
bulk, and in all its parts,
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This was evident in all the inftances we gave under the third Experim ent; 
for this contradion was always obferv’d to follow, in proportion as the Fire 

was removed.

C O R O L .  I .

T h e fpaces, into which A ir  is thus reduced, grow conflantly lefs and lefs, fo 
long as the Heat decreafes ; and confequently, there is no fuch thing as deter
mining the leaft poffible fpace that any quantity o f A ir  may be contraded into, as 
it is impoifible to free it abfolutely from Fire i as has been already taken notice 
of. In the glafs Thermometers o f Drehbelius, expofed to a fucceifively increaf- 
ing Cold, this obfervation appears very evident,

C O R O L .  2.

T he greateft contradion that is obferved in any other Body from the mofl: 
intenfe cold, is lefs than the condenfation that the A ir  fuffers from the very 
leaft decreafe o f  Heat or Fire, that our fenfes are capable o f  difcerning by any 
other method. A nd hence for this reafon, likewife, the A ir  is the fitceil o f  any 
thing to difcover to us the quantity o f Fire.

C o  R  O L .  3.

Again, any diminution of Heat or Fire, or the leaft augmentation o f  Cold, 
may be rendered vifible, and adjufted to any aífigned meafure ; F or this is 
the converfe only o f  che third Corollary o f  the third Experiment.

C o R O L .  4 .

T h e ufe therefore o f this Air-Therm om eter, will be fo much the more ex- An inquiry 
cellent, and eafy, as the greateft degree o f artificial Cold, and the intenfeft na- 
tural Cold o f  the W inter Seafon, have been very nicely determined by O b- grMofcSd. 
fcrvation.

In the moft fevere Cold in the year 1709, the liquor in Fahrenheit's Ther- Firftnaturai, 
mometer was obferved, in Iceland, as low as the firft num ber; and I m yfelf faw 
it one morning this year in our Univerfity garden almoft down to number 5.

As for the contrivances that have hitherto been invented to excite artificial Then arti- 
Cold, no body has yet been able by the help o f  them to produce a freezing 
Cold in Summer, till there firft appeared a conglaciation o f  W ater, either in 
form o f Snow, íce, H ail, orH oar-froft: F or though fome perfons have come 
pretty near it 5 yet ic would never fucceed, *tili the feafon was grown confi- 
derably C old, and inclining towards the freezing point, and thus rendered the 
W ater cold, and fit for the purpofe. T here have indeed been a great many, 
and very laborious Experiments made ufe of, in order to produce the greateft pof
fible artificial Cold. And ic has long ago appeared by chemical Obfervations, 
that Salts, the very inftanc they are difiolved in W ater, will excite a greater 
degree o f  Cold, than was in eicher o f chem before the mixture. Now the prin
cipal o f thefe for this purpofe, is the common pureft Sal-Ammoniac \ with which 
Í made the following Experiment. I took four ounces o f  this Salt, and reduced 
it to a fine dry powder, and let it ftand all night in a clean dry glafs flopped 
very clofe with a cork. In this condition I put the glafs with the included Salt» 
which was fo fecured thac no moifture could poifibly come at it, into fome fair
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W ater that had flood a whole night expofed to the open A ir *, and by this 
means I brought the Sale, W ater, and Glafs exaftly  to the fame degree of 
Cold. In the morning, then, I placed one o f  Fahrenheit^ Thermometers in 
this Water, till the Cold o f  it had fixed the included liquor at the degree 
above O  ; and then at once I threw the four ounces o f  the SaUAmmoniac^ into twelve 
ounces o f this W ater contained in a cylindrical glafs, and with a ftick I briíkly 
itirred them about, and mixed them together ; upon which the liquor in the Ther
mometer immediately fell from the firft degree 53, to the degree 25 ; the fame in 
the A ir  open ftanding at the fame time at 5 1. Hence, therefore, itevidendy 
appears, that. Sal-Ammoniac m ixt with W ater in a fubtriple proportion, will 
generate 28 degrees o f  Cold in this Thermometer,

Artificial And o f confequence, a Cold that will produce Ice may always be excited by 
Cold for  ̂ A rt, when the Heat o f  the A ir  don't make the Thermometer rife above the 
pr̂ uaag o jg obfetvcd, that as foon as ever the temper o f  the external

A ir  reduces the liquor in the Thermometer to the degree 32, then W ater, too 
being equally cold begins to form itfeif into Ice. T h e  colder therefore the Air 
grows from the degree 60 towards the degree 32, che more will the artificial Cold 
produced by this method exceed that which is neceifary to turn W ater into Ice.

When the Coldnefs o f  W ater therefore is about the degree 32, this mixture 
greaterde- will excicc a Cold, which wül link the Thermometer almoft as low as the de- 

gree 4. But now if  we take fome W ater in a large veifel, and by this fo- 
lution make it zS degrees colder than ic was before *, and then place another 
fmaller glafs full o f  W ater in this cold Lixivium, and by this means give this 
fécond W ater as great a degree o f Cold, as this Lixivium, which will remain cold 
a good while, can communicate to i t ;  we may then, by mixing freíh Sal-Am-- 
noniac with the W ater in this fécond glafs, whilft it ftands in the firft Lixivium  ̂
quickly produce even in the hotteft weather a greater degree o f  Cold than was 
ever obferved in our Country. And yet again, i f  we take the Ice that we may 
procure by this contrivance, and mix thac with new cold Sal-Ammoniac, the 
Cold  thus generated will be ftill more intenfe : So that by this method, we 
m ay, in the middle o f  Summer, prefently excite a iharper Cold than that o f the 
fgvereft Winter.

Tiicfreez- Give me leavc, however, to  mention one caution, that may here be o f  fcr- 
ing point not vicc to prevent your falling into miftakes, which is, that it is not fo eafy to 
fwvawï' determine that temper o f  the A ir , which is juft neceifary to the produélion 

o f  Ice, as one may at firft imagine. For H eat, and Cold, when they are once 
communicated to Bodies 5 remain in them a confiderable while before they kave 
them : And the denfer they are, the longer will they retain the Heat impreffed 
upon them ; as will be demoiaftrated in its proper place. A nd hence it comes 
to pafs, that though the A ir is cold enough to reduce the liquor in the Ther
mometer to the degree 32, yet there will not immediately be Ice upon the 
W ater ; for this being more than 800 times denfer than common A ir, will 
continue warm from the former H eat a confiderable time after the A ir  has been 
affeded with a new degree o f  Cold. I f  any perfon, therefore, defires nicely to 
inform himfelf in what temperature o f  che A ir  W ater will begin to freeze, let 
him make ufe o f the following method. Firft fufpend your Thermometer in 
the free open A ir j  for I have obferved, thac if you hang ic againft a wall, or 
any other Body, the W arm th chat is in them will have fome e ffed  upon it 
- '  ’  ........................ When.



When you have in this manner exactly difcovered the Heat o f  the Atmofphere 
by your Thermometer, expofe a fmall quantity o f W ater to the A ir  in fuch a 
manner that the furface o f ic thac is contiguous with the A ir  may be as large 
as pofllble; which is beft effeded by dipping a fine clean cloth in fair W ater, 
and then hanging it open in the A ir, and keeping it there fome time. By this 
means, that upon the firft freezing Cold, the cloth will grow ftiff, and thus ihew 
that the W ater at that time begins to be hardened into Ice. And by this 
method, I have obferved thac W ater will begin to freeze, if it is as Cold as 
the A ir  is when the Thermometer is almoft at the degree 33 ; though it wilt 
noc do fo, i f  ic is kepc fomething warmer than the A ir, by any Body that is 
near it, or by the largenefs o f ics own bulk.

And hence it comes to pafs that H oar-Froft, which is nothing but a moif- 
ture congealed on the broad furfaces o f  thin Bodies, as Grafs, Leaves, and the it.”*" 
fine afperities o f  the ground, appears a good while before we fee any Ice. And in 
the fame manner as W inter comeson, this white Froft appears on bridges that are 
fufpended in the A ir , before there is the leaft fign o f  Ice in the Streets, or on the 
W ater. But who don’t plainly fee that this is occafioned by the arch’s not being 
contiguous to any thing elfe, and o f  confequence being every way expofed to the 
Cold o f the ambient A ir? And for the fame reafon it thaws there as fuddenly.
Whereas Bodies thac are thicker, retain their former Heat longer ; for as they can 
only receive the imprefilon of che Cold by their furface thac is in contad wich 
the A ir, they hence muft propagate ic gradually through their fubftance 
cowards cheir Center o f gravity ; and by this means they fucceffively acquire a 
greacer and greater degree o f Cold, till they have been fo long expofed to the 
A ir  as to be equally affeded by it quke through. And here, how much time 
is neceilary for this purpofe it is not eafy to determine.

From what has been faid, therefore, upon chis head ic appears, that the l i 
mits o f the moft intenfe natural Cold chac has been obferved, have been found 
CO defcend co O  in che Thermomecer; whereas Arc, by diffolving Saks in the 
vcoldeft W ater, could never reach below the degree 4, or 3.

T he indefatigable induftry, however, o f the ingenious Fahrenheit has difco- Prod«£iion 
vered fomewhac yec farther in this affair, which before feemed quite incredible, furpn#- 
and which I chink well worth relating inthe fime manner as it was communicated 
to me by che Author himf<ilf, to whom all lovers o f  nacural knowledge will 
be ready to make proper acknowlegemencs tor tliis furprizing Experiment.

T h e  levericy o f che Wincer o f chis year 1729, gave him an opportunity o f  T h e  great 

making fome Experiments for the produdion o f  artificial C o ld ; and amon»
1 n  ■ r- 1  ‘ i -  ' i  1 .  M .  ta o r in - -

the reft, u fortunacely came mco his mmd co cry whac would be che effed o f  
pouring Spiric o f  Nitre upon Ice, che Spiric being fo ftrong, thac its weighc,
CO chac o f pure Wacer, was as 1409 co l o o o ,  when che Heac o f both was 48 
degrees. H e took, therefore, fome Ice, and pounding ic very fmall, poured 
upon ic two ounces o f this Spiric o f Nitre ; by which means there was inftancly 
produced fuch a Cold, chac the Thermometer being prefently immerfed in 
this mixcure, the liquor fubfided more than 4  degrees below O. This unex- 
peded and very furprizing event railed the curiofity of this excellent A rtift, who 
could not reft till he had made fome farther difcoveries. H e contrived, there
fore, a Thermometer with Quickfilver fenfible o f  the very leaft alteration o f  
Hear, which he very nicely divided into parts thac might be eafily difcerned,
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and conilruded in fuch a manner, thacO  in che cylindrical neck fiionld be 76 
degrees above the bulb o f  the glafs. T h e  Spirit o f  N itre, then, abovemen
tioned being reduced to the fame Coldnefs as the A ir  which was at thac time 
16 degrees, he poured feven ounces o f it upon fome Ice finely pounded; and 
the Thermometer immediately fell 30 degrees, viz. from 16 degrees above O, 
to 14 degrees below it. T h e  M ercury in the Thermometer being then at reft, 
he poured off the fluid part, and to the remainder o f  che Ice which was noc 
diifolved, and was now fo very cold, he put freih Spirit o f  Nitre ; upon* 
which the Thermometer funk to 29 degrees below O . H e had then no more 
Spirit by him, and therefore could not at thac time profecute this experiment 
any farther.

H e poured, therefore. Spirit o f  Sea Salt that was 17 degrees cold upon fome Ice 
beaten very fm all; and the Thermometer funk in an initant to the degree 8 below O. 
Then decanting the liquor, he mixed freih Spirit wich the remainder of the Ice 
that was reduced to this degree o f  C o ld ; and the M ercury fubfided to the de
gree i4 4 b eIo w O . Being pleafed, therefore, with the agreablefuccefs o f  thefe E x 
periments, che curious Author was refolved to carry them ilill farther, and there
fore provided fome o f the fame Spirit o f  Nicre. But the temper o f  the Air- being' 
then fo altered that it thawed, he was forced to contrive a method to preferve an̂  
artificial Cold after he had produced it ;  which he did in the following manner. 
H e got three veifels made o f  very thin plates o f  Iron, o f a cylindrical figure,, 
and almoil 6 i- inches wide. In thefe he placed three cylindrical glaffes o f  3 
inches diameter ; fo that the diflance betwixt thefe and the lides o f  iron 
veifels was inch and a 4- > nor did the boccomsof che glaifes come nearer the bot
toms o f the ocher veifels than by the fame diilance. Thefe fpaces, then, be
tween the two veifels he exadlly filled up with cotton, that the Cold might be 
retained the longer, nor might be too foon affeded by the W arm th o f  the 
A ir, when once ic was produced. Thefe three veifels, then, being thus pre
pared, the glafies were filled with pounded Ice, and in them were placed three 
glafs Tubes o f  o f  an Inch diameter, filled with Spirit o f Nicre, which was- 
at that time 32 degrees warm ; and the W ater that ran from the beaten Ice 
was carefully poured off. T his being done, fome Spiric was put upon the Ice, 
and when che Thermometer applied to it would fall no lower, the fiuid pare was 
poured off from the remaining refrigerated Ice, and at the i^me time the Spi
ric o f  Nicre, that was reduced to the fame degree o f Cold in the ocher glaifes. 
by che affufion o f chis Spiric, was poured upon che Ice. A fter this,, then, had 
been repeated in the fame manner four times, the fpirit o f  Nicre made ufe of 
being thus kept exceeding cold, and che liquor being carefully poured o ff from 
the Ice after every affufion o f  che Spiric, he obferved that the Thermometer 
at lail fubfided to 40 degrees below O. And then, the very Spiric o f Nitre being, 
aded upon by fo great a Cold, ihoc into fine iharp Chryftals about ~ an Inch 
Jong, and being frozen as ic were itfelf, required ihaking wich fome force to get 
it ouc o f  the Tube. A s foon, however, as this infpiiTated Spirit came to 
touch the Ice, they were both prefently difiolved, and ac the fame inftant the 
Thermometer funk from the degree 37 below 40. B y mixing pot aihes with 
the pounded Ice he was able to produce a Cold 8 degrees below O.

N ow  what perfon living could ever have had che leaft fufpicion o f  fuch a 
fb(snomsmn as this-? Th^s greateft natural Cold has never beea obferved to.

fink.



fink the Thermometer below O  *, and then, all Animals, and Vegetables, that 
were expofed to it, died immediately : A rt  has increafed it yet 40 degrees 
m ore: But i f  to 32 degrees, which is the point o f  freezing, you add 40 de
grees, the Heat o f  the A ir  will be then io great, that we could not bear ic 
long without the alternate interpofition o f  fome refrefhment from a greater 
degree of Cold. Hence we fee evidently, which one could fcarcely have be
lieved, that Cold, which is able to turn W ater into Ice, may ftill have its 
power increafed by 72 degrees. N ow  what would be the confequence, ihould 
Nature ever generate fuch a temperature as this ? W e find, that fuch ilrong 
Spirit o f Nitre as was made ufe o f  in this Experiment would be congealed.
W e fee Mercury is fo condenfed in it, that it takes up a fpace almoft 
lefs than it did before. W e obferve that this wonderful Body, in fo vaft. a de
gree o f Cold, and with this increafed denfity, remains equally fluid, mobile, 
and expanfible, as it was before. W e know farther, that the fubftance o f  
M ercury, from the degree doo, in which it begins to boii, to this degree 40 
below O , will be contracted parts o f  its whole bulk 5 and confequently
may be rendered -j-Vt̂ h fpecifically heavier, or lighter, by the Cold, and H eat, 
that we are at prefent acquainted with. N ow  thefe things we are abfolutely incrediblŷ  
fure o f from Experiment i and hence we fee thac M ercury, as it is gradually 
condenfed by Cold, approaches nearer and nearer to the weighc o f  Gold. But: 
who will pretend to determine, what farther degrees o f  Cold may be ftill pro
duced, either by the powers ofN atu re, or A r t , that lie hitherto undifcover’d ?
W ho can defcribe the alterations thac both Solids and Fluids would undergo, 
were they expofed to this degree o f  Cold ? I f  w'e have a defire o f  promoting 
natural knowledge, lec us prepare fucK-a Cold as this, and chen try whac effect 
ic will have upon the Bodies thac we are acquainted with. B y this means certainly, 
wemighc come at an infinite number o f ufeful difcoveries, o f  which at pre
fenc we muft be filent. In the mean while, however, we ought to pay a due 
honour to the worthy Inventor o f this M ethod, who has thus fet us an E xam 
ple, pointed out the way to us, and furnilh’d us wich proper helps for carry
ing on thefe inquiries to greater perfedion.

C  o R o L. 5.

And laftly, the converfe o f  che fifth Corollary o f  che chird Experiment, ap 
pears very evidenc, viz . chac che A ir  is fcarce a momenc ac reft, neither thar 
which is open, nor-that which 4s confin’d in any veifel whatever.

E x p e r i m e n t  V .

Pure Alcohol o f W ine is expanded every way in its whole bulk by a fmall in
creafe o f  Fire.

For inftance: Obferve this glafs veifel, which contains 1933 parts o f  this 
Alcohol. Y ou  fee it cerminaces in this narrow Cylinder, which has been made 
with a great fleal'of care, that it might be every where equally wide. T his 
whole Cylinder now contains 96 o f  thofe parts, of which the lower Bulb con
tains 1933, and is graduated with numbers correfponding to thofe parts. In 
thefevere Cold o f  1709, in one o f the coldeft parts o f  the world, the A lco
hol was reduced to number i : And yet, i f  the warmth o f  a Man in health 
is applied to the Glafs, tht̂  Spiric will be expanded to the number p6, and fill: 
tiie Cylinder fo high. C o . r  o i..



C  0 R  0 L .  I .

In this inftrument therefore, the Liquor, confidered in the ilate in which it 
was in che greateft obferv’d natural Cold, may be dilated by the vital H eat of 
a healthy perfon to-^ th  part o f its bulk. It is neceffary, however, to take no
tice, chat we here fuppofe the capacity o f che Thermometer to  continue the 
fame, whereas, in reality, it will be increafed, as appears by the fécond Corol- 
]ary o f  the fécond Experiment.

C O R O L .  2.

Thedifficui- If WC could cx a fïly  difcover therefore the proportion o f  the capacity o f this
intenfe Cold, co the fame when affeded by this vital 

mSion Warmth-5 we could chen alfo abfolutely determine the increafe o f  the bulk of 
of fluid«, this Fluid by the greateft degree o fH e a t  contained betwixt thefe two limits: 

For then the differencc.of thefe two capacities will help us readily to meafure 
this dilatation.

C  0 R  0 L .  3.

Shou’d the moil.pure Alcohol, therefore, about the Poles of the Earth be 
compared with the fame betwixt the Tropics, what a confiderable difference, 
would there be in its hydroftatical weighc in thefe two places ? For it is plain, 
that all thefe Liquors are heavieft about the Poles, and lighteft near the Equa- 

Another tor. Is this therefore another phyfical caufe o f  the comprefs’d fpheroidal figure 
caufeof thê  o f the Earth ; fince a fmaller bulk in one place, is equal in weight to a larger 
| S . °  ' '  in the other, and they both .tend wich an equal force towards their commQR 

center o f  gravity ?

C  o R o L. 4.

Hence the From  thcfe obfervations we learn, that the fame veffels fill’d with fuch a 
Areometers fort o f  Liquor, wili not be fo full by a good deal in the cold o f wincer, as they 

.ftâîyeS. in fummer ; for the firmer parts o f the folid veffels are not fo much dila
ted -with the fame degree o f Heac as the contained Fluids are. And indeed, 
the Chemifts have very often experienc’d the truth o f  this to their difadvantage, 
when they have in frofty weather fill’d theirglaffes quite fu llo f valuable Liquors; 
for when they have afterwards been affeded by the Heac o f  the Summer, 
they have penetrated through the ftoppers, forced them out, and often burfl 
the glaffes themfelves. Being now therefore made wifer by thefe inconvenien- 
cies, they always leave an 4'jCh part empty, when they fill them in the Win
ter ; or elfe, warm both che Liquors and Veffels co as agreat a degree o f  Heat, 
as one may reafonably exped in the midft o f Summer.

C  o R o L, 5.

Thevaftra- Alcohol is made fo hot as ju ft to begin to boil, it is then obferv’d to rife 
number 174 in che Cylinder- and therefore is then increafed almoft -iVthof 

Its dimenfions : N ay, in reality, it is at that time more dilated, as appears by 
whac has been remark’d under che firft Corollary o f  this Experiment. And 
here, by che way, give me leave to take notice, how much difference there is 
m buying Alcohol by meafure in the depth o f a hard W inter, and in the fultry
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Dog-days, which is certainly very confiderable. I f  we confider now that 
Alcohol in the moft intenfe cold fubfides 40 degrees below o, and when it be
gins to boil, rifes to 174 degrees above o ; it appears, that there may be a dhTe- 
fence in its dimenfions o f 214 parts in 1933 ; and confequently, that it may be 
contraded or expanded to 4- o f whole bulk.

C o  R  O L .  6 .

I f  you urge Alcohol ftill farther, fo as to make it boil, there prefently arifes Ebullition 
a vapour from the upper part o f  it, which expands itfelf in the fuperiour va- 
mum, and grows denfer and denfer every moment, whence the dilatation o f it meafure of 
cannot be conveniently meafur’d any ferther. A nd as foon as the Thermo- 
meter is open’d at top, che rarefy’d vapour immediately fliea off, nor can ic be 
determin’d how much more it may be afterwards expanded.

C  o R o L. 7.

Alcohol, therefore, can fcarcely ever be perfedly at re ft: For i f ic  is con- Aicohoiin-- 
fin’d in a veífel, and has either a Torricellian vacuum, or A ir  above it, it is 
evident, that it will be continually dilatedv and refolv’d into vapours ; or con- 
traded, and fo condenfed into Alcohol again ; unlefs, by chance, the de
gree o f H eat, or Cold, ihould conftantly remain che fam e: O r on che other 
hand, i f  it is expofed to the open A ir, it cannot be at quiet ; but, as we 
cook notice in rhe A ir, will fuffer a perpetual fyftole and diaftole, fo long as 
there is a fuccefilon o f  greater and lefs degrees o f  Heat in the Atm ofphere; 
which is obferv’d to happen continually, almoft wichouc incermilTion. Buc 
then, however, chis agication will be moft remarkable, when either H eat or 
Cold grows exceffive; which ftate feldom continues any confiderable time.
Laftly , hence the Phyficians underftand what certain and frequent oiciilations 
muft happen in the human Body from the Particles o f Alcohol, when they 
are m ixt with our juices; as they will be atone cime compreifed and heated b y  
the adion o f  the Arteries, at another, freed from this prelfure, and o f  confe- 
quence, cool’d, in the Veins.

E x p e r i m e n t  V I .

T he moft limpid, light, a;therial O il o f  Turpentine, is every way expand
ed in its whoie bulk, by a fmall increafe o f  Fire.

This you’ ll fee evidently in chis fpherical Glafs, with this long narrow cylin
drical N eck. Y ou  obferve, thac the Bulb o f  this is fill’d wich Oil ju ft to the 
beginning o f  the Cylinder, I dip this into Wacer, that is exadly  as cold as 
the O il, and you fee ic continues precifcly in the fame place. P ll now puc 
this veifel o f W ater with the glafs o f  O il in it upon the Fire in this Chafing- 
d ilh : And now how evidently do you perceive, that as the W ater, and con
fequently the O il in the Glafs grows gradually hotter and hotter, the Oil rifes 
in the N eck, and fcarcely remains one moment in the fame Altitude? I have 
now kept the W ater, as you fee, upon the Fire till ic boils; and now the O il, 
you obferve, is at reft in the Glafs, neither afcends nor defcends, nor v/ould 
do fo, tho’ it ihould continue a good while in the boiling W^ater : N ay, I’ll 
put more Fire abouc the veifel, and make the W ater boil more violently ; and 
yet you obferve the Oil keeps exad ly  at the fame height: N or will chis mercu-
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rial Thermometer rife any higher, when once the W ater comes to boil. For 
this beautiful difcovery, the Philofophers are obliged to that very ingenious 
Gentleman, Monfieur des Amontom \ the truth o f which you have now evidendy 
feen in Water, and it is condnually found by Experiment, to hold good in al- 
xnoft every kind o f Liquor. And here, the candour, which I feel within my 
Breaft at preft-nt, and which T hope I ihall always have the pleafure of, obliges me 
to acknowledge in this publick manner, thac nothing has been o f  greater fervice 
to me in difcovering the ufc'fulncfs o f  Fire in the deepefl; chemical inquiries, or 
better help’d me co come at the knowledge o f  the properties o f this Element, 
than this valuable Experiment o f this noble Author. But I refer you to the 
fountain, the Mem. de I* Acad. Roy. des Sci. where you may have the pleafure 
o f feeing what he himfelf has faid upon thisfubjeCt. There you w ill find thac 
famous Gentleman has adually  demonftrated, that when W ater once comes to 
boil, tho’ you urge it wich ever fo ilrong a Fire, you cannot make ic afterwards 
grow any hotter. This valuable difcovery, however, may be ilill farther im- 

Andthe prov’d, by a Very curious obfervacion of the indullrious Fahrenheit'■> for he 
found, chat the Heat o f  the fame boiling W ater will be conftantly 

greater, when the weight o f the incumbent Atmofphere prefles heavier up
on its furface, and lefs, when the preifure o f  that is lighter. I f  we would 
therefore at any time nicely determine the degree o f Heat in boiling W ater, we 
muft have a Baromete^ by us, to obferve at the fame time the weight o f  the 
A i r ; or elfe we fhall not be able to afcertain it exad ly . In the mean time, 
however, ’ tis abfolutely certain, that fo long as the preffure o f  the Atmofphere 
continues che fame, boiling W ater will not grow hotter by any increafe o f  Fire 
whatever : And with this liiiMta-tion, the rule o f  Monfieur des Amontons  ̂ will al
ways be found to hold true. When the difference now o f the weights o f  the 
Atmofphere is 3 inches, then che difference o f  the Heat o f  boiling Wacer un
der thefe two preffures, is found to be about 8 or 9 degrees. Hence this A u 
thor evidendy infers, that the more clofely the parts o f  W ater are compreffed 
together by the increafe of the incumbent Weighcs, the more F'ire will be 
required to make them recede from one another 5 in which confifts ebullition. 
A nd hence he makes this elegant deduflion, that che Thermometer, by being 
immerfed in boiling W ater, will, by the degree o f  H eat it expreffes, difcover 
at that time the weight o f  the Atm ofphere; and o f  confequence would accu
rately enough determine it at Sea, where the Barometers are not fleady, i f  eve
ry  degree o f  increafe v/as made vifible in the Thermometer, which may be ac- 
cm pliili’d wich a great deal o f  eafe. A n d  hence, laftly, he obferves, that our 
Atmofphere is fo much the more heated by the Solar rays, as it is more com- 
prefs’d, chac is, the nearer ic approaches Co che furface o f the Earth ; and the 
lefs, the lighter the preffure is, -viz. in che regions above us. And this is plainly 
confirm’d by obfervation \ for the tops o f  the higheft mountains that are neareft 
ejxpofed to theheatof the Sun, and never obfcured wich clouds, are found co be 
fo extremely cold, that the Snow lies there perpetually without being melted. 
Have you a mind to be witneffes to the .truth o f this yourfelves ? Under a Re
ceiver in Bpyle*s Air-Pum p, place a glafs veflfel full o f  W ater, heated to 96 
degrees, and then gradually draw out the A ir , and you will evidently perceive 
an ebullicion excited in the W ater, as the preffure o f the Atmofphere is leffen- 
cd, which will intirely difappear again upon the letting in o f  the Air. Hence,
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therefore, by a Barometer fix’d in the Receiver, you may be able to deter
mine what degree o fH e a t is neceiTary to make W ater begin to boil under any 
given W eights o f  the Atmofphere ; and by this means we may come at an in
finite number o f  beautiful difcoveries that we are at prefent unacquainted with.
There is one thing more upon this head, that I think well worth mentioning, 
before I quit it, and that is this ; Put fome W ater into Papin*  ̂ Digefter, and 
with the included A ir  flop it in fuch a manner that nothing can pofllbly come 
out, and afterwards make it Oil. T he W ater then will be expanded and 
the A ir 4 ; and confequently, the W ater will be as much compreflTed, as i f  its 
preiTure was increafed by 10 inches o f  a common A tm ofphere; and by this 
means W ater acquires 30 degrees o f  Heat extraordinary purely by being made 
to boil in chis Machine, for I here take no notice o f  the force it gains by 
the mocion and attrition o f  the particles o f Wacer and A ir  againft the veiîèî, 
and among one another. W hac wonder therefore is it at all, that by this M a 
chine arc produced fuch prodigious effeébs? I f  you have a mind now to exa
mine by a ballance the proportion o f  the expanded O il in this Experiment, 
to the fame in ics natural ftate, you may compute ic in the following manner:
T h e Oil fill’d the Bulb o f che Glafs juft to the beginning o f the N eck, when 
the Water, Glafs, Oil, and A ir, had 52 degrees o fH e a t  in Fahrenheït'% T her
momecer. When the Wacer boil’d, and the Oil would afcend no higher, the 
Thermomecer was rifen to degree 212, and the O il was a s^ igh  in che N eck as 
the mark which you fee I have fix’d on it. I f  I now weigh the Glafs fill’d to 
this mark with Oil chat 1352 degrees hot, and then empty it as low as the bottom 
o f the N eck, and weigh it again, I find pretcy nearly the expanfion o f  the 
Oil ; which upon examinacion, appears to be a very confiderable part o f  its 
bulk. I muft caution you, however, chat I have no regard here to the in
creafe o f the capacity o f the Glafs in this degree o f  H eat: But I have taken 
notice o f  chis before, and therefore flian’ t mention it any more for the future.
See Exper. V . Cor. 2.

And you need not wonder here, Genclemen, that I determine the limits of 
the dilatation o f Oil o f Turpentine by boiling W ater, which I did not do in 
the former Experiment. T h e reafon is evident. Alcohol boils with a much 
k-fs heat than W acer; and as foon as ever it boils, ics expanfion cannot be 
meafured any farcher. Exper. V . Carol. 5. Whereas in Oil o f  Turpentine, 
which is much lighter than W ater, an ebullicion cannot be excited by the 
greateft flca t  o f  boiiing W ater, but ics furface will always remain at reft in 
this degree, in which therefore we may meafure ics dilatation.

Before I quit this Experiment, give me leave co take notice o f  a pretty re- Somefur- 
markable Phænomenon chat prefencs it fd f  Co our obfervacion in this  ̂ebullition 
o f Liquors. Alcohol, which is lighter, boils fooner chan W ater, in a in the «bui-
which wc fliall afterwards aflign ; and yec W ater, which is heavier, boils a 
confiderable deal fooner chan O il o f Turpentine. Is che caufe o f  this the afR- 
nicy there is betwixt Fire and inflammable Oils? O r is the fpecinc G ravity o f  
the boiling Liquid of confequence here? Or laftly, is ic owing to a greater or lefs 
tenacity of the parts among one another ? You will fee by and by, what a vaft 
deal o f pains I have taken co refolve thefe Queries : And I think it will be evi
dent, chat they ought all to be confider’d, as well as the different.prefilires o f  the 
Atmofphere, which are likewife concerned in ic. See the incomparable Newion 
in his Opticks. P  E x  p e r i -



E x p e r i m e n t  VII,

T h e m ity  Purc Rain-watcr, gradually heated by a gentle Fire, is every way expanded
Dfboiiing in its whole bulk, by a very fmall augmentation o f  H eat.
Water. evidently in this Glafs, where ics dilatation is o f its whoie

dimenfions: For from the degree o f Heat 56, it always rifes to che degree 214, 
in which it begins to b o il; and then it remains at reft, and has acquired the dj- 
Jacation mentioned.

E x p e r i m e n t  VIII.

Therarity M ercury, by the application o f  H eat, is eafily rarefied,
ofMercury T h e truth o f chis is plainly demonilrated by this elegant Thermometer, which 

was made at my requeft, by that very ingenious Artift Daniel Gabriel Fahren
heit T h e inferiour Cylinder o f  this Thermometer contains 1 1 1 24 parts of 
M ercury, which in the greateft Cold obferv’d in Iceland, reach’d to the marl<
o, from whence upwards we compute the increafing degrees o f  H eat. I f I 
immerge this in the W ater in this veifel, and gradually heat the W ater, you 
fee the Mercury continually afcends till the W ater boils ; and then you obferve 
it rem. îns perfedly quiet at one number, viz. 212, and fomething more. Set
ting afide, therefore, the dilatation o f the Glafs, the M ercury at prefenc cakes up 
11336 lictle fpaces, o f  which in the greateft Cold it took up but H 1 2 4  \ and

confequently, in this degree of H eat, is expanded  ̂ -  o f  its whole bulk.

C  O  R  O  L .  I .
T h e  rarity
a f  other In thc fame manner the ftrongeft Lixiviums o f  Sea-Salc, Nitre, and fix’d af- 

caline Salts, are dilated by H eat 5 and in ihort, all Liquids that have hitherto 
been examined; So that A ir, A lcohol, Oils, W ater, faline Spirits, Lixiviums- 
o f  Sales, Oil o f  Vitriol, and M ercury, are all affeded by the very fame law.

C  O R O L. 2.

T h e  caufe that dilates all thefe Bodies paifes through glafs, and all other vef- 
fels, into the Liquors themfelves.

C  0 R  o L .  3.

A n d  this fame caufe proceeds from what we univerfally call H eat, or Fire^

S c h o l i u m .

F or the future, therefore, by Fire I fhall always mean that Being, how
ever otherwife unknown, which is endued wich this property, that it penetrates 
all Bodies, both folid and fluid, and by this very adion, extends them into- 
larger fpaces: F or as on the one hand I am not acquainted with any Body in 
the whole compafs o f  Nature that has thefe qualities, except what by every 
one is called Fire ; fo on the ocher, there never is Fire really prefent in any 
Body, but thefe two cifeds are immediately produced ; and in proportion as 
thii is increafed, the extenfion of Bodies is likewife augmented. N ow  fuch a 
charader as this is fufficient in Phyfics for dtcermining and diftinguifhing. 
particular natural B odies; N or indeed are there any other thac will anfwer the

I fame



fame purpofe, whatever your idle Philofophers may boaft o f  their fubtle fpecu
lations. It is our bufmefs therefore to obferve with the greateft care, thofe 
properties that we are able to difcover in Fire under this notion ; and o f  thefe 
the firft feems to be this, that it exifts in every point o f  time, and every part 
o f  fpace Ì the truth o f  which I ihall demonftrate by the following Experiments.

E x p e r i m e n t  IX.

T ak e  a thick cold pJate o f Iron, and in the iharpeft weather, and coldeft The firft 
place, lay this upon another o f  the fame kind, and equally cold, and let this, 
by the help o f a weight, be prefs’d hard upon the under one ; then, let it be Fire, 
briíkly rubb’d upon ic backwards and forwards, and it will begin to grow 
warm, then hot, and in a ihort time will acquire fuch a degree o f  H eat, as to 
emit fparks o f  Fire, and at laft the whole Mafs will be as red hot, as if it came 
out o f  a large common Fire.

C  o R  o L. I.

This production o f  Fire m ayb e effected at any time whatfoever : N or doeS 
it at all fignify, whether the feafon is hot, or cold : N ay , in reality, the more 
com patì the Bodies are renderM by Cold, you will, ceeteris paribus  ̂ have the 
ftrongeft Hear.

C  O R  0 L .  2 .

N or is there any place hitherto known, where the fame Experiment will not 
hold true. On che tops o f  the higheft mountains, in the deepeft fubterraneous 
caverns, in the warmeft parts o f  the world, and moft frozen climates, the ef- 
feCt will conftantly prove the fame. I confefs, indeed, thac the Heac will be 
fooner and more ftrongly excited in dry places, than it will in moift ones ; but 
ftill, it may be always produc’d in this manner. A nd the fame thing is ob* 
ferv’d to happen in every kind o f  folid Bodies whatever.

C  0 R  O L .  3 .

N ay even in vacuo Bodies grow hot by mutual attrition ; as evidently appears 
by the accurate obfervations o f  the ingenious Haukejhyy which have fince been 
happily improv’d by m y good Friend and Collegue the famous James-IViU 
Uams^Gravefandy a Gentleman fo form’d by Nature, and finiih’d by A rt  for thefe 
abftrufe inquiries, thac by his difcoveries, the boundaries o f  natural knowledge 
are daily inlarged.

C  o R  o L .  4.
But there is nothing more remarkable in the Fire produc’d in the manner 

abovemention’d, than that it penetrates into all Bodies, the denfeft not excepted, 
heats, expands, burns, and melts them ; and that it fhines, grows exceffive 
bright, and in fhort, has perfedly the very fame effeds that we conftantly ob
ferve in true Fire. And we fee here it is thus generated without any Pahulumy 
or any Fire that exifted before by which ic might be raifed, which is com 
monly the cafe, Fire generally being lighted by Fire, and one Flame excited by 
another. Hence then, I think, we may fairly conclude, that this Being ought 
to be look’d upon as true Fire.

P  2 C o r g i *!



C O R O L. 5.

T h e  firft In the mean time we learn by general obfervation, that the harder and more 
caufe of this, rigid the Bodies are that are agitated one againft another, the more intenfe 

will the Fire be that is produced by their mutual attrition. Hence the very 
fame Body, when it is rigider, or fofter, acquires in this refped a very diffe
rent degree o f  Hear. Iron, if  it is taken out o f the Fire when it is juft ready 
to melt, and in the heat o f  fummer fuffei’d to cool very leifurely in the Air, 
will remain very foft and flexible whereas, if you inftantly throw it inco 
cold W ater, the Particles, that were before put in motion, and render’d flexi
ble by the Fire, being now compaded together, and driven into clofer union 
by this fudden contradion, the Iron becomes exceeding hard, rigid, and very 
elaftic: But every body knows how much fitter Iron is for ftrikingalightw henit 
is harden’d by Cold, than when ic is fofter. I f  the vaft hard Axis o f  a Wind
mill lies upon a rigid block, and the fails are whirled rapidly about by a ftrong 
W ind, Fire and Flame break out immediately ; but if  you take care to put 
Lead between them, there is not much danger o f  fo great a degree ofH eat. 
I f  you ftrike a Flint againft a very hard piece o f  Steel, how certain are you 
o f  procuring Sparks from it ? which would not be the cafe, fhould you flrike ic 
againft a bit o f  foft Iron. And hence ic comes to pafs, thac if  you interpofe 
any fofc Body becwixctwo hard ones, you can fcarcely excite Fire by the ftrongeft 
attrition, till this is confijmed, and the Bodies come to rub one againft ano
ther, and chen you have Fire prefently. t you take, for inftance, two Plates 
o f  Iron, and oil tnem very well, you cannot by rubbing them together, make 
them conceive any very great degree o f  Heac ; but when the furfaces o f the 
Iron come to touch one another, they w ill foon grow excefSvely hot by the 
fame agitation.

I f  Bodies, therefore, are alike in every thing elfe, the denfer the matter is of 
which they confift, the fitter will they be for this produdion o f Fire ; which 
rule holds univerfally true : I fay, i f  they are alike in all other refpeds ; for 
L ead  which is denfer, but at the fame time fofter, will not by attrition yield fo 
much Fire as Iron, which is lighter, but vaftly harder : Buc if  they are both 
equally rigid, then the heavieft is always moft efKcacious. Hence it appears, 
how that exceeding hard, and ponderous W ood , che SUeroxylon o f  che Indianŝ  
not only furniihes them wich weapons, buc by being rubb’d fwiftly together, 
ferves to kindle their fires whenever they wane them.

T h e  harder, then, and more denfe the Bodies are, that are agitated one 
againft another, the fooner will Fire be produc’d from them. Hence the colli- 
iion o f  Steel and Flint excites P’ ire in the leaft inftant o f  time ; which is much 
longer generating from  Bodies that are lighter, and noc fo hard.

C  o R O L. 6.

ii fecoaa T h e  principal phyfical power, however, thac produces Fire by this attrition, 
««ft. confifts in the Bodies being prefs’d very hard together, whilft they are rubb’d 

one againft another. I f  you lay, for inftance, one Iron Place upon another, 
fo that it may prefs the under one only by its own weight, and then with a cer
tain reciprocal motion, agitate the upper one over the inferiour, you will be 
able to excite but a fm all degree o fH e a t. L a y  a ten pound weight now upon

th£



the upper plate, and then move ic wich the fame velocity as before, and a 
greater Heat will immediately be generated. And thus i f  you proceed you’ ll 
be furprized to find how the increments o f H eat conftantly correfpond to the 
augmentations o f  the weights, i f  the agitations are performed with the fame 
velocity. So that at Jaft, if  the preifare is increafed to a very great degree, 
the ftrongeft Fire may be produced in an inftant. And the fame alfo holds 
true in the Elements o f Fluids themfelves compreifed together, as has already 
fufficiently appeared.

C  0 R o L. 7.
A n d, laftly, we obferve, that the fwifter the motion is o f  thefe hard Bodieâ AtWri 

one againft another, the Fire excited by this attrition will ccsteris parihus be fo 
much the ftronger, and the fooner produced ; fo that a flow motion fcarcely 
generates any Heat, though a brifk one will raife a great quantity o f Fire im
mediately. H old a rope, for inftance, very tight, and draw it gently through 
your hands, and you’ ll perceive no W armth at all ; but let ic run through 
your hands wich a rapid motion, and ic will foon conceive H eat, and burn 
them : Prefs a fteel blade hard againft a threihold, or a grindftone, and it will 
fcarcely grow warm if  you move it but flowly *, and yet if  the reciprocal agi
tations are fwifc, you may foon produce a great degree o f Heat : So that by 
holding a knife very hard againft a grindftone whilft it is very rapidly turned 
round you may make ic almoft red hot, whilft the ftone itfelf is hardly warm, 
becaufe no part o f  the ftone remains long in contact wich the blade, but in- 
ftantiy moves from under ic. Hence, cherefore, the production o fF ire  may be in
creafed in proportion to the augmentation o f this celerity, and that without limics.

C  o R o L- 8.
Ic follows, therefore, evidently from what has been faid, that when the three T h istH ree. 

caufes ju ft mentioned unite their power, there then may be the ftrongeft Fire 2 «̂ *̂ 
excited in an inftant from the coldeft Bodies. If two large, thick, circular 
places o f  very hard Iron fliould be comprefled together by a force o f  ten thou- 
fand pounds weight, and then be very rapidly agitated one againft another, 
there would be the moft violent Fire produced immediately in both the plates..
This is evident in W indmills, where i f  the Axis., and block it lies upon are 
dry, and the wind is very ftrong, the atcricion quickly generates both Fire, 
and F lam e; though there, the motion is but flow, on account o f the fmaller 
Diameter o f  the Axis. Filings o f  Iron as they fly o ff burn the W orkm an’s 
hands, and the rafpings o f  W ood doe the fame. In the deep parts, therefore, 
o f the Earth towards the Center, where Bodies are vaftly comprefled by the 
incumbent weight, and confequently rendered exceeding denfe, does che at
trition excited there produce a very great degree o f  the ftrongeft Fire,  ̂ and 
confequently does the Heat there gradually increafe more and more? See Boyle 
of Cofm. §^al. This is certain from what has been demonftrated, that ic is The power 
impoifible co determine the ultimate, or intenfeft' degree o f  H eat, that may be 
generated by attrition : For though it were poffible to difcover whac kind o f  tiitionni* 
Bodies were adtually harder and more denfe than all others yet we could 
never poffibly aflign the greateft weight by which they might be prefled to
gether, or the fwifceft degree o f motion with which they might be agitated.
There never, therefore, can exift fo great a degree of H eat, but that a greater 
ïuay be ftill produced. E x p ê r i m e n ï



E e p e r i m e n t  X .

Fiuids inter- If in the formcr Experiment any Fluid had been incerpofed between che 
pofedbs- Surfaces o f che two Bodies thus denfed, and prefled together, and had 

been continually fupplied whilft they were in motion, they would fcarcely 
produftion conceived any Heat or ac leaft noching in comparifon o f  what would 
 ̂ have been produced by the fame caufes had thac been a w a y ; the truth of

which is confirmed by univerfal Obfervation. I f  I r u b , for inftance, the 
dry blade o f this knife hard upon this dry whetftone, ic prefently grows hoc, 
makes a noife, and often, as you fee, emits fparks •, whereas if  I put a drop or 
two o f W ater, O il, or Spirit between, the fame caufe, as you obferve, re
peated, does not produce the fame effeét. Every body knows chat the Axle- 
trees o f Wheels hardly ever grow  hot if they are well guarded with greafe ; buc 
i f  chey and the Boxes are dry, they prefently fkreak, fmoke, grow hot, and very 
often take fire: And for want o f being fecured in this manner whole Windmils 
have been frequently burnt down. Buc chis never appears more evident than 
in thepolifhing o f  Glafs: Neither the Lens-, or the plate it is poliflied on, be
comes hoc cill che incerpofed oily or wacery liquor is confumed, and they 
boch grow dry, but then, a very great Heat is excited immediately.

C o  R O t .  1.

Softrare T h e fofccr, therefore, the more yielding, lefs elaflic, and rarer any Bodies 
St^tfex- Producing Fire by attrition. And hence, as
cite Fire by Fluids for the moft part are poffeffed of thefe qualities, they are obferved of all 
attrition. Bodies the leaft capable o f  exciting H eat in this manner ; for they eafily 

yield to any impreffion, and by this means flip out o f  the w ay, and elude the 
force o f it. And this is found to hold true in the whole compafs o f  nature.

/ C  O R 0 L. 2.

Ana bodies And again, the lefs the force is by which any Bodies are preifed together, 
th at lie i9ofe the Jefs Heat will be generated by their rubbing one againft another. This 

too is confirmed by every kind o f Experiment wichout exception.

C O R O L . 3.

And Bodies And laftly, i f  Bodies are moved fofcly one upon another, tho’ they have 
tĥ tareat all the Other properties requifite to the production o f  Fire by friCtion, yet 
"  ’ they will not generate any confiderable W arm th ; and if  they are quite at reft, 

they will be reduced to the common temper o f the ambient A ir. This we fee 
in vaft heaps o f  Iron, where, though che Body is fo hard, and that which lies 
at bottom is preffed down wich fuch a prodigious incumbenc weight, yet it 
conceives no more H eat than the very fofc, rare, lighc A ir, that furrounds it.

C o  ROL. 4.

T h e  abfence From what has been obferved, then, it feems to follow, that Fire leaft of 
iirTthuâ  difcovers itfeif by its effeéts in thofe parts o f  fpace where, firft, there is 
difcovered. Cither no body at all, or exceeding rare ones, whofe parts are fo loofely con

nected together that they fcarcely cohere with one another; Secondly, where there 
is no caufe to comprefs thefe Bodies together in thefe fpaces and thirdly, where

there



there is no power to put them in motion fo long as they continue there. W Uh 
us, the Torricellian Vacuum is fuch a fpace as this: For i f  you take a glafs T ube 
40 inches long and clofed at one end, and fill this quite full o f  the pureft, 
drieft Mercury made very hot, and then in an eredi: pofition properly im- 
mer<̂ e the open orifice in fome more o f  the fame M ercury, fo that there fhall 
be nothing but pure Mercury in the glafs ; there the M ercury will defcend, and 
leave an empty fpace in the upper part o f  the T ube, in which, there does 
not appear the leaft fign o f  any heavy refilling Body ; nay, i f  you comprefs 
the Mercury in the under vefiel, that in the T ube will afcend and fill it per
fed ly  full. Here, therefore, feems to be a fpace, where there is not the leail PurefimpÎ  
attrition o f any Bodies ; and confequently, here wili be the very fmalleft de- 
gree o f Fire, fo far as it depends upon this attrition. And yet, i f  you agitate 
this barofcopical T u be in the dark, a light will be hereby excited, which 
you will perceive in this vacuum, as that excellent Mathematician the great 
Bernoulli has fo elegantly defcribed, and explained. Hence every one will be 
ready to infer that, even there, there muft be Bodies alfo. And indeed, that 
Being which thus penetrates the G lafs, the M ercury, and the A ir, muft 
be uniformly diftributed through that fpace; but it does not, however, 
any ways appear, that this, be it what ic will, exhibits the leaft mark o f  any 
degree o f  Heat generated in this manner. Hence, perhaps, the light, that is 
thus excited by this concufiion, is o f  the fame nature with that which we 
treated o f  in our H iftory o f L igh t as a property o f Fire. A nd, hence, we Scarcely dif-r 

are led to imagine, that L ight, and may be Fire icfelf, confidered wichouc the 
concurring adion o f any folid Bodies, paiTes freely through all parts o f  fpace, 
withouc difcovering any effeds o f  Fire thac we are hitherto acquainted wich.
This, at leaft, is evident beyond all difpute, that as we afcend from the 
common furface o f  the Earth, and get co the cops o f  high mountains, where 
there are no Meteors to obftrud and difturb the equ tl adion o f  the Sun, and 
where, therefore, its rays ftrike the Bodies oppofed to them in the moft dired' 
manner, and with their utmoft force, I fay, there, we are not affeded with 
H eat, but on the contrary always find a greater degree o f  Cold, And at 
length, when we are got fo far from the Earth, and fo near the Sun, that 
there are fcarce any vifible exhalations, or vapours obferved to rife fo high, 
then, W ater,' when any does reach thither, is congealed inco Snow, and lies at 
che tops o f thefe mountains all the Summer. So that it hence feems probable, 
that in thofe parts o f fpace where there is no hard refifting corporeal fubftance 
to withftand the adion o f  Fire, nor any thing which is capable o f exciting at
trition, there, Fire, though it is adually  preient, appears moft quiet, and ada 
with the leaft efficacy : And fince the altitude o f the higheft mountain is fcarce 
equal to o f  the Semi-diameter o f  the Earth, and yec there is fo great
an increafe o f Cold there, in this little recefs from the Center o f the Earth, 
this fmall approach to the Meridian Sun, and under this great preiTure o f  
the Atmofphere, what muft we think would be the cafe, could thefe obferva* 
tions have been made a thoufand times higher ? W h y, certainly, as far as we 
are able to guefs by that poor little thac we know o f Nature, all motion 
feems gradually to decreafe as you afcend higher and higher from che Earth, 
till at laft, the uppermoft regions appear to enjoy the moft calm, and iindi- 
fturbed reft. And this feems confirmed by this Obfervatioii, that the fame

fore



fort o f trees, fprung from the fame feeds, on the fame mountain, and in the 
fame ficuacion wich refped to the Sun, are always the largeft at the foot o f  the 

ofthepuw mountain, and grow by degrees weaker and drier, the more you afcend. And 
Akhf ?  l̂ his opinion will give us fome light into the aM rufe writings of the ancicnt 

c emi.s. wht̂ re they tell, that in pure Fire there is the moft perfed filence,
and abfoluce reft, and chat God refides in it i that from hence, however, are 
fent forth miniftring Fires to quicken and move Bodies that would otherwife 
die through inadivity, and to difpofe them to execute the pleafure, and ap
pointment o f che omnipotent Creator o f  all things. And, indeed, in chis, they 

W ff" ' did but follow che opinions o f the molt ancient Hebrews, and the Sacred Wri- 
tcrs. Exod. iii. 2, 3, 4. xix. 16, 18. xxiv. 17. Lev, x. 2. Pfalm civ, 2, 4. 
Ep. to Heh. i. 7. xii. 29.

COROL. 5.

An exceed- L aftly , it appears evident from modern Experiments, that a furprizing Heat 
^Kdden inftantly produced in the coldeft, hardeft, and heavieft Bo-
Heat“excUed dics, purely by their attrition wich the lighteft, fofceft, cold Fluids, i f  che 
%ionof motion is exceeding violent.
Metal I f  a large ball o f folid Iron is fired from one o f  the biggeft fort o f  cannons 

in the Winter, it will run chrough the cold A ir  600 feet in a fccond, and con- 
fiuid. fequently will meet with a vaftly greater refiftance from, the A ir, than from 

the moft rapid wind ; for when that moves only 22 ^ feet in the fame time it 
condenfes the A ir fo violently, that it bears down every ching before it, tears up 
the trees, and breaks them to pieces, nor are houfcs, or cowers able co wich- 
ftand ics fury, Maraiotte pag. 140, Hence it appears, what a very great at
trition it muft fuffer purely from this caufe ; and yet this muft be ftill increafed 
confidering chac no part o f  its furface moves in a ftrait diredion *, for as the 
ball in its paifage turns round upon irs Axis, every point is continually 4e- 
fcribing a Cycloid. Now this ball, when ic has run through ics way wich this 
rapidity, and comes to fall, is found co be perfedly hot ; although through 
its whole paifage it has conftantly been expol'ed to frefli cold A ir, and confe- 
quencly has loft every momenc fomething of the Heat ic had conceived. Some 
perfons may be apt here to objed \ that the Heat o f the ball may be owing 
to  the fiame o f the Gunpowder with which it is fired \ but that can’ c pofiibly 
be, as it remains in it fo infinitely ihort a time j certainly, fcarce of
an hour. N ow  who can believe thac in fo fmall a point of time this flame 

can communicate fo great a degree o f Heat to fo folid a Body ? But this may 
eafily be accounted for, from that vaft attrition that muft arife betwixt the Air 
and the liall whilft it moves wich this prodigious celerity, and ad s, and is re- 
aded upon by the A ir  with 27 times more force than that o f the ftrongeil 
wind that was ever yet obferved.

Sdrîwn Since,  ̂ therefore, it appears by every kind o f  Experiment, that Fire by 
from thefe the fridion o f any Bodies together may be quickly produced where it did noc 
premifes. appear before, and chac, ac all cimes, in every degree o f  Cold, and in every 

place where erial has been hicherco made, fuppofing the three phyfical con
ditions which we mentioned before; I fay, thefe things confidered, I think we 
may thence fairly make a great many dedudions, which will be o f fervice to us 
in difcovering the nature o f  this Elem ent: Some o f  which by your leave Í 
will here mention. In



In the firft place, then, by what we already know o f  Fire, it appears, that Fire aimyj 
it  muft be always prefent in every pare o f  fpace, though we are noc at all 
times able to difcover ic, i f  we fcarch for it  only in the common m ethods: '
For tlie moft accurate Thermon:ieter evidently fhews us, that there is always, 
and every where actually exifting, a Heat greater than the intenfeft degree 
o f  Cold that we formerly defcribed, though people are very apt wrongly 
to imagine, that there then remains no Fire at all in that place where the 
Thermometer is fallen as low as o.

N or does Fire thus exift only in every part o f  fpace, but it is likewife 
equally diffufed through every Body, the moft folid, as well as the rareft : °
For if in the hotteft day o f  Summer, or the coldeft o f  W inter, you apply the 
moft fenfible Thermometer to a glafs in which there is a 'Torricellian Vacuum  ̂
where one might poifibly fufpeCl there was nothing but mere Fire, and at the 
fame time apply the fame inftrument to Gold, which is the folideft Body thac 
we are acquainted wich ; you will find the degree o f Heat and Cold perfedlly 
alike in boch, i f  they have both remained long enough in an A ir  that has in 
the mean time neither grown hotter or colder. Thefe things feem ftrange, it’s 
true, nor have I met wich any Body that at the firft propofing them, could 
readily come inco them *, but yet thisjuft, and indeed, infallible method o f making 
the Experiment, moft evidently confirms the truth o f  them. In cold frofty wea** 
ther 1 examined in this manner the ‘Torricellian Vacuum, that o f Boyle, A ir , 
pureAlcohol, exprefs*d Oils, diftill’d Oils,W ater, Lixivtums o f  various Salts, Spi
rits drawn from Sales by Diftillation, M ercury, Feachers, Filings o f Mecals, Sand, 
and Lime, after they had been expofed to the cold A ir , and found the de
grees o f  Heac and Cold perfcClIy alike in all, without the leaft difi^erence*
This feems a furprizing paradox ; but ic is, neverthelefs, abfolutely true.

1 have not, therefore, hitherto been able to difcover, thac in all nature Thequan̂  
there is any part o f  fpace, in which there is not Fire. N or yet, has ic ever 
appeared to me after the moft laborious Inquiries, that there is any kind o f  fpaces it» 
Body, that has a power implanted in it by the Divine Being, by  which it is 
able to accraft this Fire thus equally diffufed, and fo unite ic to itfeif, as to 
make the excefs difcernible to our fenfes. On the concrary, all the Obferva
tions that I have had an opporcunicy o f  making feem co evince, that where there 
is neither any degree o f  attrition, nor motion from the mixture o f various 
Bodies together, there, Fire is moft equally diftribuced through every part o f  
fpace: N or does it in the leaft fignify whether thefe fpaces are empty, or full, 
or wich whac kind o f  Bodies they are filled. I am fenfible that every body 
will be here apt to cry out, thac thefe are all Chimeras o f  my own brain, 
and that I aflerc things thac are abfolutely falie, and concrary to common 
fenfe, which plainly teaches us that Iron in the W inter is colder than Feathers, 
and M ercury than Alcohol. Buc, Genclemen, I have already given you a 
caution, chat I am not here treating o f  Fire as it manifefts icfelf to our fenfes 
by Heat, or Cold, buc purely wich regard to ics property o f rarefying Bodies, 
which after a good deal o f diligent inquiry we have found to be its peculiar 
character. H ow  it comes to pafs that Alcohol in W inter appears warmer 
than Mercury, or rafped Ice, we ihall endeavour to explain, when we have 
treated o f the folidity, or rarity o f  Bodies with regard to H eat or Cold j  nor 
ian we do it now without breaking in upon the order o f  our fubjeia:.

The



S e l d o m  di- T h e  fécond thing I lay down in our doflrine o f  Fire is this, that this Firç^ 
iTeSñs-m which is thus equally, and for the moft part quietly diiFuflèd through every 
this manner, part offpace, IS fcarely evcr taken notice o f: F or thofe things which con. 

ftantly remain perfedtly the fame, nor difcover themfelves by any alteration, 
are commonly no more regarded than i f  they did not exift at all. If, for in
ftance, there ihould at any time be fuch a degree o f  Fire, as fhould not pro. 
duce the leaft change in either Fluids, or Solids, then no body would think 
at all o f  Fire, H eat, or Cold ; But as foon as ever there was a fmall increafe 
o fH e a t, fo that W a x  ihould become a Httle fofter than it was before, chen 
everyone would immediately fufpeét that there was a new production ofH eat, 
and Fire fuppofing them to know before that W ax would be reduced from 
ics folid form to a fluid one by the application of Fire. And from this pre
judice it happens that people generally think, that Fire is really generated by 
A rt, or chance, whenever ics efleds are fo remarkable as to render it more 
apparent than it was before.

And yet in In the third place, from what has been faid ic feems evidencly to follow, that 
tionS-* tliis Fire that is thus diifufed through all fpace and every Body, is continually 
waysinmo-both moved itfelf, and puts other things in m otion,. although you fuppofe ic 

ever fo fmall. For what perfon living can aífign the ultimate point o f  abfo- 
lute Cold, or which perhaps is the fame thing, the perfedl: reft o f Fire ? But the 
very leaft degree o f  Fire, Heat, or this rarefying power, immediately begins to 
expand every kind o f  Body, to remove their parts from their fpontaneous co. 
hefion, and, fo long as it remains in chem, to keep their Elements from their 
proper and natural union ; which evidendy demonftrates cliat a real mocion is 
there excited. And hence it feems exceeding probable, that this Fire is con
tained in vacuOi and in the vacuities that are difperfed through the moft folid 
Bodies, as in a kind o f  veiîèl, where it is frequently agitated, and always in 
action ; and that hence it is o f  neceffity continually producing certain Opera
tions, the eflfe(5l  o f  all which principally tends to remove the Elements of 
Bodies from one another, that fo the Fire may expand icfelf more equally. 

Andre- In the mean time, however, ic is noc lefs certain, chac the Elemencs o f cor- 
poreal macter conftantly endeavour to unite themfelves together more and 
more, to lelTen che vacuities between their impenetrable particles, and confe- 
quencly by the excefs o f  their power to expel the Fire thac i.s chere continually 
endeavouring to dilate itfelf. H jre , therefore, will be a conftant a<5tion and 
reaction, between the Fire contained in thefe Pores, and the confiicuent Elc* 
ments o f  the Bodies ; the former tending always to feparate thefe Elements from 
one another ; the latter from a natural proptnfity perpetually attrafting one 
another inco the ftrongeft union. On this account, therefore, the whole Sy- 
flem o f  natural Bodies which the Alm ighty Creator has formed and difpofed in 
infinite fpace, may be divided inco Fire, which has a power o f expanding 
every thing elfe, and the remaining Bodies which have a vercuc implanted in 
them, whereby they conftantly reiift chis feparation o f their Elements. And 
thus thefe two principles, the one o f  expanfion, the other o f  attracflion or 
affociation, exert themfelves through the whole co-npafs o f nature, and are 
the caufe o f a vaft number o f  corporeal effeds. T h e  energy, however, of 
thefe principles we cannot at prefent rightly underftand from che ideas we 
have hitherto been, able to form o f  them : T his is the foie prerogative o f that

infinite



infinite Being, whofe fupreme 'Wifdom, at one view, perfedly takes in thefe 
and all other things, which his Alm ighty Power has created in fuch a manner 
as is not poffible for mortal minds to comprehend.

T h e more intently, now, I examine this myfterious fubjed, the more plainly Never pend, 
I am convinced, that Fire is not able to infinuate itfelf, into what we call the 
ultimate impenetrable Elements o f  Body, but that it is repelled thence when- Bodies, 
ever it exerts .itfelf upon ihem, and always the more fo, the greater the force 
is by which it endeavours to penetrate them : that fome degree o f  attrition 
therefore may, nay, and muft arife betwixt Fire and other Bodies : And that 
Fire itfeJf does in reality ntver rtfide in che proper fubftance o f Bodies, but 
only in the vacuitics that will be left betwixt their Elements, let the Bodies 
be ever fo folid. And certainly, the dyrnvTriot o f  Democritus, or impenetra
bility as it is called by others, feems fo proper to Fire, and every other B ody, 
that it appears by every kind o f  Experiment to be perfedly infeparable from 
them.

A s a fourth poiition in this dodrine we obferve, that whilft this Fire thus 
refiding within the Pores o f  Bodies, is not aded upon or moved by any other 
caufe, fo long it does not difcover itfelf by any effed 5 for fince it can go  
ouc o f  chefe paffages again wich the fame eafe with which it enters into them, 
it will not much vary its adion upon the Body that contains it, as it feems to 
exift, and a d  every where in an equal quantity. T h at you may more clearly Wind don't 
underftand what it is I would here inculcate, obferve the degree o f H eat that 
this Thermometer, which is extremely fenfible o f  W arm th and C old , indicates 
at this time. T il place this, now, againft the mouth o f  this great Bellows, 
and you perceive whac a prodigious wind comes d ired ly upon the T herm o
meter. Don’ t you all exped  now, that the force o f  this wind will produce 
a confiderable degree o f  Cold*, and that hence there will be a variation in this 
infallible Inftrument ? And yet you obferve it remains perfedly at the fame height.
Here, then, we fee evidently, that there was no degree, either o f  H eat, or 
Cold, generated by this means, which our fenfes were capable o f  difcerning;
For Fire, by reafon o f its exceeding rarity, is almoft as eafily conveyed 
through A ir, when ic is in mocion, as when it is ac reft. Indeed, was this 
A ir agitated wich an excraordinary violence, fuch a one as this Bellows is not 
capable of, in that cafe, by the attrition arifing hence, m ight be excited a 
greater degree o f  H eat, as has already appeared \ but then, this would be 
owing intirely to atcricion. And hence perhaps it comes to pafs, that the 
greateft ftorms, a few cafes excepted, do generally cateris parihus rather raife 
than fink the Thermometer. T his, at leaft, I have Jong ago obferved, thaCButiaflief 
we have generally a very warm A ir  ac the fame time we have the higheft winds, 
and thc iharpeft Frofts when every thing is perfedly calm. But you’ll be apt Andyetit 
to fay, why then docs thc wind, and indeed the A ir  itfelf, appear fo cold to 
our Bodies, efpecially when they are heaced, fo thac every one very ju ftly  
afcribes to them a power o f  cooling? And do we not find by undeniable E x 
perience, thac in a cold high wind, thc Cold is vaftly more injurious co us 
cateris parihus chan at other times, fo that no perfon is able to bear it, but 
would foon have his limbs deftroyed b y  a Gangrene? In anfwer to this, I ac- 
knowlegde the truth o f thefe fads, but at the fame time aifert, that the caufe o f  
them is very different from  what people generally imagine. T o  account for
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this, then, we muft obferve, that no body is able to endure an A ir  that is heated* 
to 90 degrees, butit foon becomes fatal to all forts o f  Animals that we are acquaint
ed with i whereas the vital W armth o f the Human Body, as Fahrenheit has ob
ferved, will raife the Thermometer to the degree 92, and that o f children oiien 
1094. Hence, therefore, we are always warmer than the ambient A ir  ; and of 
confequence the garments thacencompafs our Bbdies have a greacer degree o f  Heat 
in them than i f  they were every way expofed to the open A ir. Again, this na
tural W armth heats the A ir that is contiguous to our Bodies \ and therefore, 
i f  it is not difturbed by any wind, but remains quiet about us, this Atmo- 
fphere o f  our B'odies will be warmer than the Atmofphere o f  the common Air, 
and coniequencly we ihall feel it warm, as it really is. When this warm Air 
then, that every way furrounds us, is difperfed by the wind, and'a colder Air 
is applied to us in its room, there immediately is excited a real Cold both in 
our Lungs, and on the furface o f  our Bodies, that are expofed to it ; And 
befides, the H eat that is communicated by us to our clothes is at the fame 
time blown away, and freíh Cold is continually received by them, and thus ap. 
plied to our Bodies : So that, in reality, we are nearly in the fame circum  ̂
ftances as i f  a man fliould perpetually ihift his clothes, and put on freíh ones thac 
were ju íl come out o f  the A ir. It appears, therefore, from thefe confidera- 
tions, that though wind does not adually generate any degree o f  Cold, yet it 
is capabJe o f  cooling the Human Body by thus carrying o ff the warm Air 
with which ic is encompaifed, and bringing freíh colder A ir in its room. But 
as this Obfervation may be o f  exceeding fervice in Medicine, give me leave to 
illuitrate it yet farther by an Exam ple. L e t us fuppofe chen by exercife, dif- 
eafe, or fome other caule, the heac o f  any perfon in his clothes, and in a fe- 
rene A ir  to b e  100 degrees 5 and that o f the common Arr at the fame time 
t o b e  moderate, viz . about 48. N ow  you eafily conceive chat the clothes 
that are about his Bt)dy, will in a little time be p n tty  near as warm as his 
B o d y ; and that the A ir  which remains quiet about his clothes, and his head, 
will be confiderably warmer than the degree 48 ; for I  have often ob
ferved, that the Thermometer has been raifed ac the diftance o f  4 feet purely 
by  the W armth that has exhaled from a man that was hot, and fallen again 
when the perfon removed farther from it. Suppofe, therefore, the perfon’s 
clothes, and the fürrounding A ir, to be heated ro the degree 60: H is Body 
then will be perfeCily encompaifed wich this temperature, his veifels, and hu
mours relaxed fuitably to this degree o f Heat, and his exteriour Nerves will 
be ju ft aifeCled with a fenfe o f th'; fame. Let him be expofed, now, to a wind 
that moves 6 feet in the fécond of an hour; and then all this heat o f the ambient 
A ir, and his clothes, will be removed in rhat time, and a W arm th o f  only 48 
degrees will be applied to his Body on every fide, and confequently his ex
ternal pares will be 12 degrees colder than they were before: A n d  fince we 
fuppofe this wind to continue conftantly the fame, his Body muft in a little 
time grow cold in its inmoft parts ; as the confiant application of chis ex
ternal Cold muft every moment neceifarily deftroy as much of that H eat, which 
is generated by the vital aélions. Thus, therefore, we have an evident folution 
o f  this PhcBnomenon, wliich otherwife, indeed, appears a paradox.

J F or i f  now, inftead o f a human Body, you place a Thermometer in this 
Thermo* W ind, the Heat o f the L iq u or in the Therm om eter, and that o f  the-ambient
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A ir, will be exad ly  the fame i and hence, whether the A ir that encompaÎTes this 
Inftrument remains perfectly at reft, or is conftantly changed, the L iquor will 
ftill continue exadly at che fame height i and confequently, the greateft W ind 
will not produce the leaft degree o f Cold in the Thermomecer ; unlefs chere 
is at the fame time fome alteration in the temperature o f  the A ir  in che place 
the W ind blows from. N ow , from what has been remark’d, you. Gentlemen, 
who confider the human Body in a medicinal view, will eafily underftand, how 
nothing produces lèverer difeafes, or is more quickly fatal to the healthieft, nay 
andtheftouteft Bodies, than expofing chem to the W ind, when they have been 
heated with motion, and are ready to diflblve with Sweat ; efpecially, i f  they 
are grown hot by a violent exercife in a cold W ind, and then remain quiet.
Hence often arife Afthm a’s, that are never got rid of, Angina*s., Pleurifies, Perip- 
neumonies. Gout, and Rheumatifm, A  plain proof o f  this, likewife, we fee too 
plainly in thofe perfons who unhappily labour under an exceeding weak and ten
der habit o f B ody: H ow  prodigioufly do thefe fuffer from the flighteft W ind, 
or leaft breath o f A ir , i f  it comes only through a crack o f  a window, and is 
but little colder than the temperature o f  the chamber in which they livc i ef
pecially, if  that has been always kept pretty nearly the fame by the help o f a 
Thermometer, than which I know nothing more injurious to a good con- 
ftitution.

In che fourth place then, from what has been now faid, and which we ihall T*’e a€iioa- 
not repeat for the future,, we may reafon fomething o f  the nature and adion o f 
Fire: For if  two denie, hard, and very elaftic Bodies are rubb’d one againft 
another with a great force, and a briflc reciprocal motion, then all the parts o f 
thefe Bodies will every moment be clofely comprefs’d *, and as they are rigid, 
they will ftrongly refift this preiTure, whence will arife an exceeding fwifc, and 
very powerful contradion and expanfion, or a kind of quick vibration, fuch 
as we obferve in Chords when they are very tenfe. H ow  great thefe vibrations 
are, we fee evidencly in an elaftic metal Bell, i f  it receives but oneftroke upon 
it. Does not the whole Body o f this, vaftly large, as ic is fometimes, expand 
and contrad itfelf through all its iubftances in an infinite number o f  EUtpfes, and 
that,  ̂ for a very confiderable time? And when the attrition that we juft now 
defcribed is excited, with what force, violence, and celerity, are the elements 
of the Body comprefled, agitated, and relaxed, to cheir very inmoft Particles?
W hat a Jîriàor is produc’d from this attrition, fo acute, that the Ear is notable 
to bearic j a certain demonftration o f the greatnefs o f  the vibration ? W e con
ceive, therefore, that whilft the Body fuffers this agitation, comprefllon, and 
relaxation, there muft be an exceeding rapid motion in all its Particlesj 
a& all Chords perform their vibrations fo- much the quicker, the more 
elaftic, ̂  and ihorter they are, and the harder they are ftrained ; But thoie 
three circumftances concur here all together. N ow  as this is beyond all difpute 
confirmed by Experiments, fo I chink it is not lefs evident, chat the Fire, which- 
in the mean time refides in the pores o f  thefe Bodies, and exerts there a power- 
o f expanding them in all theirdimenfions, and is likewife repelled by the con- 
tradile, refifting force o f  the expanded Body ; I fay, that this Fire muft now* 
by the adion o f  this attrition, be neceifarily every moment moft violently 
comprefs*d and relax’d in thefe vacuities. Hence, as from chat property o f  exr 
panding every thing, which we took.notice o f before. Fire feems o f  all Bodies
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to be the mofl elaftic, it  appears that its proper force and motion muft thus be 
prodigioufly increafed. For this reafon, therefore, we conceive, thac both in 
the Bodies thus agitated, and in the Fire contained within their Pores, there 
will be excited a motion exceeding great, and that will continue a confiderable 
time. But farther, this cannot happen, but the furrounding Fire from both 
thefe caufes muft be agitated likewife, and that, fo much the more violently, 
the nearer ic is ; for it has already appeared, that Fire is equally diffufs’d 
through quiefcent Bodies, and Space, which is neither capable o f  motion or 
change, and perhaps a£ls equally too. T he ambient Fire, cherefore, muft 
likewife follow the conciiifions o f  that intercepted in the Meatus's o f  the Bodies 
thus rubb’d together; and o f  confequence, muft be driven backward and for
ward. A nd this vibration feems to continue as long as that which is produc’d 
in the Bodies by this attrition, or till the ofcillations o f the Fire itfelf are re
duc’d to reft, or a motion equal to that o f  the Fire in the Spaces or Bodies 
round about it. But fince the fame caufes that agitate thefe Bodies muft add a 
new motion to the Fire alfo, befides what it had before in common with ail 
other, hence its force muft be likewife increafed : And as the expanfion o f Bo
dies is the proper eife£l o f  this force, ic will o f  confequence prefently difcover 
itfe lfb y  thiseffeél. Thus far, therefore, we may comprehend the power of 
Fire, confider’d purely as excited by attrition : And the folution o f  a great ma
ny Phenomena we meet with here, will be hence eafily underftood.

By which I. W hy do elaftic Bodies chiefly generate Fire by attrition? Becaufe they 
alone ofcillate in their Elements. 2. W h y  do the moft elaftic Bodies produce 

underflood, moft Fire, as we fee in the hardeft Steel briikly ftruck againft a rigid Flint? 
Becaufe the vibrations here are the fwifteft and greateft. 3. W h y do the foft
eft non-elaftic Bodies generate the leaft F ire? Becaufe they have no fpring in 
them, nor reftore themfelves again, nor ofcillate backwards and forwards.
4. W h y then will Lead rubb’ d forcibly againft Lead produce a very great de* 
gree o f Heat ? Becaufe the ultimate Elements o f  Bodies are expanfile and con- 
tradile  by Fire, and from cheir own nature, cho’ the larger Bodies that are 
compofed o f  thefe Elements, have a cohefion o f  parts thac is lefs refifting, 
and will eafier give way. Hence it appears, that the elafticity o f thefe Ele
ments, which is common to  all Bodies, and may be changed by Heat and 
C old , is different from that by which Bodies refiil an impulfe, and reftore them
felves to the fame form they had before the ftroke. 5. D o not Fluids, there- 
-fore, generate Heat by attrition ? M oft certainly, if they are elaftic ; but with 
difficulty, if  chey are not. Hence W ater will not eafily grow warm by attrition. 
Neverthelefs, i f  non-elaftic Fluids are forc’d through very narrow canals with 
a vaft impetus  ̂ they will conceive Heat by this attrition ; becaufe the ultimate 
Elei^ents o f  thefe feem likewife to be fomewhat elaftic: But i f  the Pipes are 
elaftic through which the Fluid is impell’d, then a ftill greater degree o f  Heat 
may be excited. Hence, our elaftic Blood being violently propell’d through 
elaftic Arteries, is hot whilft ic circulates in a healthy Body : Buc when the 
Blood by any means becomes o fa  more watery difpofition, and confequently 
lefs elaftic, the Heat that is produced by its circulation will not be fo great: 
W hich is likewife^ the cafe, i f  the fpring o f  the Arteries becomes weaker.
6 . W h y does the interpoiition o f  a Fluid, when Bodies are rubb*d together, 
hinder, or diminiihj the |>rodmilion o f  H eat? Becaufe the force impreifed is
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eluded by the flipperinefs o f  the Fluid. 7 .  Does therefore an elaftic quality 
•in Bodies increafe the aClion o f  Fire upon them ? V aftly j as appears from 
what has been juft obferved. 8. I f  the power o f  gravity determin’d Bodies 
lefs towards one another, what would be the confequence with refped to Fire ?
Then, we ihould fcarcely perceive any o f  its e ffed s: This we experience in the 
deepeft pits, and on the tops o f  che higheft mountains. 9. H ow  does it hap
pen then in very deep places, where the A ir is always at reft? W h y there, 
at the fame depth, there will always be the fame degree o f Heat and Cold, tho’ 
it will be different, a t  different depths, according to the various nature o f  the 
Earth that in thofe particular places furrounds and warms i t : T h e  truth o f  
this is confirm’d by fome elegant obfervation made in che W ell o f  the O b- 
fervatory at 'Paris. 10. W h y does the percuifion o f Steel againft a Flint, 
yield the largeft and moft vivid Sparks in the coldeft weather ? But there 
would be no end, ftiould I mention every thing that is conftantly occurring, 
whilft one’s thoughts are engag’d on this fubjed. In ihort, th^efore, G ravity, 
Elafticicy, and Fire, feem co beche three principal o f  the univerfal or common 
caufes o f  the adions o f  natural Bodies; and when to thefe, likewife, is added 
attrition, a great many that are common to them all, may be ea
fily underftood.

From  what has been premifed, we infer, Fifthly, that i f  the denfeft, and The Jfj/« 
moft elaftic Bodies o f  all, lying in the deepeft parts o f  the Earth, and vaftly S r e ít í^  
prefs’d together by the weight o f  the incumbent ones, ihould be agitated one greateft and 
againft another wich the utmoft degree o f celerity, there would by this means be 
generated the moft violent Fire. A nd hence it feems exceeding probable, that 
at the center o f the Earth the H eat is moft intenfe 5 and that it decreafes gra
dually as you remove farther from ic, till it becomes leaft o f all at the bounda
ries o f  the two Planets. L et us fuppofe the Earth and M oon to be Bodies o f 
the fame nature ; then in the center o f  the Earth and M oon will be the greateft 
degree o f H eat, which will leffen by degrees, till you come to that part o f  
fpace between thefe fpheriodal Orbs, which terminates the adion o f  both 
their powers. Ic appears, therefore, abfolutely impoíTible, that any Birds can 
fly from us to the M oon, or from thence to us, as fome Philofophers have 
aiferted; or thac chey can exift in the profound A byfs. And whac we have 
faid o f the Earth and M oon, will hold equally true in all the reft o f  the Pla- temperare 
nets. And hence it feems likely, that heavy Bodies are difpofed only about 
the Planets, and perhaps about the Suns or fixt Scars, and chence by degrees theA*tmo- 
grow fo rare and light, that at laft che refiftance chey yield becomes inconfide- 
n b le , i f  any ac all : T h a t the quanticy o f  Fire chere, however, is equally 
great: Thac this Element, therefore, may poifibly not be affededby the power 
o f  Gravity, but be abfolucely indetermined to any part o f  Space: T h a t hence,, 
o f itfeif, it may have no other power than that o f  an equable expanfion every 
way, without any particular diredion to one place more than another: A nd 
that on this accounc, it may fcarcely produce any effeds in thofe fuperiour 
regions, as chere is no agication of denfe, elaftic Bodies one againft anocher, co 
caufe chere any attrition. And as the motion and trads o f che Comees are not 
yet accurately determin’d, does not the path o f thefe wonderful Bodies lie 
through thefe Spaces between the Planets, and Suns,, where they meet wich 
fcarcely any refiftance ?
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Som e other It appears, farther, in the Sixth place, that thofe Bodies which have fuch 
large Pores interfperfed through them, that A ir, W ater, Spirits, and Oils, may 

ing the Heat eafily enter into them, and be expell’d again, are the leaft fit to generate Heat 
by attrition: Whereas thofe on the other hand, whofe fubii-ance is fo clofely 
condenfed, thac their vacuities will admit nothing buc pure fimple Fire, muß, 
i f  they are thus agitated, give a great degree o f  motion to th eF ire  contained 
within them. I f  we fuppofe, then, the Surfaces o f two Bodies in contafl: co an- 
fwerone another fo nicely, that nothing but mere Fire lhall be able to infinu. 
ate itfelf between them, when they are thus fitted together and put in motion; 
then, if  they are rapidly mov’d one upon another, the Fire, which can alone in- 
terpofe icfelf, will be agitated too : And from this caufe again, che Heac will 
be augmented. And farcher, i f  che agitation o f  thefe Bodies is fo exceifively 
rapid, thac neither A ir, nor any thing elfe can keep up with it, except the 
Fire that is difperfed through the A ir, and other places *, then, it feems ex
ceeding probable, that this Fire will ruih into thefe Spaces that are thus alter
nately em pty, and fill’d again with this prodigious celerity ; and thus more 
Fire will be colleded in chat Space whicli is neareft the Surface o f  chefe Bodies, 
than was there before  ̂ which will therefore be another caufe o f  the produfti- 
on o f Fire by attrition. And laftly, i f  che Elements o f  any hard Bodies are 
conneded together by the firmeft cohefion, and at the fame time the Fibres 
and Strata form’d o f  them are exceeding ihort, and very tremulous j then, their 
vibrations will caufe in Fire a very fwift and ftrong agitation, and they will be 
able by a briik attrition, to produce a vaft degree o f  Heac in a very ihort time. 
T h e  motion, therefore, chac Fire acquires by thcfe means, muft certainly be 
prodigioufly great.

m y does Ic remains, now, carefully to inquire in the Seventh place, whether there is 
raierBody* fcally obfcrv’d iH Bodics, any power by which they are able to attrad  Fire, 
ldnTo?” ^^° that the more folid fubftance they contain, the more Fire will o f  confe- 
eneone. qye^ce be United with them.? In quiefcent Bodies, that this is not the cafe, is 

paftdiipute ; for by Experiment, it conftantly appears, that there is neither 
more nor lefs H eat or Fire in the vacuum o f  Torricdlius^ than there is in Gold, 
when they have both continued a good while in a place of the fame temperature. 
Buc by the attrition we have fpoken o f  fo often, do Bodies acquire a kind of 
magnetic virtue, by which they are then capable o f attradin gF ire, and retain
ing it a confiderable time when it is once united with them.? I have taken a 
great deal o f  pains to anfwer this queftion ; and this at leaft, I have evidently 
obferv’d, that the rarer a Body is, the fooner it will be heated by the fame de
gree o f  P’ire 5 and that when once a Body is heated, the denier ic is, the lon
ger it will be before ic is cold ; and the rarer ic is, the fooner. Hence, then, ic 
feems to follow, that there is, in reality, in the folid Mafs o f  Bodies, fome
thing like an attradive power^ with regard to Fire ; efpecially, as the fameob- 
iervation holds equally true in elaftic Bodies, and thofe that are not fo. In 
Tfchirnhaufen^s Focusy theFire is vaftly intenfe ; and yec, i f  with an Umbrella 
you cover thaC fide o f  the Glafs which is towards che Sun, the Heat will at 
once vaniih from chac place in the A ir , where the moment before it was fo 
cxceiTive; Whereas, i f  a piece o f  Metal had been heated by che fame Fire, it 
would have retain’d its H eat for a long iim e. I f  one veflel full o f A ir, and 
another o f Water, had been expofed to the fame Heac, the A ir , may be, in this
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Heat, would be a thoufand times rarer than the W ater heated to the fame de
gree; buc then the W ater would retain the Heat fo much longer, as it was 
longer in acquiring it, fo that poflibly the A ir would grow cool a thoufand times 
fooner. From  thefe obfervations, however, I think we can fairly conclude no 
more than this, thac the denfer the Bodies are that are expofed to Fire, the 
greater diiEcuIty it has to penetrate into them, and to difengage itfelf from 
them again ; for this is all that experience certainly demonftrates : N or does it 
appear with fufficient evidence, that this Phœnomenon is really the effed o f  any 
other caufe. Indeed, i f  one might be indulg’d a conjedure on this head, one 
would be apt to furmife, thac when Fire enters into denfer Bodies, ic caufes a 
concuflion in their very Element, and puts them into vibrations, which are 
larger i f  they are lefs denfe, and o f longer continuance, i f  they are more fo 5 
and that thefe, as long as they are in adion, agitate the Fire that is contain
ed within them, in the fame manner as it happens to elaftic Bodies by attrition:
Upon the moft careful examination, however, o f  this matter, I have not been 
able hitherto to difcover by obfervation any fuch thing as a magnetic power 
in Bodies with regard to Fire.

In the Eighth place, I obferve farther, that the hardeft, and moft folid Bo- Heatex«- 
dies being penetrated by a very fmall degree o f  Fire, and heated through all 
the Particles o f their whole Mafs, are mov’d and agitated to their very in
moft fubftance; as appear’d plainly under our firft Experiment. W hen, there
fore, the fame Bodies are heated perfedly through by attrition, they will be 
conftantlyagitated in the fame manner. And hence again, xh tk Sîamînabtix^^ 
thus all tremulous together, we conceive that they muft produce a fridion 
among themfelves fo long as this motion continues ; and confequently, muft 
be agitated in the fame manner as i f  this attrition was external. On this ac
count, therefore, they muft move the Fire contain’d within chem, and attrad, 
colled, and retain it a good while within their folid Mafs. And then again, 
thefe filaments o f the Bodies are readed upon by the Fire, and thus too, fuf
fers an attrition from it. From  all thefe caufes then, H eat will be fometime 
retained in Bodies when once ic is communicated to them. And indeed, that 
great Philofopher Robert Boylê  long ago made it appear by Experiment, that 
a folid piece o f  the coldeft- Iron, laid upon a cold A n vil, and briildy ham
mer’d with cold Hammers, would, purely from this compreflive force, and its ^  
own recoiling elafticity, grow fo hot, as to kindle Sulphur that was thrown 
upon it: And again, that an iron Nail driven up to the head in apiece o f 
hard W ood, would, by being ftruck upon with a cold Hammer, immediately 
grow exceeding hot, when once it could enter no farther, tho’ the Hammer 
icfelf would continue cold. And he farther demonftrated the fame thing in 
filing o f Iron, where the Iron will acquire Hear, tho’ there appears none at 
all in the File. See thofe valuable Treatifes o f  his, O f the Mechanical Produ5lion 
of Heat and Cold.

From thefe obfervations, therefore, we fee in the Ninth place, that there pur.!y by 
may, by this means, be a great deal o fF ir e  produced, where we are certain 
nothing more happens than the elaftic Iron’s being comprefs’d by other elaftic ^
Iron, and its reftoring icfelf again between every ftroke o f the Hammer : And 
yet there will be hereib great a colledion o f Fire, chat Sulphur being fprinkled 
upon the Iron, will be kindled into a Flame.

R  Tenthly,



Fromafim- T cnthly, then, we conceive, that when once fuch an elaftic Body is thus 
p.eiiroke. percuflion, it will for fome time retain this ofcillation inits comprefied

and recoiling Particles, and by this means continue the motion o f F ire: Aswe 
fee a Chord, when once ftruck, will tremble a good w hile; and a Bell, from 
one fingle ftroke, will continue its fonorous undulations a great deal longer. 

Fireisnot In the Eleventh place, it feems o f  confequence to examine whether this Fire 
r S t e u f  mentionM, as produc’d by attrition and percuifion, is really
tidsmeans, generated de novo by thefe vibrations o f  the Particles, and did not exift before: 

And again, whether the parts thus vibrating do fo wear away their own fub
ftance, that the Particles o f  the Body itfeif, thus abraded and agitated, be
come real Fire ; and confequently, whecher other Bodies may thus by attrition, 
percuflion, and vibration, be adlually chang’d into true Fire, and thus Fire be 
created o f what was not Fire before? For my own part, I confefs, this, to 
me, feems impofllble. For I have demonftrated, chat Fire exifts in all places. 
I have made it appear, that it is equally diffufed through every part o f Space. 
I have prov*d, that ic may be produc’d by the attrition o f  any Body whatfo
ever. And it is evident, that when it is once excited, let the manner o f its 
produdion be what it will, ic is always abfolutely the fame, and difcovers im
mediately that property, which is peculiar to Fire and infeparable from it,, 
and belongs to no other Body in nature befides. It is not at ail probable, there* 

But isput in fore that Fire is continually eenerated de novo : But it feems likely, that when
m o t i o n  .  .  J  •  1 ®  1  .  •  1  r

andcoiieft- It IS oncc Created, it then continues always to exilt, and that in the lame 
cm« S '  adions abovemention’d, it undergoes fuch change ,̂

' in refped o f its motion, reft, colledion, difperfion, and diredion, that it 
fometimes difcovers icfelf to our fenfes, whilft at others it lies concealed beyond, 
their penetration. And if  a perfon carefully confiders the things I have alrea
dy offer’d concerning the marks and produdion o f  Fire, both as they ftand 
feparately, and as they give light into one another, I can’ t but believe, he will find' 
they plainly confirm my opinion, and ftiew the fallacy o f  the other: For who 
does not fee, chat by the attrition and percuifion o f  a hard elaftic Body, Fire 
may be put in a greater motion, than it was in before? And who will deny, 
that this will likewife agitate other Bodies in a greater degree, when ic is this 
put into a fwifter agitation itfeif? W ho don’ t eafily perceive, that Fire alone 
is able to keep up with the exceeding rapid motions o f  the moft folid Bodies, 
and o f  confequence, muft be there colleded ? And who doubts, but thatin 
all thefe cales, fo much Fire is really brought hither from the neighbouring 
places in particular, as now exifts in this place more than did before ? For 
the motion o f  Fire from one place to another, don’ t feem at all more difficult 
than thac ofany other Fluid. But as foon as ever ic is colleded from a larger 
Space, and more clofely reduc’d into a lefs, it muft o f  confcquence appear to 
our fenfe, as tho’ ic was really created a-new, both on accounc o f  ics quantity, 
and o f  its effeds.

Ip the Tw elfth, and laft place, give me leave to mention what I have taken 
notice o f already, viz . thatin  every part o f  the known world, where there is 
the greateft degree o f Cold chat either Nature or A rc produces. Fire does adual- 
ly  exift, and that in a very great quantity : F or either by attrition, or percuf- 
fion,  ̂ the ftrongeft Fire may be excited there in the leaft inftanc o f  time. This 
we fee evidently by ftriking a Flint againft a piece o f Steel 5 and this the
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Thermometer infallibly demonftrates, which we know certainly never fuffers 
the leaft variation, when it is apply’ d to Spaces, or Bodies o f the fame tem
perature. I think, therefore, Gentlemen, I have now, by Experiments, and the 
Corollaries drawn from them, pretty intelligibly explain’d to you the firft phy
fical manner, by which that Being may always and every where be certainly 
excited, which has a power o f  penetrating, and expanding or rarefying every 
thingwe are acquainted with. Space only excepted : But this we plainly made 
appear before to be univerfally called Fire. W e now, therefore, begin to get 
a little light into its hidden and myfterious Nature, and confequently, have 
fome encouragement to profecute our inquiries.

E x p e r i m e n t  X L

I f  Fire, explain’d as above, and now known by its power o f  rarefying, put
ting in motion, and infinuating itfelf into every kind o f  natural Bodies, is col*- 
leded in any Space, or Body, fo that it becomes perceptible to our fenfes, it 
then immediately begins to move itfelf by this power, and expands Itfelfevery 
way from the center o f  this Space, or Body.

T h at you may the better conceive what I mean, and at the fame time fee 
the proof o f it, let this leaden Bullet be immerfed in boiling W acer, and after 
it has remain’d there till ic has acquired the fame H eat wich che W ater, be pul
led out again by this Thread by which it is fufpended. It then throws out the 
fame degree ofH eat from every point of it, with regard to our fenfes, has ex- 
adtly the fame effed upon the Thermometer plac’d at the fame diftance on 
any fide o f it, and by every circumftance indicates an equable difperfion o f  this 
Heat or Fire. A gain , obferve this red hot Iron juft taken out o f  the Fire, 
does not the Fire look equally lucid and bright, and exhibit the fame Colour in 
every part o f it ? And it warms us all equally, that are at the fame diftance all 
around ic. It has evidently, likewife, the very fame power o f  fufion, exficca- 
tion, and burning, on every part o f  ic. And which is the ftrongeft proof o f  
what I aiferted, all Thermometers, let them be immerfed in what Liquors they 
will, if  they are plac’d at the fame diftance, will immediately dilcover the 
fame temperature, by either expanfion or contradion : And indeed, this is evi
dently confirm’d through the whole compafs o f  Nature.

C  o R  0  L.  I .

It appears, therefore, that this is the property o f  Fire, that its parts, whilft Thepfoper 
they expand or move themfelves, tend equally towards every part o f  Space, deVcy?/'*** 
and confequently, are not determined to one point more than another. This, F“«*
I confefs, feems fomewhat furprizing, and not eafily intelligible ; and indeed, 
this idea differs very little from the idea o f  reft. I’ ll endeavour, therefore, by 
a fimple Example, to explain what I mean, a little more clearly. Suppofe a 
hollow Sphereperfedlyem pty,and then conceive another Sphere a hundred times 
lefs to be plac’d in tlie center o f  it, and ics parts to have fuch a power, 
that by equably receding from one another, they may perfedly fill up 
the larger Sphere : By this means then, you will have a true motion in 
all the parts, and yet the whole Mafs thus m ov’d, will be perfedly indifferent, 
and indetermined to any particular lide. W e conceive, therefore, from che
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foregoing Experiment, that the Fire that refides in our A ir  always expands it
felf, and is comprefs’d by the fame law, i f  no other caufe intervenes.

C o  ROL. 2.

Thecompu- If  you*Jl give me leave now to call the circumftance of F'ire, defcrib’d in the 
preceding Corollary, its State o f Stagnation ; then the force o f ftagnating Fire 

regidToits will be as rhe Spaces in which it is contain’d ;  and confequcntly, the commu- 
nication o f this force from ic, will be as thofe Spaces. Suppoib the Globe A  

phTif full o f A ir, hotter than the other furrounding A ir contain’d in the larger con- 
centric Sphere B *, then the quantity o fF ir e ,  and ics ad ive force upon any 
part o f che circumfcrib’d Sphere, will be to the whole, as the Space on which you 
fuppofe it to a d , is to the whole Space chcumfcrib’d : But chis, in any cafe, the 
Geometrician may eafily compute ; and therefore, with regard to this pfo> 
perty o f  Fire, the cafe is very evident..

C  o R o L. 3.

B y a n E x -  Fov the caficr conceiving o f  this, let us fuppofe the geometrical Globe A 
ample. full of Firc, and in contad with another equal one B. From  the center o f the 

firft C , draw the Tangents C D , :tnd C E , to the Globe B. Then i „Ís plain, 
that none o f the Fire in the Globe A  can, upon our fuppofition, come at the 
Globe B , except through the Sedor C F G . Now the proportion o f  this to 
the whole Globe may be geometrically found quam proxime, as alfo the magni
tude o f  the Cone C D E , and the fpherical Segment D IE  5 and confequently, 
the quantity o f  Fire communicated to this Segment, Thefe demonilrations we 
may be eaüly furnifh’d with from the Geometricians: It is fufficient to ourpre.- 
fent purpofe, juft to have mentioned them*

C  o R .O L. 4..

Anexañ Thefe things being underftood, let us now fuppoie fome phyfical caufe to 
determinati- arife, which has a power o f  impelling all the Fire contained in this Sphere in pa- 

rallel lines, and fo o f  determining it towards one particular pare. W e then im
mediately conceive, that its whole efficacy will be direded that way, fo that .ic 
will pafs through the Cylinder E F G I, and all o f  ic fall upon rhe Sphere 
K G B Í ; and confequently, will exert ics whole force upon that Sphere. Theef- 
fe d  o f  it, therefore, in this diredion, will be to the former, as the whole is 
to that part, andas this parallel diredion is to che diverging one •, from the com
bination o f both which caufes, its force will be very confiderably increafed. 
Buc the quantity of Fire being doubled, its efficacy will be vaftly augmented': 
F or in 32 degrees o f  H eat, W ater will freeze; in double the number, viz. 64, 
the A ir  grows very h o t; in 92 degrees, which is tripple the firft, the H a t  
will exceed thac o f  the Blood o f  a perfon in health, and an A ir  fo hoc 
would be fatal, perhaps, to every kind o f A n im a l; in 192, which is 6 times 
the firft, the Heat will come near to that o f  boiling W ater, and would be 
able to diifolve and deftroy all the parts of every Anim al whatfoevcr. Since 
now the Area o f  a great Circle o f  this Sphere is to the whole Surface o f the 
fame, as i is to 4 ;  hence the Firein th eB afiso f the Cylinder abovementioned, 
will be 4 times more condenfed than ic was in the Surface o f the Sphere before; 
and therefore, its force thus unued, will be fo much augmented, i f  we could
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nicely, therefore, difcover how the expanfive power o f  Fire is increafed in pro
portion to the fmallnefs o f  the fpaccs into which it is condenfed, then we 
Ihould be able to finiih the computation : For if  chis was as the Arece themfelves, 
then its force would be four times greater on account o f  the quantity, and four 
times on account o f  the expanfion, and confequently, fixteen times more vio
lent from both caufes together. W e muft endeavour, therefore, to determine 
i f  poifible, by Experiment, this expanfive power o f Fire in refped o f  its denfity ; 
for it is probablcj that this is exceeding great 5 and confequently, that this di
redion o f it in parallel Lines is o f  prodigious efficacy.

E x p e r i m e n t  X II.

N ow , i f  we turn our eyes everyw ay to difcover a caufe that is able thus to TheSunde- 
determine the adion o f  Fire into a Parallelifm in our Air, the Sun certainly a
feems principally to offer itfeif as a being endued with a power fufficient for Paraiieiifm.- 
producing this effed. F or that vaft Globe, which the learned difcover to be 
13431 times greater than che Earth, and almoft 12543 diameters o f  the Rarth 
diftant from it, as it appears by every kind o f  argument to diffufe its Lighc 
and Heat in right Lines, muft in refped of ics vaft diftance be confidered as 
ading upon us in parallel Lines. It is not neceifary here to cice thofe A rg u 
ments from Optics, Catoptrics, and Deioptrics, which no doubt you are ac
quainted with, by vi^hich the Rays o f  Lighc that flow from the Sun are de
monftrated to proceed in right Lines, if chey meet with nothing to interrupt 
them i and that then they are direded again in the fame manner from that 
point o f the obftacle upon which they fall. Give me leave, however^ to  men
tion one Experiment that occurs to me, which T think is an abfolute proof 
that all che Rays, that either proceed from, or are determined by the Sun, 
affed the moft ftraic diredion ; and that is this. Suppofe it to be twelve a 
clock in a cold Winter^s night, the Moon to be at the change, and the H ea
vens to be perfedly ferene. L et any one then look up to the S ky, and he 
will fee nothing lucid in that immenfe fpace, befides the Stars. O f  the fle a t, 
and Lighc o f che Sun, there will nothing at all appear in the whole Hemi- 
fphere, except rhat inconfiderable quantity which the Planets borrow from that 
Luminary, and rcfled to the Earth: And yet we are certain, that the Rays 
o f the Sun at that very time, ftrongly enlighten all this Hemifphere, except 
that fmall Cone, whofe Bafe is a great Circle of Earth, and its Avis 1 14  D ia
meters o f the fame ; which fmall portion is all, o f  that vaft fpace, that is in
cluded within the fhade o f the Earth, and confequently is not illumined by the 
Light o f the Sun. It appears evidenc, therefore, beyond all difpuce, that lec 
a place be ever fo brightly enlightened by the folar Rays, yet che L igh t wili 
not be difcerned by a perfon fituated in fuch a pofition, that a right Line can
not be drawn from the Body o f che Sun to his eye ; except thefe d ired  Rays 
Ihould firft fall upon a Body by which they might be refieded to it. And the 
fame ching is, nearer at hand, perceived in a chamber fo nicely ftiut up thac 
the leaft' difcernible L ig h t cannot enter. F or if  you then make a very fmall 
hole towards the Sun, and by this means let its Rays into the room , you wiii 
in this place have only one lucid Cone, whofe Apex in the hole, and its bafe 
projeded in infinitum. N ow  if you take any Body perfedly black, and op
pofe ic-to the Bafe o f  ihe Cone, there will, thenj no L igh c at all appear in. the
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room, except to an eye placed within the illumin’d Cone ; for i f  it is placed 
on one fide ic will be nothing ac all, though ac the fame time the Cone is 
exceeding Jucid. I confefs, indeed, i f  we look at it fideways we may difcern 
a kind o f weak Light in the Cone j but then you will eafily fee, that this 
muft proceed from the duft that flies about in the A ir, and fo refleds the 
Rays o f the Sun that fall upon them ; which was it away there would not ap. 
pear the leaft L igh t at all. And this is evidently obferved to be true, when 
by chance, for this has been the cafe, -thefe particles are fo difpofed that they 
will not repel the Rays of Light. By this argument, then, we are induced to 
believe, that the Sun has a power o f making the particles o f  Fire, defied from 
their natural tendency, which is from the Cencer co the Circumference, and 
determining o f chem in parallel Lines.

If  we confider, again, that all objeds which are vifible by the means of 
L igh t, though obfcure o f  themfelves, immediately, begin to ihine, or appear, 
as foon as ever the Hays proceeding from the Sun fall upon them in a right 
diredion, and grow invifible again the inftant that this is prevented, then the 
iiime thing will be ftill farther confirmed. And again, i f  we rightly conceive, 
that the folar Rays falling upon a perfedly plain Speculum, and refltded thence 
by certain laws, only illuminate that part towards which the reflexion hap
pens, this dodrine will be more fully eftablifhed. Buc this Caioptrics cer
tainly and evidently evinces 5 and moreover teaches us, that one Ray o f  Light, 
proceeding from the Sun in a right L ine, and falling uport a pure Speculum̂  
will be thence refleded to fuch another Glafs in a right line, and repelled 
again by this in the fame manner, and fo on, and thac this fingle R ay , after 
fo many reflexions, will ftill retain its lucid property, though it will never 
be feen but in a right Line drawn from the lucid point o f  the laft refleding 
Speculum to the eye. Since, therefore, this happens in the whole image o f the 
Sun, as well as in one fingle point, it is evident that that power o f  the Sun by 
which it determines Fire in parallel right Lines muft always exert itfelf fo long 
as this emanation and reflexion continue. But as foon as ever this luminous 
Body withdraws itfelf, this redilineal diredion immediately ceafes, and Fire 
is then again left to its proper tendency, and enjoys its own natural expanfive 
power. For this reafon, therefore, the Sun ought to be looked upon as the 
diredor o f  Fire.

But, again, i f  we confider, that the vaft Body o f  the Sun on account o f its 
prodigious diftance appears only a lucid O rb, whofe Diameter takes up but 

orT-o-T—TTi or 30'. 2^' o f  a great vifible Circle of che Heavens, we
"S T

fliall eafily fee, that the Rays projeded thence in refped  o f  that little fpace 
which falls under our Obfervation, may be fairly regarded as parallel. And 
laftly, as a farther confirmation o f  this D odrine, let us obferve that in Optics, 
Catoptrics, and Dioptrics, we always fuppofe the Rays to come from  the Sun 
in a parallel diredion, in computing their refradions, reflexions, and the di- 
redions they move in ; and yet, we can hence very accurately determine 
the true points o f  their Foci, reflexions, and diredions, fo that the Phcsnomena 
we obferve in them, very nicely correfpond with the demonftration.

From  all thefe Obfervations, therefore, thus fuccindly colleded, it appears 
very evident, that the San is fuch a caufe as will inftantly determine the

3 matter



matter of L ig h t refiding in our A ir  into a Parallelifm, as often as it can ex
ert ics power upon it without any impediment.

But it has been always obferved, that thefe lucid parallel Rays o f  the Sun 
produce H eat in the Bodies to which they are thus directed. A n d , hence, 
what has been juft now demonftrated o f  L ig h t, will appear as evidently true 
o f Heat. And fince we here fpeak o f that Heat which is difcovered by the 
Thermometer, we infer farther, that the fame things will hold good o f  true 
Fire likewife, as we have hitherto explained if. W e have now, therefore, found 
out the true reafon why the Sun can very confiderably increafe the power o f  
Fire,, difcoverable by its expanfion, purely by this parallel determination, 
without any addition o f new matter, without any fupply o f Fire from the 
body ofthe Sun icfelf, or any production ofF ire  from fomething that was not Fire 
before. And this, if  I am not miftaken, is a difcovery o f che utmoft confequence ■ 
in a chemical Treatife o f  Fire.

Perhaps you may allc, now, why don’ t a lighted Candle then, fince it emits 
ics Rays o f  L ight in a right direction, warm the place too chat it illuminates?
T o  this I anfwer, becaufe this little radiant Cone does noc aCt in a Paraltelifm, 
but diffufes its Rays in a kind o f  Sphere, and hence does noc propel the Fire in 
the room to one part more than another, but every way equally. But even in 
this cafe, i f  you approach fo near to the candle, that,, on account o f  the fmall 
diftance, che Rays may be confidered as almoft parallel, you will then imme
diately be fenfible o f  Heat.

Thus, then, I think chis difficulty intirely vaniihes; efpecially i f  you con
fider at che fame time, whac I have obferved already concerning che wonderl'ul- 
diverfity o f  L ig h t, and H eat,

C O R O L .  I .

W henever, therefore, this redtilineal impulfe o f  the folar R ays, which thus whenthii - 
give Fire its parallel diredion, is by any means impeded, this Parallelifm 
immediately ceafes too, and that very moment the parts o f  Fire are equally ceafes’iike- 
expanded towards every fide: Hence it eafily appears, that this Parallelifm 
was the only caufe o f  all its former power. For let ViletC% Speculum be di
reded to the Sun at noon in a perfed clear day, and an iron rod be placed 
in ics violent Focm-, and be adually  melced dow nj and then, whilft it ads 
with this vaft power, let fuch an opake Body be interpofed between the Focusy 
and the Sun, as will íhadow the whole Area o f  the Glafs, and that intenfe Focus ■ 
will inftantaneoufiy be deftroyed, though the A ir  between the Umbrella and • 
Speculum remains equally warm, that is ,. contains as much Fire as it did before, 
the Sun continues to íhine equally bright, and nothing more happens than this 
parallel diredion being prevented. N o r  was there, as perfons may imagine, 
more Fire between the Focus., and the Speculum  ̂ whilft the Rays o f the Sun fell 
diredly upon it: For in fa d , one does not difcover there any greater H eat, . 
except what proceeds from the reflexion. There is a prodigious difference, 
therefore, betwixt that Heat which Fire yields from che attrition o f  Bodies, 
and that which is produced in the A ir  by this folar Parallelifm : F or the former 
continues a good w hile; the latter vanifiies immediately. I f  a folid B o d y ,, 
however, is heated by the Sun, it will by reafon o f  its folidicy retain the Heac 
a confiderable time.

The-:



The proper T h e  truth of what I have aiTerted, fome Gardiners have experienced much to 
mannrr of pj-pjudicc, 111 chcir Grecnhoufes where -they preferve their Plants in the

winter feafon: For if the windows o f thefe, by which they let in the Warmth 
fcoafci. o f  the winter Sun betwixt the hours o f ten, and two, are fo difpofed that the 

R ays cannot reach to the ceiling, but tending downwards leave a fpace between 
the ceiling, and that part which is ihone upon, that does not receive any of 
the folar Rays; then ccEteris -paribus there will be always in that place the greateft 
CoJd. And, hence, there will be a cold moifture continually colleded there, 
which falling upon the Plants frequently deftroys thofe that are o f  a more 
tender nature. Thefe Winter-houfes, therefore, being built full South, ihould 
be furniilied with windows (which, if  poifible, fhould reach quite down to 
the pavement, and be very clear) ereded at an Angle of 34 degrees 30' from 
a perpendicular i and the ceiling ihould be built ftooping in fuch a manner as 
to make an Angle o f 20 degrees 30' with a Line drawn horizontically from the 
top o f the windows towards the oppoiite wall ; in thofe countries, I mean, 
where che elevation o f the Pole is 52 4- degrees. T he reafon o f  this con- 
ftrudion may be eafily come at by the help o f  Aftronom y, and che dodrine 
o f  Dialing.: Brevity obliges us here to omit it..

C o  R  0  L .  2 ,

The proper- T he greateft Heat that the Sun ever naturally produces in our A ir, and the Bodies 
w t i t h i '  by-it by means o f  this Parallelifm, is confiderably lefs than that which
fSerVo- is generated in a healthy man by the vital adions. F or this frequently raifes 
duwdby at- Thermometer to the degree 92 j that hardly ever to 84, and then never 

continues long in that degree, but quickly abates. It is neceifary, however, 
to caution you, that I here fpeak only o f that H eat which is obferved in open 
places purely from the d ired  Rays o f the Sun, without their being any ways 
refieded, or colleded.: F or clouds, by reflexion, and aqueous Globules formed 
in the A ir, by refradion, may very much increafe the adion o f  this Fire. 
But, however« even in this cafe, Fire never was known to be raifed to fuch a 
degree by means o f  this Parallelifm, or thefe natural reflexions, or refradions, 
as to be able to fet Fire to A lcohol, O il, Sulphur, or Gunpowder 5 unlefs, 
perhaps, Lightning may be an inftance o f  it, o f  which, hereafter. And thefe 
Obfervations hold true o f  the natural H eat under the Equator itfeif, and every 
part o f the Torrid Zone. Hence, therefore, it appears, that the greateft power 
o f  the Sun is noc capable o f  heating any Bodies we are acquainted with to fuch 
a degree as to kindle them into flames, and confume them, and thus to pro- 
<3uce ipontaneous Fires, except, by means o f  Lightning alone. And it is far
ther evident, thac the moft fcorching Sun cannot excite fo much Fire in the 
hotteft parts o f  the W orld, as may be quickly generated by a moderate attrition 
o f very cold Bodies in the coldeft : For if  Iron is rubbed againft Iron, it 
will foon grow fo hot as to be able to fee fire to Sulphur, or Gunpowder that 
■is thrown upon i t ; and yet, even then, the Iron does not begin to emit any 
Light. Hence, again, we perceivc it is not at all ftrange, that fome Bodies 
are very lucid, though they give very little H eat \ nor is it. we fee plainly, 
a neceflTary confequence, that a Body is very hot, becaufe it gives a great deal 
o f  L ig h t : For the L ig h t o f  the Sun, when ic is upon the Meridian in a clear 
W inter’s day affeds the eyes fo ftrongly, that it renders them quite blind for

a  confiderable



a confiderable time i and yet its H eat, at that very time, is fo weak, that it is 
not able to melt a thin piece o f  Ice fufpended in the open A ir, and direftly 
expofed to it, as I myfelf have obferved this Wmter. T h e  image o f the Sun 
refieded from poliihed Gold, Silver, Brafs, Iron, T in , or Glafs, is intolerable 
to our eyes by reafon o f its exceiTive brightnefs; and yet it does not excite the 
leaft degree o f  Hear, that we can perceive, either by our fenfes, or the 
Thermometer. And hence, again, I infer, that there is a vaft deal o f  dif
ference betwixt the nature o f  L igh t, and Heat 5 Luftre, and Fire.

C  o R  o L .  3.
T h e Supreme Being, therefore, has wifely provided that the Bodies o f A n i- Scarcely 

mals, and Vegetables, even the tender ones, ihould not be deftroyed by the 
direft force o f  the Sun. D ireit I fay, left any one fhould imagine that I 
defign to include that too, which proceeds from the reflexion, and colledtion 
o f its Rays, which may thus be prodigioufly increafed; for by this means ic 
fometimes becomes fo intenfe, that it renders places uninhabitable : O f  chis the 
Ifland Ormus has long been an inftance, where che high mountains o f  white Salt, 
in a certain pofition co the Sun, by their whitenefs fo reflefl, and unite its Rays, 
thac at that time no body is able to live there. T h e fame exceiTive degree o f  
Heac, however, does noc continue a great while, but is in a ihort time tem
pered by a fucceeding Cold.

C o  RO L. 4,

I f  the Sun fhould even irradiate the Atmofphere o f  our Earth, at a time, isnotthe 
when all che Corpufcles that float abouc in it, were difpofed to?an equable trani- 
mifllon o f its Rays, it would then drive all the Fire in the Atm ofphere into *
parallel Lines, except that portion that was included within the conical fhade 
o f the Earth. Buc chere are a great many different reafons that makes it in
credible that chis ihould ever be the cafe, and, therefore, ic appears exceeding 
probable, that very extraordinary reflexions, refradlions, colledtions, and di- 
fperfions o f the folar Rays perpertually happen there. And hence, the force 
and adion o f che Sun, both upon our Acmofphere, and Earth, will every 
where be found furprizingly different: Buc, in thofe places, that lie beyond 
the limics o f our Atmofphere, che Fire thus diredled by the Sun, feems to be 
always as the fpaces themfelves, i f  they are not at too great a diftance from 
one another.

C  0 R o L. 5.

Hence it feems exceeding likely, that the fam edegree o f  Fire is fcarcely on various 
ever obferved in different places: For whether you confider the various afpeCts a«ounui 
ofthe Sun with regard to the E a rth ; or the different nature, and motion o f 
the Bodies that float abouc in the Atmofphere j  or che different properties o f  
the very fame, ac different heights ; and many more fuch like circumftances: 
you will find that nothing feems more cauciouily provided againft, chan that 
there ihould be che fame force, and effe£t o f Fire in differenC places. T h e  
ei^cacy, now, o f chefe caufes will be manifeft by the following Experiments,

S E x p E RIM E N T



E x p e r i m e n t  X III,

S e 'S i™  determined by tlie Sun, fails upon Bodies that are exceed-
€0]™©? ing black, its Heac will be retained there a confiderable time. On this account.
Bodies. therefore, fuch Bodies grow  fooner hot, and acquire a greater degree o f  Heat 

from the fame Fire, grow dry in a Ihorter time when they have been wetted 
with W ater, and burn much more readily than any other. W e  need go no 
farther for the proof o f thefe affertions, than daily Obfervation. T a k e  a piece 
of cloth died a very deep black ; another piece o f the fame cloth, but white j 
a third, fcarlet ; and others o f  different Colours ; and hang them up in the 
A ir, and Sun, and you’ll find that the black will grow warmeft, and much 
fooner than any o f  the reft. And o f  the others o f  different dies, thofe always 
acquire Heat ilowefl, whofe Colours are moil vivid, and affed the eyes moii 
ftrongly: for the white, and fcarlet are longed grow ing warm; and the reft 
fo much fooner as their Colours are lefs bright, as we fee evidently in the 
weaker Green. A nd this, thofe people thac live in the hotteft countries are 
well acquainted with ; for they find, that if  their outward garment is white, it 
beft fecures them from the H eat o f  the fcorching Sun, whereas i f  it is black, 
it fuffocates the H eat, and makes it more troublefome. And ic is a common 
Obfervation o f  thc manufadurers o f  W oollen-cloth, thac if a parcel o f  wet cloths 
are hung up at che fame time, and are equally expofed to the Sun, the black 
will prefently grow warm, reak, and dry ; che white will retain its wet a long 
time ; and the others will dry fo much flower, as their Colour is brigher. 
Hence, again, white garments, when they are expofed to Heat retain cheir 
dampnefs much longer than others, and thus too keep che Body cool.

It has, yet farther, been obferved that black Bodies take fire, flame, and 
burn, much eafier with the fame Fire than Bodies o f  any other Colour- Shav
ings, for inftance, o f  very white wood will fcarcely receive a fpark ilruck 
upon chem, fo as to keep it in ; but i f  you burn them to a black coal, the 
powder o f  this will eafily fupport ic, and be foon kindled all over by one 
iingle one. In the fame manner a fpark won’ t keep a-lighc any confiderable 
time in a piece o f  very clean white linnen *, whereas, if  ic falls upon the fame 
when it is reduced to tinder, which is a fort o f  exceeding thin black coal, it 
w ill fpread icfelf all over it» N or would even Gunpowder itfelf, fo foon take 
lire, where it not for its blacknefs ; as we fee evidently in the powder o f very 
white Nicre rubbed with Sulphur. T h e Gardeners too have long obferved 
to their difadvantage, that white Earth will hardly grow hoc, except juft on 
the furface; whilft the black conceives fo great a heat, as to burn the very 
roots o f  their Plants. T h e  Chemifts, likewife, long ago informed us, thac 
black Bodies committed to digeftbn, or reduced to it by A rt, grow warm 
with the fame Fire eafier than others; different degrees o f  H eat being required 
in the head o f a  Crow, the neck o f  a Swan, and the tail o f  a Peacock. And 
laftly, the Philofophers have confirmed che fame by ocular demonftration.
I f  you hold a piece o f  very white paper in the Focus o f  a burning, Glafs, ic 
will be a confiderable time before it grows hoc, and much longer before it 
takes fire ; and when ic is juft going to kindle, it firft lofes its whicenefs, 
grows brown, then black, and afterwards flames in an inftant. See upon this 
head che remarkable Obfervations in. che Memoirs o f  the Acad, del Cimento. 266,
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Hence, then, we get fome light into a good many Phisnomena o f  Meteors : for 
everyone knows chat there never happens more terrible .Thunder and L ig h t
ning, than when the face o f  the Heavens is firft obfcured with the blacíceft 
Clouds, and thickeft darknefs whence too, there often fuddenly follow pro
digious Whirlwinds, occafioned by the rarefadion o f the A ir  from this H eat 
thus inftantly generated, and retained in it.

E e p e r i m e n t  X IV .

Black Bodies do not refled igneous L ig h t, or L ig h t that gives H eat, though Black Bod«» 
it is impreíTed upon them by the Sun ever fo ftrongly. T his we faw evidently 
by covering a Speculum., which burnt very powerfully, with the chin fmoke Light they 
only o f  a Candle; for when by this means it was grown black all over, and 
then direded towards the Sun, an eye placed in the Focus perceived neither 
L ig h t, nor H eat; nor did there appear by any Experiment the leaft fign o f  
Fire there, though as foon as ever the foot was wiped clean off, and it was 
reftored to its former brightnefs, it immediately, upon being expofed to the 
Sun, regained both its ihining, and burning faculty. F or this reafon, eyes 
that are inflamed are not injured b y  black Bodies*, and when they are affeded 
with a painful Ophthal my no colour gives them more eafe, than darknefs does, 
which is a perfed privation o f  all. Even ‘Tfchirnheufen's glaifes themfelves, 
i f  they are thus blacked with the fmoke o f  a candle, do not produce the leaft 
L igh t, or Heat in their Focus, though they are direded towards the hotteft 
Sun.

From thefe Obfervations, therefore, it evidently appears, how little a matter 
is often neceiTary in the A ir , to fuflfocate, and deftroy the moft powerful effeds 
of Fire, that depend upon the adion o f  the S u n ; and how very different a 
Heat may be fuddenly excited in different places from the fame caufe. A n d , 
here certainly, there is nothing more furprizing, than that this ftiould be ef
feded by a black cruft, fo exceeding thin that the external furface only feems 
to be concerned in it, without any thicknefs to affift it.

But, now on the other hand, Bodies that are exceeding white, refled this white 
igneous L igh t almoft with the fame power as they receive it. T his is very feSvVry 
evident in white Metals, as in the moft folid pure Silver, i f  it is formed into a powerfully, 
plain Speculum : For that will return the image o f the Sun very nearly as vi
vidly as it falls upon it, and for a time hurts and blinds the e y e s ; and when 
they are inflamed, and painful it is perfedly intolerable. L o o k  through a 
plain clear glafs towards the Sun, and it feems to tranfmit the Rays, almoft, 
without any alteration: L et then your eye be placed diredly betwixt the 
glafs, and the Sun, and then'look in the glafs, and you’ ll fcarcely perceive any 
thing •, but if  the back part o f the glafs is covered over with a very white com- 
pofuion of M ercury, and T in  mixed in a certain proportion, the reflexion o f  
the image o f the Sun from the Speculiun will be fo ftrong that the eye vi'ill 
not be able to bear its brightnefs.

In like manner every body knows, that the folar Rays refieded by the yel- YcJ/qw oatt 
low colour o f  Gold are vaftly refulgent. But this was never more remarkable, Jikewife. 
than in that inftance o f  a conc-xvQ Speculum in Saxony  ̂ which being formed 
of wood very carefully hollowed into a fpherical form , and then poliihed, 
and nicely covered over wich leaf Gold, burned wich an incredible power.
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A n d  left any one ihould imagine that the efEcacy o f  this was ow ing'to the metal
line quality, let him take notice o f  that other more furprizing one, which too 
had an exceeding cauftic quality, that was made o f  pieces o f  yellow ftraw very 
accurately fitted together, 

inthefame thus the red, and all the other capital Colours, fo nicely diftinguiihed
mannVwe by the finguliir penetration o f the incomparable Newton  ̂ may in the fame 

manner be examined, both with regard to the L ig h t that they colleft in a Focusy 
Kft?' * and the cauftic power they exert there: For i f  the Spéculums are niade of the 

fame matter, ftze, and figure, and are poliihed in the fame manner, but are of 
different colours, then, the difl^erence o f the H eat in their Foci will give us 
the dodrine o f  Colours with regard to their power o f generating Fire j and at 
the fame time will ihew us what Colours heat, cool, yield a moderate degree 
o f  Heat, refled, retain, and difiipate the Fire that is impreífed upon them. 
But wc muft haften to our farther examination o f Fire 5 we can only, there
fore, hint at thefe things at prefent. Lec us fee, then, what are the confequences 
o f  this Experiment.

C  O R o L. t.

?urn5ng From  what has been obferved, the true dodrine o f  burning Spéculums may, 
SfKuiums, be eafily underftood, with regard to their eíHcacy as it depends upon the Co

lour o f  their poliihed furface : F or if  all other circumftances are alike, a few 
Experiments carefully made will readily determine the proportion o f  their focal, 
powers in refped o f  their Colour.

C o  R o L. 2..
»igmetiti A nd if  we want to know what will be the effed o f  laying fuch and fúcli 

or Colours on Bodies with regard to their power o f  heating, and cooling, we may 
'fomg* principles as eafily inform ourfelves. W ith refped to the

ground that we walk upon, or look at, we know certainly, that black Earth, 
burns the Feet, but is more favourable to the eyes ; whereas white fcarcely 
warms the former, but by its bright whitenefs dazzles,, inflames, and burns 
the latter. T h e  fame thing is eafily conceived o f  pidures, and tapeftry. And 
the knowledge o f  thefe things will aifift us in a particular manner, in making 
coverings to fecure our Bodies from H eat, and our eyes from the L igh t. Houfes,, 
for inftance, that are externally white will be cooleft within ; and thofe on the 
Other hand that are black will be hotteft ; i f  the walls are made o f  the fame, 
materials, and are o f the fame thicknefs. And hats that are very white on their 
upper furface, and black on the under part o f  the brim are a vaft relief to the 
H eat when the Sun is exceeding hot.

C  o R o L. 3.

Theeaufeof From the fame caufes the Heat o f  the ground in fome parts o f  the World 
Heat inthe grows intolerable, when being very black, it .is expofed to a fcorching Sun:. 

W hilft in others, the A ir  is rendered fo hoc that it cannot be born. This we 
fee particularly in the Ifland Ormus, where the folar Rays are fo. ftrongly 
refleded from, the white mountains that run Eaft and W eft, and the A ir  is fo 
exceflively heated by them, that the people perifh in it, i f  they don’ t lie co
vered in W ater a ll buc their heads,, which, are kept abov-e it b y  proper fup-
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ports 5 as likewife in Gamron  ̂ where the fame thing happens from a fandy, 
white mountain, which refieits and colleds the Rays in fuch a manner, that 
the Heat o f  the Atmofphere is fcarcely any where fo violent as it is there: And 
yet borh thefe phices lie beyond the T ro p ick  in north latitude. S^tMeuhof. Itin,
Terr. M ar, from p. 80 to 91. and other Authors.

C  O R O L. 4.

W ater, and other Liquors, are raifed into the A ir  by the power o f  terreftrial Hence Me* 
and aerial Fire. And the lefs they are prefs’d by the weight o f  the incumbent 
Atmofpherey the more eafily their Particles recede from  one another by the 
fame degree o f  Heat. T h e higher, therefore, they afcend, the farther they 
are feparated afunder; both on account o f  their increafed Spaces, and their 
leifer reciprocal atcradion. Hence, o f  confequence, they colledt lefs Fire, grow 
cooler, and float about through vaft Spaces, in form o f exceeding fine corpuf
cles, whofe refiftance always increafes in proportion to their altitudes. And 
whilft they are thus driven about, the parts o f  W ater may, poifibly, be re
folved into their ultimate, exceeding hard, immutable Elements,, which, tho* 
very rigid afunder, yet being united together again, may conftitute the fame 
foft Body they did before. When by any means now whatfoever, a confiderable 
number o f thefe aqueous Particles are brought into union in this upper, and confe
quently, colder region ofthe Air,, it is very probable, that the A ir  is immediately 
filled with very fmall icy Bodies; and that thefe, now they begin to defcend,
(and thus coming nearer to the Earth, are reduced into fmaller Spaces, and hence 
are more clofely united,) by their reflections o f  thc Solar rays, form thofe Clouds 
in the Heavens, which to us appear fo exceeding white, whofe whitenefs, the 
greater it is, the more certainly we can foretell, that we. fliall foon have Snow,
Hail, cold Showers, or cold Winds. But the whiter that fide o f  the Cloud 
is, that is directed towards the Sun, the colder, o f  confequence, muft the other 
iide be in proportion, as- it wants at thac time the Solar Heat. Hence it evi
dently appears^ that fuch Clouds may increafe the H eat o f  the A ir  in a very 
ihort time, eljDecially, i f  from their different pofuions with refpeft to the 
Sun they fliould be fo fituated as to refled the Solar Rays into one fmall 
Space, and thus form a kind o f  Focus in the A ir. On the other hand now, i f  ac 
the fame time that the Sun fliines, we fee exceeding, black Clouds in the Sky,, 
there generally very quickly follows Thunder, and Lightning.

C o R O L .  5.

I f  we rightly underftand, therefore, what has been faid, we flia’n’ t wonder 
at the viciflltudes o f  H eat and Cold that fometimes happen fo fuddenly in the 
fame place o f the Atmofphere. F or if we confider, thac as foon as ever the 
Solar Rays fall d iredly upon the A ir, the Fire, that before tended equally eve
ry way, is immediately determined into a Parallelifmj we perceive, that on 
this account the Heat muft be much increafed. Again, the ground we tread 
on being thus inftantly expofed to thefe parallel Rays, muft o f  confequence foon 
grow hot. And laftly, all the Bodies in the A ir, or above the Eardi, will be 
affeded with che irradiation o f the Sun now fhining upon them, and therefore 
muft continually grow warmer and warmer. From thefe caufes, therefore, tho’ 
there fliould noc be an addition o f  one particle o f  Fire more than there was be

fore,.



fore, yet the Heat o f any particular place may be confiderably augmented. 
A nd thus we have now difcovered in Nature, another manner o f exciting Fire, 
which before did not appear, and thac is, the adion o f die Sun, thus deter
mining the particles o f Fire in a parallel diredion.

E x p e r i m e n t  X V .

The coiiec- I f  WC conccive, now, certain Corpufcles perfedly white, exceeding fmooth, 
iraiinia and vcry fmall, to be fb fitted together, that the Fire, thus render’d parallel by 
Focus,  ̂ the adion o f the Sun, and imprefs’d upon their Surface, may be fo refleded, 

chat all the Rays may meet cogether in a very fmall point ; then, all this in- 
cident Fire will be colleded in that place, which, had thefe Corpufcles been 
fituated in the fame plane, would have pafs’d on in parallel lines, as it fell up
on them.

Hence, therefore, the Fire in this place o f  colledion, which for the future 
we ihall call the Focus-, will purely, from its quantity, be fo much more intenfe 
than it was before, as this Space where the Rays are thus united, is lefs chan 
the whole Surface from whence they were refleded. But the force o f  it was 
likewife much augmented before, on accounc o f  the parallelifm already men
tioned.

Perfeasna W as it poflible, therefore, by A rt, to conftrud Speculum., whofe
cavity ihould be formed by the revolution o f  the moft perfed firft Parabola of 
AppoUoniuSi and hence would have any e x a d  conoido-parabolical hollow figure; 
i f  che matter o f  it likewife was the denfeft we are acquainted with, as Gold ; and 
the colour the whiteft, as thac o f  the fineft M ercu ry; if  it, farther too, like 
che pureft Steel poffefs’d tli\  moft elaftic qualitity ; and laftly, if  the aperture 
of its Bafe was very g r e a t: Then, i f  you placed the circle that terminated the 
Bafis o f  this parabolical Conoid parallel to the apparent Difc o f  the Sun, all 
the Fire that enter’d in a parallel diredion through this circle, would be col
leded within the Speculum, in a point o f che Axis ^ o f  the Parameter diftant 
from the Vertex: And confequently, by enlarging the capacity o f  che Speculum., 

Butthis this force might be always farther increas’d. But the moft induftrious Ardfts 
never yet been able to difcover fuch a kind o f  matter, or to give any 

edexaaiy. hollow Body this e x a d  parabolical figure *, and hence, tho’ we eafily conceive 
o f  this efficacious power, yet it has never been reduc’d into pradife.

T h e  next thing, therefore, was to try, whether it was noc pofilble to give 
fome exceeding folid, white, hard, and elaftic fubftance a fpherical figure, 
and fo to polifh it, that chere ftiould be no unequal vacuities lefc in the con
cave polifti’d Surface; and this, it was imagin’d, might be efieded by the at
trition excited in che adion o f  turning: But this upon trial, was not found fo 
eafy to accompliih, by reafon o f the difficulty o f  the Polifti . T h e Hear, how
ever, that has been by this means generated, has been found to be fo violent, 
that it almoft exceeds all credibility.

Theincre- N ot to mention many others, it is fufficient to take notice o f  the moft per- 
dihkpower fed  one hitherto known ; and this is that, which with a good deal o f expe- 

nence and labour, was made by thofe excellent Artiifs, the Father, and his 
sptcuium. two Sons, Vilett's o f  Lyons. This Mirrour is form’d of a metalline fub

ftance, nicely compounded, after a great many trials for this purpofe, and is 
o f  a concave fpherical figure, the Chord o f  the Segment o f the Circle, by the

revolution



revolution o f which it is conftrufted, or the diameter o f the Circle which mea- 
fures its Aperture, being 43 inches, and confequently, the Area, o f  the plane 
through which the Rays are admitted, 1452 44 French inches. Both the con
cave Sid convex fide o f  it is fpherical 5 and both Surfaces are poliih’d as nice- 
jy  as pofiible. T he whole Mafs o f  the Speculum weighs 400 French pounds ; 
and laftly, the R a y s  which fall upon the through the aperture above-
mention*d, when ic is direilly oppofed to the Sun, are colledted in the A ir, 
within a circle o f half an inch diameter, which is 34. feet diftant from its vertex.
Hence, therefore, i f  all the Rays that come parallel from the Sun, and are re
ceiv’d by the Speculum  ̂ were refle6ted into this Focus, then the Space they took 
up in the circle o f  che aperture o f che Speculum, would be to the Space into 
which they are thus contradled in the Focus, as 7396, is to i j and confe
quently, there would be feven thoufand three hundred ninety fix times more 
Fire in this Focus than in the A ir heated at the fame time by the Sun ; which is, 
certainly, a prodigious difference.

W e muft, however, caution you here, that we fuppos’d all the Rays, 
that fell upon the Speculum, to be refiefted back again into Focus \ b u c^ S ^ '“ * 
this, by Experiment, is evidently found to be falfe : For neither is the 
figure exailly  fpherical, or is it perfe£lly poliili’ d̂, or wichouc vacuicies in 
ics Surface, as che Microfcope informs us, and as you may be fure, from 
looking obliquely ac it, for you may fee its concave Surface on every fide 
o f  if. Buc let that be as it will, i f  the Ratio o f  che reflected Rays to 
the incident ones, ihould ever be difcover’d, the proportion may be eafily 
computed : In the mean time, however, this we are fure of, that the Fire, 
which is generated there, is vailly intenfe. F or by a multitude o f  repeated 
Experimencs, ic evidently appears, that every body, that is combuftible by pears’ tô 'be 
any Fire, will, i f  it is plac’d in this Focus, burn furioufly in a moment’s '«ry great* 
time. And even thofe combufi,ible Bodies, which by reafon o f  their aqueous 
moifture, won’ t burn eafily, except they are firft dry’d by the Fire, will here 
kindle into a Flame inftantaneoufly. T his was evident in a branch o f  green 
W ood drawn backwards and forwards through the Focus-, which flam’d in a 
moment in every part upon which ic fell, tho’ the branch was then moift and 
thick, and did not remain at all in the Focus. W ithin the fpace o f  a minute, 
the fix Mecals were puc in fufion in the fame Focus \ as alfo, all the Semi- 
Metals that have hitherto been try’d 5 even ftony and rocky Bodies, are melt
ed and vitrified by it in an inftant. And how violent its effe£t muft be. Gen
tlemen, you may fee from this inftance, that even Bones themfelves, whofe 
Afiies you know, in the cupelling teft, fo powerfully refift both Fire and 
I,ead, are melted by ic in the twinkling o f  an eye as are likewife Bricks,
CLiy, Sand, Crucibles, M arble, Jafper, and Porphyry, which are turned into 
Glafs. And laftly, the very Scones which the Mafons make ufe of for build
ing the Furnaces defign’d for fufing o f  Iron, and feparating ic from ics vaft: 
hard fofiil Ore, melt and vitrify in this Focus immediately ; which no perfon,. 
let him underftand thefe things ever fo well, or let him have feen ever fo much 
o f the violence o f confined Fires, could ever have imagined; for thefe fame 
Stones would have remained many years without alteration, in the intenfe 
Fire to which thefe Furnaces are always expofed : So that the power ot this 
focii Fire, is able to effed that in the leaft inftant o f  time, which the other,

tho’



tho* the ftrongeft we know o f  befides, could hardly accompliih in the fpace of 
fome years. And yet this Fire refides in the liquid A ir , nay, perhaps, 
fvacuOy the-Air being expelled by this vaft H eat, and that, without the leaft Pa~ 
htilum to fupport i t ; and it always remains there, fo long as the Solar Rays con
tinue to fail upon the Speculum. 

sotnere- '^0'^ the colder the matter is o f  which the Speculum confifts, the more in- 
markabk tenfc Wi l l  bc the Heat o f  che Fire in the Focus ; and therefore, the denfer this 
S T i i r '  metalline fubftance is, the more powerful will be the effed. But by this cold- 
spicuiuM. nefs, the elafticity is confiderably increafed, and hence, too, its efficacy will be 

fo much the greater: Whereas on the other hand, as foon as ever the body of 
the Speculum grows warm, its adion becomes feebler; and as it  gradually grows 
hotter and hotter, its cauftic power is continually diminifti’d. Hence, in a ve
ry clear, cold, Winter’s day, it exerts its force much more powerfully, than in 
a .fine Summer’s one. But farther, from what has .been already laid down, 
we know, that the cohefion o f the Elements o f  all Bodies, is conftantly weaken
ed by Fire, and that always, in proportion to the degree o f i t ;  that hence, 
the Pores that are left between their Elements are inlarg’d ; and that their 
power o f contradion, and o f confequence their elafticity, which depends upon 
it, is hereby weaken’d. Here, therefore, again, is a large field open’d for 
inquiry; but it is impofllble for us co enter into ali thefe things at prefent. 
Give me leave, however, on this occafion, to take nocice once more, that when 
this Speculum was direded towards the Moon at the full in a clear W înter’s 
night, and the Bulb o f  a very fenfible Thermometer was placed in the center 

Focus., there was not the ieaft indication either o f  Heat or Cold, buc the 
theheipof Glafs remained exad ly  at the height it was before, tho* at the fame time the 
theMoon. Focus was fo exccifive bright, that no-body was able to look at it. And this, 

upon conflderation, feems the more furprizing, becaufe thefe Rays that thus 
come from the M oon, were received, by that, from the Sun ; and yet we 
know, by Experiment, that if  the image o f the Sun is refleded from a very 

A verygreat perfed plain gJafs Speculum diredly upon Vileites*sy the Fire generated in its 
MysS’the Focus will be Vaftly intenfe, and near as ftrong, as i f  the Solar rays had fallen 
sunreflefted d ired ly  u^on it. Hence, therefore, ag.iin, is demonftrated a plain difference 

betwixt L ig h t and H eat, as was before taken notice of. Thefe, now, are 
the principal phyfical eifeds o f  iWis. Speculum  ̂ with regard to our prefent pur
pofe, which I have exad ly  related, as they are delivered by the worthy Author 
himfelf from his own obfervation, and which will be o f  fervice to us prefendy 
in treating o f the nature o f  Fire.

?es°ofThr* noble Inftrument, however, has this one inconvenience, chat as the Sun
spmiunû  muft be pretty high to communicate its power to it, and this concave Specu

lum muft be fo direded to the Sun, that the Axis o f  the lucid Solar D ifk, and 
o f  i\\t Speculum  ̂ muft be in the fame right line; hence, the Bodies too 

that are to bc examined in its Focus  ̂ muft be in the fame line a lfo : F or which 
reafon, it is impoifible to prevent their falling, V / h e n once they come to be 
melted ; and hence, as foon as ever they are put in fufion, they run from the 
adion ofthe Fire, fo that no trial can be made o f them farther, which, you 

Cimvcnien- p f i ly  conceive, would be o fth e  greateft confequence. But this inconvenience 
is, in fome meafure, compenfated by this property o f it, that the external Sur
face of this poliih’d M etal, refleds all the Rays that fall upon it, and hence

does
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t3ocs not much diflipate or change them ; whereas your glais Spéculums  ̂ that 
refleâ; by means o f Mercury incruftated upon the back part o f  them, rnuft ne- 
ceiîàrily caufe a great difllpation o f the Rays, on account o f  the multiplicity 
o f  images that arife from the pofition o f  the pellucid Particles o f the Glafs.
And as for the ocher manner o f burning with convex Glafies by refrailion, this 
is ftill lefs powerful; for thefe muft reflea: a great quantity o f the R a p  to
wards every partj and a great many more will be fuffocated, and extinguiihed, 
whilft they pafs obliquely through their fubftance.

C o  R 0 L. I.
From the confideration o f  what has been now laid down, I think it evidently 

follows, that the celeftial Bodies, as well Planets, as fix’d Stars, make no ake- di«rex«pt" 
ration in our Fire, with regard to Cold or H eat, that we are capable o f  difcern- 
ing. For fetting a fide the Sun, whofe effefts we have ju ft explain’d, the 
Moon is the only one o f  any confequence; but when the image o f  this is re- fî«. either 
ceived on Speculum, and refle£ted into this very fmall Focus, it does not mijÎn î̂tin 
produce the leaft fign o f expanfion, or contrafbion, no, not even in the A ir  it- ? 
lelf. W hat then can the L igh t do that comes from the other Planets ? Cer- 
tainly, nothing at all. N or has the L igh t o f  the fix’d Scars any greater ef- 
feft. I f  thefe Bodies, therefore, are endued with a power, by which they are 
able to ait upon the Heat and Cold o f  our Earth and Atmofphere, which I 
don’ t pretend to deny, they muft neceffarily do it in fome other manner, than 
by the vibration o f  their lucid Rays. N or will the Aftrologer’s referring us 
to the various A fpefls and Conjun<5tions o f  the heavenly Bodies, and to the 
Conftellations, make any thing againft what we advance ; becaufe it always ap
pears by Experiment, that there is no alteration produc’d by any o f  thefe caufes, 
in the cafe we are at prefent confidering. W e  may venture, therefore, to af- 
fert, that all the H eat that flows from the heavenly Luminaries, and is tranf- 
mitted to us, depends intirely upon the Sun alone, without receiving the leaft 
augmentation from any o f the reft that has hitherto been difcovered.

C  0 R  o L .  2.

Thefe things, then, being well underftood, we can’ t clearly conceive how 
any confiderable alterations can be produc’d in the Bodies o f  our world by the he«to*^e 
Scars: For in moft o f  thefe changes, that we are acquainted with, either Heat Ûera- 
or Cold, is concijrned, whether new motions are excited, or former ones are 
altered J but upon H eat and Cold, the Stars have no efFe6b, T h e influences, 
therefore, that chefe heavenly Bodies are fuppofed to have upon thefe 
lower ones, muft depend upon fome other caufes; and confequently, thefe 
changes are not owing d ired iy  to any communication o f  Fire, or any altera
tion ot it, that the Scars are capable of producing. N or in reality, has it 
hitherto appeared by Experiment, that thefe fuperiour Bodies do exert any 
force upon thefe lower regions, except what is to be afcribed to the power o f  
Gravicy alone ; which is vaftly different from L igh t, and Fire, nor has the leaft 
dependence upon them. T h at this power, indeed, on account o f  the various 
poficions o f  the heavenly Bodies, muft be liable to frequent changes ; 
hence, from thefe different degrees o f attraction and repulfion, may produce a 
great many alterations in the Bodies o f  our worldj no-body that is acquainted

T  wich



with thefe things will deny ; buc at the fame time that they have any other 
power, with refpeil to us, befides that o f  G ravity, we- never have yec had fuf  ̂
ficient evidence to induce us to believe.

C  O R O L. 3.

Surprizing Thefe things then being premifed, we may again venture from Experiments-- 
to account for a great many Phœnomena thac we obferve in the A ir, which re-

edTigLi '  late to our phyfical inquiries, which fometimes mightily difturb our chemical 
operations, and which may be eafily underftood from whac has been faid. The 
famous Hailey has demonftrated, that there is an incredible quanticy o f  Water 
perpetually carried up into the A ir :  T h a t this afcends to the greateft height in 
very ferene weather, appears by the clearnefs, and increafed weight o f  the At- 
mofphere at the fame time: N or is it lefs certain, that it will be there turned 
into Ice, i f  its Elements happen to be brought into union in thofe upper re
gions. N ow  what hinders, but thac thefe particles of Ice thus produced, may 
in like manner be brought together there, and being gradually united into 
large globular Bodies, may appear in the form o f  Clouds ? A nd why may noc 
thefe, from an infinite number o f  caufes, be perpetually changing their figure  ̂
be fometimes plain, then fpherical, and fo o f all other figures by turns ? Sup- 
pofing, then, this to be the cafe, will not the aâion o f  the Sun irradiating the 
A ir , and ftiining upon thefe Spculumsy be thence refleded, fo as to produce- 
very fudden and furprizing appearances o f  L ight? And again, may they not, 
by being difpofed in a different manner, fuffocate and extinguiih the Rays of 
L ig h t, and thus in an inftant bring on thick Darknefs? Whenever the Clouds 
in the Heavens appear exceeding white from the irradiation o f  the Sun or- 
M oon, there generally follows very quickly, either Snow, or H ail. A n d  after 
long drought and fine weather in the hotteft pare o f  Summer, I have obferved 
iittie white Clouds to appear aloft in the A ir , which increafing in magnitude 
very faft, become conftantly lefs white, as they grow  bigger and bigger^ and a 
little afterwards, from a large bafe defcending towards the Earth in a pyrami
dal form, make a perfed  lhade, and burft into fhowers with a great violence ; 
the largenefs o f  the drops at the fame time evidently fliew-ing, that they were 
H a il in the upper, colder regions, but fuddenly melted as they came down in
to  the lower and warmer ones : O r i f  the Hail-ftones happen to be fo big 
aloft, that they cannot be thus thaw’d in their defcent, then they fall to the 
ground in a folid form , and both ways quickly render the lower A ir  in the 
places where they fall, much cooler than it was before. N ow  thefe Phœnomm' 
may be eafily accounted fo r  from the fimple caufes already mentioned : For 
the higher the particles o f  W ater are raifed, the more they will be frozen j .and 
from the greater height they fall, the more violent will be their defcent, their 
celerity being conftantly increafed in the proportion which Galileth has demon
ftrated. Hence thofe little Clouds thac are feen in Afia in very fine weather, 
and on account o f  cheir fmallnefs are compared to an Ox*s eye, when they falh 
from the Sky, come tothe ground with a prodigious force,, put the A ir, that 
is condenfed in that place, in a violent commotion, and thus raife Winds, and 
Whirlwinds, and fometimes produce Storms that exert their force from a center 
equally towards everjr part o f  the H orizon, their apparent magnitude, during, 
their defcent, always increafing in a.reciprocal proportion to the fquares o f their
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diftances. Docs, therefore, the very bright whitenefs o f the Clouds always de
pend upon Snow or Ice, that is generated in them ? Certainly, W ater icfelf 
'never appears whice when irradiated by the Sun, unlefs it is firft form*d into 
Froth, Snow, or Ice, or receives the Rays and tranfmits them very obliquely to 
the eye. But again, fuppofe this frozen W ater to be driven together by the W ind, 
and to be fo colleded into one Body, as to refled the Solar Rays by that pare 
o f  its Surface that is oppofed to che Sun ; and hence, to heat, rarefy, and puc 
in motion the A ir  that lies betwixt the Sun and this icy Cloud, whilft at thc 
fame time the adion o f  the L igh t, and H eat, continually varies on every other 
part o f it i fuppofe farther, the Globe to be large, pretty folid, and not pel
lucid, and o f confequence, the Cold on the part averfe to the Sun to be fo 
much the greater, and the A ir  there fo much the denfer: From thefe caufes, 
then, there muft neceifarily follow an extraordinary rotation o f  this globular 
Body, which will be fo much the fwifter, as the Heat o f  the Sun is ftronger, 
the denfity o f  this icy Globe is greater, the Cold on the hinder part is more intenfe, 
and as it falls from a higher very light A ir , into a lower one growing gradu
ally denfer, and yielding a greater refiftance.

I am perfuaded, now, Gentlemen, if  you will but weigh thefe few things 
wich attention, you will never wonder at chofe terrible ftorms that often happen, 
when the Weather has been a long time calm and ferene ; efpecially, i f  you 
confider at the fame time, what Attrition, what H eat, nay, what Fire, may 
be inftantly produced, by Bodies failing from aloft through the heavier A ir  that 
lies underneath them. Thefe confiderations now lead us to take notice o f  thofe 
intolerable Heats that fuddenly happen in particular parts o f  the Earth, and 
very foon after end in horrible tempefts ; and which upon reflexion, we fliall find, 
to happen generally when the Heavens are full o f  diftind, fcattered Clouds.
For i f  any quantity o f  fnowy, or icy Clouds, efpecially if  they are large ones, 
are fo difpofed in che Atmofphere, as to form refieding Spéculums  ̂ and exert 
their united force upon one certain place, which you will grant me may be, nay, 
and often muft be the cafe, pray what muft be the confequence ? W h y, cer
tainly, an incredible Heat will immediately be excited there; the A ir will be 
vaftly expanded, fo as fometimes to occafion a very large Vacuum ; about this 
Vacuum thus heated by fuch a colledion o fF ire , the expell’d Clouds, and A ir, 
will be agitated in a furprizing manner, and with a great noife ; whirling 
Vortices will be hereby produced ; and prefently afcer, this Focus being deflroy*d 
by a different fituation o f  the Clouds, the A ir, Snow, H ail, W ater, and what- 
ioever elfe is neareft, will ruih into thefe Vacuums wich prodigious violence.
And for my own part, I have long been o f  opinion, that this refl^'dion o f  the 
Solar Rays from icy Clouds, and their being hence colleded into large Foci  ̂ are 
the principal caufes o f  thofe terrible Phanomena, which frequently happen in 
fo violent a manner, as to make human Nature ftiudder, and be almoft afraid 
of prefent deftrudion. A  learned Englijhman has ingenioufly demonftrated 
with what force the common heavy elaftic A ir  would ruih into a perfed Tor
ricellian Vacuum, which he proves to be fo great, that the celerity o f  the moft 
Tapid W ind, which moves 22 or 23 feet in a fécond, can by no means be com 
pared wich it, as this would run 1305 feet in the fame time. Phil. Tranf. 1686.
N . 184. p. 193, N ow , only confider, what quantities o f  thefe cloudy 
lums may be ac once produced in the Heavens ; and ac the fame time refled on
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their pofilble magnitudes, folidities, and ficuationsj and you will eafily fee, thaï 
they may be able to form Spaces o f  ftupendous efficacy, with regard to the 
Fire that may be generated in them: T o  which, therefore. Lightning, Thun
der, Whirlwinds, Storms, W inds, and theother Meteors, may owe theirproduc- 
tion. And hence, perhaps, we may underftand, why, tho’ the Weather iÿ 
exceeding hot, yet, i f  the Heavens are ferene, and free from Clouds, thefe 
things are feldom obferved to happen ; whereas, when once the Sky grows oh- 
fcured with Clouds, very extraordinary alterations often immediately follow.

C  O R o L. 4.

ifpeciaiiy Buc thefc are never more frequent, or more violent, than when it has been a 
»haws!* iharp Froft for a confiderable time, and the Earth is grown hard to a pretty 

great depth. For i f  it then thaws on a fudden, there generally follows Clouds, 
uncommon Heats, Thunder, and L igh tn ing: And the reafon feems to be 
this : A ll  the Vapours, and pinguious Exhalations, that in warm Weather arife 
from the Earth, were, during that time, locked up within this hard cruft, and there 
agitated by a fubterraneous Heat v which appears evident from hence, that if 
in the hardeft Froft, you break the Ice in the ditches, there imm.ediately ex
hale from them warm Vapours, the quantity and warmth o f  which are fo 
much the greater, as the Froft is harder, and the Ice thicker. N ow  as foon 
as ever the upper frozen Glebe comes to be refolved by the warmth, thefe 
Fumes that were thus confined, inftantly difengage tliemfelves, and being car
ried up into the A ir, form fmaller, and then larger Clouds, which being after
wards roll’d up together, and irradiated by the Sun, very foon bring on the 
Pbanomena we have mentioned. Hence, in Ruffia, Sweden  ̂ and 'Denmark  ̂ fuch 
exceflive Thunders generally follow a thaw. It m ight be added too, thac 
the Particles that were exceedingly confolidated by the Cold, do ftill excite a  very 
great motion o f  attritioa.

C O R O L . 5,

TheHeât But let US confider farther, that the reflexion o f  the Solar Rays from the 
a^hcef ** ground, buildings, and mountains, may be the occafion that fome particular 
%hcnce? places, in the fame pofition to the Sun, may be much hotter than otherŝ  

F or it is eafy to conceive, how all thefe things may either accidentally, oron 
purpofe, be fo difpofed as to make a very great alteration in the H eat in the 
center o f  the place. And then befides,. the diverfity o f the colours of the Bo* 
dies round about, may, as has been before obferved, very much increafc 
the force o f this Hear. But we ought particularly to remember, that in 
different feafons o f  the year, the diredion o f  the rays o f  the Sun upon 
thefe Bodies, is continually changing in a very remarkable manner, and hence 
the reflexion o f  them, and the Heat o f  their F îj î«/, will be increafed, diminifli
ed, and perpetually varied. From  thefe principles then, we may eafily under
ftand, how it comes to p.ii^, that fome places at certain times o f  the day, or 
year, are fo different from themfelves with regard to their H eat, Colour, and 
L igh t, (as it is a common obfervation, that fome places are hotteft with the 
morning Sun, and others wich the afternoon) for we have nothing to do but 
to  have recourfe to the three circumftances juft mentioned, and examine them 
with regard to the places under confideration. And ic will then appear, which



is much to our prefent purpofe, that a greater or lefs degree o f Fire, may be 
produced in any particuUr place, without any other caufe than mere reflexion, 
and the colleition, and difperfion of Rays that depend upon it. People general
ly  imagine, that, ccetens paribus, the Heat is greatefl: in places thac are level- 
left and moft open ; but the contrary is always obferved to be true : For in calm, 
dry, hot Weather, the A ir  on large plains is always more temperate, and re- 
freihing ; that in the vallies, more fultry and troubiefome. A nd hence ic 
comes to pafs, that Horfes, and other Cattle, are briik, and run on the 
plain heaths without being tired, or lofing .their W in d ; whilft, at the fame 
time, they grow languid wich the heat in other places. And the reafon is evi
dent ; for in thefe level places, there is no Heat but what is owing to the dired: 
rays o f the Sun, or the reflexion o f  them from the Clouds alone, Thefe ob
fervations, now, are o f  great fervice in helping us to form a right ̂ notion o f  
Fire, which, ocherwife, is faifly imagined to be peculiar to fome parcicular 
parts o f  the E arth ; to account for which, many extraordinary caufes have been, 
mentioned very different from the true nature o f  Fire. I f  we examine chis affair, 
however, in a proper manner, it will always appear, that Fire confidered 
abfolutely in itfelf, is equally difFufed through all Bodies, and every part 
o f  Space.-

G o  R 0 L. 6.

And here let me obferve, in one word, before I quit this fubjed’, that the Conciii/ibn= 
Meteors in the A ir, the H eat on the Earth, and the E fieds that are thence pro- 
duced, owe their origin, degrees, changes, and effeds, principally, to the va
rious reflexions o f  the parallel rays o f  the Sun,

C  o R  o  L .  7.

But it is a matter o f  vaftly nicer inquiry, and would be o f  extraordinary 
fervice, could human induftry and penetration ever arrive at it, to determine Fire coiieft- 
the true proportion between the quantity o f  L ig h t falling upon a refleding.
Body from a given Space, and the fame "when ic is colleded in Focus after cus, difficuli- 
reflexion. Suppofe, for inftance, the L igh t contain’d in a circle o f  2 feec di- 
amecer, to fall upon a concave fpherical Speculum, and to be thence refleded into 
a circular o f  an inch diameter; we can then eafily, by che help o f Geo
metry, find the proportion o f che Area o f  this lucid Circle, to that o f  the col- 
leding Focus, fince thefe are to one another, as the fquares o f  their diameters ; 
and hence the Mathematicians prefently infer, that the incident L ig h t is to 
the refleded, in the fame Ratio. But whoever examines this affair as a Philo
fopher, will find much greacer difiiculties in refolving this problem, than he is 
at firft aware of.

For in the firft place. Gentlemen, how will you be able to determine the Firft,aswr 
proportion o f the vacuicies or pores In the concave Surface of this Speculum, 
the folid parts o f it thac caufe chis reflexion? Every thing that has been hither- lidpartof 
to made ufe o f  for this purpofe, has been confiderably lighter than Iron, and 
confequently, much more porous than Gold ; but the fclidity even o f  this,. 
with refped to its magnitude, has never yet been difcovered. Hence, there
fore, we fee, that it is impoflible to fettle this firfl: circumftance ; and yet this is- 
abfolutely neccflary to  the fatisfyingour prefent inquiry. Perhaps only a thoufandth

pare.



■ part o f the bulk o f this Body is perfedly folid and impenetrable the.re^, 
wich regard to the matter o f  which the Body confiils, incirely vacuity or pores. 
H ow  greaca quanticy o f  the incident L ig h t then muft neceifarily be loft ?

Korthe ex. But fup.pofe now, which is however by no means the cafe, that the matter 
jiâ gure. was abfolutely folid, by what method will you determine the figure o f the 

Speculum f  You imagine, for inftance, it is fpherical. H ow do you know it is 
fo? Certainly, if  it was perfedly fo, its concave Surface would then appear 
black, except to an eye placed in the Focus, or in the lucid vertical Cone pro
duced from the Focus, or a little on the fides, on account o f  the diverging 
coloured Rays, according to the elegant dodrine o f  the incomparable Newton-, 
Whereas we find, on the contrary, that its bottom may be fecn in every obli- 
que pofition. But if  this don^t fatisfy you , and you ftill fancy fuch an exaft 
poliOi may be given to Metals, take a concave Speculum chat is looked upon to 
be finiihed in che niceft manner, and examine it with one o f  the beft Microf- 
copes ; and you will foon fee how rough, unequal, and porous that Surface is, 
which you imagined fo fmooth and equable *, and will be forced to confefs, 
that there is but a very fmall part o f this Surface that is fimilar, but thac the 
figure is every where perfedly irregular. H ow , then, can any perfon chink it 
poifible to determine the quantity o f  the refleded L ig h t from the figure of 
the Speculum ?

»Nor the ho- But again, fuppofing we could get clear o f  thefe difficulties, there is another 
.S'ST ĵnat- confiderable ftill behind : F or we muft be certain, whether the matter o f this 

Speculum is every where perfedly homogeneous, and has, in every point 
o f  its Surface, the fame power o f  equably refieding the rays o f L ig h t 5 fince it 
appears by the Newtonian dodrine, that in this refped too, there is a vaft deal 
o f  difference in different Bodies. It evidently appears, therefore, that we can 
come to no certainty in this inquiry, till this is likewife determined. It is pof
fible, for inftance, that, in che fubftance o f  which the Speculum is compofed, there 
m ay be fome matter that we are noc ac prefenc acquainted with, which may 
have no power o f  reflexion at all, and which, confequencly, will fuffocate and 
extinguiih the incident lucid Fire, in proportion to the quanticy o f  it that is 
contained in the refieding Surface. But, now, tho* we could in thefe three ref- 
peds certainly demonftrate the proportion of the power o f  the Fire in the Fq- 
eus, to chat o f  the parallel Fire that fell upon the Speculum \ yet this will re
gard only the efficacy o f  it, as it depends upon the quantity.

•Fourthly, But hence, we fliall never be able ju ftly  to determine, what proportion the 
ScetfFire focal Firc bears to the fame, when ic was direded by the Sun
,don’t depend through chc Circle chac meafures the aperture o f the Speculum., and that, for the 
E"guLtfty" reafon. W e  are noc certain, whether the impetus o f  Fire is always

‘ proportionable to the number o f  Particles contained within the fame Space -, 
and confequently, whether this rule will always hold good, thac a double 
quantity o fF ire  conftantly exerts itfelf upon Bodies wich a double Force *, for 
nocwithftanding this is generally taken for granted, yet there is a great deal 
o f  room to difpute it : And cho* ic is cercain, chac a larger quantity o f  Fire 
in a fmaller Space, will always be more eificacious ; yet, it ftill remains mat
ter o f doubt, whether its ad ive  power receives no augmentation, except pure- 
Jy from its quantity.

X ^is fufpicion is grounded upon the fo llow in g  obfervation^ Ic is evident 
from



from Experiment, that there are certain Bodies in nature, which whilft they as appears 
are feparate produce no efFeas,_ but as foon as ever they approach one another 
within a determinate diftance, immediately excite new motions which did not other Bodies, 
before exift, which grow continually greater the nearer they come to one another, 
and ceafe again in an inftant, when they are removed fo far afunder, that their 
reciprocal vertue can exert itfeif no longer. F or an inftance o f  this, let us take 
two very good Loadftones: L et one o f  thefe be at reft in any particular place, 
and it will always o f itfeif continue fo : Bring, then, another gradually towards 
it, and you will find by gently proceeding the moft diftant point in which this 
latter will be able to put in motion, and agitate the form er; and as you fuc- 
ceflively bring it nearer and nearer, the motion o f  them both will become 
more remarkable, the power that generates it always increafing as the diftance 
between them grows lefs, though in a proportion that is not yet determined..
The great Newton-, indeed, for very weighty reafons fufpeded it to nearly 
in a reciprocal triplicate ratio o f  che diftances.

For the difcovering o f  this the famous John Mufchenibroekt Profefibr in the 
Academy o f  Utrecht  ̂ has taken a vaft deal o f  pains, and that with very good  
fuccefs. L et us fuppofe a number o f  Loadftones equally powerful to be fuf- 
pended fo as to be in the fame a fpherical furface, and lo near one another 
as to be ju ft ready to feel each other’s reciprocal attrailion r L e t  us then ima
gine them all to be brought very gently towards the Center of the Sphere^  ̂
and confequently nearer to one another. W ould not they then, i f  there was 
a hundred o f  them, be all put immediately into a furprizing motion ? Suppofe 
again, that at a certain diftance they were all perfeitly at reft; and then 
conceive one Loadftone fituated in the Center o f  the-Sphere : certainly, in that 
very inftant o f time there would arife a very extraordinary motion in all the others 
together, not one o f  them keeping their pofition, though they were all abfolutely 
quiet before. And when thefe, again, began to come towards the Center, 
the motion would grow greater at every diftance, and be very different from 
what it was juft before *, fince the aition produced between the attrading, and 
repelling Poles, would continually vary in every point o f  approach. T h e  
fame thing might be demonftrated in the Air,and a great many other Bodies, but 
this Example is fufficient. Suppofing, now, fuch a power as this, or perhaps 
a greater, to be implanted in the Elements o f F ire; it w ill, then, be poflible, 
that the force, which they fcarcely had at a ll  when afunder, may be exceed
ingly increafed when they are colleded together; and hence the Fire in the 
Focus may be vaftly more intenfe on account o f  the nearnefs o f  its particles, 
than o f  their number. And, indeed, the truth o f  this dodrine has been a good 
while certainly confirmed by the following Obfervation. I f  the Thermometer, in 
an open place, irradiated by the Sun at noon in a cold W inter’s day, ftands at 
the degree 20; and at the fame time your furnace ftones inftantly melt, and 
vitrify in the Focus o i  Vtlett's Speculum', what do you imagine wouW be the 
confequence, (hould the Thermometer be placed in the Axis o f  the Speculum 
five inches diftant from the Focus ? In all probability you would exped  fome 
extraordinary e ffe d ; and yet by Experiment we find that there is fcarcely a 
Heat there o f  190 degrees. Does ic not, then, hence appear evident, ihac And in Fi« 
this vaft difference o f Heat cannot arife from condenfation alone, but thac 
there muft likewife^fome new agitatioa bej excitcd in the particles thcm-
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felves from the nearnefs o f  contad ? But fince we have made ic clear, from 
what has formeriy been laid down, thac it is the peculiar property o f  Fire 
to expand both itfelf, and all the Bodies ic afts upon ; it is poflible, that 
this qualicy may be vaftly increafed by this colledion o f  the particles o f Fire 
into one place: And hence, perhaps, ics cauftic power may in a moment be fo 
prodigioufly augmented.

Buc laftly, we are not yet certain whether the power by which the parts of 
the Speculum refied thefe igneous Rays, is as great about the Axis^ to which 
the Rays fall parallel, as it is in the ocher pares o f  the furface that are more 
diftanc; and hence, till this is afcertained, we may fairly doubt, whether all 
the Rays refiefled from the Speculum  ̂ and colleded in the Focus  ̂ meet there 
with fo equal a force, that we may venture to aflcrt, thac the Fire excited there is 
proportionable to the number o f  the united Rays.

C o R O L .  8.

I have taken a great deal o f  pains to difcover, i f  pofllble, a method by which 
we mighc determine fomething certain in this point : And at laft ic appeared, 
that i f  any part o f  the Speculum is covered wich an opake black Body, the 
Rays from all the other parts o f  the Speculum that are open, will neverthelcfs, 
beconftandy colleded in che Focus without any aberration ; nor does it at all fig. 
nify which part o f  the concave is covered. I f we conceive, now, the whole 
aperture to be covered with a circular brafs p late; then nothing will be received, 
nor any thing refleded. Buc as we can divide chis Circle from che Center into as 
many equal parts as we pleafe, we m ay by this means exclude, or admit, 
what quantity we have a mind o f  the rays that fall upon this, circular Am . 
A n d , hence, the proportion o f  the admitted Rays, to the whole that were 
before received upon this plate, we can determine at pkafure- Thus, therefore, 
we can co lled  in the Focus, half, a third, a thoufandth, or any otner pare of 
the R ays; and then, by comparing the degrees o f  Heac produced in the 
Focu^ by thefe different quantities, may be able to difcover, whether the force 
o f  th&^-Fire thus generated, is always in proportion to the number o f  Rays 
united in the Focus, or depends upon fome other Jaw. B y this method, then, 
all the Rays o f  L ig h t thac fall upon the whole aperture o f  Vilett̂ s, Speculum 
may be divided in any Ratio, in v,'!;4ch we can geometrically divide a circle; 
and the efficacy of the Fires the^ excite in every proportion may be thus 
examined.

C  0 R o L. 9.

I f  by proper Experiments, therefore, it was known, what part o f  this brafs 
circular plate muft be open co admit juft Rays enough to make Wacer boil 
when placed in the F o c u s and this-aperture fhould afterwards be very gra
dually inlarged till the focal Fire would raife the M ercury in the Barometer 
to the degree 424: Then, this degree o f  H eat would be double the former, 
as far as ic difcovers icfelf by this dilatation o f  the M ercury. W e  mighc, 
then, examine the proportion o f  this laft aperture to the former, which pro- 
duced only half as much H eat ; and, hence, by comparing the Areee o f  thefe 
apertures thus difcovered, and the e fffd s o f  the cauftic powers we obferved 
fivsn  each o f .them, we m ight at laft be able to determine, how much o f  this force

depends



pends upon the quantity o f the Rays, and how much on this coardation o f  
them into a fmaller fpace, and the redudion o f  the Elements o f  Fire into a 
nearer union. And this, as it would be o f very great fervice in furnifhing us 
with proper materials fo ra  H iftory o f  Fire, it feems, plainly to demonftrate 
that the intenfenefs o f  this Fire, is not owing only to the number o f  the Rays, 
but to their proxim ity likewife, by which the force o f  the particles o f Fire is 
continually increafed : A  few Experiments, at leaft, that have been made with 
this view with concave glafs Spéculums induce us to be intirely o f  this opinion.
Thus, then, we have Aifficiently explained the greateft force o fF ire  that, has 
ever yet been difcovered i w hich, in very cold weather, is produced in one 
fimple manner by thac quantity o f  folar Rays that paifes through a Circle o f 
three feet feven inches diameter. Had thefe R ays, now, proceeded on w ith
out meeting with any obftacle, they would have excited but a fmall degree o f  
Heat in the A ir ;  and i f  they had conftantly kept on in the fame diredion 
through an A ir growing gradually finer and finer, the Heat caufed by them 
would have grown lefs and lefs by degrees, till at laft perhaps it would have 
been diminilhed to a greater degree o f  Cold than was ever yet difcovered.
Hence, then, we fee plainly what wrong notions perfons generally have o f  thc 
nature, and adion o f  F ire ; fince it evidently appears, that the difference be
twixt the intenfeft H eat that we are hitherto acquainted with, and the ex- 
tremeft Cold, is caufed purely by the adion o f  a refifting Body. A nd, hence 
again, we may almoft venture to infer, as we did before, that Fire is equally 
diffufed through all Bodies, and every part o f  fpace ; and that its ad ivity  does 
not appear, except when it meets with fome refiftance. A s , the aperture, 
now, o f  the Spéculums we have been treating o f  may be conftantly increafed ; 
hence, the ftrength o f  the focal Fire may be augmented in infinitum.^

C o  ROL.  10.

N o body has ever yet difcovered a ftronger Fire in any place, than that Attrition 
which is colleded by Vilett*s> Speculum j for that which is generated by Tfchirn- producesthe 
häufen'  ̂ burning glaflTes is not fo great. Hence, the effed o f the greateft Fire 
that we know of, is the turning Flint into Glafs in a moment, in Vileti's Focus.
A  greater effed than this has never yet been obferved ; for though Lightning, 
has fometimes inftantly melted Iron, yet it never has, to my knowledge, vi
trified either Scones, or Metals. T h e  vaft violence, therefore, o f  the Fire in 
this Focus we cannot confider without wonder, and aftoniihment : And yet I 
afiert, that this very fame effed o f vitrification, may be at once produced in 
the coldeft places, and by the coldeft Bodies, without the aififtance o f  any Sun,
Light, FocuSy or combuftible matter ; and, hence, that the ultimate effed 
of the moft intenfe Fire is always and every where producible, even in the 
darkeft and coldeft parts o f fpace. And this is evident ; for i f  in the iharp
eft Winter-night, you ftrike a choice Flint againft a piece o f  well tempered 
Steel, you may by that means always procure exceeding lucid, vivid fparks, 
which make a whizzing noife as they fly through the A ir. N ow  i f  you catch 
the Corpufcles thus ftruck off, upon a clean paper underneath, you will find 
them to be glafs Spherules, compofed either of the melted Flint, or Steel, or 
both together, and formed into this figure by their rotation through the A ir.
Hence, therefore, we are cercain, that the force o f the Fire generated here,

U  muft



muft have been ilrong enough to have reduced thefe exceeding hard Corpufcles to 
fuch a fluid ftate, that they might by this equable rotation through the fofc 
A ir  be reduced into thefe fpherical Bodies, which, upon examination, we find to 
be perfedly o f a glafly nature. But the turning Stones and Mecals into Glafs, 
is almoft the greateft and ultimate effed o f  the ftrongeft F ire ; fo that hence 
it appears, that the adion of this momentaneous percuflion is as efficacious, as 
thac o f the moft violent cauftic Speculum. I f  a prodigious large choice P'linr, 
therefore, ihould be ftruck againft an exceeding greac Body o f  Steel, whata  ̂
Fire might be inftantly produced ? Thus, then, I have explained a fécond me
thod by which the greateft degree o f  Fire may be readily generated ; v iz, by 
cplleding the parallel Rays o f  the Sun into a very fmall point b y  reflexion.

E x p e r i m e n t  X V I.
Fire, thus determined into a Parallelifm by the Sun, falls upon 

Firediô i- a very pellucid glafs, nicely poliihed, and perfedly fpherical, it will be col- 
leded in a Focus that burns very violently.

T h e truth o f  this has a long time been difcovered ; but ic never appeared more 
accurately than by the gîaflès o f  M r. Tfchirnhaufen in the poifefîion o f the 
Duke of Orleans y which were made ufe o f in the Palace Garden on purpofe to 
try  fome Experiments concerning the nature o f Fire. A n  hiftorical account, 
therefore, o f  this afî air can’ t here be omitted ; as it will give us a confiderabli 
light into the properties o f  Fire, the eifeds produced by thefe glaifes being the 
greateft chat were ever produced by any o f che fame kind. See Mem. de l'A(\ 
Roy def. Sc. 16 9 9 ,9 0 , 1700, 128. 1701. 34.

Thegreateft T h e biggeft glafs IS ot a circular figure, four feet in diameter, and convex on 
known. both fides r  and if  it is diredly oppofed to the Sun in the fummer time betwixt 

nine in the morning and three in the afternoon, when the A ir  is clear, and 
freed from its W ater by preceding Rains, it produces a Focus at twelve feet 
diftance from the gîais, whofe Diameter is an inch and a half. This is what 
M r. Tfchirnhaufen made ufe o f  himfelf.

I f  combuftible Bodies are placed in iVis Focus they take fire immediately', 
Lead is foon melted ; and Bricks are vitrified, if they continue there a good 
while. N ow  from thefe efl^eds compared with thofe o f  VileiC% Speculum we 
may draw the following Corollaries*

C o  R 0 L. I.

Th«catop- T h e  Dianveter o f  the circular aperture o f  Vileith Speculum is 43 irichesr 
circumference, inches. T  he Diameter o f  the Circle o f Tfchirn- 

rTî ora- haufenh Convex, is 48 inches •, its circumfcrence, therefore, inches:-
f»«d. Confequently, the quanticy o f the incident Rays upon the Circle o f Tfcbirn- 

haufen'% glafs, is to the fame upon Vileti^s Speculum  ̂ as 2304. to 1849; and 
yet the adion o f  Vilette''s Speculum is much quicker, and a great deal more 
violent, than that o f  this glafs Lens o f  Tfchirnhaufen.

C  o R o L. 2.

Thecatop- Hence it appears evident, that Catoptrics rightly improved is better fuited 
sïwerSr the incident Rays in their full force by reflexion, than Dioptrics,

with the utmoft advantages, is by refradion -, and, therefore, that a great 
many Rays are loft when we endeavour to co lled  thenr by diaphanous burning 
glaflTes, 3 C o r o l .



C o  R  O L .  3.

But how great now, likewife, is the difference o f  their Foct? T h e  it
o f  the circular aperture o f  VilsU'^ Speculum  ̂ is iquare inches ; its Syimor«
Focus -^4 fquare lines. T h e Area o f  the Circle o f Tfchirnhaufen*  ̂ 'Lens is doftiy.

fquare inches, the 'Bocus o f  it, fquare lines : And, therefore, the 
Focus of the Speculum is fo the Focus o f  the Lens, as i ,  is to 9 . whence ic ap
pears, again, that the method o f  generating Fire by reflexion, is more power, 
ful than by refraftion. This cauftic power, therefore, may be carried to a 
greater height by opake Spéculums than by tranfparent Lenses: For an orbi
cular Lens o f  four feet diameter, is almoft the greateft that the W orkers in 
Glafs could ever yec make, on account o f  the conftrudtion o f their Furnaces ; 
whereas the formation o f  Spéculums is not as yet, perhaps, arrived to its 
greateft perfection ; though we have no very great reafon, indeed, to expe<5t 
otherwife. F or who, that judges juftly o f  things, don’ t refleib with foine 
regret, that no Prince fliould think it worth while to reward the induftry 
o f  thefe confummate Artifts in a handfome manner, and encourage them to 
farther Improvements? But this is the^hard fate, that the moft beautiful 
A rts are frequently expofed to.

E x p e r i m e n t  X V II.

T h e  noble Tfcbirnhaufen, however, not being fatisfied with the preceding The  greateft 

Experiment, began to think o f  contracting the former Focus into a narrower 
compafs, and by this clofer union o f  the R ays rendering its cauftic power 
more intenfe. F or this purpofe, therefore, he made ufe o f  a fmaller glafs 
Lens, the Segment o f  a lefTer Sphere, which being placed direCtly parallel to the 
former, received all the R ays that were collected by that larger one, and were 
proceeding on to its Focus, and contracted them into a circular fpace o f  only 
eight lines diameter ; and confequently, by this new contraction, reduced thefe 
Rays from an Area o f  8 i lines fquare, to one of i6 . But though by this 
method he brought them into a nearer union ; yet he loft a great many Rays 
by this fécond refraCtion ; though this, however, did noc hinder but that the 
cauftic power o f  this latter Focus, was ftronger than the former. And this 
was the ultimate efFeCl o f the fkill o f  the celebrated Tfchirhaufen. Thus chen. 
Gentlemen, I have endeavoured to explain to you as fairly and clearly as 
pofllbly, the moft eiücacious methods, hitherto difcovered, o f generating Fire 
by the afTiltance, both o f  the catoptrical, and dioptrical Science. I imagine, 
however, that you’ll expeCt as Chemifts, that I fhould lay before you the fur
prizing alterations that Bodies undergo when they are expofed to the power o f 
thefe Glaffes, for producing o f which, you will perceive there is no need o f  any 
grofs Fire, though thefe efîeCls are much greacer than ever were brought about 
bythe moft violent Glafs-houfe, Docimaftic, or Métallurgie Furnaces. N or let 
any one take it amifs, that I relate here thofe things, that may be found in the 
Memoirs o f  the Academy o f  Sciences: Thefe Books are not in every body’s 
hands, and I am at prefent profeifedly treating of Fire, T h e  chief, then, arc 
as follow.

I. Moift boughs o f  green trees, or wood foaked in W ater, held in this Focus  ̂ TJieprînei- 
take fire in a moment, and confume in Flame, Smoke, and Afhes.

U  2 2. W ater



J. "Water contained in a fmall vefiTel, begins to boil in Ùâs Focus immediately. 
A n d  I wifli it had been tried by Fahrenheit's mercurial Thermometer, whether 
whilft it boiled in that place it was hotter than ufual ; that thus we might have 
feen whether the intenfe force o f this focal Fire, could communicate to boiling 
W ater a greater degree o f  H eat, than any other Fires, in all which it is con- 
ilin tly  obferved to grow equally hot.

Thin plates o f M etal placed in this FocuSy do not melt immediately, but 
gradually, after they are heated to a certain degree. And if they are fo thick», 
that the force o f  the Fire can*t penetrate quite through the plate, they won’t 
very eafily be melted at all.

4. Bricks burntj or dried in the Sun, TaU itfelf, and other Bodies, grow 
red in a moment, and foon after run into Glafs.

5. Sulphur, Pitch, and Refin are melted though they lie under W ater.
6. A  thin piece of wood covered wich W ater, and expofed to the ftrongeft 

Focus a good while in fummer time, feems perfeétly intire i f  you look on che 
outward parts o f  it, but if  you break it, it appears burnt within, and turned 
to a coal. N ow  this very extraordinary Phænomenon feems to me evidently to 
indicate, that this intenfe Fire cannot heat W ater beyond a cercain degree; 
which being lefs than that which will fet firc to wood, ic prevents the Focus 
from burning the wood in thofe parts that are contiguous to the W^ater.

7. I f  the fubftance to be examined is fixed upon a very black Body, the 
power o f the Focus is vaftly increafed,

8. I f  Metals, or other Bodies, are laid upon charcoal made o f green wood, and 
not thoroughly dried, they will be melted in the twinkling o f an eye, throw 
'out fparks, and fiy off. Lead, and T in , melt fooneft o f  all, fume, calcine, 
vitrify, and difappear.

9. T h e  Afhes o f  all kinds o f  vegetable are turned to Glafs immediately.
10. I f  a pretty large Mafs is expofed to ú ú & Focus, it frequently happens,, 

that this Fire won’ t put it in fufion ; but i f  you reduce the fame to Powder, 
it generally melts pretty eafily : I f  it fhould ftill, however, obftinately refift fu- 
lion, it may readily be effeCted by mixing o f  ibme forts o f Salt with it.

11 . A ll Bodies, that are black, and continue fo in this fuffer the great
eft alterations there: Thofe that are white when they are put into it, and af
terwards grow black there, are chang’d with more difficulty, and not under a 
longer time : Thofe chat are black when they are expofed to this Focus  ̂ and 
afterwards grow whice in it, refift its force ftill much more powerfully, efpe- 
eially i f  they become whice after they are put in fufion : But thofe that con
tinue perfedly whice in this intenfe H eat, undergo the leaft alteration of all ;• 
as Lim e, Engli/h C halk, and Flint.

12. A ll Mccals placM in this Focus., in a China veifel that is not g la z ’d, vi
trify immediately, i f  you take care to heat the veifel leifurely, that the fudden 
force o f  the Fire don’ t break it, and ic is itfelf fo thick, that it won’ t be melced.

13. I f  the matter co be examin’d by this Fire is placed in a large glafs Ma- 
trafs, and che Focus is fo careftiliy direded, that it fhall affed  this matter, but 
not the Glafs through which it paifes, then the Phcenomena that are produced 
upon this matter within the Glafs, will be very furprizing.

14. Nitre contained in fuch a veífel, and aded upon by this Fire, grows 
perfedly volatile in the leaft inftant o f time, and then is intirely changed into

3 a volatile



a volatile Spirit o f  Nitre. T his eife£t now is fo much the more wonderful, be
caufe Nitre, when it is melted by other Fires, fcarcely undergoes any altL^a- 
tion, but runs juft like W ater ; and before it can be reduced by Fire into a 
Spirit, it always requires a mixture o f  fome earthy Body with it, or an addition 
o f  true O il of Vitriol, or ics Cah^ in which there ftill remains fome portion o f 
O i l : Here we fee the fame thing effeded without any mixture at all.

15. T h e lighc o f  the brighceft full M oon being colleded by this Glafs, gives 
an exceeding lucid Focus, buc not the leaft indication ofH eat.

16. Ic moves, agitates, and drives about almoft all Bodies, even in vacuo ic
felf, cho’ fometimes not wichouc exceeding greac danger.

F rom  thefe Experimencs, chen, and a great m any more, ic appears, thac : 
this Focus o f  Tfchirnhaufen is weaker Chan Vilette* -̂, buc thac, neverchelefs, k  
is much beccer fuiced Co the examinacion o f  F ire  by ics effeds.

C  0 R O L. I.

I f  Water, or pieces o f  Ice in che Acmofphere, fhould by any phyfical caufes pjopfncai 
be fo roll’d up into a globular Cloud, as co form a pellucid Sphere, the’ 
figure continued ever fo ihorc a cime; then, this being irradiated by the Sun, 
might in an inftanc produce a Focus much more violent th^in'Hfcbirfibaufen's', 
which would be ac che diftance o f a femi-diamecer o f the Sphere on thac fide 
averfe co the Sun : T h e A ir, therefore, would be there vaftly ratified, and hence, 
again, muft arife very fudden and furprizing Phcsnomena. F or whoever con- 
fiders the perfed tranfparency o f  W ater raifed into che upper regions, and re- 
fleds aC che fame cime on che vaft quancity chaC often falls in ihowers in a very 
ftiorctime, will eafily underftand from Dioptrics, what muft be che confequence, 
ihould ic be formed into a very large Sphere. I f  we imagine, again, che Rays 
chus falling upon fuch a Sphere co pafs chrough ic, and by this means co caufe 
a vaft L ight and Fire, behind che Sphere, in a line chat paiTes through ics cen
ter and thac o f the Sun ; whilft at the fame time chere appears noching buc chick 
darknefs on that part chac the Sun fiiines upon: Perhaps, ic will noc feem im
probable chac chis is che cafe, when fome pares o f  che Heavens appear cerri- 
ble black, and foon after break ouc into prodigious Thunder and Lightning.
Buc this fpherical figure o f  chefe Clouds will in a particular manner produce a 
very confiderable difference in the L ig h t and Heat o f  the Spaces intercepted 
betwixt thefe Spheres and that o f the Spheres them felves: Hence, therefore, 
very fudden and extraordinary appearances muft arife one moment, and va- 
nifti again the next, from theie fwift changes that happen in che A ir  ; which 
infome places will be rarefied and igniced, whilft in others, ac che fame inftanc, 
it is condenfed and refrigerated. But thefe hints are fufficienc; i f  you’ll ca re -• 
fully attend to rkie Fhcsnomena o f  Meceors, by means o f  this principle, o f  
yourfelves, you wili ¡eafily underftand chem.

C o  r  o L. 2,

On this occafion. Gentlemen, I can’ t help reminding you again o f  what I have ,
taken notice o f  elfewhere, vh .. that Metals vitrify much fooner, and more in-and more 
timately by the foie attrition produced by ftriking Flint againft Steel, than by cSb/S- 
this double Dioptrical Focus  ̂ which is the ftrongeft o f this kind, that we are trMon than 
acquainted with. T h e  truth o f this is evident t For Focus is much more

powerful



powerful than Tfchirnhaufen*s j and yet iron is fooner turn’d into Glafs by per- 
tuHion, than ic is even by that. Hence, therefore, we fee plainly, that the 
power o f attrition in elaftic Solids is vaftly greac.

C  o  R  o  I . .  3 .

No need of And hcnce, I infer, that there is no need o f  any adion o f  the Sun, thac we 
any matter are 3C prefent acquainted with, to produce the ftrongeft Fire, that has ever 
tithimoft" difcovercd itfeif by the quickeft and moft powerful effed -, nor is there any 
intenfe Fire.-jnflatnmable matter neceifary to put into fufion, intimately, and in an inftanr, 

•that M etal, which, o f  all others, is melted with the greateft difficulty, ef. 
pecially, i f  when the Experiment is made, ic is exceeding cold, and in a very 
cold place : N or for this purpofe do we ftand in need o f  any melting Furnace, 
or fo much as a veifel to contain it. A ll  which paradoxes are plainly con- 
•firmed by chis common way o f  ftriking Fire.

C  o R  o L .  4.

prthaps the Ih avebcen a great while in doubc, whether I ihould venture to publilli an opi- 
nion, which I have long revolved over and over in my own mind j in dépendance, 

•Fire. however, upon your candour. I’ ll cake the liberty to do it. Ic feems probable 
then, thac the Sun does noc in reality emit any igneous matter, to which we can 
afcribe any o f the adions of Fire chat fall under our obfervacion ; buc chat it 
has only a power o f determining che pre-exiftent Fire into parallel right lines, 
without making the leaft addition: And hence, that the very fame quanticy oi 
Fire being, after it has obtained this diredion, colleded, either by reflexion, 
or refradion, produces all the effeds by this union o f  the Rays that were before 
difperfed, and the new power which they gain in confequence o f  it. But before 
I proceed, give me leave, by an eafy Example, to illuftrate this affair, whichic 
is poifible, to perfons that are prejudiced againft this opinion, may appear 
fomething obfcure. Lec us take, then, a hollow brafs Cube, whofe fides are 
three feet fquare ; three of which fuppofe clofe, and the other open : Lec the open 
fide o f  this Cube be turned diredly to the Sun, but be covered with a white 
paper; and in ics cavity let chere be placed one o f  Fahrenheit*  ̂ Thermomecers, 
made wich Spirit that’ s very eaiily affeded with the leaft degree o f  Heac. So 
long, then, as che Paper hinders the Sun from fhining inco che Cube, fo long 
will chere be a great degree o f  Cold there, i f  the feafon at that time is very cold. 
L ec the Paper, now, be at once taken away, and that very moment che whole 
cavicy o f the Cube will be irradiated by che Sun, and the meafure o f the in
creafed Heac will be determined by the Thermomecer thac’s fix ’d chere. The 
Philofophers now affert, chac the Fire thac produces this new H eat, is emitted 
from the Body o f  the Sun with an inconceivable velocity. On the ocher hand, 
ic feems probable to me, thac the Sun does no more now, chan ic did before, 
and indeed, chan ic always does, and thac is, ic determines what we call Fire 
into right lines, when ic meecs with no opake Body to intercept its power : 
And hence, chat the Fire in this Cube remains ex a d ly  the fame that ic was be
fore, and has only received a new redilineal diredion towards that fide of the 
Cube that is oppofite to the open one ; whereas the Fire, whilft the Cavity was 
cover’d with the Paper, exerted its force equally upon all fix. In this manner, 
;Chen, I imagine the Sun equably heats this whole Space, this fide in particular,
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and caufes this difference in the Thermomer, purely by this determination, 
without the leail addition o f any new matter. But again, fuppofe Vilette'  ̂Spe
culum to be direded to the meridian Sun, but to be, covcrM with a very white 
Jinnen Cloth.; then, there will be no more Fire or Heat in the Cavity betwixt 
this covering and the Speculum, than there is any where elfe. N ow  remove 
this Vail, and in an inilant the Fire that was in the cavity o f  the Speculum; 
and tended every way equally, is driven in parallel lines upon its concave Sur
face, and thence being refleded into the Focus., produces a mofl violent Fire 
there,, which, in reality, did not proceed from che Sun : N or is there, indeed» 
either more or lefs Fire than before, but only ic is decermined in a different 
manner. In a refrading Letts coo the cafe is exad ly  the fame. Hence, then, 
neither the Fire excited by atcricion, or produced by this Speculumy or Lens, 
would upon this fuppofition depend at all upon the Sun wich regard co ics matter.

C  O  R  O  L .  5 .

W hat now is the greateft degree o f  Fire that human fkilf, and induflry, can a  phyfical • 
at prefenc produce? W h y, from what has been laid down, ic plainly appears, 
that it would be in thac place where Focus o i  Vilette, and the ilrongefl o f  the greater 
Xfchernhaufen fhould be made to meet together in an oppofiCe diredion, and 
coincide. For fmce the Focus o f  the Speculum is in the open ■ A ir, and in 
a point o f  ics Axis three feet and a half di-flant. from its Vertex ; hence, this 
Apparatus of Tfchirnhaufen may be fo placed between the Speculum and the Sun, 
in the Axis o f  both o f  chem, that this dioptrical Focus fhall ex a d ly  unite wich 
the former catoptrical one, and that without at all preventing the Solar Rays 
from falling upon the Speculum. In this -place o f concourfe then will be found 
the moil intenfe Fire, thac human art at prefenc is capable of excicing. I con
fefs, indeed, that the force o f chis va it Fire can’ t conveniently be direded up
on any Bodies placed- in the Focus-, for more than a moment; fince as foon as 
ever they are melced, they will drop out o f ic : T he greaceil poifible Fire, how
ever, is thus determined. If, chen, ic is no ways repugnant to nature, thac 
the globular and concave Clouds o f  Ice-may have cheir Foci united together in * 
thc manner juft mentioned, what prodigious effeds may thence be produced ?

C  o  R  o  L .  5 .

Suppofe, now, this greateft Fire to be really excited in the place defcribed 5 whichcon- 
it will then continue there-fo long as ih tA x is  o f  the Sun, dioptrical. Glaifes, wS- 
and Speculum  ̂ remain in the fame right line, and the diftance between the Spe- outanyP«- 
<ulum and the Glaifes is noc altered. A nd, hence, if  thefe inftruments could be 
kept in the fame fituation, and at the fame time be contrived to move in 
fuch a manner, as to be always diredly oppofed to the Sun ; thin this immenfe 
Fire might, in a clear Summer’s day, be kept up from nine o’clock in the 
morning to three in the afternoon; nor would ic, during all thac cime, want 
the leaft Pabulum to fupport it, but would perfift in che fame manner as ic was - 
produced. Thus, then,, we form an Idea o f  the greateft Fire, very different 
from what any body ever had before: For from the laws o f  Nature thus dif
covered, we fee it  is poflible that Fire and Light, o f  a determined power and ■ 
magnitude, may exift, and continue in any place o f  the univerfe without the 
leaft Pabulum .to fuftain it.
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C  0  R  O  L .  7 .

And what is principally furprizing in this Fire, is this, that the very inftant 
thac its caufe begins to a d , it immediately exerts itfelf with its full force, and 
with as great a degree o f  violence, as it ever acquires afterwards ; Except, 
perhaps, you may look upon it as ftill more wonderful, that upon covering the 
Speculum, there don’ t remain in the Focus the leaft phyfical figns o f that Fire 
which exifted there, and aded with immenfe power but the moment before; 
nay, on thecontrary, the L ig h t, H eat, expulfion of the A ir , and every other 
effed, difappear at once, without leaving any marks behind. W h o could have 
believed thefe things ? M ay, therefore, the brighteft L ighc, and the ftrongeft 
Fire in the Univerfe, be generated, and deftroy’d again, in an inftant? Buc 
the Fire now in the Focus thus defcribed is noc vifibly bright, except in the 
Ay:is o f  the Sun and the Speculum 5 on the fides there is no L igh t to be feen 
at all i and, hence, it gives no indication o f  its prefence by any lucid appear
ance, except to an eye placed in this JxiSi where the immenfe brightnefs con
founds and deftroys the fight in a moment.

C  o R  o L .  8 .

N ow , whilft I examine thefe things carefully, I think I difcover a farcher 
confirmation o f  thac furprizing phyfical property o f  Fire, by which when it 
is left to itfelf, ic conftantly, like the Radii o f  a Sphere, expands and dif- 
fufes icfelf uniformly and equably from the center o f  its magnitude. Since, 
therefore, this Fire exifts every where alike, its power, o f  confequence, will 
be every where in equilibrio, and, hence, will fo long produce no fenfible ef
fed s *, but as foon as ever this equilibrium is by any means deftroy’d, then, im* 
mediately it may appear by its operation to be infinicely powerful. In which 
cafes, perhaps, we fliall be miftaken, i f  we imagine, thac any new fire is pro
duced, or that there is any increafe in the power o f  that which exifted before.

E x p e r i m e n t  X V I I I .

Fire may be T ru c Fire may be united with every folid Body on which trial has hitherto 
united with b:en made .5 and when it is once communicated to it, it wilJ adhere to ic a con- 
S fo r  fiderable tim e; and therefore, does noc inftantly difappear in Bodies, as it 

does in the Foci we have been juft treating of.
F or if  we commit any o f  thefe Bodies to a pure ftrong Fire o f  any fort, 

we find that they may be heated fo as to fhine, grow refulgent, and melt. 
T his, the RKptYimenis o i Xfchirnhaufen, Homherg, Hartfoeker, and others evincej 
as likewife, thofe o f  your Smiths, Cooks, and all others that are converfant 
about Fires ; as well as thofe which the Earth itfelf irradiated by the Sun of
fers to our Obfervation : In all which the fame thing is found to hold good by 
vcvery kind o f  Experiment. And this, the trial upon all fixed Earths, all kinds 
o f Stones, Gemms, rocky Subftances, Glafs, fixed Salts, W ood, folid Fofliis, 
and Metals, confirm the truth of. And hence the great Newton very juftly 
obferves, that i f  W ater itfelf could be converted into Earth, ic might be fo 
impregnated wich Fire as to become lucid. N ow  chere is nothing in this affair 
thac deferves more to be taken notice o f  than this, that there muft be fome 

caufe, by which the Fire is conneded to thefe Bodies during chis time, befides
the

' time.



tiie Fire itfeif. This is plain ; for mVilette'^ Focus, that intenfe Fire is deftroy*d 
the very moment chat the parallel irradiation ceafes. Fire, therefore, in that 
place, does not hold together and detain Fire : On the contrary, all thofe 
Fires now fly afunder, and leave one another, which the inftant before were fo 
clofely iinited together. But now, i f  an iron Ball, whofe great Circle, fuppofe 
e q u a l  to the Circle o f  the had been held there fo long till it was quite
hot through \ then, the Fire o f  this Focus being aíTociated with the matter o f  
the Ball, would be detain’d in it a confiderable tim e, and thus this focal Fire, 
which would otherwife have vaniihed in a moment, will, now it is received 
within this body, remain united to it a long while, and be fecured from this 
inllantaneous cxtinftion. W hat now is properly the caufe o f  this effed? B o
dy. By what means does it thus retain Fire? By its corporeal Mafs. W as 
there, therefore, no other corporeal fubftance in this Focus but Fire, the A ir  
itfeif being expelled by the force o f it? And did the Fire, therefore, vaniih fo 
fuddenly, becaufe there was no other Body to fecure and detain it ? D o 
the particles o f  Fire, then, when colleded together, immediately reftore them
felves to their former equilibrium  ̂ i f  they are not kept together by fome denfe 
Body? A nd, hence, is there no mutual attradion between the elements o f F ire?
P r  don’ t tiiey, rather, repelí, and fly from one another?

E x p e r i m e n t  X IX .

When this pure elementary Fire is thus communicated to Bodies, it difco-Andthat 
vers iifc-lf to be real Fire by a true phyfical efled , which it produces all around verypurw 
them from every point o f their furface, fo long as it remains in them.

In this cafe, certainly, we obferve the principal mark by which the T h er
mometer demonftrates that Fire is ad u ally  prefent: F or if, as you fee, I hold 
this Thermometer at a certain diftance from this red hot Iron, you perceive 
the Spirit inftantly rarefies in the T ube, and fo much the more, the nearer I 
bring it ; and again, you obferve it is condenfed, as I remove it back again.
Nor does it at all fignify on which fide of the Iron I hold it, i f  I take care to 
keep it always at the fame diftance. T his Fire, therefore, that now refides in 
the Iron, and ads upon the Thermometer, is, in reality, the very fame as the 
former ; but icnow perfifts in this place without any attrition, or parallelifm, 
and produces the very fame effeds there, as elementary Fire does. Obferve, 
now, this Brimftone Match ; as I bring it very gradually from fome diftance 
towards this red hot Iron, you fee it begins to fmoke, melt, fparkle, ftiine, 
and kindle into a Flame. But, again, pray take particular notice o f  this fur
prizing Experiment that follows. This fmall V ial in my hand, contains fome 
very pure A lcohol ; a little o f  which I’ ll pour very gently and cautioufly upon 
this red hot Iron. W hat do you imagine, then, will be the confequence ? T h a t 
it will take fire? to be fure no body doubts it. But the cafe is far otherwife.
For obferve, as foon as ever it falls into the hollow o f  the ¡ron, it forms itfeif^ 
like Mercury, into a g lobuh r figure, and runs up and down in that manner, 
without the leaft appearance o f  any Flame ; and ^yet you fee the moment ic 
comes to che colder part o f the fame Iron, it is then in an inftant diffipated 
into the Air •, tho’ then too, without flaming. W hat now, Gentlemen, ihould 
be the caufe o f this? Sulphur, Gunpowder, W ood, and other Bodies, when 
appi/d to this Iron, flame immediately : A nd yet A lco h o l, v^hich being gent-
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ly heated, fires fooner than almoft any thing, is able to bear the H eat o f the 
fame Iron, without caking fire. T h e  folution o f  this Paradox is worthy your 
penetration.

E x p e r i m e n t  X X . 

withoutany Since, therefore, it is certain, that this Fire may be thus detained in a folid 
weight! Body, and that, during fo long a time, and in fuch a degree \ it is our princi

pal bufinefs to enquire, o f  what kind this Fire is, which in this manner remains 
there : And as weight in particular is one o f the chief, and moft general pro
perties o f Bodies, I have taken pains to examine whether this Fire does in rea
lity add co fixed Bodies any weight thac our fenfes are capable o f  difcerning. 

Asappears T o  this purpofe, then, I made choice o f  a Body, that would bear a ftrong 
rinent̂ mSde withouc lofing any ching o f  its weight ; and at the fame cime, fhould be 
uponiron able co rcccivc a large quantity o f  Fire into it, and preferve it there a confi- 

derable tim e: A nd I made ufe o f  a very accurate ballance, thac moved very 
eafily upon its Obferve then, chis parallelipiped, made o f  the bcil fort
o f  Iron, which weighs 5 pounds, Bounces, Amjlerdam now it is cold.
n i  puc this, as you fee, into chis large Fire, which ihall be blown till the 
Iron is perfedly red hot all over : T hus bright, chen, as ic is now ic is cakea 
ouc, when I  have ftruck o ff the duft, I’ ll put it inco one fcale, and ac the 
fame time put weights in the ocher, till there is a perfed equilihrium. You ob
ferve now the beam is perfedly  at reft, and upon examinacion, you find, that 
the weights in the fcale make e x a d ly  5 pounds, 8 ounces. I’ll leave it now 
in the fcale till ic is quice cold, and the equilihrium will ftill be maintained : For 
after letting ic alone thus for cwency-four hours, I have found, thac even in this 
large Mafs, chere was noc the leaft difference in the weighc o f  the Iron when it 
was red hot, and afcer it grew cold. I made the fame trial with a large folidpiece 
o f  Brafs ; and the event was exad ly  che fame. Ic is neceifary, however, to 
g ive  you chis caution, chaC in making chefe Experimencs, the heaced Body 
fometimes feems to be lighter chan ic was when ic was cold 5 and chis happens 
when che fcales are faftened to the beam with ropes, or any ching o f  chac kind, 
that is capable o f  admitting moifture into it ; for when the M etal is put in* 
to the fcale, che heac o f  ic makes che moifture evaporate, and by chis means 
the ftrings on chac fide grow  lighcer than chey were before. On this account, 
therefore, we muft always, for chis purpofe, make ufe o f chains made of 
M etal.

C 0  R  0  L.  I .

Fire is free T h e  Fire, cherefore, thus adhering to a heated Body, difi^ifes icfelf all around 
juft in the manner o f  an Atmofphere; For from every point o f the Body it 

* exerts its force co a confiderable diftance, and thus produces thofe true phyfi- 
cal efi^eds chac are peculiar co Fire : and thefe are found always to be the great
cft, the nearer you approach to the heated Body. I f  a G lobe, therefore, was 
thus heated, iC would form a Sphere of H eat round ic, whofe center would be 
hotteft o f  all.

C o R o L. 2. 
A nd, hence, we underftand, that there is great quantity of true Fire in fuch a 

B ody j



Body ; and that it continues chere for a very confiderable time. For i f  we con- 
fider, that round fuch a Ball o f Iron or Brafs, there is a great degree o fH eat a n d  d e c r e a r e a

on every fide to a confiderable diftance, as appears by its proper effedts; and 
at the fame time refleCt, that during che continuance o f this H eat, it muft be 
conftantly diminiihed by the cold o f  the ambient A ir :  W e  ihall then eafily fee, 
that che quantity o f Fire in this heated Ball muft at firft have been exceeding 
great. And, hence, the greateft quantity o f  Fire muft be in the Body itfe lf  
wich refpeit to the furrounding A ir that is heated by it. A nd again, if  fuch a 
Sphere is kept in the Fire fo long till it is perfedly red hot quite through ; 
then, in its center the Heac will be moft condenfed, and greateft o f  all : T h e 
truch o f  which is confirmed by all its effeds.

C  o R  O  L .  3 .

Buc from this center towards the furface, the Fire grows gradually weaker so that at 

and weaker j for its furface chat is contiguous to the A ir, will firft be afi^cd- 
ed with the coldnefs o f  chat, and, hence, will firft grow cold. And this is mon tempe- 

equally true o f the Atmofphere o f  A ir that furrounds the Sphere, for thofe 
Orbs which are neareft ic, will be hotteft, and thence grow fuccefilvely cooler, 
till they come to that which determines the boundaries o f  the H eat, and is itfelf 
as cool as the ambient A ir. Hence, again, we are certain, that in this whole 
heated Sphere, the center expands itfelf every way with the greateft violence.
T his is the nature o f  Fire, which is here greateft in the center. But the con- ina heated 
tiguous Orb will be lefs expanded, and therefore will confine the expanfion o f 
the center, and in fome meafure repelí it ; for this O rb is not quite fo hot, ofcUiati«i. 
that is, it is a little lefs expanded, or a little more contraded. A nd, fince this 
fame expanfion and repulfion will hold true in all the Orbs that compofe this 
whole heated Atm ofphere; hence it appears, that fo long as the H eat, commu
nicated to the Sphere, continues greater than that o f  the common A ir , fo long 
there will be a continual dilatation and repercufllon throughout the whole 
Sphere, as well in the folid Mafs itfelf, as the A ir  that is heated round about it.
And this vibration, confidering the violence o f  the Fire, muft o f  neceffity be 
very great. Does therefore the vibration and repercufllon in this cafe agitate 
the particles one amongft another? And is there by this means new Fire exci
ted, as we have explained already in the firft manner o f  generating Fire by a t
trition ?

C  o R o L. 4.

It were here much to be wifhed, that we could find a way o f  determining Thewea- 
the proportional quancity o f Fire, that is contained in fuch a Body, with re- 
gard to its very fubftance! Buc this is not fo eafy to accomplifh as people gene- ?h¡s Fire 
rally imagine : F or tho* we are able to difcover the force o f  the Fire by its fen- 
fible effeds ■, yet we cannot from ics force make a certain judgment o f  its quan
tity i and for this reafon in particular, becaufe we don’ t yet know how much 
us power may be increafed, purely from the near approach o f  its Elements.
So long, therefore, as we are ignorant what proportion the power that depends 
upon this condenfation o f Fire, bears to that which arifes from its quantity, fo 
long we can’t pretend to make ufe o f  the effeds o f  Fire, as a certain meafure to
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determine its quanticy. Thefe niceties may to fome perfons feem unneceifary • 
bu: a great deal o f  caution will never do any harm in phyfical inquiries-

C o  R  o L.  5.

This Fire This Fire, however, tho’ it thus continues in a heated Body, does not feem 
doesnotbe- j q  concrctcd with It into one corporeal M a fs ; for notwithftanding the Bodv
come a con- 11 i • ° i / -  ^
cretedMafs grows D i g g e r  than It was betorc, yet it don t become at all heavier; unlefs you 

will fuppofe, that the F ire may be concreted with it, foas to increafe its bulk, 
wichout making any addicion to ics weight. This, in the mean time, we are 
abfolutely certain of, thac the Body is conftantly extended in its bulk, fo long 
as rhe Fire remains in it.

C o  R 0 L. 5.

Nor renders NoT does the F ife  at all leiTen the weighc o f  the Body, whilft it is in ir, 
«i.ghccfj the Cold reftore it again : For the contrary is always found true by lix- 

periment.

C  o R o L. 7;
lioraetoit». Hence, therefore, we may conceive o f  the Fire, in a red hot Globe o f  iron, 
Sesany inftance, as a Fluid, difperfed, both through the Body itfeif, and all round 
iteration, about it, whofe Particles are mov’d every way freely, and without any parti

cular tendency: F or i f  you fuppofe any determination of them on ew ay more 
than another, it feems neccifarily to follow , that the Mafs, when it is thus, 
heated, muft be either heavier, or lighter, than it. was before.

C  o R o L.  8 .

Thecaufeof T here muft, therefore, be fome caufe, by which the Fire is during all this 
fSe' detained in the heated Body, and which prevents its being difperfed again, 

■in any Body, as foon as ever it  is produc’d. F or the Fire in che Focus o f  Fileile, or Tfchirri’  
häufen., is as ftrong, nay.ftronger, than chis in this iron Globe*, and yec we fee 
thac that vaniihes in an inftant,- i f  it is not every moment-renew’d in the fame 
place. Hence, therefore. Fire is not able to keep poiTefiion o f  the place ic ex- 
ilis in, but muft be retain’d there bŷ  fomewhat o f  a quite different nature.

C  o R  o L.  9.
:Krft the L e t  US examine now this affair ever fo nicely, we find nothing here that can 
Mafsitieif. )̂ut the Body itfeif, confidered as it ftands in oppofuion to Space,

‘I'iz. as it is fomewhat refifting and impenetrable, or, as it is a real corporeal Mafs: 
For ic appears by Experiment, that i f  F ire is communicated by the fame 
caufe to Bodies o f  different denfities, they will indeed acquire e x a ä ly  the fame 
degree o f  H eat ; buc then, it will afterwards be retained in them fo much the 
longer, as they are denfer, heavier, or contain a greater quantity o f  matter un
der the fame bulk. I f  you immerge, for inftance, bodies o f different fpecific 
Gravities in boiling W ater, and keep them, there till they are equally hot \ 
then thofe that are very heavy, will keep hoc for a confiderable cime, whereas 
the light ones will grow cold immediately. And as far as we have been hither
to able to judge by Experiment, this feems to be almoft a general rule : 
T-kdlius’s Vacuum the H eat generated there inftantaneoufly ; A ir heated in
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S i  veffel, very quickly i  Alcohol ftill flow er ;  W ater retains its H eat yet Jonger 
than A lco h o l; and Mercury longeft o f all. In the fame manner among Solids;
W ood, Stones, Metals, if  they are made equally hoc, are exad ly  fo much the 
longer before they grow cold, as they are denier than one another.

But again, a greater degree o f Fire is longer difengaging itfelf from Bodies secondly, 
to which it is united, than a lefs; So that it feems to hold almoft generally 
true, that the greater the degree o f Heat is, thac is communicated to the 
fame Body, or che more it is expanded by che force o f the Fire till ic begins to be 
tnelted, fo much the longer will ic always be, before it grows cold: F or if  
you take two Bodies, that are perfedly alike, and give them different degrees 
o f Heat ; then rhe hotteft, afcer ic has loft the furplus o f  Heat by which it 
exceeded the cooler, will ftill remain as hot as thc ocher was at firft, and con* 
fequently will then require as much time to grow cold in as thac did. But it 
ftill remains nicely to be examined, whether there is not fome other caufe, be» 
fides the denfity o f  Bodies, and che degree o f H eat, that is capable of pre- 
ferving Fire for a confiderable time, when once ic is generated ? I f  Water,, 
for inftance, and O il, ihould be heated to the fame degree, fuppofing 
the Oil lighter than the Wacer, which o f thefe cwo would grow coldeft wich- 
inthe fame time ? W h y, certainly, the Philofophers would generally imagine, thac 
the Fire being intangled by the tenacity o f the Oil would remain longer there, 
than it would in the Water. T o  determine this, therefore, I cook two veflTels o f  
the fame fize, one o f  which I  filled with W ater, and the other with Oil o f  
Olives. Thefe I  put inco boiling W ater, and kept them there till I was fure, 
that both o f chem had acquired the fame degree of H eat with the W ater which 
was kept continually boiling. I then took them ouc, and placed them both 
in the fame A ir, in order to difcover the time in which they would be reduced 
to thc fame temperature with it, and I found it to be exad ly  in proportion to 
their comparative weights.

There feems, in the mean time, to be fome very abftrufe caufe, why Fire 
itfelf, nay a very ftrong one too, is noc able to heat Bodies beyond a certain- 
degree; as we fee in W ater, Alcohol, O il, and M ercury, when they are once 
made to boil. As ebullition, hawever, does noc happen equally foon in all,.. 
hence lighter liquors are very often capable o f  receiving a greater degree o f  
Heat than heavier, i f  they take up a longer time before they boil. W ater, of which 
for inftance, is heavier than Oil o f  Liafeed ; boiling W ater has 213 degrees sreat« may 
of Heat in it, and can, then, wich the ftrongeft Fire be made no h otter: This
Oil, which is fo much lighter, requires a greater Fire, and is longer before ic 
boils, and has then acquired almoft 600 degrees. W h o, now, is able to ac- 
count for this? M ercury, we fee, which is 15 times heavier than this O il, 
arrives only to ju ft the fame degree o f  Heac when ic is made to boil. Hence, 
however, it appears evident, thac there is fomething elie befides the corporeal 
mafs, thac makes fome Bodies fufcepcible o f  a certain quantity o f  Fire only ; 
whilft others are capable o f  receiving a great deal more. T h e true caufe o f 
this, perhaps, no body is able to aifign.

From thefe confiderations, however, we fee plainly the reafon, why Fire^-hy^j^ 
that is raifed by combuftible matter, may be extinguiihed by W a te r; for by Water«- 
this means it is incompaifed with a lefs degree o f  Heat than is neccifary to fet 
thefe combuftibles on fire,, which is always greater than 213.
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Whyd-es And for the fame reafon, a ftrong Fire won’ t melt a tin veffel when it is full 
Tinfiom̂  ̂ o f  W ater: For this requires a greater degree o f  Heat to put it in fufion than 

that o f boiling Water, which is all it can receive fo long as the W ater remains 
in it. But fet, now, this fame veffel on a Fire with O il in it, and you will 
find it will foon be melted before the Oil begins to boil. T h e fame thing is 
true, too, o f  Lead if you put it on the Fire wich W ater iniit. From  a care
ful examinacion o f  all thefe circumftances it feems probable, thac when the 
Fire has fo difpofed Bodies, that it can pafs, and exert itfelf equably through 
their Pores, then, no more Fire can be united with them, than what is aClualljr 
in them at that time-, and this feems to be the cafe in Fluids as foon as ever 
they begin to boil ; in Solids, when the force o f the Fire has perfeéUy melted 
them, fo as to make them run in the form o f  a fparkling, or boiling Fluid, 
which we find happen in Metals, Glafs, Salts, and other Bodies thu5 put in 
fufion.

By the help, then, o f thefe ufeful Obfervations, we learn at laft, that there is 
in reality fome nexus  ̂ or connexion between Fire, and Bodies : T h at the greater 
it is the longer it adheres to them : T h a t the fame degree o f Fire remains 
longeft, in thofe that are denfcft: T h at a greater quantity o f  Fire maybe 
united with fome certain Bodies, oily ones in particular, than other: T h a t thefe 
require a ftronger Fire, and a longer time to acquire this greater degree o f heat: 
T h a t the denfer bodies are, the longer they are before they grow aétually hoc 
with rarer Bodies, when they are expofed to the fame degree o f  Heat : And 
that when they are heated they require fo much the longer time to be reduced 
to the fame temperature with thefe rarer, which grow cold fooner. N ow  who
ever rightly confiders thefe things will underftand a great many o f  Nature’s 
Jaws with regard to the properties o f  Fire, which are confirmed by Obferva
tion, and i f  carefully attended to, will be o f  excellenc fervice in our Philofo- 
cal Inquiries. And it is my opinion, if  this doCtrine ihould be ftill farther im
proved, we may at laft from Experiment be able to folve the following Pro
blem s: To fill a given Space with fiich a Body., as cannot he heated hy the greateft 
Fire heyond a determined degree: And again, To fill a given fpace with fuch a Body, 
as fhall he ahle to retain in it ihe greatefi pojftble Fire, Is not Iron, which is fufed 
with more difficulty than G old, hotter when it is in fufion than melted Gold, 
though that is denfer? T h e  thing is worth inquiring into.

C o R O L .  10.

Heatpre- But whllft WC are engaged upon this head, there is another Phænomenon, 
fcntiy difap- jj^at offcrs Itfelf to our Obfervation, viz. that when Bodies have a greater 
thê ppHca- quantity o f  Fire in them than the ambient Fluids, or neighbouring Bodies, 
dedc°coW denfer the F luid is into which they are immerfed in order to be
Fluid. cooled, the fooner will they Jofe their H eat. M y meaning is this, Take 

three veffels, one full o f  A ir, another o f  W ater, and a third o f  Mercury, 
when they are all three exactly o f  the fame temperature : A nd let three equal 
pieces o f  iron be made p erfed ly  red hot. L et, then, the degree o f  Heat in 
the A ir be obferved, and let one o f  che pieces be left in that ; let the other be 
immerfed in the W ater, which is exad ly  as cold as the A ir  at that time ; and let 
the third be thruft into the M ercury, o f the fame temperature, too, as the 
form er: W hat chen will be che confequence? In che rare A ir  the Iron will
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keep its Heat a long tim e; in the W ater ic will lofe ic fooner; but fooneit o f  
all in the M ercury. And, indeed, it feems to grow cold fo much fooner in 
the W ater than in the A ir, as the W ater is denfer than the Air, that is, 800 
times. And that in the M ercury, perhaps, 14 times fooner than thatin the W ater.
And this, your W orkers in Metals are well acquainted w ith , who, when 
they would foften their M etal for particular ufes, inake it perfedly red hot in 
the fummer time, and then leave it in the Fire which will gradually moulder 
away to Aihes, and thus let them all grow cold together: Buc on the other 
hand, when they want it hard for other purpofes, they chufe the Winter for 
this work, and inftantly throw it into the coldeft W ater they can get.

Thus then, we fee there are two caufes thac haften the cooling o f  Bodies 
when they are heated ; viz. the Coldnefs, and Denfity, o f the Fluid  into refrigeration 
which they are immerfed. But there is y e ta  third which promotes the fame 
end, and thac is, the moving the hoc Body about in the cold F lu id ; which is 
the moft expeditious way of cooling i t ; for by this means it is continually ex
pofed to fome new cold pare o f che Fluid. Hence, then, we fee the phyfical 
reafon o f  that method which is made ufe of, when we would render Iron as hard as 
poifible, viz. the drawing it fwiftly through very cold W ater when it is ja ft  
ready to melt, fo thac it may be perfedly cooled in an inftant: F or by this 
means the Elements o f  the Iron, which were vaftly relaxed, and foftned b y  
the Fire, are now intimately united, condenfed, and compreifed together by 
this fudden Cold chat is on every fide applied to them ; and, hence, after they 
grow cold they remain moft clofely com paded together, and exceeding hard,, 
though ac the fame time very brittle.

C o R O L .  I I .

Whence, then, does ic come to pafs, that the denfer Fluid Ihould fo foon cool why do 
the hot Body that is put into i t } Before this was immerfed, the Fluids were all «ienfeFiuide 
equally cold, and confequently, one’s cooling the hot Body fooner than the fooneft.̂ ”  ̂
other cannot proceed from any dilferencein their coldnefs. Does the denfer mat
ter, therefore, o f the cold Fluid attrad more Fire out o f  the hoc Body, and thar, 
in proportion to its denfity ? For the determining this queftion we muft again 
have recourfe to Experiments. T o  this purpofe, then, take two equal quan
tities o f the fame Fluid (Vinegar, for inftance, W ater, Alcohol, or Oil) and give 
them different degrees o f  H e a t ; and you will find if  you put them together 
at once, and mix them intimately with one another, they will acquire a degree 
of Heat, which will be half the excefs o f  the hotter above the cooler. F o r  TheefFeii 
example. I f  a pint o f  boiling W ater 212 degrees hot, is mixed in this manner horínÍMÍA 
with a pint o f  the fame Fluid, that has but 32 degrees o f  H eat, then this fiuíí 
Mixture will have 90 degrees, which is h alf 180, the difference betwixt 212, 
and 32. Hence it appears, that this diftribution o f  the Fire is in proportion 
to the b u lk ; and that, therefore, when Bodies o f the fame nature are mixed 
together, the one hot, and the other cold, the Fire immediately difengages ic
felf from its contad with the Elements o f the former, and unices itfelt with 
thofe o f the latcer, till this becomes as hot as the other. This, then, being 
conftantly the cafe, we fee that the common degree o f  Heat is deftroyed, and 
the difference is then equally diftributed through them both. But, now, i f  
this Experiment is made wich M ercury, and W ater, ex a d ly  o f the fame 
nieafurej but different degrees o f HsaCj aud tlieie are in the fame manner
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fwiftly mixed together; then the Heat that is produced by chis M ixture, will 
be very différent from what was obferved in that juft now mentioned.

Andthe For* if  the bulk o f  the W ater, and M ercury to be mixed, is ex a d ly  equal, 
obfervTr but the Water is hotter than the M ercury ; then, the Heat o f  the Mixture 
here. v̂iJl be always greater than h alf the difference o f  their feparate Heats. And, 

on the other hand, if  the M ercury is hotter than the W ater ; then, the degree 
o f  Heat in the M ixture will be conftantly lefs than half this difference. And 
this diverfity is always found to be the fame, as if, in the firil cafe, you had 
mixed three parts o f hot W ater with two o f  cold ; and in the fécond, you 
had mixed three parts o f  cold W ater with two o f hot. But, now, if the 
bulk o f  the Mercury is to that o f  the W ater, as three is to two ; then, it don’t 
fignify at ali, whether you heat the M ercury, or the W ater : For the mixture 
will always have a degree o f  Heat equal to half the difference o f  their fepa
rate Heats, as we found to be the cafe when we mixed the W ater together 
in equal quantities.

Fire is di. In this Experiment, then, we plainly difcover the law by which nature di- 
fhroug? flributes Fire through Bodies ; which is not in proportion to their denfities, 
Bodies in but HI the fame manner 33 it is diffufed through fpace. For though the fpe- 
tSBuik!'  ̂ cific gravity o f  M ercury is to that o f W ater pretty nearly as 14 to i ; yet ics 

pow er o f producing H eat when meafured by its effed, appears to be only 
the fame, as i f  W ater had been mixed with an equal quantity o f  Wacer. Buc 
the fame thing is abundantly confirmed by every kind o f  Experiment as I took 
notice before, when I cold you, that I had been convinced by Experiment, 
thac all forts o f Bodies, i f  they are long enough expofed to the fame common 
temperature, acquire exad ly  the very fame H eat, or Fire, withouc any dif
ference at all except what arifes from the different fpaces chey take up: That, 
hence, it did not appear from Obfervation, that any Bodies whatever have 
a power o f  attrading Fire, though their greater denfity makes them capable 
o f  retaining it longer when once it is uniced with them. T he Experimencs, 
I have jufl mentioned, were performed for me by the famous Fahrenheit. 
W h at then is the reafon, that Fire will leave the Body it polfefles, to enter 
into a heavy Body, fo much fooner than into the m oil light, and fubtil 
fpace, into which one would imagine it ihould penetrate wich a great deal 
more eafe ?

C O R O L. 12.

Tke greateft Hencc, again, we underftand thac the bigger any particular Body is, thc 
^̂ djes r«ain longer ic will veteris ■paribus keep the Heat it has once conceived : For the 

ong- outward furface always prevents the quick egrefs o f the Fire
which endeavours from the inward parts to make its way ouc. The next 
orb then reflrains the third, this che fourth, and fo on to the end. And for 
this reafon i f  a Body is heated perfedly through, its inmofl parts are always 
longefl a cooling. Hence, therefore, fince the magnitude o f any Body is ca
pable o f  farther increafe, ic may at lail become fo large, that the Heat com* 
municated to it, Ihall continue in ic a prodigious long time.

C  o R o L. 13.

i t  is demonilrated by the Geometricians, thac i f  Bodies remain the fame in
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all other circumftances, the bigger they are, the lels furface they will always As weii as 
have in proportion to their folidity. Hence, again, i f  we confider, it will pre- ¿ s u r S  
fently appear that very large Bodies, i f  they are once heated, muft on this ac
count retain their Heat a very confiderable time. From this law, then, it 
follows that every Body will preferve ics H eat fo much the longer, as it has 
more folidity contained under a lefs furface ; that is, in comparifon o f others.

But again, the Mathematicians have proved, that i f  the corporeal mafs iph«- 
continues the fame, a Body can never be reduced under a lefs furface than 
when it is formed into a Sphere. This Figure, then, is the moft tenacious o f 
Heat 5 both on account o f  the fmallnefs o f  its furface in refpeâ: o f  its folidity ; 
and the equal diftribution o f  all the parts quite to the cencer, and the equal 
recefs from the furface. Hence, a very large fpherical Body, i f  it is once heated, 
will retain its Heat a vaft while. And this poiTibly may be one reafon o f  the 
globular figure of the Sun, and the fixt Stars.

CoROL. 14.

When a Body is divided into parts, without any other alteration, then its when they 
furface will be always increafed, though its quantity o f  matter continues the 
fame *, and then it will, o f  confequence, conftantly grow cold fo much the LnéiT 
fooner. A  Cube by being divided into two equal parallelipipeds, has 4 
more furface than it had before. A  Sphere by being fplit into two Hemi- 
fpheres, has its furface inlarged by the Àrea o f  two greac circles, which is 
equal to [ f jo f  the furface o f  the Sphere: A nd, hence, i f  they were heated, 
and afterwards thus divided, they would lofe cheir H eat fo much the fooner.
The dividing, therefore, o f  a hot Body into fmaller parts, and che reducing 
ic from a fpherical furface to a plain one, are two caufes, by which che cooling 
ic will be chiefly promoced ; for ics contad wich colder Bodies will, by this 
means, be wonderfully increafed. A  pint o f  boiling Wacer reduced to a 
fpherical figure, will retain ics Heat for a long cime ; bue if  ic is poured upon 
a large cold place o f  Iron it grows cold in an inftant.

C  0 R  o L .  15.

Now the right C onf ide ra t ion  o f thefe things, will help us to  difcover thexhedia i-  
reafon o f the continuance o f  Heac in other cafes likewife. Ic is an old Obfer- 
vation, that thofe Bodies, thac are denfe, hard, ftrong, are ufed to exercife, 
a n d a re  filled wich compadt heavy Fluids, a re  always found to be hotter, and 
to be longer growing cold than others, for the folution o f which, a great 
many very difl^erent caufes have been afTigned: But from what has been 
faid, ic plainly appears chac fuch Bodies muft, by the ftrong application o f  their 
folids CO th e ir  Fluids, condenfe chem by this compreffion, and o f confequence, 
collefl more Fire wichin them, and retain ic very cenacioufly when it is united 
with chem. In the fame manner it is obferved, that in dead Bodies, thac want 
this vital Warmch, che internal parts cool very leifurely. the external very 
(Quickly. T he reafon o f  this is evident from what has been laid down ; nor 
IS there any need to fuppofe a veftal Fire in che internal Vifcera to account 
for chis Phænomenon. On the ocher hand now, your lax, fofc, unadlive, 
weak Bodies can never communicate fo much H eat to their watery humours j 
for they always fuffer lefs attrition, are lefs condenfed, and are relaxed into

Y  larger



larger furfaces •, and for this reafon too, are not difpofed fo much as to retain 
the Heat when once it is generated. Hence, then, we fee, what ill confe- 
quences are to be feared from both thefe extrem es; and what kind o f  Medi
cine, in parcicuJar, ihould be made ufe of, i f  we exp ed  a happy fuccefs in the 
curing them. And thus the ufefulnefs o f  this dodrine becomes very excenfive.

C  o R o L. i 6 .
whereisthe Now I am upon this fubjed, I can’ t help making ufe o f  this dodrine of 
iSrfnthe refrigeration o f  Bodies to give a folution of that queftion, which has fo 
Human  ̂ much cxercifcd the (kill o f the Chemifts, Phyficians, and Philofophers; vh. 

whether the human Blood has the greateft degree o f Heat in the Heart ? And 
i f  this is the cafe, what is the reafon o f  it? W hat diifertations do we find 
amongft Authors upon this fubjed ! and what very different opinions about it! 
T his affair, therefore, I will endeavour to explain in the fimple manner fol
lowing. In the veins the blood is coldeft. T his is univerfally agreed on, and 
therefore needs no demonftration : It returns from thofe parts that are far- 
theft from the H e a r t ; and from the external parts which are coldeft it is 
mixed with the new juices that are received into the Body, which are 
rather colder than itfe if; it circulates in a weak, large, lax, unadive veffeU 
and is thus difcharged into the right ventricle o f  the Heart. F or thefe rea- 
fons, therefore, the venal Blood o f itfeif would be colder in no part o f the 
Body than in this right ventricle. But as fuch a degree of Cold in the Heart 
would be prejudicial to the Human Body, and even endanger life icfelf j hence, 
the Blood in ics return through the Veins to  the Heart, is rendered fome
thing warmer, b y  the Heat fupplied by Arteries, which is communicated to 
the Body, and applied to the Veins. Notwithftanding this, however, the ve» 
nal Blood is coldeft o f all in the right ventricle i f  compared wich the arterial. 
Buc this cool Blood, now, being preffed, and driven into the narrow, elaftic, 
ftrong branches o f  the pulmonary A rtery, by the force o f  the right ventricle, 
and the vaft adion o f  refpiration, muft neceffarily pafs through the Lungs 
alone, in as great a quantity as it does through the whole Body, and all its 
parts, in the fame time. Hence, therefore, the Blood would in no part of the 
B ody, fuffer fo great an attrition, and o f  confequence acquire fo much Heat 
as in the Lungs alone. But this degree o f H eat, again, would be intolerable, 

S f o f  tte niore than we could be able to fupport ourielves under. This, therefore, 
Air we in- nature has fecured us againft by the A ir  we draw into the Lungs in infpiration, 

which is always a great deal colder than the Blood. A nd it appears from the 
Obfervacions of the ingenious Malpighi^ that the Blood is here diftributed 
through a vaft number o f  exceeding fine Arteries, which are applied all around 
the thin veficles o f  the L ungs, and by this means is expofed to the A ir  under a 
prodigious large Surface 5 but the A ir  is every moment renewed, and there
fore always cold j and, hence, the Blood, o f  itfeif, is cooled in no part of the 
Body more, in this refped, than it is in the Lungs. Is not this, now, very 
furprizing, that in the very fame part o f  the B ody, where for fome neceffary 
ufes the & ood muft have the greateft degree o f  H eat, chere again, for reafons 
as neceffary as the former, it Ihould require the greateft cooling? T h e Blood, 
and recent Chyle, could not be propelled through all the vital pipes of the 
whole machine without endangering the animal life, i f  it was not firft vaftly di
vided, and reduced inta its moft fubtil Elements by the forcible attrition of the

L u n g s  J.



Lungs ; but this could not be effefted without a great produdion o f Heat : Should 
this Heat, however, thus communicated to the Blood remain in it, and there 
ihould be other caufes to cool it at the very fame time ; certainly the Blood, 
in a very little while, would intirely putrify, and we ihould die o f  a moft pe- 
ftilential difeafe. By accident, I obferved fome time ago, in that part o f the 
Sugar houfes where the Sugar loaves are dried, that the A ir  was fo exceeding 
dry, and hot, that I could not ftay in it a moment withouc danger o f prefent 
fuffocation. I thought, therefore, I had got a very good opportunity o f  ex
amining the degrees o f Heat in the A ir that Animals could breath in ; but 
though I was vaftly intent upon it, rhe multitude o f  my affairs, that could 
not be difpenfed with, neceifarily called^me another way. I defired, therefore, 
that induftrious Gentleman M r. Fahrenheit^ whom I have fo often mentioned 
with refped, and my very good friend and kinfman Jodocus Provoft, to make 
fome Experiments for me in che manner I ihould dired, and to let me know 
exadly the fuccefs. This they were fo good as to comply with, and gave me 
the following account, upon hearing which, I am apt to think you will be 
of opinion with me, that there is fcarce any Experiment to be met with thac 
will help us better to underftand the effeds o f  this heat o f A ir  upon thc 
Bodies, Humours, and parts o f  Animals. N or, perhaps, is there any other, 
that is o f greater fervice in the A rt o f Chemiftry.

T h e  Baker, then, in one o f thefe Sugar houfes was heated till an accurate T h e won- 

mercurial Thermometer, afcer it had remained in it a fufKcient time, rofe to ofÌot 
146 degrees. A  Sparrow was then fet down in it in a cage, at fix a clock in 
the evening. When it had been there about a minute, it began to open its 
mouth, and pant with a great deal o f  trouble, and uneafinefs, the number o f  
refpirations increafing every moment, fo that in a very fhort time the repe
tition o f them was vaftly quick, and with fuch a diminution o f  ftrength, 
that he could fic no longer upon his perch, but leaving it went to che bottom 
of the cage, where, wirh violent ftruggling, and panting, he died within feven 
minutes. A t  the fiime time a D og was confined in the fame hot room ; who, 
after he had been there feven minutes, by opening his mouth, lolling out his 
tongue, and breathing very quick gave evident prQO.% that this greac Heac 
was not a little troublefome. H e remained, however, at that time quiet in the 
wooden cage in which he was inclofed. W hen a quarter o f an hour was near 
paifed, he began to breath very ftrong, and with a greac deal o f  noife, and 
made fuch eftbrcs to get out o f his confinement, as were quite furprizing. A  
little afterwards his ftrength tailed him, his refpiration began to grow flower, 
and flower, till at laft each infpiration, and refpiration continued a long 
time, though they were ftill performed wich a greac deal o f  force. Thefe, 
however, grew afterwards more and more languid, fo that a little before his 
death they could not be heard at all. During all this time, a greac quancicy o f 
Saliva ran out o f his mouth, which was perfedly reddifh, and ftank fo intoler
ably, that no body prefent was able to bear it : And this terrible fmell, thus fud- 
cienly produced in the Anim al, was o f fo hurtful a nature, that one o f  the 
perfons that was making the Ex;periments, upon coming near him? was in an 
inilant fainting away, fothat it was neceffary to refrefli him wich fome Spirit o f  
Wine, and M yrrh 5 by which means it happened, thac he could not put the 
Thermometer into the mouth o f  the D og the very momenc he died. A  lictle
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afterwards, however, being recovered by the abovementioned liquor, he thruft- 
it in, and the Mercury ftood at the degree 1 10. In this very great Heat now, 
and with all thefe vaft ftruggles, there did not appear upon the dog the leaft 
fign o f fweat. This D og weighed ten pounds. A t  the fame time thefe Ex
periments were made upon the Sparrow, and D og, a Cat, too, was Ihut up in. a 
wooden cage, and placed in the fame ftove. W hen ihe had been there a mi
nute, ftie began to lay upon the ground, and pant *, and in a quarter of an hour 
made a hizzing noife as fhe breathed ; ihe then ilruggled prodigious hard [to 
get out, and after ihe had fuiFered exadly in the fame manner as the former, 
underwent at laft the fame fate: But fhe was all over as wet with fweat as if ihe 
had been taken out o f  a River.

W e learn evidently, then, by thefe Experiments, that the A ir when ic is- 
•f" 48 degrees hotter than the Blood in the mouth o f a healthy child, is ca
pable o f  producing the moft acute difeafe in an inftant, and foon. after de- 
ilroying the Anim al with the moft terrible fymptoms. But how furprizrngly 
muft all the humours o f the Body here be changed, as they gave fuch evident 
figns o f  a moit fetid putrefadion ? Certainly there is not in nature a more ab
ominable ftench than this terrible rancid one, more loathfome.than. that o f a dead 
carcafe, which was fo foon produced, and exhaled from this Animal which 
was perfedly well but juft before? For this, we fee, purely by its contagious, 
quality, brought a ftrong man, and one ufed to labour into imminent danger of 
prefent death. And what greater proof can we have that all the Juices were 
refolved, and changed from their natural difpofition, then, that even the 
liva in fo ftiort a time was become red. But the Fire o f  the room did not alone 
effed  all this •, for the fielh o f  the dead Animal^ being hung, up in the fame 
H eat, was only dried thereby^ and did not diffolve into fuch a noifome fames,. 
B ut the vital motion in thefe creatures,, whilft by its attrition it generated Heat, 
and a Tendency to putrefadion, muft o f  neceffity have produced a prodigious 
degree o f  H eat in the L u n g s; and thefe having nothing to help to cool them,, 
che Heat muft have grown much greater there than even in the ftove itfelf- 
A n d , hence, the Oils, Salts, and Spirits o f  thefe Animals were reduced to 
putrefadion within, perhaps, 28 minutes; whilft the Bird was affeded within, 
one. And here we may obferve, when thefe rooms, are heated to fuch a de
gree, the fervants, who are obliged to attend there, ftay in but a very little, 
while at a time, and then go out for fome refreftiment. In the fame manner,, 
in the Melting-houfes, where they cut the melted iron into large plates, the 
W orkm en can bear the exceffive H eat buc for a moment, and then arC' 
forced to retire into fome cooler A ir , where they lie down, and recover them
felves, or otherwife they would inftantly fall into a Deliquium. And whenever the. 
A ir is heated but to fuch a degree, as is the ftandard o f  a man in health ; ii a. 
perfon is then placed in it, he foon perceives the excefs o f the H eat, which, 
grows fo troubiefome, that he can’ t remain in it any confiderable time,. bu£ 
Itrives with all his mighc to get into fome cooler place, or otherwife would 
faint away. Hence, therefore, we fee, that hot A ir  enervates the ftrength 
cold reftores it: A n d, indeed, except the Heat was tempered by.an alternate 
interpofition o f  Cold, there would foon be an end, both o f  Plants, and Animals.

f  T h ia  muft be underftood in  the very  greateft latitude in  w h ich  it  is ever obferved; the Heat of 
% cM ld in  health very rately  rifin g  higher than the 961J1 degree in  fa h n n h eii'.i T'herjnometer.
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From what has been faid, then, we at laft make this conclufion •, that the 
Heat o f the Blood in the Veins, Arteries, Heart, Lungs, and other parts o f  
the Body, is pretty equable. In the Lungs, however, it is, in reality, both hot
teft, and coldcft -, and hence, tho’ it undergoes thofe effeéls in the Lungs, 
which are abfolutely neceffary, yec by this means ic is ftill kept o f  a proper 
temperature.

C o  R o L . 17,
T h e larger any Body is, the denfer che matter is o f  which it confifts, and the Bo- 

more exad ly  fpherical its figure is, the more difpofed will it be to retain the Fire tÍe?"' 
which It has received into ic \ which is every where confirmed by Experiment, Heationgeft̂  
I f  fuch a Body as this, therefore, ftiould be placed in an exceeding rare Fluid, or 
in a perfed Vacuum *, chen, all the phyfical caufes that are at prefent known 
to promote this prefervation o f Heac, would be united together.

C  0 R  o L .  18I

Neverthelefs, all the folid, large, fpherical Bodies, that we are converfant 
with, tho’ they are brought to the very point o f fufion, if  they are placed in 
the common A ir, foon return to the temperature o f the ambient Atmofphere.

C o  R O L . 19,

Can we then look upon the vibration o f  che confticuenc Elements o f Bodies, 
as the whole, and only caufe, that Fire continues in a Body that is heated ? 'A s toward* * 
was the opinion o f the illuftrious Newton. It is true, indeed, i f  'a large Bell is 
ftruck but in one place wich an elaftic metal Clapper, ic will continue its fonorous 
undulations for fome féconds, and its tremulous concufllbns a good while after 
we are able co hear them, as appears by fprinkling a iittlé Sand on it : Buc 
in other cafes, this vibratory motion o f elaftic Bodies is commonly pretty foon- 
over.

E x p e r i m  e n  t  X X r.

The denfer Bodies are, whether fluid, or folid, the longer time they require DehfeBod«j 
to grow equally hot, if  they are expofed to the fame Fire.

For making this Experiment, take a brafs hollow Parallelepiped, open at 
top, and filled with W atery upon this, let there be placed fome cylindrical 
glafs Veffels o f  the. fame fize, and filled to the fame height with Fluids o f  dif
ferent fpeciftc Gravities : Then, i f  you make a Fire underneath, fo that the 
Water being conftantly in motion, may-acquire a very equable degree o f H e a t,. 
you may with the naked eye perceive the lighteft, and confequently, the rareft 
Fluid to be expanded very foon, but the denfeft a great deal flower ; and the- 
liméis confirmed by the application o f the Thermometer. A ir  grows hot very 
quickly, then Alcohol, next very liquid Petroleum, then O il o f  Turpentine, 
and then in order, pure W ater, falc W ater, very ftrong Z.íA-/'y/«;aí, M etals,.
Mercury, Gold,

C O R O L .  I.

The matter, therefore, o f  Bodies, both admits, and parts with Fire, .with
fome -•



fome difficulty ; and hence, Body, as Body, does, in this refped, retain its 
temperature, nor fuffers ic to be changcd without fome refiftance.

E x p e r i m e n t  X X H .

I'he larger Bodies are, the longer they are, ccsleris paribus  ̂ in growing hot 
wich the fame F ire j and the contrary. T h e  truth o f  this is fo well known 
from the moft common Experiments, that it may be almoft made ufe o f as a 
phyfical Axiom .

E x p e r i m e n t  X X III. 

denfer and larger Bodies are at the fame time, and the m oreexadly fphe- 
hwt«Twich rical their figure is, the more Fire they require, and the longer they are, before 

^^five at their greateft Heat. For i f  one pound o f  Iron is hammered into 
‘ a thin parallelipidzl Plate, and another is form’d into a Sphere, and both thefe

areimmerged into boiling W ater; then, the Plate will foon receive the Heat of 
the W^ater, but the Sphere flowly : So far therefore, the Surface feems to deter
mine the time, which a Body takes up, in admitting, and parting with Heat, 
and Cold.

E x p e r i m e n t  X X IV .

A m ong all the Bodies o f  che univerfe, that have hitherto been difcovered and 
there never was yec found any one, that had fpontaneoufly, and 

than every from ICS own natuTc, a greater degree o f  H eat than any other. This furpri- 
zing paradox has already appeared to be true by an indudion o f  particulars: 
For, as I informed you before from Experiment, all thofe Bodies which are 
efteemed che hotteft, will be reduced ex a d ly  to the fame degree o f Heat, or 
C old, i f  chey continue a good while in A ir  o f  the fame temperature. Certain
ly , Phofphorus itfelf made o f  Urine, is as cold as the ambient W ater, whilft 
it is immerfed in ic ; tho’ it foon grows exceeding ad ive, and hot, when it 
is expofed co the Air. In like manner the Phofphorus that is prepared from 
calcin’d pinguious fubftances, and Alum , fo long as it is fecur’d in its glafs Vial, 
has no more Heac chan the Glafs, nor has che leaft effed upon ic; cho’ upon 
the adm iffionof the A ir, indeed, ic takes Fire, and burns immediately. Lin- 
feed O il, which is never harden’d into a folid M afs, but remains always fluid in 
the greateft natural Cold, is. even ac that time as cold as che coldeft Ice. Nor 
is the choiceft Alcohol then at all warmer than the pureft M ercury. Thac 
wonderful Spiric o f  Nicre, called che fiery Spiric, which is a curious prepara
tion o f Glauber's,  ̂ and chat diftilled O il, which the Chemifts draw from SafTa- 
fras, whilft chey remain quiec in clofe Veifels, are as cold before the mixture, 
as the coldeft Ice ; tho’ when they are m ixt together, they produce a 
moft terrible Fire. T h e  coldeft Steel and Flint, by a momentaneous percuifion, 
excite in the iharpeft frofty A ir, the moft intenfe Fire that we are at prefent 
acquainted with. And this is fo univerfally true, thac o f  all che nacural Bodies 
that have hitherto been examined, there has not been found one, that o f icfelf 
inclines more towards H eat, than Cold, not one, that is naturally hotter than 
the reft. I know people are generally ftrongly prejudiced in favour o f  che con
trary opinion, and chink ic evidenc, that the Bodies of Animals, at leaft, have 
a greater degree o f Heat jin them, than others. A nd chis, I confefs, is true, 
i f  you confider them whilft they are alive 5 for ib long there is a perpetual

3 colledion



colîeftîon o f Fire, and communication o f Heat, by that attrition o f  the pirtç, 
which is neceifary to the fupport o f the animal life : Buc, now, i f  you examine 
a drowned Body, thac was juft before ftrong, and in perfed health, and re
mains ftill in all refpeds exad ly  the fame, except wanting this vital attrition \ 
you will then find ic exadly as cold as the Water. But you*ll be apt to fay, 
fure the contrary o f this appears to be trues for we often fee, chac Bodies have 
a great degree o f  Heat after they’re dead. A nd this, Gentlemen, I acknow
ledge to be frequencly che cafe. Hence, you’ ll probably infift, chat chere are 
in reality, cherefore. Bodies o f Animals, Chat are difpofed to keep up, and 
cheriih Heat in them. N or do I deny it : But chen pleafe to confider, thac 
when this is the cafe, then putrefadion is adually begun, by which there is 
excited a conftanr, and preccy violenc motion too, which by ics atcrition, and 
fridion, is capable o f  communicating new Fire to the Body, which did noc 
naturally belong to it. T a k e  for inftance, a quantity o f  cold H a y, prefs it 
hard down in a large heap, and then moiften it quite through with W ater, and 
it will by this means grow very hot, and fometimes burft out into Flames. 
Fermentation, putrefadion, effervefcence, and the mixture o f Bodies together, 
will certainly very often produce the greateft degrees o f  Heat, as I fhall here
after expreily demonftrate, nor ever deny’d *, but then thefe motions are never 
obferv’d to happen in one fingle fimple Body alone, and therefore are never 
fponcaneous, or belong properly co any Body in parcicular. A n y  ocher ob- 
jedion o f  this kind chac may be raifed againft whac we have aiferted, you your
felves will eafily be able to anfwer.

C O  R  0  I .  I .

Does therefore a denfe Body receive more o f  the fubftance o f  Fire inco itv 
as it grows by degrees hotcer and hotter ? Is chis greater comparative quanticy 
ofFire, owing to the greater degree o f  Fire that the Body is expofed Co ? And 
is che concinued application o f  this Fire likewife another reafon, that a Body 
thus heated has a greater quanticy o f  Fire communicated to it?

C  o R  O  L .  2 .

Is Fire itfeif, that is fo long infinuating itfeif into a Body, and enters into 
it in fo great a quancicy, the true phyfical caufe o f  the long retention o f  the 
Fire in the Body when ic is once heated ?

C O R O L .  J .

Or rather, is not this effeded, by the heated corporeal Mafs, and the Fire 
communicated to it, both their powers confpiring, and being united together ?

S c h o l i u m .
Thus far, Gentlemen, I have endeavoured by a few fimple Experiments, to 

lay before you thofe evident truths that I have been able to difcover, concern- «f 
ing the nature o f  that Fire, which Philofophers call elementary Fire. And t r m e o f  e i s -  

this we have confidered : Firft, as ic is a created Being, exifting feparately, 
and wichout every other Body whatever; then, as it refides in Bodies, and re
mains there pure and fimple, nor receives any PahuJmn from them, being de
termined in parallel or converging R a y sj and laftly, as the fame is coilcded



dn Bodies, purely by mocion and attrition. And I have taken a great deal of 
-pains to give you a right notion o f this Fire, before I proceed to examine into 
that, which is fupported by combuftible matter, which is fuppofed to be o f quite 
another nature from the former, and differs very much from ic in its effeds: 
F or the not carefully diftinguifhing betwixt thefe two kind o f  Beings, which 
by univerfal confent are called Fire, has given rife to a greac many errors in 
rhe chemical Arc. L^c us now, therefore, fet about che examination o f com
mon Fire, which by many people is.looked upon as the only real Fire. Give 
me leave, however, before I proceed, Co give you a ihorc account o f  fome ob* 
fervacions that may be underftood from the dodrine that has been already laid 
down, and which properly belong to the H iftory o f F ire; thac fo both this 
H iftory may be as compleacas poifible, and every perfon may have the honour 
o f  his proper difcoveries.

T h e  Difco- A n iron Rod a foot long, made red hot, gained ^  o f  its length. A  glafs 
aÏ- Cylinder, a fpan long, made red hot, gained -5̂ . Sturm. Coll. part II, p. loi. 

•ihois. A  metal Ring made red hot, had ics diameter increafed by Sagg. di Nat. 
Sper. p. 182. A  glafs Globe was diftended in its capacity -roW» purely by the 
Heat o f the hand. Des Amontons  ̂ Mem. de VAc. Ro-j. 1704. p. 12. 1705. p.4. 
I f  a Thermomecer is immerg’dinto a warmer liquor than icfelf, ic firft defcends, 
and afterwards afcends ; i f  into a colder, it firft afcends, thendefcends. Sa^. di 
Nat. Sper. p. 178. ad i Si .  And this is proved by a great many arguments to 
depend in the firft cafe upon the expanfion, and in the fécond upon che contrac
tion o f  the Glafs, before the included fiuid can be equally affeded, ibid. In 
warming o f  Liquors, the Heac is fuppofed noc Co expand them equably, but 
by alternate impulfes. Hailey. Phil. Tranf. A b r .T .  II. p. 34. Mercury being 
put in a glafs Vial, and then im m erg’d in cold W ater, which was afterwards 
heated by degrees, till it began to boil, afcended very equably ; buc when the 
W ater boiled, tho* the Fire was increafed, itcould noc be dilated any farther, but 
remain’d at the fame point. Hence, therefore,. Thermometers made with Mer
cury, will be moft accurate. Id. ibid. And thefe following obfervations I choofe 
here to fubjoin, as matters that deferve confideration : Since one very often 
correds another. I f  two metal Rods are o f  the fame weight when they are cold} 
then, if  you make one o f them hot, and hang it to a balance, it will be lighter 
than the cold one ; buc i f  you place a live Coal under the cold one, the^p//- 
brium will be again reftored. I f  two metal Rods are ex a d ly  in equilibria, then 
by holding a hot Coal over either o f  them it will grow lighter, and on the 
contrary will preponderate if  you hold ic underneath. Sagg, di Nat. Sper, 
p. 256.

O f the Pabulum of Fire. 

î-iremBo- Since, then, it appears almoft certain, thac the very fame Fire d o e s  always 
exift, in the fame quantity, and without alteration; and farther, t h a c  when it 

•rawmcr. is colleded in fome fort o f  Bodies, fuch for inftance, as Gold or Silver, it will 
continue in chem a confiderable cime, without any perceptible deftrudion of 
them ; we come now in the next place to examine thofe Bodies to which Fire 
maybe likewife communicated, and in which it may be prefcrved too a pretty 
while, but then, under this circumftance, chac ac che fame time thac che Fire 
is thus detained in them, nay, and fometimes increafed, the very Bodies them

felves



felves are fo far confumed in this adion, that they almoft difappear from our 
fenfes. For when Fire is once colleded in Bodies in this manner, it generally 
remains in them, and periifts in its ad ivity, till it has diflipated thofe parts o f  
them, by which it was continually fupported : But as foon as ever thefe parts 
are difperfed by the power o f  it, then the Firc likewife difappears too, exerting 
itfelf but very little longer upon thofe that are lefc behind.

Since therefore the Fire itfelf, and the Body in which it was colleded vaniih whyfoms 
from our fenfes both together, hence people have univerfally called chofe Bo- 
dies, or thofe particular parts o f  them, the Aliment, or Pabulum of Fire : And PMum of 
thus far ic may be allow’d, wichouc any inconvenience. But when they pre- 
tend to call them fo in too ftrid  a fenfe, becaufe they look upon them as the 
nutriment o f  real Fire, and imagine them to be changed by the Fire inco 
the very fubftance o f  elementary Fire, and thus to have their own proper na
ture deftroy’d, and to put on that o f  F ire ; then, they propofe fomething vaftly 
different, which ought very well to be confidered before it’s admitted for true; 
for cho* che affertion o f  ic is very eafy, yet the demonftration o f it is exceeding 
difficult. And certainly, whoever overhaftily runs into this opinion, muft ne- 
cefiarily fuppofe, that thofe Bodies which nouriih, and fupport Fire, in the man- come Fire 
ner we have mentioned, are by this means conftantly diminiihing : And hence 
the quantity o f  all other Bodies in the univerfe muft be continually leffened, 
whilft that o f elemencary Fire muft be in proportion increafed. O f  confequence, 
therefore. Fire being chus perpetually augmented, and at the fame time di- 
diminiihing every thing elfe, would neceifarily have deftroyed all other 
Bodies long enough ago, and remained fuperiour, and alone in the Univerfe.
In the mean time, however, i f  we examine the obfervations chat have been made 
from the moft ancient times, quite down to our own, we ihan’ t find the leaft 
indication o f any fuch increafe. But on the contrary, the power, and confe- 
quendy, the quantity o f Fire is obferved to continue the fame, nor feems by 
any means to fuffer any confiderable augmentation or diminution. A n  E xam 
ple, or rather P roof o f  this, are thofe very accurate Meteorological T ables, fo 
nicely contrived, and fo carefully perfeded many years ago for public fervice, 
by that excellent Geometrician Nicolaus Cruquius-, in which you may fee what 
an extraordinary equilibrium o f  Heat is maintained. N or is it a little to our 
purpofe, that after burning o f  W oods, which has been continued fometimes 
for whole months together, there has never appeared the leaft fign o f any 
increafe o f  Heat remaining after it was over. Can you believe, Gentlemen, 
that afcer almoft fix thoufand years, as in this time all the combuftible matter 
ofthe whole inhabited Earth, where Fires are in ufe, muft neceffarily have 
been fo many times confumed ; I fay, can you believe, that after all this long 
and conftant augmentation o f  Fire, the Heac fhould not yet be grown intolera
ble to tender Plants, and Animals ? In every part o f  the world at leaft, the 
Heac has always continued the fame : For the very fame warmth o f  the A ir  is 
always requifite, that the tender o f  Plants, whilft they lie inclofed in
their Seeds, and are nouriih’d, fill’d, and diftended with a kindly moifture, 
may expand their very fine, h th \t Stamina \ for i f  che H eat increafes be
yond the bounds they are able to bear, it foon burns up the almoft fluid M a 
chine in its original ftate; nor does it lefs certainly perifh i f  the H eat grows too 
languid: W h y Jhould I make mention o f  Animals? T h e  animalcles o f  the
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M ale Seed, when they have infinuated themfelves into the E ggs o f  the Female, 
require fuch an exad  temperature, that the looth  degree o f  Heat in Fahrenheit^ 
Thermometer will burn them to death, and in the 70th, by reafon o f  the Cold, 
they will hardly ever be brought to maturity : N ay , the very impregnated Eggs 
o fln fed s, that are able to bear the iharpeft winter Frofts, are moft certainly 
deftroyed, i f  they are expofed to a degree o f  Heat that’s a little too intenfe.  ̂
In ihort, therefore, examine Nacure in her whole extent, and you’ll evidently 
find, that the quantity o f  Fire in the Univerfe, always continues the fame: 
F or it’s certain, after fo many terrible conflagrations occafion’d by Meteors \ 
after fuch prodigious erudations o f  burning Mountains ;■ after fuch infinite 
numbers o f  culinary, furnace, and workhoufe Fires ; and, after all, the devaf- 
rations thac have happened fince the invention o f Fire-A rm s: I fay, after all 
thefe extraordinary methods o f  producing Fire, there does not appear to be 

This fcarce-the leaft quantity more at prefent, than there was in former ages. And Til 
]y cKdibJe. almoft venture to promife, that our following examination o f  the Pabulum of 

Fire, will make ic appear beyond contradidion, that the cafe is here very dif
ferent from what people generally imagine. L e t us therefore fet about this ve
ry  ufeful, and agreeable inquiry ; and in the firft place Jet us confider com
buftible matter as we find ir, in the Vegetable, Anim al, and Foffil Kingdoms. 
N ow  here we ihall come at its Nature more readily, i f  we firft examine it in 
the clafs o f  Vegetables \ for ’ tis by thefe that Animals are nouriihed and 
fupported ; and thefe may more eafily be examined, and underftood, than 
Foifils.

ThePai«- A ll  Vegetables that we are hitherto acquainted with may be burnt with Fire, 
inv^ï-^ and will feed che Fire whilft they are burning ; the Larch-tree itfeif not except- 
bies. ed. But as thefe now may be expofed to Fire, either crude, whilft they are 

yet perfedly alive and full o f  green juices, or when they are dead, and dry ; 
hence they ought to be confidered in both thefe circumftances : And as a right 
knowledge o f  the green ones, will help us more eafily to conceive o f  the dry 
ones, for this reafon, a proper regard to method leads us to examine what ic 
is, that is properly combuftible in Vegetables whilft they are alive.

Anexami- crude Vegetables, therefore, o f  what kind foever, contain in them,
nationinto Water*, Spirits, as they are called, or invifible exhaling Corpufcles, which are 
thofe S a t  odorous, and for the moft part refide in this W ater, and are difperfed
fecdfire. into the A ir as foon as ever feparated from it 5 an acid volatile Salt, which 

almoft always appears in a liquid form 5 a volatile alcaline Salt ; a light vela« 
tile O il, which has generally the peculiar fcent o f the P lant; a more fixed, hea
vy Oil ; a black Coal, which tho’ it is forced with a ftrong, and long cond* 
Rued Fire, in a clofe veifel, yet continues fix’d, and black 5 whice Aihes, which 
are the remains o f  this black Coal, when it has been burnt in an open Fire ; a fix’d 
alcaline Salt, which is contained in thefe Aihes, and may be procured from 
them, by making a with them ; andlaftly, another pare o f  thefe Aihes
which remains after this Salt, is feparated, and is called pure Earth. This, 
Gentlemen, is an e x a d  account o f  thofe parts that have been difcovered in 
combuftible Vegetables. In thefe, therefore, as they are changed by the va
rious adions o f che Fire, we muft examine what part it is, that is in reality 
inflammable, or combuftible.

I f  crude Vegetables then, containing all the parts abovementioned, are com
mitted



mitted to a brifk Fire, whilfl their M oiflure is yet in them, the firft thing they Apartiwisr 
yield is a Sinoke, or vapour, which afcends in the appearance o f  a Cloud, and 
m aybe colleded in form o f W ater, either acid, or alcaline, according to the pens; Firif, 
nature o f  the Plant, the p refer fcenc o f which, in fome meafure, it almoft always 
carries along with it. This Vapour is light, thin, and almoft pellucid.

After Vegetables have been deprived o f  this firft- part by the Fire, and, 
hence, begin to grow dry, then another kind o f  Smoke begins to arife, which 
is generally black, thicker, acrid, opake, denfe, and fetid *, which every mo
ment grows thicker, and denfer, till at length ic becomes o f  a pitchy black- 
nefs, and is rolled up, and whirled pretty ftrongly about the Vegetable.

N ot long after this there burfts ouc a briik, lucid, crackling Flame, and fuc- 
ceeds this thick Smoke j for this ceafes when the Flame appears, and there al
ways remains fo much the lefs o f it, as the Flame burns more clearly : But if  
you extinguiih this Flam e, then this denfe black Smoke foon appears again.
If this liquid, volatile Smoke now, is catched upon any Body, and by that 
means condenfed \ then wherever it fixes, it will form a very black, pinguious, and 
tenacious Pigment, which is bitter, and fetid, and goes by the name o f  Soot.

Vegetables being in this manner confumed by Fire, into Smoke, Flam e, and.
Soot, there remains another part at the bottom, which may be made red hot 
indeed, in the fame manner as Metals, but is abfolutely unfit to feed, and 
fupport Fire \ and this is called, Aihes. Thefe now are found to be different 
according to the different nature o f the Vegecables thac were burnt: For i f  the 
Smoke they emit when they are expofed to the Fire, is o f  a very volatile, 
acrid, faline, and alcaline nature, then the Alhcs that are left are for the gene
rality infipidj as appears, in Garlic, Onions, Scurvy-grafs, Rocketts, H edge- 
muftard, CreiTcs, Leeks, Water-mint, M uftard, Michridate-muftard, and the 
like acrid antifcorbutic Plants, which when they are burnt yield fcarcely any 
fixt Salt. On che other hand i f  the Plants are fucculent, and acid, and their 
fumes are fo likewife, there then remains a great deal o f Salt in their A ih e s; 
as we find in the green branches o f  almoft all Trees, which i f  they are large 
when they are laid on the Fire, there diftils from their ends, an acid W ater ia 
great quantity. And laftly, i f  the Vegetables are o f  the auftere-acid, or the 
aromatic-bitter kind, then the Afhes of thefe too yields a Salt in great abun
dance.

If Vegetables are moderately dry, and their W ater is exhaled when they are in»dry 
expofed to the Fire, but yet are not too old ; in this cafe the very fame things ®"'* 
happen as in the former, and in the fame order, but there will be a much 
fmaller quanticy o f  the firft watery Vapour.

If the Vegecables are worm-eacen, fungous, light, very dry, and very old ; !„ , veiy 
then if they are laid on the Fire, they will hardly burn with fuch an open d'yon«- 
Flame but will grow  red hot, íhine, continue lucid fome time, and then moul
der into Aihes, in which there will be hardly any Salt at all j nor will they 
fcarcely yield any Smoke, or Soot.

Since, therefore, thefe things that we have mentioned hold true in every 
kind o f Vegetable that is burnt, we may hence upon inquiry be able to dif
cover, which o f  all thefe parts it is that is in reality properly combuftible.

Firft then, let us examine the W’̂ ater which conftitutes a confiderable part 
of every kind of Vegetable. And this we find is capable o f  admitting, and
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Anexami- retaining for fome time any quantity o f  Fire, not exceeding 212 degrees or a 
little more, buc thei^ the Elements of the W ater have received fuch a difL

hererpirft, pofition ffom thc Fire, that no more can be difpofed, and confined in it.
ofthe Wa. fjen^e, therefore, it is not poflible bŷ  any known A rt whatever fo 10 impreg. 

' nate W ater with Fire, as to make It put on the brightnefs o f  a red hot 
Body, and thus to become perfeftly lucid. N ay i f  W ater, whether hot, or 
cold, is thrown in large quantity upon a burning flame, or any kind of 
matter that is on Fire, it will immediacely reduce that violent Fire to 212 de. 
grees, and by this means flops every kind o f  Fire, takes away the rednefs 
from Bodies that are heated, and extinguiihes flame. N ay , if  by the adion 
o f  Fire, W ater is refolved into Vapours, that are very ad ivc, and expand 
themfelves every way with a great deal o f  force, yec even then, when it is re
duced into this form , it has the very fame efFeds with refped to Fire. This 
is evident *, for i f  you hold a live-coal, or lighted T orch  in the denfeft fteam 
o f  boiling W ater, it will be perfectly extinguiihed as i f  you threw W ater upon 
it. And our chemical diftillations likewife demonftrate, that W ater, exert 
what force o f  Fire you will upon it, will always retain every charader o f pure 
W ater. In the mean time, however, I cannot deny but that there are a great 
many effeds produced by the W ater in the burning o f  Vegetables, that would 
not otherwife happen: F or i f  you fling W ater upon Oil? whilft it is boiling 
hot upon the Fire, there will arife a new adion betwixc the Fire, Water, and 
O il, very different from what would have happened had not this been done. 
Suppofe a pound o f  O il, for inftance, adually boiling, and on flame in a 
copper vefTel, the Fire then in this O il will have 600 degrees o f H eat; but it 
w i 1 keep within bounds fo long as it is moved equably through the Oil, and 
difpofes ic into a bright flame : L e t now an ounce o f  W ater be thrown at once 
into this O il, whilft it is thus boiling, and flaming, and there will be imme
diately produced a rumbling, crakling noife, the mixture will fly about in 3 
furprizing manner, and the motion o f  the whole will grow  perfedly unequal: 
F or the W ater as it falls by its own weight through the Pores o f  the boiling 
O il, meets every where with a degree o f  Heat three times greater than that of 
the hotteft W ater, whence the Elements o f  the W ater being expanded witb̂  
a  prodigious force, and agitated with an exceeding fwiftneis, they put the more 
tenacious particles o f the O il into motion, difTipate them, and carry them 
with them into the A ir. I f  whilft Bodies are burning, therefore, any Oil, 
and W ater happen to meet in them, the Fire that is excited will be very dif̂  
ferent from what ic would be otherwife: And this your Smiths are well ac
quainted wich, who when they have a mind to blow up a very briik Fire ge* 
nerally fprinkle a little W ater upon their Coals. But there is another circum
ftance too in this affair that ought to be taken notice of, and that is,, thar 
W ater is capable o f  receiving a greater quantity o f  Fire when it is compreffed 
b y  a greater weight o f  the Atm ofphere: And indeed this augmentation is fo 
coniiderable, that for every increafe o f  this weight there is a fenfible addition 
o f a degree o f  H eat. Hence, therefore, fhould it ever be fo confined within 
Bodies on fire, as to be comprefTed with a double Atmofphere, what a 
terrible explofive force would it hereby acquire? And from this confideration 
I  have often thought, and not wichouc aftoniihment, how vaftly the quanuty 
o f  Fire that may be communicated ta  Water, would be increafed, ihould che
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Water be placed in the Center of the Earth. For A ir  at the depth o f  409640 
fachom  ̂from the furface o f  the Earth would be as heavy as G old, according 
to MariUteh Calculation, i f  the law he fuppofes always holds good: W ich. 
what foro^'then muß; W ater be comprefled in the fame place ? And o f  con
fequence how much more Fire would ic be chere capable o f  receiving? W ould 
not W atef, i f  it was made to boil flrongly there, ihine as much as Metals 
that are made ever fo hot? Certainly this appears more than probable. Com 
pare Hift, de I*Acad Roy. des Sc. 1703. 6 . and Mem. p. l o i .  But again, 
there is yec anocher power o f Water, when in the Fire, that is very particular 
and furprizing. I f  you melt, for inftance, a fixed alcaline Salt wich a ftrong 
Fire in a Crucible ciil ic runs Hke W ater, and then inftantly pour ic out into 
an iron or coppei mortar, if  there is ever fo liccle W ater ac the bottom of the 
veifel, it will be fo agitated in a moment by this exceifive H eat, as to be able 
to make the Salt fly about with an incredible impetus \ as the Chemifts have 
often experienced to their great lofs, and danger. But the effed o f  W ater 
with refped to Fire is never more violent, or terrible, than when it happens 
to meet with melted Brafs: For if whilft this Metal is in fufion in the large melt
ing Furnaces, a little W ater unforcunately falls among it, there arifes imme^ 
diatelv a terrible noife wich fo violenc an explofion, chat the ftrongeft F u r
naces are inftantly tore to pieces. I f  a few grains o f  melted Brafs are thrown 
into W ater, the force thus produced likewife is fo prodigious, that it wili 
burft the ftrongeft veifel afunder, and reduce ic to powder in an inftant.
Hift. de I*Acad. Roy. des Sc. 1699, p. n o .  Hence, therefore, it appears, 
what are the effeds o f that W ater which naturally refides in combuftible V e
getables, with regard to the Fire that is burning them, i f  you confider it fe
parately as W ater ; and how much it is capable o f  increafing the force o f  
Fire, i f  it happens to meet wich Oils, Salts, or M etals: So chat the fame 
Body, that is looked upon as peculiarly proper to extinguiih Fire, we fee, 
may under fome particular circumftances, be the greateft inftrument o f  ren
dering its power more intenfe.

The Spirits, then, as they are called, o f Vegetables, come next under con- s«cond)y, or 
fideration, and thac, as they naturally fwim in this W ater, and float about 
with it, before the Vegetables have undergone any degree o f  fermentation.
And thefe, though you take ever fo much pains to feparate them from the 
Water, and co lled  them pure together, are never found to contain any thing 
in them that will feed, and fupport flame, or Fire. On the contrary, lec them 
be depurated ever fo nicely if you throw them upon the Fire, they will foon 
put ic ouc, in cafe they have no mixture o f O il in them. T h e  very fragrant 
Water that exhales from green Rofemary when it is chemically managed, has 
nothing in it inflammable. N ay, if  wich a very gentle Fire you feparate the 
moft fragrant part o f this again in a clofe veifel, neither was this ever found to 
yield a proper Pabulum for Fire, but on the contrary It excinguifhes it when 
it is burning.

The third fort o f  Bodies, that enter into the compofition o f  Vegetables, are 
what the Chemifts call acid Salts, which exhale too with the fcenced W ater, the aad’yo- 

Spirits abovementioned. Thefe volatile Salts, now, have long ago been '̂^® 
dilcovered to be very often exceedingly acid, as the fmoke that arifes from 
acid W ood when it is burnt demonftrates, as well as the acid Sooc thac is
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fometimes produced by it. N ay , the Spirits that arife in the diftillation o f the 
very heavy Woods, fuch as Box, Juniper, Guaiacum  ̂ O ak, and the like, are 
found to be as acid as Vinegar itfelf. T hus if  you take ftiavings o f Guaiacum, 
and diftiJl them with a moderate Fire in a very clean veflel, you will have a 
Jiquor, that by every charaderiftic difcovers itfelf to be very acid. I f  you 
then carefully feparate it from all the O il that is mixed with ic, which may 
be eafiiy done, by filtration, and gentle diftillation, you will by this means 
have your Acid perfedly pure, limpid as W ater, and even then confiderably 
volatile: And yet, when it is by this management rendered as pure as poflible, 
i f  you throw it upon flame, or F ire, it is fo far from fupplying them with 
fuel, that ic will foon extinguiih them. N ay , and that pure acid, vegetable 
Spiric, thac is procured by Fire frorti the native Balfams o f Vegetables, is per
fe d ly  o f the fame nature. I f  with an exad  Fire you diftill fome pounds o f fine 
Turpentine, in a very clean veflTel, you may draw from this oily, pinguious 
Balfam, a liquor o f a perfed acid tafte, that may be intimately mixc wich 
W ater, and is perhaps the nobleft diuretic we are acquainted w ich; and yet 
this, which poffibly you would not imagine, will extinguifli Fire in the fame 
manner as common W ater does. W c  evidently fee, therefore, from thefe Ex
periments, that the volatile, acid Salt that rifes from Vegetables when they are 
burnt, is not a proper fuel for flame, or Fire, but on the contrary puc them 
out. But here, perhaps, you wili be ready to fay, don’ t we fee plainly, how
ever, thac Sulphur will burn? Certainly it will. But, you’ ll go on, Sulphur 
is compounded o f a foffil A cid  o f Vitriol, A lu m , or the Pyrites, united wich 
a vegetable, or foffil O il. And this is generally true. Hence, then, you’ll 
be apt to infer, that the latent Acid o f  the Sulphur is a proper Pabulum for 
Fire. But, Gentlemen, if  we will but look into this affair with proper care 
we fliall find that it is the O il only that in this cafe feeds, and fupports the 
F ire ; for the A cid  does not remain in the flame, but is diffipated in fumes, 
which being afterwards colleded, compofe that liquor which goes by the 
name o f  the Oleum, or Spiritus Sulphuris per Campanam, and is the true original 
A cid  o f  the Sulphur without any alceration.

Tourthiy, Buc again, i f  we examine the volatile, alcaline Salts, that exhale from moil
S eA iS* o f Vegetables whilft they are burning, and are found to be contained in 

their S o o t; or that are procured from fome o f  them purely by diftillation, as 
we fee in Garlic, Onions, Scurvey-Grafs, Rockets, Crefl!es, Leeks, Horfe- 
radifli, M uftard, Mithridate-muftard, and others : I fay thefe Salts, i f  they are 
carefully feparated from the W ater, Spirits, and acid Salt beforementioned, are 
never obferved to burn, or flame in the Fire, but either fly o ff immediately, 
or diminiih its power. And laftly, even that volatile alcaline Salt, thac is 
artificially produced from putrified Vegetables, which is in larger quantity, 
arid more acrid than the former, appears by no effed  whatever to be a proper 
Pabulum o f  Fire. G ive me leave, however, here to give you this caution, 
thac what I aifert o f  thefe Salts, muft be underftood o f them, when they are 
reduced to their greateft purity*, fo that there is noc the leaft Oil adhering to 
them. For in the diftillation o f  Vegetables, as well as in the burning o f  them, 
when the faline, alcaline, volatile part rifes, it carries up with it a confider- 
able quantity o f  a fetid, volatile O il, which it pretty intimately unites with 
iifelf, fo that a perfon may eafily be deceived i f  he makes this Experiment
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with the Salt, whilft this O il remains mixed with i t ; for then i f  it’s expofed to 
the Fire ic will reaJly burn. But as foon as ever this Salt is perfedly freed 
from its Oil by the methods which we fhall hereafter explain, and is by 
this means rendered quite pure, then its inflammable power is incirely taken

away.
T h e fifth part that enters into the compofition o f  Vegetables, is the Oil Fifthly, of 

that’s procured from them by diftilling them with boiling W ater in a clofe 
Alembic ; and chis is called their eíTential O il, and is the moft volatile o f  all 
the Oils chat are drawn from them, as well as the moft pure, not having fo 
greac a mixture o f hecerogeneous parts with it, as the reft have. I f  this O il, 
when it is well feparated from all che other pares, is fet upon the Fire, in a 
clean veflel, and fuffered there to grow hot, and boil, and then a Flame is ap
ply’d to ic, it will take fire, flame, burn away, emit a little Smoke, confume 
and leave behind ic a few Fœces  ̂ that are o f  the nature o f Coal, black, fpungy, 
brittle, and earthy. I f  this very Oil now, which is generally reckoned fo pure, 
undergoes a fécond diftillation in boiling W ater, it chen becomes a great deal 
purer, thinner, and lighter than it was before, and leaves behind it a good 
deal o f new Faces, thac will not rife in chis fécond operation : And i f  you then 
take this Oil thus redify’d, as che Artifts call it, and expofe ic to the Fire in 
the very fame manner as you did the former, ic will take fire, yield lefs fmoke 
whilft ic is burning, and the quantity o f  che Faces that are lefc behind, will be 
a greac deal lefs chan before. And as for chofe that remain in the W ater afcer 
this fécond diitillation, they are nothing near fo combuftible as this red ify ’d 
Oil. Hence, cherefore, ic appears, chat the inflammable matter is by this 
means diminiihed, but at the fame time, that part o f  ic which remains, becomes 
much more difpofed co feed and fupport Fire. I f  the purification now o f  this 
Oil by diftilling it in boiling W ater, is frequently repeated, then at laft, a large 
quantity o f  this O il, chat was at firft look’d upon as inflammable, will appear 
to be o f an earthy Nature, that will not fo eafily burn in the Fire : In the mean 
time, however, the Oil chac rifes in diftillation, and is feparaced from the new 
Faces, grows every time lighter, finer, and more limpid, burns away with a 
clear Flame, generates lefs Smoke, and leaves behind it lefs Faces, than it did 
in any preceding operation. And this may be profecuted fo long, till this O il 
becomes fo vaftly fubcil, that it will aclaft almoft confume wichouc any Smoke 
ox Faces UzW.  But again, i f  you take this diílill’d O il afcer it has by this 
means been rendered totally inflammable, and put it freih into a clean glafs Re
tort, and with a gentle Fire gradually increafed, carefully diftill it again, and re
peat this frequently as before \ then, as the famous Boyle has taught us, the 
greateft part o f this O il will be changed into earthy Faces, thac are lefc at 
the bottom, and are not very combuftible ; but the Oil thac ftill remains, be
comes every diftillation, purer, and more inflammable, fo th at ic burns away 
in form o f  Flame, without any confiderable Smoke or Faces. I f  then all the 
Fœces that are lefc behind after every diftillation are colleded together, and tor- 
rify’d, and made red in an open pure vefliel, they’ ll emit Sparks, and Smoke, 
and fometimes Flame, and at laft will moulder away into Afhes that are abfo
lutely incombuftible. Thefe Experiments now. Gentlemen, I beg you will 
confider very carefully : For hence we may already difcover, how fmall a por
tion o f this O il, when pureft o f all, truly burns away in Flame, without
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Smoke or Fcecesy thac is, is totally and perfedly combuftible. A nd this will 
be o f fingular fervice in helping us to an accurate knowledge o f  the nature of 
Fire, confidered as it ads upon this its Pahulum  ̂ and as it is likewife affeded by 
it. This chen being rightly underftood, pleafe to give your attention to an 
Experiment o f  anocher kind. Obferve this live Coal, which as you fee, is 
very full o f  Fire: P ll put this now into this copper Veifel, and pour upon it 
this cold setherial O il o f  Turpentine, which o f  all Oils is efteem’d the moft in. 
flammable ; and you fee, contrary ’ tis probable to your expedation, that 
this red Coal is as foon extinguilhed with a Smoke and H ifs, as i f  ic had been im, 
merfed in W ater. So thac hence it appears, that O il is noc fo foon lighted 
by a live Fire as people generally imagine ; but in order to this, there are 
Ibme parcicular circumftances requiftce in the application o f them to one ano« 
ther. It is very likely you may imagine, that Flame is neceifary to fee icon 
Fire. T o  try then, whether this is the cafe o rn o , I have difpofed a Candle 
as you fee in this veifel, in fuch a manner, that the extremity o f  the Flame 
is below the b rim ; and hence, if the veifel is fill’d with O il, the Flame will 
be below the furface \ I’ ll pour in now the fame pure diftill’d O il o f  Turpén* 
tine till the Flame is cover’d, and you fee it is perfedly excinguiíh’d, nordoes 
the O il take Fire. But again, 1 have heaced fome o f  che fame O il in another veiTel, 
till it fmokes and is ready to boil, into which you ihall fee me throw this 
lictle glowing C o a l: D on’ t you all now certainly exped that I ihall fet icon 
fire ? Noching le fs ; but it finks as you perceive with a noife, and goes our. 
A nd laftly, I ’ll invert this burning Candle, and thruft ic into the fame almoft 
boiling O i l ; and here again you fee chat it is perfedly excinguiih’d wichout 
lighting the O il, or being lighted by it, contrary to what one would imagine. 
But thofe vegetable Oils remain ftill to be examined chat are drawn from them 
b y  diftillation, without the addition o f  W ater, which have a fetid empyreuma- 
tical fcent, are opake, and o f  a thicker confiftence. Thefe now, i f  they are 
managed in the fame manner as the diftill’d Oils abovementioned, exhibit ex
a d ly  the very fame Phenomena. A t  firft they are inflammable, burn away, 
emic a great quanticy o f  black Smoke, and leave behind them a greac deal of 
Faces ; but afterwards, by repeated diftillacions, they become purer, lighter, 
more limpid, more inflammable, yield lefs Sm oke, and leave fewer Paces-, and 
every operationare depurated more and more, and grow more combuftible. And 
when by this means they are rendered like the eífential Oils, they are perfeilly 
affeded by Fire in the fame manner. Since then all thefe chings are conftantly 
obferv’d to hold true in every vegetable O il, exifting in what condition foever j 
whether it is naturally concreted in fome pares, or naturally fecreted in others, 
as Gums, Balfams, Refin, and Pitch ; or procured by diftilling che Vegeta
bles ; or laftly, by burning them : I fay, fince what we have faid holds good 
o f  them all, we may hence form a true notion o f  the matter that is chiefly 
combuftible, and hence be able to draw a greac many inferences that are abfo- 
lutely neceifary to a ju ft H iftory o f  Fire ; and which indeed, i f  we are noc 
firft well acquainted wich, we fhall cercainly run into a great many errors, if 
w e pretend to explain either the nature o f  Fire, or combuftible Maccer. If 
we .rightly underftand now, what has been laid down concerning that pare of 
Vegetables, which alone, is really burnt when they are fet on fire, viz. their 
O il, oras it is call’d, iheir Sulphur, we ihall then be able hereafter to proceed
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morerea-dily in the reft: This therefore I recommed to your careful confidera- 
tion, as it will be o f  fervice to us in our future inquiries.

I f  any kind o f Vegetables are burnt in the Fire to fuch a degree, as to be sixtWy.of 
glowing red quite through, but are not yet reduced to iVfties, then, if  they are 
on a fudden fuffocated in clofe A ir, extinguiihed with W ater, or buried deep 
under Afties, or any other Bodies that ex a d ly  cover them, they lofe their 
Fire, and are changed into a Body that is perfedly black, after you have 
ihook off the Aihes that may poffibly lie upon their outward Surface ; and the 
Body thus prepared is called a Coal. A gain, if  you take any fort o f Vegetable 
whatever, put it into a metal, earthen, or glafs Receiver, and with a violent 
and long continued Fire, urge it fo long till fcarce any thing more will come 
over into the Receiver; then, i f  the veffels were fo perfedly clofed that not the 
leaft A ir  could find admittance, there will remain at the bottom o f  the Retort, a 
Vegetable fubftance intirely black, which is likewife a true Coal, exad ly  o f the 
fame nature with the former. N ow  either of thefe, i f  it is laid upon the Fire 
when it is throughly dry, very readily takes iire, retains it ftrongly when it’s 
once kindled, burns as long as any blacknefs remains in it, and thus almoft to
tally confumes without any Sm oke: during all this time, however, it emits an 
exhalation, which i f  received into a clofe place, quickly, and infenfibly, proves 
fatal to every kind o f  Animal 5 nor does it at all ilgnify, whether the Coal is 
prepared from Plants, Woods, or bituminous Turfs. W hen every thing then, 
that was black in the Coal is thus confumed by the Fire, what remains is a 
whitiih Powder, which goes by the name o f  Aihes, and which it is impoffible to 
excite into a Flame by the application o f  any degree of Fire whatfoever : T he 
moft you can do with them, is uniting Fire with them in the fame manner, as 
you may with Metals, Stones, and the like, which we gave an account o f be
fore in our H iftory o f  Bodies, that are capable o f  retaining Fire without being 
confumed. In this affair now, it is particularly remarkable, that the Coal 
then only grows unfit to feed theFire, when it changes its black Colour for this ci- 
neritious one, it conftantly affording a Pabulum, fo long as the former remains.
This we fee evidencly in that common, yet elegant Experiment made with thac 
exceeding fine vegetable Coal, Paper, when burnt to a blacknefs: For i f  a 
Spark falls upon fuch a black Paper, it foon begins to run up and down in form 
of a fiery Spark, and leaving thofe places that are whitiih, and will no longer 
burn, it perpetually ihifcs about to thofe that are black, which ic in like manner 
confumes, and then quits for the next black Spot, till at laft by this means, all 
the blacknefs being perfedly deftroyed, there remains the form o f a very 
thin Paper, confifting purely o f  white Aihes, which in fome meafure ftill co
here together. A  vegetable Coal, therefore, is chat part o f  Vegetables, from 
which the Fire has expell’d the V^ater, Spirits, volatile Salts, and fome o f  the 
lighter Oil that is not fo clofely united with the other parts ; and in which 
there ftill remains an Earth, and fix’d Salt, whofe increafed Surfaces the Fire 
has covered over with a rarified attenuated O il, which by burning has acquired 
a black Colour : F or all thac appears black in the Coal is purely O il, which 
being puc into a rapid motion, and greatly expanded by che adion of the 
Fire, was in fome meafure extricated from thofe parts thac were noc inflammable, 
tho* not perfedly freed from them, and hence being neareft to the Flam e, and 
attraded towards the Surface, upon this fudden excindion, it remained apply’d
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to the extérieur Superfices o f  thofe little cells, in which the W ater, Spirits, and 
volatile Sales refided before the Coal was thus prepared. From  what has been 
obferved then, we may at laft conclude, that the combuftibility o f  Coal, con
fifts intirely in the Oil that remains united with ic, the other pares being by no 
means capable o f flaming or burning fo as to be confumed by the Fire that 
is received into them, as thofe Bodies are, v^hich are a proper fuel for Fire. 

Seventhly, ^ny thing this is requifite to make this H iftory fair and
ofthe Aihes. compleat, let us yet farther examine thefe very Aihes that remain, afcer Ve

getables are thoroughly burnt. Thefe now, i f  they are produced from pure Vege- 
tables, will be almoft always o f a pretty white colour, and a fait tafte, a few as 
I hinted before excepted. I f  you boil thefe Aflies in W ater in a clean veffel, 
i\\t Lixivium  will have an acrid, alcaline, fiery, urinous tafte. I f  you, then, 
pour o ff the W ater that is thus impregnated, and add more frefli W ater co the 
remaining Afhes, boil this again as before, then pour o ff this, and put on 
more, and repeat this operation, till at laft the W ater thac is thus boiled wich 
the Aihes comes o ff as infipid as it was poured on \ then, i f  you mix all thefe 
Lixiviums together, and evaporate them to a drynefs, you will always have ac 
the bottom o f  the veffel an acrid, alcaline, fi'.ry, fix ’d Sale: This now will 
grow perfedly red hot in a ftrong Fire, and recain a lucid Fire in ic for fome 
time, but will never fupporc Fire, excite Flam e, or be icfelf confumed by 

TheSaitof them as a proper Pabulum. F ix ’d alcaline Saks therefore are incombuftible;
•which IS not o  c j
a  proper P a -  a S  ¿ ^ tO n C S , ^ C .

Buc let US now look back to that part o f the Aflies, which after the fepara* 
tion o f all the Salt, remains at the bottom o f  the W a ter; and this, if  it is care
fully dry’d, and kept perfedly by itfelf, is found to be a ligh t white Earth, vaft
ly  Ample, and exceedingly immutable by the adion o f  the F irc: T his evidently 

Nor their appears in the Cupels, which are made o f  thefe Aihes, with the addition only 
Earth. . for chefe, when they are expofed for a long time, to a very intenfe

Hear, grow  red hot as other incombuftible Solids do, but the Earth icfelf will 
never burn, flame, or fupply the Fire wich a proper Pahulum. 

l ig h t h iy ,  Thus, chen, we begin by degrees to difcover what parts o f  Vegetables it 
Smd« really is, that properly feeds, and fupports Flame, and Fire, and which muft 

necefíarily remain in the Fire fo long as it continues to flame, or burn. But 
farther, whilft Vegecables are thus on fire, there conftantly rifes from chem a 
denfe Smoke, which at firft is watery and thin, grows thicker and thicker 
every moment, at laft grows very black and denfe, and then is blackeft and 
denfeft o f all, when the Flame is juft appearing, which generally foon breaksforth 
with a crackling noife ; and asfoon as ever the Flame appears, the Smoke imme
diately diminifhes, andfo much the more, as the Flam e is more vivid ; fo that 
when it is brighceft o f  all, che Smoke feems quite co ceaie riflng, tho’ even 
then, indeed, we are fure that there isadually  Smoke. H ence, therefore, it feems 
probable, that Smoke is a confufed mixture o f different parts o f  the vegetable 
Pabulumof V'irç, which are put into a violent motion by the adion o f  the Fire, 
are carried upwards, and agitated among one another, but not thoroughly 
fet on fire : I f  this adion, however, is continued, and increafed, and thefe 
Particles are urg’d wich a ftronger Fire, they then grow  red hot in the Air, 
the Smoke is converted into Flam e, and the Particles o f  the Smoke being now 
grown bright, and at the fame time vaftly attenuated, appear purely igneous.
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And hence, likewife, it is evident, why a vivid Flame, when it 
the whole burning matcer, feems to confume all the inferiour Particles that 
are agitated by the Fire, in the form o f  Flame, without any Smoke ; for it is 
certain, that except the watery part, Smoke may be totally changed intoFlam e.
This, indeed, has long ago appeared to be true, by that elegant Experiment 
o f the Focus Aca-pnos \ in which, one may evidently fee, that the black Smoke 
which rifes from burning Vegetables, is in reality a Coal, which is combuftible 
in a ftrong Fire, or great Flame : For when it is expofed to either, it is re
duced to mere Afhes, or its matter is fo far attenuated, that it efcapes our fen
fes, and is diffipated into the Air.

T h e Inventor o f  this Inftrument was that ingenious A rtift Dalefmius, who AFire-pkce 
contrived it in the Year 1686 at as we have an account in the n 6 th  *eĴ /thout
"PiigQ o f ihe Journal des Scavans, publiihed that year. T he famous Jufieleus af-Smoke.the 
terwards firft publiihed a Cut o f  it in the Philof. Tranf. almoft at the fame time, 
which is as follows. A B C D  is a hollow Cylinder made o f  Plates o f  Iron, open Pi- iv. 
at both ends, within whofe inferiour Eafe BD , there is fitted the Grate BD. This 
Cylinder, which is the Fire*place o f  the Inftrument, is joined to the cylindric 
Tube E F G , in fuch a manner, that there is a communication between their 
Cavities. And this Tube E F G , which is o f  the fame capacity with A B C D , 
made o f  the fame Metal, and in the fame manner, is open at G , and clofe at 
F . I f  then the T ube E F G  is made very hot, and fome live Coals are laid on 
the Grate BD, and over them fome combuftible matter, then the Flame that is 
produced, will defcend into the T ube E F , and pafs through F G , and all the 
Heat will go out at G  •, and the Smoke likewife that is generated following the 
fame courfe through the T ube E F G , will be forced to pafs through the 
Flame that fills the whole T ube ; and hence, being adted upon by the Fire in 
all this pafiage, it will lofe the thicknefs and difpofition o f  Smoke, will be con
verted into Flam e, and in this form paffingout o f  the Aperture G , w ill difap- 
pear, without any vifible Smoke, or Soot. T h e i\mous JDe la Hire has added 
fome Notes upon this Machine in the place in the Journal above cited. In o r
der now to give you an ocular demonftration o f the fame thing, I have provi
ded this Inftrument which is made o f  Plates o f  malleable Iron. A B C D E F , Fig. 2. 
is a hollow veiTel confifting of five equal iron Plates well foldered together, 
and open only at the top A B C D . A t  the height E l  within this veiTel 
there is a Grate IK L M . In the fide D F , there is an elliptic H ole N O , o f  the 
breadth M K , and height E l, to which is joined the T ube O G H , open at 
ON, and H , and every where o f the fame capacity. Pleafe now to obferve 
the effeds o f this Machine. On the Grate IK , I lay fome live Coals, that the 
veiTel may grow hot; andthatthe A ir  inthe cavity o f  the Tube N O G P , may 
at the fame time be heated likewife, I put fome more on the part o f the Tube 
NP. As foon as ever now the A ir  below the Grate, and in the Tube N O G P  
grows hot, the Heat that was produced b y th e  Coals above the Grate in the 
veiTcl C K  is diminiihed ; and the Heat in L F  below the Grate, and in the 
Tube N O P G , is in proportion increafed ; fo that now you obferve the force o f  
theFire, withies little Flames, tend downwards, by which means a new de
gree o f Cold is generated above the Coals that are laid on the Grate. T h e  
Machine then being thus prepared, when I lay this Straw upon the Coals, you 
fee with what rapidity the Flam e drives downwards through the Grate, and
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through all the T ube O G H , fothat it breaks out at the top H , wichout Smoke, 
and there produces a very great degree o f  H eat •, whilft at che fame time 
the fpace C K  continues cold. Buc farther, whilft I add W ood, T urf, Sul
phur, and Oils, ic proceeds exadtly in the fame manner, and che force o f the 
Fire is fo greac within the T ube, that the Tube you fee is now red hot, and 
the Fire burns with fo much fury and rapidity, that one may hear the noife 
thac is produced by the agication o f  the Flame. Y ou  take notice too, at 
the fame time, chac chefe Bodies, which commonly, when chey are burnt, 
diffufe an intolerable fetid, or a very agreeable fcenc, now chey are laid on chis 
Fire, don’ t difcover any fmell at all, but perfedly confume without the leaft 
fign o f  ic, leaving noching behind chem but pure Aihes at the bottom of the 
veifel underthe Grate. A ll  the other parts are driven by the force o f  the Air 
preifing upon the Aperture o f  the Fire-place, into the T u b e  which is 
higher, and narrower than the Veifel that contains the Fire ; fo that all the 
Flame, and the power o f  the Fire, exerts itfeif within the fpace L F O G H  \ 
and hence, the combuftible parts that are reduced into a very denfe Smoke 
by the adion o f  Fire, are now carried through this pure Flame, and 
not into the open A ir ;  by which means, being thus ftrongly agitated by the 
violence o f  che Fire, even wichin che Fire itfeif, they are fo attenuated in their 
paCfage, thac every part o f  them chat was combuftible, or could be fo divided 
b y  the motion o f che Fire as co become perfedly imperceptible, is diffipated 
into che A ir, without difcovering the leaft fign o f any particular quality. Smoke 
therefore is combuftible matter, exceedingly agitated, but not yet ihining, or 
red hoc j Flame is the very fame matter, only thoroughly red with heat, and di
vided inco very minute Particles. Buc it appears likewife by other Experiments 
thac Smoke is inflammable. I f  you take, for inftance, ihavings o f  Giiaiacum̂  
and with a ftrong Fire force it out o f  a Retort in a denfe Sm oke, then, in the 
end o f  the operation when nothing rifes by the adion o f  the Fire but a very 
attenuated and rarefy’d O il, i f  this Smoke infinuates icfelf chrough the cracks 
o f  the L u te, and a Candle is apply’d co ir, ic immediately cakes fire, and 
flames, and chac noc without a great deal o f  danger. A n d  the fame thing is 
true o f  all pares o f  Animals, i f  they are treated in the fame manner. Hence, 
therefore. Smoke comes neareft co Flam e, and the blacker it is, it comes fo 
much the nearer ; for then ic becomes a true Coal, exceedingly thin and at
tenuated, perfedly volatile^ and eafily combuftible ; as any one may eafily un
derftand from the H iftory o f  Coal, that has been already delivered. And 
hence, therefore, laftly, there is nothing in Smoke that fupplies Fire wich any 
Pabulum., excepc the Oil ; but this will appear more evident hereafter.

Laftly of In the laft place, in the burning o f  combuftible vegetable Maccer, the Smoke 
the s&ot. which is carried upwards applying icfelf to the fides o f  the Chim ney, inftills in

to chem a penetrating black pinguious moifture, changes them o f  a very black 
colour, andfaftensto their oucfide in form o f black, loofe flocks, that eafily 
d r o p o ff ;  and the matter thus colleded is called Soot. T his now is in reality a 
true volatile Coal, but exceeding fat, and hence i f  it is dry, ic is very eafily 
inilammable. It is exceifive bicter like O il thac is burnt ; very pinguious from 
the quantity o f O il it contains ; and from this O il’s being burnt, is very black, 
as all other Coals are. T his matter now, tho* it appears thus fimple, if  ic is 
nicely refolved into its parts by a chemical diftillation, in the firft place yields a

2. Waterj



Water, in pretty great plenty, which being carefully feparated and colleded, 
extinguiihes both Flame and Fire. And the very watery Vapour that thus 
exhales in this firft diftillation puts out Fire intirely; fo that you can fcarce
ly properly call it a Spirit. If you then increafe your Fire, there comes over 
from this Soot, a large, quantity o f yellow, inflammable O il, which yields a 
plentiful pahulum to Fire and feeds and fupports Flame. T hat part likewife 
of this Oil which is exceeding fubtil, and goes by the name o f a Spirit, is 
in the fame manner inflammable. But it farther yields, too, a very volatile 
Salt, one lefs volatile, and then one that is drier i from all which if  you per
fedly feparate the Oil and Spirits, juft mentioned, you will find nothing at all 
in them that is any ways inflammable, but only a Salt that is incombuftible.
And laft o f all, this analyfis will give you a Coal, which we have fufficient
ly confidered already, under our fixth and eighth Obfervation. Hence there
fore it appears, what Soot is, and what part o f  it is really combuftible. I f  
this Soot now is taken dry from the Chimney, and thus laid on the Fire, 
ic burns fiercely, and breaks out into Flame, in the fame manner as any other 
combuftible matter does •, which perfons experience, fometimes, to their 
great danger, when they let their Chimneys go too long without fw eeping; 
for the Soot being, by this means, colleded in large quantities, frequently takes 
fire, and flames out o f  the top o f the Chimney.

From all thefe Obfervations, then, that I have fairly related to you, we ConduHon 
plainly perceive, what part o f  crude Vegetable it is that is properly inflam- iheS"® 
mable, and may be efteemed a true Pahulum of Fire, viz. the O il alone, Pabuiumoi 
and that, in what form foever it exifts, whether in a thick one, or a thin 
one, like that o f  Spirits.

Since every thing, however, muft be confidered and examined that will give wine don’t 
us any light into the nature o f  Fire, and that it may be perfedly evident, what it 
is in Vegetables that properly and folely yields a matter proper for the nouriih
ment o f Fire, let us now fuppofe, that we certainly knew, from what has 
been premifed, that there is nothing contained in crude Vegetables that will 
feed and fupporc Fire, and is, at the fame time, capable o f  being diifolved in W ater.
But i f  we will turn our fpeculations iarther, to the vegetable Subftances, that, 
by a true chemical fermentation, are produced from thofe Vegetables that are thus 
difpofed CO ferment, we fhall then find, that by this method a liquor may be pro
duced from them, which goes by the name o f W in e; this, now, when it is fined 
according to A rt, and hence rendered pure, if  it is thrown upon a large Fire, 
will foon intirely extinguiili i t ; nor is it any way fit to fupport Flame. N ay, 
and after you have examined ic in chis manner, i f  you put it into a clean glafs 
veifel, and, wich a very gentle H eat, evaporate the moft volatile part o f  it, and 
reduce it to a Fume even this, i f  you apply aFlam e to it, will fcarcely burn,, 
but on the contrary, for the moft part, rather puts it out.

But if  this Vapour, when ic is afterwards grown cold, is colleded in form But its Spidt 
of a liquid, and this is treated in the fame manner as the former, then this 
will yield a liquor that may be mixed with W ater, and at the fame time will 
perfedly take fire, will afford a plentiful Pahulum to Flame, and be itfelf 
confumed in it. T h at part o f the Vegetable, now, that is feparated from 
the Wine, whether inform  o f Lees, or the Refiduum in the diftillation juft men
tioned, if  ic is examined by the fire, will yield almoft the fame parts, which
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are found to be procured from crude Vegetables, under the fame management. 
B y  this inftance therefore it appears, that by Fermentation there is generated 
from Vegetables, a liquor that will mix wich W ater, and feed Flame, which 
did not really exift in them, when they were crude.

Puitefaflion Buc ic will be worth our while to examine Vegetables whilft they are ma-
ot vegiubies naged in another manner, different from thc former. I f  Vegetables then are 

thrown into large heaps, when they are juft cut down, and full o f  cheir na* 
tural juices, or are difpofed under the fame circumftances, in great wooden 
veffels, clofe and hard prefted down, they will chere grow warm, then very 
hot, and emit a watery Fume, a difagreeable Smell, a black Smoke, Flame, 
and Sparks. On the other hand, i f  they are expofed to air after they are mow’d, 
till they are grown fufRciently dry, then, though you heap them together in 
the fame manner, they will continue dry, and will not undergo the fame al- 
terations: But however, even in this cafe, if  you pour Wacer upon them, 
till they are thoroughly moiftened, they will conceive Heat, and take fire in 
the fame manner as the green ones ju ft mentioned. A fter Vegetables, now, 
have by thefe means acquired this fpontaneous H eat, and retained it for fome 
time, i f  they grow cold again, without taking fire, they then are found to 
be quite putrified, and converted into a fetid, pappy Matter. I f  then you 
diftill this putrified Pulp, the firft part that comes over will be a watery Va- 
pour, which will extinguifti Fire and Flame: And when this firft watery li
quor is drawn off, i f  you expofe the remaining dry parts to an open Fire, 
they will yield almoft all the fame principles as crude, or fermented Vegetables 
do in the fame circumftances.

Buc laftly, i f  you take Vegetables that are perfeftly putrified, and diftill them 
in a Glafs retort wich a moderate H eat, till they arc become nearly dry, 
you will then have firft a fecid fubpinguious or cloudy Wacer, in which there 
is found to be contained a volatile, alcaline Salt, tho’ then intirely diffolved; 
and indeed it is rather from the admixture o f  this Salt, chan from any true Oil 
that the Liquor appears thus pinguious. Whecher now this W ater thus im
pregnated with O il, is thrown upon the Fire ; or whether you firft refolve che 
compound Liquor into a purer W ater, and ics Salt, and then throw both 
thefe feparateiy upon Fire, the Event in both Cafes will be exad ly  the fame; 
for in both the Fire will be extinguiihed.

And fome But again, when this firft L iquor is feparated, and the putrified Matter re- 
mains now almoft dry in the Retort, if  you urge the Reftdmm ftill further 
with a ftronger Fire, there will come over a fluid, oily, thin Liquor, which 
fwims upon W acer, is fecid, and yields a co flame, like O il, or Spiric
o f  W ine. A fter this Spirit, or fine O il, is drawn off, i f  you ftill increafe your 
Fire, then a volatile, alcaline Salt, and an O il thicker than the former will rife 
together in a confiderable quantity. And here again, as the Oil is found 
to be inflammable, fo the Salt appears perfedly otherwife. But farther, if 
when you have feparated all thefe, you ftill urge the Refiduim  with a ftrong 
Fire, and continue ic a good while, you will have another O il, ftill thicker, and 
more tenacious, almoft Tike pitch, which is exceedingly com buftible: And at 
the fame time there will come over a denfe Vapour, which, upon che Applica
tion o f a lighted Candle, will inftantly take Fire in the open A ir. This being 
done, i f  the Fire is ftill conftantly kept up to ics greateft Degree, you will at
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Jail force out a Phofphoms, which, though it is not o f  fo folid a Form  as that 
which is procured from animal Subftances, yec ic comes very near ic in a great 
many o f its Properties. L aft o f  all, when this fluid Matter is intirely gone 
off, there is then lefc in the Retort, a very black Coal, fuch as we defcribed 
before, in which there remains indeed a black inflammable O il, but not che 
leaft appearance o f any fixed Salt.

Tf we thoroughly underftand chen what has been laid down, we may boldly Conciufion 

and fafely determine, concerning all the parts o f  Vegetables, naturally contained 
in chem, chac are endued with fuch properties, chat i f  Fire is applied to chem, combuftible 

they may be confumed into Flame, and will fo long feed and continue Fire in 
that place *, as likewife o f thofe which may by certain methods be procured from 
them, or produced in them, fo as to difpofe them to have the fame effedt. It 
is evident chen, chac amongft thefe Parts, the Wacer, che native Spirits, as they 
are called, all che kinds o f  Sales, and the Earth o f  Vegecables, are capable c f  
being heaced by Fire, and hence o f  admitting Fire into them, and o f  retaining 
and preferving ic there for a confiderable time, but this only under the limita
tions above mentioned. T h e Fire likewife, when ic is thus united wich them, 
may, by che help o f  them, be at pleafure communicated to ocher Bodies:
And the fixed Salts may, by a ftrong Fire, be heated thoroughly red hot, and 
will retain chis ihining Heat a confiderable while. In the mean time however, 
neither o f thefe four Parcs can, by any concrivance whatever, be raifed into 
Flame, or, by the application o f  Fire, be confumed in it, in the fame manner 
as chofe Bodies are which are generally called che Pabulum o f  Fire. Buc 
farther, the Oils of Plants o f  whac kind foever, their Balfams, che Gums that  ̂
are generated in them, the Refins likewife, and the Subftances compounded 
of chefe two laft together, hence called Gummy-reflns \ thefe five other forts 
of Parcs, I fay, chac are found in Vegecables, are difpofed likewife to grow hot 
with Fire, to retain ic a great while, to apply it to ocher Bodies, and that wichouc 
taking Fire, or flaming them felves; though i f  you urge chem wich a ftronger 
Fire, they will melt, boil, and yield a crue Pabulum to Flame or Fire. But 
yec even in chis cafe, their Inflammability is only confined co thofe particular 
pares o f  chem chac are o f  an oily nacure; for all the reft are chiefly o f  an 
earthy difpofition, and are only aded upon in the fame manner as the former 
which we ju ft defcribed.

But the vegetable Spirits now that are generated by Fermentation j the other 
Oils that are drawn from firmenced Vegecables j and laftly, the Spirics and 
OiJ chac are procured from Vegecables by putrefadion ; all thefe, I fay, conii- 
dered as they are perfedly pure Spirits, or O il, are conftancly obferved to 
be abfolutely inflammable. Ic evidently appears therefore, from every kind o f  
experiment, that the Oils o f  Vegecables, in what Form foever they exift, are 
the only M atter contained in Vegecables, chat without the addition o f  the 
other Parts is capable of being fo agicaced by Fire, as by ics aififtance to 
produce true Flame, and chen to fupport and continue it fo long as any 
of thefe oily particles ftill remain: T h a t in the mean time this very Matter 
is by degrees confumed by the Flame, and difappears; and that then coo the 
Flame immediately goes out. And chough this Oil is found in Vegecables to  
have very different appearances, and undergoes confiderable alceracions from 
various caufes; neverthelelsj in the fenfe above explained, fo long as ic re-:
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mains O il, it will always continue to be inflammable. A nd yet farther, when 
by  Fermentation or Putrefaftion this Oil is fo attenuated as to be reduced to 
very fubtil Spirits, that will bear to be diluted with W ater ; even thefe Spirits 
likewife are intirely inflammable, and as & Pabulum o f  Fire have the very fame 
effed which we ju ft now obferved o f real O il. But whenever now you have 
perfectly extradted every thing chat is o f  an oily nature, eicher from the 
whole Vegetable, or from any o f  its parts, then the remainder, treat it in 
whatfoever method you will, can never be made fufceptible o f Flame, or ca
pable o f  fupplying it with any nouriihment. In the mean while, however, 
the watery, fpirituous, faline, and earthy parts, as they contain and confine 
thefe Oils within them, muft neceffarily, when the Oil is fet on fire, be agitated, 
puc in motion, vibrate, and very much increafe the force o f the Fire ; for 
whilft this is fupported by the O il, this violent agitation o f  all their particles 
will o f confequence excite a prodigious attrition in the very Flame itfelf; 
and hence, being thus agitated, they will apply the Fire more forcibly to 
any other Bodies. A nd laftly, they ferve for a time to defend the Oil it. 
fe lf  from being too foon confumed by the Flame, that thus the Pahulum of 
the Fire might noc be fo quickly deftroyed and difllpaced as ic would be 
otherwife.

W hoever, cherefore, duly confiders all Chefe effetfls, will eafily fee that the 
force o f  a Fire raifed by Vegetables, does not depend only upon elementary 
Fire, and the O il fee on Fire by ic, buc principally, and moft o f  all, on the 
ocher pares chat are incombuftible, buc which ac che fame time are agitated by 
the Fire with a vaft impetus within the fphere o f  its aftivity. And for this 
reafon, when elementary Fire afts upon the pureft A lcohol, which is the fim- 
pleft o f  all combuftible matter, it then neicher produces fuch violenc effeds, 
nor fo much Heat as ic does by a ponderous foffil Coal, great part o f which 
is not inflammable. N ay, even a Torch made o f  the rich, pinguious wood of 
the Pine, gives a ftronger Fire than its O il, let ic be ever fo pure, or be 
feparaced ever fo carefully from all chofe pares chat are noc combuflible. 
A n d  thus we underftand the reafon o f  chis paradoxj that pure Fire, ap
plied co inflammable maccer alone, very ofcen produces a lefs degree of Fire 
than i f  the inflammable matter was mixed with fomething eife that was not 
fo. Hence, the wife Author o f  Nature has no where created any inflamma
ble fubftance by itfelf, but always difpofed it in the bofom o f  fome other Bo
dies that are noc combuftible, that by this means it may be capable o f pro
ducing greater eff^eds. A s the right notion o f  this now is o f  very great confe
quence in our prefenc inquiry, give me leave to explain it to you in the follow
ing manner; W hen a pinguious piece o f  W ood is laid upon a Fire, the Oil 
that is contained in it, in conjunction wich che Fire, is capable o f excinng, 
and really does excite a Flame. T his chen being chus produced, plays upon 
the furface o f  che W ood, accra<!n:s, fires, confumes and converts into new.Flame 
all the O il thac lies open and expofed to ics action ; and hence the firft Flame 
is fupported, and conftantly increafed, fo long as this O il comes within the 
fphere o f  its ad ivity . T h e  Sale in the mean while, and Earth, that are inti
mately united with this burning O il, will ac che fame cime be attenuated, 
and reduced to very minute particles, by the rapidity o f  the O il, and will 
hencc bc agitated with more violence within che Flame, than even the Oil icfelf»
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and fu^er as vehement an attrition as any we are acquainted with. This vio
lent attrition then o f  thefe particles, that are exceeding hard, and are very 
forcibly comprefled together by the weight o f  the atmofphere, will o f courfc 
colledt moi’e fire in this place, and thus make it both larger and ftronger; 
and o f confequence will ftill put this Oil in a more rapid motion ; which will 
v e r y  eaiily account for the vivid appearance o f  the burning Fire. W hilft thefe 
things then proceed in this manner, the folid body o f the W ood grows hot: 
to its very innermoft parts, diifolves, rarifies, expels the elaftic parts contained 
ill it with a very g r e a t p o u r s  out its melted Oils, and by thefe fuc- 
celBve aftions continues and maintains the Fire fo much the longer. On the 
other hand now, i f  exceeding pure O il only is kindled by the application o f  
Fire, then the tenacious, oily particles alone will be rapidly agitated by the 
elements ofF ire, which being o f a fofter nature than the Salts, Earth, {¿c. muft 
neceffarily produce lefs attrition, and a weaker Fire. T h ey will, it is true, 
burn away fafter; but then their impetus will be o f  fhort continuance, nor 
will they colled  Fire fo powerfully, as when they are mixed with fomething 
that is not inflammable. And thus I think I have fufficiently explained what 
is the true pabulum that Fire receives from Vegetables.

Ic will be our bufinefs then in the next place, to examine with the utmoft oftheman- 
atcention, what it is that nature is really effecting, whilft chis matter which we 
have defcribed in the Vegetable Kingdom , is fo apply’d to Fire, as to feed and bythisPa- 
fupporc it. And upon this head, certainly, I have noc taken a little pains to 
come at the truth. After confidering the affair then in every light, I have dif
cover’d, firft, that all thofe parts o f  Vegetables, that in conjundion with Fire 
are capable o f  exciting a true Flame, are o f  that nature, that they will bear to 
be mixed with one another •, efpecially, if  there is no heterogeneous m ix
ture wich the pure, fimple, inflammable Particles. For to come to the mat
ter more clofely, Alcohol is the only Body that we arc acquainted wich, that 
is abfolutely inflammable; but this, let it be prepared from what you  will, 
if it is perfedly pure, may be intimately united with any other fort o f  fimple 
Alcohol whatever, fo that there won’ t appear the leaft fign o f  difference after 
the mixcure. A ll  kinds o f Oils, in the fame manner, if they are thoroughly 
depurated, and feparated from every thing elfe, may be intirely mixed together 5 
as appears by every kind o f Experiment. I confefs, indeed, in fome Oils pro
cured from a femi-foffil M atter, as Am ber, and the like, as you increafe your 
Fire fucceffively, the Oils thac afcend, will lie upon one another in diftind 
Stratâ  without being mixed together : But youknow very well, that thefe pon
derous Oils, thatare at laft forced ouc by che ftrongeft degree o f  H eat, have al
moft the very melted fubftance of the Bodies themfelves united wich them ; 
and befides, la m  here treating only o f  Vegecables. A ll vegetable Oils, then, 
are o f thac nature, that they’ ll eafily bear 10 be compounded inco one liquid 
concrete, which will fcarcely afterwards be found to have any diffimilarity,
Buc again, all kind o f  Oils, if  they are carefully depurated, may be intimately 
mix’d with pure Alcohol, fo that the Fluid that arifes from this M ixture will 
be abfolutely homogeneous, all the parts o f  it appearing perfedly uniform to 
the niceft Microfcopes. But here, I take for granted, that there is not the leaft 
drop o f W ater, either in the Alcohol, or O il, for otherwife fuch union could 
not poffibly be expeded. But farther, Camphire, which is a folid vegetable
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Subftance, and totally takes fire, will intirely diflblve, not only in Alcohoh, 
but in every kind o f pure O il likewife. And the other parts o f  VegetabJes 
that are perfedly inflammable, may in the fame manner be mixed with Oils and 
Alcohol, and always the more intimately, the more they are purely inflamma
ble. In Refins, Balfams, and Gumma-Refins, this is every where found to be 
the cafe. And when they are capable o f  being mixed in chis manner, they are 
oblerved to be either naturally fluid, or difpofed to be rendered fo by a fmall 
degree o f Heat. H ow  eafily does Camphire run by a flight adion o f  the Fire? 
And whac a gencleHeat is fufficient to melt Balfams, Colophonies, and Refins? 
N ay , many o f  thefe inflammable fubftances, are able to withftand the greateft 
degree o f  natural Cold chat ever was obferved, wichout being frozen, as is evi* 
dent in Linfeed O il, and a great many others. Ic is particularly remarkable 
now, that all thefe Bodies that are purely inflammable, whether feparate, or 
compounded together, by their tenacicy conftancly difcover a vifcid cohefion 
o f  their Particles, which does not a lictle refift their reparation. Obferve, for 
inftance, chis Alcohol, which o f  all known Liquids is the moft fubtil. Don’t 
you perceive, that even the Particles o f  this run down in fpiral flr ia , which 
cohere and hang together? I f  you pour Alcohol into clear W ater, you obferve 
that the Particles o f  the Alcohol aifeding this cohefion run about in the Wa
ter in form, as it were, o f  little Eels^ and by their convolutions fufficiently 
evince their tenacity: N ay, and even if  you dilute O il with A lcohol, you may 
difcover the fame kind o f ftreaks. But it is farther obferved, thac all Oils that 
are inflammable, burn fo much the eafier, the more perfedly, with the 
lefs Smoke, and leave the lefs Allies behind them, che thinner they are, and. 
the nearer, by their exceeding finenefs, they approach to the fubtlety o f Alcohol} 
which is every where confirmed by Experiment : But at the fame time, the 
thinner the Oils are, their Flame is always fo much the weaker. Thus, Gen* 
tiemen, I have laid before you a colledion o f  Obfervations concerning the na
ture o f  che Pabulum o fF ir e , which are conftantly found to hold good, and 
which will help to give us fome lighc into the manner in which Fire ads up
on ns Pabulunii and that again upon Fire. And to this purpofe, let us again 
make ufe o f  the following Series o f  Experiments.

E x p e r i m e n t  I.

T h e e x tin c -  In this clean, brafs, cylindrical Veifel, is contained fome very pure cold Ai-
Sd Fiamr cohol, which o f  all the Fluids that we know of, is che moft totally inflammable 5
>yAiwht.i. into this, you obferve, I dip this Match whilft ic is burning ; upon which r.o 

doubt you imagine the Alcohol will be fet on fire: N othing lefs 5 for you fee 
it is perfedly extinguiihed, all one as i f  ic was immerg^d in pure Water. But 
again, which is more furprizing, 1*11 immerge this burning fparkling live Coal 
ju ft taken from the Fire, in che fame A lc o h o l; and what is the confequence ? 
W h y it is exci guifhed in the fame manner as i f  ic had been thrown inco cold 
Wacer. Buc now, i f  I dip the end o f  chis lighted M atch, fo cauciouily into 
the A lcohol, thac fome o f  che burning parr, which is o f  a confiderable length, 
ihall be above the furface o f  che Alcohol, chen the atcraded Alcohol.will 
begin to take fire^ and the Flam e will in a lictle time be difperfed over all its 
furface.
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C o  R O L .  I .

Hence, therefore, it evidently appears, that burning Fire will not fet fire 
to the moft inflammable matter that we are acquainted with, except in its up
per part only that is contiguous with the A ir , but will be perfedlly extin
guiihed itfelf, when it is fo difpofed within the inflammable Body, that no 
part o f  it remains in the A ir  above its Surface. And yet this very remarkable 
fhanomenon is fcarcely taken notice of.

C  o R o L .  2.

It is not true, therefore, that aftive Fire will fo eafily kindle even thofe Bo
dies that are vaftly inflammable.

E x p e r i m e n t  II.

I have fill’d the fame clean Veffel with very pure Alcohol, which I have Theprefw- 
heated you fee till it emits a-V ap ou r; i f  I bring now this lighted Match to- 
wards this Fume that exhales from the hot Alcohol, as foon as ever the Flam e Fire by ai- 
o f the Match touches the Vapour, it immediately takes fire, flames, and burns, 
and the Flame extends itfelf intirely over the whole furface of the heated A l 
cohol. A nd this Flame remains fpread accurately over all the furface as a 
firm BafiSy nor can by any A rt whatever be made to convert into Flame that 
part o f  the Alcohol that lies cover’d under its Surface; For all this you per
ceive it intire, pellucid, not on fire, but remains under the flaming Surface 
without being ¿onfumed, except fo much o f  the Spirits as are feparated from 
it by the H eat, and thus raifed and brought to the Surface that is contiguous 
with the A ir  ; for then thefe, and no other, immediately take fire and flame i 
nor is it poifible to fet on fire more at a time, than thofe which are now fo 
difpofed that they can float in the A ir :  This I have obferved moft evidently; for 
if the Alcohol is cold, and you light it leifurely on its Surface, by dipping a 
burning M atch in it, as I mentioned before, fo that fome part o f  the Flame 
ihall ftfll remain above the Surface o f  the A lco h o l; then the Flame that is in 
this manner excited, will be gentle, weak, and very fmall. On the other 
hand, if  this Alcohol is firft heated, and by this means emits a large quantity 
of Spirits from its Surface, then the Fiame will be greater, and burn wich 
more ftrength and violence 5 for then more Particles coming to the A ir  may 
be fet on fire by the Flame. In this Veifel therefore, the Alcohol will always 
yield more Flame, the more it is heated chrough its whole Bulk ; and o f confe
quence, if  it is made fo hot as to boil, then will its Flame be ftrongeft o f  all.
But again, i f  che agil Vapours that exhale from a Veffel o f boiling A lcohol, 
and float about in the A ir , are confined by any means within a narrow com
pafs, then i f  you bring a burning Candle within this fpace, thus full o f  V a 
pours, the whole place will be inftantly filled with a flailiing Flame, which 
ihines for a moment with a faint light, and then tends towards the Surface o f 
the Veifel, and fixing there, fo covers the exhaling Surface o f  the A lcohol, 
that no more Spirits can any longer be difperfed into the former fpace, or 
be fee on fire there; for now it is all forced to pafs through the incumbent 
Flame, where it is fo changed, that during its ftay there, it creates Flame it- 
ielf, but then, is afterwards converted into a Fluid, that is no longer Alcohol.
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T h a t this is the cafe, I have abundantly learned from Obfervation. And farther 
this Flame continues to burn fo long as there is the leaft drop o f A lcohol left in the 
VeiTel, and then it goes out. A ll  the Alcohol, therefore, can’ t pofllbly be confumed 
by this Flame, at once, but only that part o f it which forms the Surface conti
guous with the A ir. T h e  broader therefore the Surface is, the fooner will it 
be burnt u p ; and confequently this waftemay be increafed or leflTenedat plea
fure. Thus chen we have two methods o f accelerating the Flame, and o f con
fequence the confumption o f  Alcohol, viz. making it boil, and difpofing it 
under a large Surface. This Alcohol now, when it is intirely burnt away, 
leaves no Fceces behind it ;  nay, if  ic is perfedly pure, there does noc remain, 
the leaft fpot or fign o f  it:  N or in the Surface o f the Flame, is there the leaft 
Smoke that the E ye is capable o f difcerning. N a y , i f  you hold a very white 
clean Paper over the burning Flam e, it will be no ways foiled with any Soot}, 
buc it will receive only a pure Moifture. T h e olfadory Nerves, however, 
will perceive a fragrant fmell like that o f Alcohol. T h e  Flame now of this 
A lcohol, when it burns in a very quiet A ir , is o f  a conical figure; for the 
Fire being ftrongeft about the cencer, elevates che incumbent Atmofphere in 
that place more powerfully chan that does which is towards the circumference 
o f  the Bafe, which is lefs confined and comprefs’d, and confequendy weaker. 
I f  you look flightly upon this Flame, you’ ll take it to be blue; but if you 
look upon it very intently, the Bafe o f  it is always blue, buc its Apex appears 
double, the inner o f  which is conftantly yellow, but the outer is blue likewife. 
But there’s nothing, it’ s pofTible, will feem fo furprizing in this Experiment, as 
what I am going now to ihew you. Y o u  perceive the Alcohol in this little 
VeiTel burns very fiercely ; I’ ll now throw inco ic this, live Coal which is per
fe d ly  red quite through ; and you fee in finking it is extinguiihed immediate
ly , nor is able to retain ics Fire when it is cov'er’d wich the A lcohol. What 
now is the caufe o f  this wonderful efTed ? W h y  the live Coal requires a great 
deal more Fire to keep ic burning, chan is contained in A lcoho , whilit it is 
bo ilin g ; and Alcohol when it once boils, cannot afterwards acquire a greater 
degree o f  H eat. T he hotter Coal therefore being flung into this colder Fluid, 
muft o f  neceifity lofe that greater H eat, which was requifite to keep ic on 
fire ; and therefore it will be extinguifh’d or reduc’d to 1 80 degrees o f Heat, 
which are fufficienc to make Alcohol boil, but can never fet on fire any fort of 
combuftible matter, thac is, can never, by the aififtance o f  the Oil of any 
fuch matter, produce a lucid Fire. Buc farcher, as che Coal is tocally im
merfed in che A lco h o l; hence it is intirely kept from any communication wich 
the external A ir , and for this reafon the Coal is not able to fet fire to che Al* 
cohol, buc only wich its firft Impetus puts che Alcohol inco a greacer motion, 
makes ic throw out more o f  its Spirics, and by this means, as we explained be
fore, ju ft for chat inftanc, increafes ics Flame. I f  chis glow ing Coal now had 
been 10 laid on the flaming A lcohol, that one part o f  it had been above the 
Surface ofic contiguous to the A ir, then it would have continued burning with 
the A lcohol, and thac pretty fiercely.

E x p e r i m e n t  III.
An eiami- I  took a good deal o f pains formerly to find out fome ExperimentthaC ihould 

® ® fufficiently evident to the fenfes, by which I might come at the knowledge
FJaoif,. Cf



o f the adion that Fire exerts upon its Pabulum *, and at laft, I brought the affair 
to the iftue that I am now going to explain to you. T o  this purpofe then, I 
again fet fire to this pure A lcohol contained in this clean cylindrical Brafs V e f
fel 5 and thus burning, as you fee, I  place it upon chis Table, and put over it 
this large glafs Cucurbit, which is one o f  che biggeft chat the Glafs-makers can 
blow for chemical ufes, and whofe bottom I have carefully cue out in a circular 
figure, fo that it is now a crue Bell, whofe diameter at bottom is ten inches, and 
whofe top has an orifice that will admic one’s liccle Finger. This clear glafs Bell 
then thus every way furrounding the burning Alcohol, you’ll evidently perceive 3* 
all the Phœnomena that I related to you, and fhew’d you under the former 
Experiment.

The firft thing, then, remarkable here is this, that the whole furface ofTWsyi«Ws 
the Bell appears, as you fee, opake, from the adion o f  the Flame burning iTmpS t̂S 
within, fo long as the Bell icfelf remains cold: Buc now, as ic grows warm vapour, 
by the Fire that’s under it,, you perceive that it begins again to look clear.
By che fame adion continued, ic is ac prefent adually hot \ and ic is now 
become perfedly pellucid. I f  you look ever fo actencively, now, you will noc 
perceive the leaft kind o f  Fume in che whole cavity o f the bell, but che A ir 
throughout che whole fpace appears perfedly clear. And as che veifel in which 
the A lcohol is concained is cylindrical, hence the Flame, as far as the eye 
can difcern, continues exceedingly equable, from the beginning to the end.
Ac the bottom, however, o f  the infide o f  the Bell, you perceive fomething- 
running down in ftreaks, like thofe that are formed in che diftillation o f  
Spirits.

This liquor now is by no means the true fpirit o f  the A lcohol, for ic has a And indeed 
perfed watery tafte. But that you may perceive this evidently yourfelves, obferve oneT̂ °“* 
the fine Vapour chat exhales through the upper O rifice: T his, i f  ic 
was really the Alcohol, raifed by the H eat, would immediately take fire up
on the application o f  this lighted match, as we faw in the preceding E x 
periment •, buc, on the contrary, when I move ic inco this exhalation, you ob
ferve the Flame o f  the Sulphur is extinguifhed by the Vapour, exad ly  as if  
it was held in the fteam o f  hot W ater. But again. I’ll put this burning 
Match under the Bell, and thus hold it in the very place where the Alcohol 
is burning, and diffufingits Vapour i and you fee, now, thac ic remains a’lighc, 
and burning, till it is quite confumed, but not in the leaft fets fire to the 
fumes that rife from the flaming Alcohol, and fill the whole Bell 5 which, had 
they retained their former nature o f Alcohol, after they had paffed through 
theFlame, muft neceifarily have taken fire upon the application o f  the burning 
Match. Hence, therefore, it feems to appear, that this matter, which, o f  all thac 
we know of, is the moft inflammable, whilft ic is thus converced inco Flame, 
and by this means, likewife feeds the Fire, is really changed into another fub
ftance, which, after this alteration, is no ways capable o f fupporting it any 
longer, but as far as we are able to judge, acquires the nature o f  Wacer.
Did, then, chis Wacer adually  refide originally in the Alcohol, and fo as 
not to be feparated from it by any other niechod than this ? Or did the Fire, 
by burning the A lcohol, convert it inco W acer, by a true tranfmutation ?
Or, laftly, was not this W ater, in reality, fupplied by che A ir, during the 
time that the Alcohol was burning? Thefe things, farcher Experiments,
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made by men o f judgment, may hereafter determine. But here give me leave 
to caution you, that it’s neceffary, that the Alcohol ufed for this purpofe Ihould, 
by a gentle diftillation, in a tall veffel, be drawn o ff o f  the drieft Alca
line, fixed Salt o f  Tartar, that, by that means, the true Spirit o f  Wine may 
be freed from all the Water that it is poffible, by any A rt, to feparate from 
i t } and wich this fort it is, that I make thefe Experiments before you, very 
well knowing, how clofely the W ater coheres with the pure Spirits, even 
wich fuch an union, that is not eafy to be diffolved. After I had examin’d 
Alcohol in this manner, I found, that the famous Geofry, the younger, a Gen
tleman o f  great application, anda particular genius for thefe Inquiries, had, 
in the Mem. de rA c. roy. Ann. 1718 , publifhed fome very accurate and inge
nious Obfervations, which, though made with another view , yet elegan"cly 
confirmed whac I had before difcovered by the method I have juft mention’d. 
For my part, 1 was vaftly folicicous to know whac phyfical alteration ic really 
is chat inflammable macter undergoes, when it is fo expofed to fire, as to 
produce Flam e, which is che pureft o f  all Fires; and what at the fame tinte, 
happens to fire, whilft this combuftible matter, in conjundion with it, rifes 
inco Flame: For I imagined, if  I could once come to a certain knowledge 
o f  this, ic would be a good ftep cowards geccing a betcer infighc into che nature 
o f  Fire icfelf. For this purpofe, therefore, I prepared a macter, which being 
burned in a cylindrical veffel, and thus being forced to pafs through the Flame, 
that intirely covers the whole furface, would totally feed the Flame, and be 
itfe lf totally converted into Flam e, without Smoke, 5oot, or Feeces. When 
this, then, was expofed to the pure A ir  alone, (withouc the admiffion of 
which all Flame goes out) and fo fet on fire, I found it was incirely 
confumed inco Flame, that this Flame produced a very fine Vapour, and that 
this Vapour might be condenfed into W ater, or, at leaft, wou’d generate it: 
A nd chus far I was chen able to proceed, and no farther. Buc had I now as 
much leifure as I have inclinación for chefe inquiries, I wou’d endeavour, by 
the help o f  more o f  thefe glafs Bells, to collefl fome quanticy o f  the Water thus 
produced ; for I obferved, as you yourfelves likewife did ju ft now. that far the 
greateft part o f  the Vapour paffed through the upper Orifice, and was by this 
means diffipated. Over this Bell, cherefore, there fhould be hung another of 
the fame kind, that chis Vapour, likewife, might be there received, condenfed, 
and render-ed fit for examination. And a third, again, mighc be fufpended 
over this, fo chac by this means at laft the Vapour m ight be totally colleded. 
T h e propereft time, now, for making this inquiry is, when the weather is 
exceeding cold, that the Vapour may be very quickly condenfed by the Q)ld, 
and frozen in the upper Glaffes. And thefe Experimencs ihould be likewife made 
in a place that is very dry, and not incommoded wich wind : N or do la c  all 
doubc, but thac che thing will fome cime or ocher be difcovered, che know
ledge o f which is as valuable as any ching in nacural Philofophy, and will be of 
infinice fervice in che chemical Arc. I know, indeed, chat the worthy Geofr̂  
has inferred from his Experimenc, chac he couid procure from pure Alcohol, 
by convercing ic inco Flame, more than half its quantity o f W ater j and ic is 
certain, that he did exhibit fo much. Buc this excellenc Chemift is well ap
prized whac a great quantity o f  W ater is ĉ ifF̂ jfed abouc chrough the Air j 
how imperceptibly this Water quits the A ir , and infinuates itfelf into faline, dry,
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Ipirituous Bodies, and, by fubtUly mixing itfelf wich them, often overturns our 
Obfervations: T h e blue Flame o f  the dryefl: burning Sulphur exhales into che 
Air, to a great compafs, and, if  ic is colleded under a Bell, produces a very 
iharp, acid Liquor ; which, i f  the weather is dry, is in a fmall quancity, 
and always fo much the ftronger; buc if  the A ir  is moift and cloudy, ic is 
in a greater, buc then ic is more watery. From  this we can, by a gencle 
Fire, feparate a large quantity of infipid W ater, and from the remain
der prepare a fmall portion o f a thicker liquid, that is exceedingly acid : I f  you 
expofe chis laft now to the A ir , in a broad veflel, when thus Ample, and freed 
from ics Wacer, the Wacer in the A ir  will immediately unice ic fd f with the 
pure A cid , increafe boch its weight and its bulk, and ac the fame time dilute, 
weaken, and render it lefs efficacious. Perhaps, now, the very fame thing may And another 
happen to the Spirits, whilft they are burning. Thefe things, however, b/'ing 
again to my mind che expreffions o f  che ancient Alchemifts, who called chem, >mder the 
the moving, or governing Spirit, the Child o f the Sun, the Offspring o f Fire, 
and the internal Five o f Bodies.

Is ic noc pofllble, then, that this pure Spiric, which, in conjundion with Fire, 
produces Flame, and is abfoluccly, and totally inflammable, may be but an 
exceeding fmall part o f the Body in which it is contained, buc difperfed thro’ 
a large quancity o f Wacer, and incimacely united with ic ? Certainly, though 
we endeavour ever fo artfully to conflne this principal, we always find ic fb 
infinicely fubtii as to efcape our niceft Obfervations. Tired in thefe inquiries,
I confefs, for my own part, thac I have for a long time paft defired noching 
more earneftly, than rightly to underlland the proper nature o f  that Matcer 
in the Alcohol, which is truly inflammable ; for I knew chat I here was in 
pofleffion o f  fomething which is perfedly inflammable. And I have for a good 
while been fatisfied by Experiments, that all ocher inflammable Bodies are only 
fo, as they contain Alcohol in them, or at leaft fomething, thac on account 
of its finenefs, is exceedingly like ic, the groifer parts o f  them thac are left 
behind, after the feparation o f  this fubtii one, being no longer combuftible. '
Ihad the pleafure, therefore, o f  believing, that i f  I could buc once difcover chis 
in Alcohol, I then could very eafily comprehend how Fire is fupported in all 
other combuftible Bodies. But how was I difappoinced when 1 found that 
Alcohol, by paffing chrough Flame, would burn away into a Vapour, in 
which I could not difcover any A lc o h o l; fo that if  this was really the remains o f 
the Alcohol, it left nothing behind ic buc an exceeding pure Water. Thefe 
therefore I acknowledge the boundaries o f my knowledge upon this- fu b je d :
The Pabulum o f  Fire, when confumed by Fire, leaves a W ater behind ic, but- 
becomes icfelf fo vaftly fine, that it is difltpated into the Chaos o f  the A t-  
luofphere, and gets beyond the reach o f  our fenfes.

E x p  e . r  i  m  e .n  t  I V . .

But by this new Experiment, the Opinion which I  ju ft now laid down, will a  infianta- 

appear more evident. F o r this purpofe I have provided a live Coal, in this 
earthen Pan, which is fo perfedly red quite through, that, as you fee, there is pureft 
noc the leaft appearance of Smoke ; the Pan too is perfedly clean, and ve- 
ry dry. Upon the Coal I place this pure brafs porringer, which is abouc an 
inch deep, round at bottom , and four inches in diameter. Into this 1 now
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pour Ibme choice Alcohol o f  W ine, to the height of half an inch ; and then 
cover the whole, as before, with the glafs Bell. Y o u  may perceive, now, that 
the Alcohol, by means o f  the Coal in the Pan underneath it, boils pretty 
ftrongly in the brafs velTel, but does not take fire, ordiffufe any Fume that is 
vifible within the cavity o f  the Bell j nay chough the exhaling furface of the 
boiling Alcohol is fo broad, yet there does not appear the leaft Vapour com, 
ing out o f  the upper Orifice. In the mean time, however, you begin to 
perceive fome ftreaks o f  the Spirits running down the fides o f  the Bell, efpe. 
cially about the lower parts o f  it. A s  you fee, now, a confiderable part of 
the Alcohol is, by boiling, exhaled out o f  the brafs porringer, it’s time for 
us to try what will be the effe(5t o f  applying a lighted Match to the upper 
Orifice o f che Bell. T his then I’ll do ; and you obferve, that whilft I thus 
hol î ic over the mouth, the Flame o f  the M atch does not fet fire to the 
Alcohol, that is floating about within the Bell, but is rather itfeif extinguilh
ed. Hence, therefore, as the Alcohol, that is now difperfed in the Bell, does 
not, by this means, take fire, you will be apt to imagine, that it does not ap. 
pear, by the former Experiment, that the Alcohol, which was burnt by pafling 
through the Flame, did really lofe its inflammability, or elfe, that this has loft 
ic likewife, purely by exhaling without burning at a l l : Buc pleafe to attend, 
with a lictle patience, and you will foon be o f another opinion. Obferve then 
this lighted Match, which I now hold in a pair o f  T ongs, that I may be at 
a convenient diftance from the effed of this dangerous Experiment. In this 
manner, chen, I caucioufly carry it along above the Table, in a horizontal di
redion, towards the glafs Bell, ’ till che Flame o f  it comes underneath the 
lower rim o f  it j and you fee as foon as ever che Flame reaches within its cavi
ty, the whole fpace within che Bell, that is now filled wich the Vapour of the 
boiling Alcohol, like Lightning, inftantly flaihes ouc, and that wich a great 
noife, and fuch a violence, thac the moment it takes fire the Flame ruihesom 
fit the bottom, between the Bell and the T able. T his happens, now, becaufe 
the whole cavity, being filled with the very minute particles o f  the Alcohol, 
and at once fee on fire, is noc able to concain all the Flame, which, cheretore, 
will diifufe itfeif through thofe parts where there is leaft refiftance, viz. in this 

.cafe at the bottom ; at which place, could it not have found a vent, ic would 
have either blown o ff che Bell, or burft ic in pieces, noc without a great deal 
o f  danger to the perfons about it. I f  ever, therefore, you make this Experi
ment, cake chis caution, never to come too near the Bell when y o u  apply the 
lighted M atch, nor ever to hold the M atch in your hand, wichouc a pair of 
T on gs 5 for ocherwife, that Flame which burfts out at the bottom may very 
eafily burn your hands and face. This, then, may fufHce for the firft part 
o f  this Experiment ; let us now turn ro the other, 

whichfets The very moment, then, that the Flame was excited in the Bell, you ob- 
whole furface o f  the Alcohol that was boiling in the brafs Porringer 

’ to be likewife perfedly covered with a bright Flame j which you faw did not 
in the leaft take fire before, tho’ the Fire underneath it made it boil pretty 
ftrongly. Hence, therefore, it is very evident, that A lcohol will not eafily 
be fet on fire wichout che applicacion o f  Flame to ic. But the Flame of 
the Alcohol, now it is once lighted, continues burning under the Bell, till 
che Alcohol is quite confumed- nor goes ouc before the Diih is become perfedly
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dry. In this beautiful Experiment, now, nothing formerly gave me more plea
fure, than what you have all feen at this time, viz. that 

T he Flame that was raifed by the match, at fome diftance from the veffel 
in which the Alcohol was boiling, diffufmg icfelf chrough the whole ftant, extin-

cavity o f the Bell, fet on fire the Alcohol thac was contained in that guifteditfeifc 
veiTel: But the very moment that this began to flame and burn, the Flame 
in all the other parts o f  the Bell inftantly difappeared, and this only upon 
the furface o f  the burning Alcohol remained quite to the end, till all the 
matter o f the Alcohol was perfectly burned away ; nor was there, from the 
firft momenc o f  accenfion, during the whole time, any other ñame excited 
throughout the whole capacity o f  the Bell, chan what ju ft hovered over che 
Alcohol in the Porringer. Does it not, therefore, evidently appear, thac pure 
Alcohol, chough ic is agicated with a pretty ftrong Fire, provided ic is noc 
lighced, may be diffufed chrough large fpaces, wichout undergoing any alcer*- 
ation, and that it will ftill poiTefs its inflammability in che fame degree thac 
it did before, fo that i f  you apply a Flame co ic, ic will in a moment 
take fire, and burn wich a greac deal o f  violence? N or is it hence lefs certain, 
that the very fame A lcohol, when it is forced to pafs out o f  its veffel through the 
Flame thac covers its fubftance, and is by this means ibrced to feed the 
Fiame itfelf \ I fay, when it has chus exhaled chrough che Flame, into che 
cavicy o f the Bell, ic is not lefs cercain, that it has fo perfedly loft its apci*- 
tude CO Flame, in an inftant, chac chough che parts o f  the Alcohol are now atte
nuated by fo much ftronger a Fire, yec they can never afterwards be fee on fire 
by che Flame that continues burning under rhe Bell. 7'his excraordinary and 

Phanomenon-, now, deferves, cercainly, the matureft conflderation; 
for it does not at all feem probable, that the Fire can perfedly expelí all 
the Alcohol, out o f  the large fpace o f  the Bell, the very moment ic 
has burnt it: And yec i f  the particles o f the A lcohol, when they have paffed 
through the Flame, float about in the cavity o f  the Bell, which feems very 
likely, then, i f  they remained ftill inflammable, they muft neceffarily be feC 
on fire by that very Flame. W hac ihall we fay, then. Gentlemen, in this 
cafe ? If the only pure infiammable matter that we know of in nature, 
when it once takes fire, totally lofes its inflammability, muft noc there, o f  
confequence, fo much o f  the true Pahulum o f  Fire be every day deftroyed, 
as is thus confumed by Flam e ? And for this reafon, therefore, muft not 
this at laft be quite fpent, if  it could not, by fome means or ocher, be re
cruited ? Is this, therefore, continually fupply’d by the operations o f  nature, 
in the bowels o f  the earth? And by which o f  them ? By thofe, certainly, 
by which it generates Oil and Spirits. And, hence, in paiticular, by vegeta
tion, fermentation, putrefadion, and diftillation. Buc all thefe operations, 
whether artificial, or natural, are performed by the efficacy o f Fire alone.
Fire, therefore, which deftroys combuftible matter, is that caufc in the uni
verfe, by whofe energy it is again renewed. Or does the other opinion 
feem more agreeable, which we propofed before, when we made this C^ery> 
whether the matter that is intirely inflammable, does not, in reality, confift 
of a large quantity o f  W ater, intimately united with a fmall portion o f  
fome other principle, that is vaftly fubtil, and very much refembles, nay is, 
perhaps, Fire itfelf? Whence this Fire being feparated from the W ater, by the
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adion o f burning, would again be freed from ics confinement, and become 
true elementary Fire. If you fuppofe this to be the cafe, then ultimate, in- 
flammable matter would be Fire it fe if ; and, hence, when it is fee at liberty 
from every other Body, would, o f  confequence, be difllpated into the Air.

E x p e r i m e n t  V .

T h e  extinc- I  dip thls flaming M atch into this pure, cold, diiiil’d Oil o f  Turpentinej 
Fkmiby and you fee it fs put out in the fame manner as i f  it was immerfed in cold Wa- 
Oii. ter, exad ly  as it happened before in the Alcohol. And again *, I throw this 

live Coal into the fame O il o f  Turpentine, and by this means it is perfedly ex* 
tinguiflied, without producing the leaft appearance o f  Flame. Hence, there
fore, almofl: all thofe things that we before aiferted o f Alcohol, will hold true 
likewife o f  this Oil ; and for this reafon, as they may be confulted there up. 
on occafion, it is needlefs to repeat them here.

E x p e r i m e n t  V I j  

Theinmafe J havc again put fomc o f  the fame pure diftill’d O il of Turpentine into this 
the f̂aml̂  brafs cylindrical Veflel, and fet it upon the Fire ’ till you fee ic begins to boil 

T o  the Vapour now that exhales from this boiling O il, Til apply this lighted 
M atch ; and you perceive that when I do this, it is much longer before it 
takes fire than the boiling Alcohol was, tho* at laft it does light and burn; 
Y o u  obferve farther, that a black Smoke arifes gradually from it, and as this 
appears, the O il burns with more violence, till at laft you fee the Flame grows 
very fierce and vehement: And now ic is burnt out, there are no Faces lefc at 
the bottom, but ic is all intirely confumed. T h e purer now, and more lim. 
pid this Oil is, fo much the lefs black Smoke it always emits, and burns away 
more quietly. T his therefore is the cafe, when it has been purify’d by re
peated Diftillation, for in every Operation it gets rid o f  fome o f  its Faces., buc 
at the fame time approaches fo much the nearer to A lcohol, in lightnefs, lim* 
pidity, purity, and difpofition to burn. But tho* by this means it conftancly 
comes nearer to the nature o f  A lcohol, yet ftill it does not in reality ever become 
Alcohol, as ic is never capable o fb ein g  mixed with W ater.

E x p e r i m e n t  V IL .

Moftbe '̂ T h e fame Oil o f  Turpentine being expofed to the Fire in-this brafs Veffel 
siameof till it boils, and being then fet on fire. I’ ll place it now, whillt it is burnings 
feurning Oil. y p Q p  earthen Place, and cover ic wich che glafs Bell. Ic burns now you 

fee as in che fixth Experiment, buc then with this difference, that ic fends forth 
a black, thick Smoke, that fills the whole cavity o f  the Bell, rifes chrough ics 
upper orifice, fullies its fides with Soot, and fixes at the fame time a kind cf 
watery Vapour all round ic : So that one would believe, that W ater was here 
likewife produced from che burning O il, or elfe by the concurrence o f  the Air. 
Hence, therefore, it appears, that Oils, which come neareft to Alcohol, tho’ 
they are aded upon by Flam e, and compelled co pafs through ic, yet will 
ftill retain fome inflammable pares, that are not perfedly bufnt away, buc are 
only converted into a C o a l; and that thefe being expeli’d by the Fire out of 
the Flame in form o f  a footy Smoke, are diffipated to a great diftance, andaf  ̂
tcrwards being deprived o f  their firft motion fix to the fides o f  Chimnies.
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And this the fetid fmell o f  burning O il, which may be perceived a great way 
off, fufficiently demonftrates. Thefe parts therefore, feem o f  too thick and 
tenacious a nature to be fo foon reduced by the quick adion o f  the Flame, 
to the fubtlety o f the fineft Alcohol. When thefe Oils now are made ufe o f  
for common Lamps, and have a W ick in them that is every way furrounded 
by the A ir, they then burn with a fmaller flame, and much more leifurely \ 
and at the fame time they produce a great deal more Soot, as the Blacknefs 
that foon fetdes upon a clean Paper held over them plainly evinces. But when 
they are thus fet on fire in a cylindrical Veffel, the whole Surface o f  the burning 
Oil being perfedly covered with the incumbent Flame, all the Particles o f  the 
Oil as they confume, muft neceffarily pafs through the Flame itfelf, and con
fequently will be more forcibly attenuated, and changed by the adion of rhe 
Fire, than they are in the Lam ps abovementioned ; for there the oily Parti
cles being put in agitation, have a free paffage into the ambient A ir, from 
every point oí the Surface o f  the Flame, and hence fly off, without being to
tally altered by the force o f  its Fire. From  all that has been obferved then, 
it feems exceeding probable, that i f  by any A rt  Oils could but be reduced to 
the fubtlety o f Alcohol, then the Flame that is excited by them, would be 
free from Smoke, and the Fire from Soot.

E x P E R I M E  N T  VIIÎ.

I have in this clean brafs cylindrical Veffel, mixed fome very pure W ater, Examinatj- 
with an equal quantity o f  the choiceft A lcohol, fo that nowafrer ihaking them 
together, they appear you fee a homogeneous Liquor. This M ixture then be- terbiming' 
ing heated, and fet on fire, I’ll place again under the glafs Bell. Y ou  obferve «gather, 
now, that the Flame that rifes hence, is much weaker than that which we 
faw in rhe firft Experiment upon this Subjed \ nor does the colour o f  the 
Flame by any means come up in brightnefs to that o f the pure Alcohol. And 
you perceive too likewife, that this Flame, before it goes out, hovers a long 
while over the Surface of the Liquor, and then difappears, leaving the W ater 
behind it in the bottom o f the Veffel, in which there remains but a very fmall 
portion o f the Alcohol, as the tafte o f  it evidently demonftrates. Hence then 
we underftand, that tho’ Alcohol is mix’d with W ater, yet it will be extraded 
thence by the power o f  Fire, and confumed by i t ;  and that at the fame 
time the W ater is repell’d both by the Alcohol, and the Fire.

E x p e r i m e n t  IX.

In this vcry pure Alcohol, I have diffolved fome fine Camphire. T his M ix- of Aicohoi 
ture now, I’Jl fet on fire, and place burning under the Bl-I], as in the former 
Experiments : And the event is pretty remarkable. For firft you fee it takes 
fire exadly in the fame manner as if it was fimple Alcohol, and all the Phæno- 
viena appear perfedly the fame ; and that the pure Alcohol is thus firft con- 
fuined, and the Camphire without burning is deprefs’d to the bottom o f  the 
Veffel, where it is colleéted in a Body by itfelf. But the Alcohol now being 
al) difilpated by the Fire, you obferve another Flam e arifing perfedly diffe
rent from what appeared before, whilft the Alcohol was burning ; for this you 
f-e is ftronger, whiter, more lucid, and its Vibrations are greater than the 
former. A t the fame time too, this Flame produces a black Smoke ; and then
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both the fmell and tafte o f the Camphire afcend from the Flame, and difperie 
themfelves noc only through the cavity o f  the Bell, but alfo chrough this 
whole apartment. This Flame now you perceive lafts as long as there is any 
Camphire remaining, and when it goes out, leaves x\oF<sces behind it in the bot
tom o f  the VciTd. Hence, therefore, we may learn, thac i f  inflammable fub
ftances o f different nacures are united cogether in one compound, they will 
noc burn away ac che fame tim e ; buc che moft fubcil part will be firft o f all 
confumed by the F ire; and the remaining groffer pare will continue defended 
as ic were under che burning Flame, and will then only begin to take fire 
when the former is diiTipated. In combuftible Subftances, is thac always firft, 
and moft eafily fee on fire, chac is the lighceft o f  chem all ? T his cercainly 
feems to be the cafe univerfally. Is the Flame chac is exciced in burning Al
cohol too weak co fee Oil on fire  ̂ T his too feems exceeding probable: And 
hence, as foon as ever che O il, or che Camphire diiTolvcd by che Fire begins to 
burn, the Fiame immediately you fee becomes fiercer. Does then Fire by 
burning combuftible Bodies, as well as by diftilling chem, feparace cheir diffe
rently inflammable Principles, according co cheir various degrees o f  fubclety, 
or fpiflitude, the Spirits, for inftance, firft, then a thin O il, next an O il that is 
a little thicker, and laiily, a thick, pitchy, tenacious O il? T h is plainly appears 
in chis Experiment. Is this then the reafon, that Charcoal, and the like Sub
ftances prepared by Fire, and confifting o f  an Earth and Sale covered over 
wich chis laft very chick O il, yield a ftronger Fire than can ever be procured 
from W ood before ic is thus burnt ? T his certainly is found to be univerfally 
true, that the Fire that is excited by burning O il, is always fo much the more 
violent, as the O il has a greater fpiflicude, and is more ponderous. That chis 
was the cafe juft now in burning Alcohol, and Camphire, you yourfelves are 
witnefles. And all thefe things are confirmed by the moft common Experi
ments : A s  every body knows, that a Fire then gives moft H eat when the ul
timate combuftible matter comes to be burnt. T h e  burning therefore o f com- 
buftibie Bodies muft noc be looked upon as an ad ion , that at once mixes, 
blends, and confumes all the different kind o f  inflammable Elements toge
ther ; for ic appears on the contrary, that this is effeded diftindJy, and fuc- 
cefSvely.

E x p e r i m e n t  X . 

ofoiiand L e t  us now make the fame trial upon Alcohol o f  W ine, fo incimacely 
Alcohol, mixed wich fine diftillM O il o f  Turpencine, chac che M ixture appears perfed

ly  homogeneous. *^This therefore P ll fet on fire under the Bell in the fame 
cylindrical Veflel, thac we may fee what will be the evenc. In che firft 
place then, we obferve rifing from this burning M ixture, a beautiful, ftrong, 
very bright Flam e, which is exceedingly equable, and appears divided at top 
into two parts. T his now, as far as we can difcern, does noc exhibit the 
leaft appearance o f Sm oke, or generate or depofit any vifible Soot ; but yec 
ic has fo difcoloured this white Paper that I held over the upper Aperture of 
the Bell, thac you perceive ic is grown quice b la c k ; whence ic evidently ap
pears, thac there immediately upon the mixcure arifes fomething in this pure 
fim ple Liquor, which is able to difengage itfelf from^che Flame, before it is 
perfedly confumed. A c the fame time, however, there is not the leaft dif-

2 agreeable



agreeable fmell in the Vapours o f  chis Flame ; and it waftes away fo quietly, 
that there is not the leaft noife produced by it whilft it is burning. Buc in the 
fécond place, the Flame having now confumed all che Alcohol thac was con
tained in this M ixcure, the appearance you fee is intirely altered : for che 
Oil o f  Turpentine is now left burning at the bottom o f this Veffel, and rhe 
Flame of it leaps, fparkles, and makes a noife, fends up a greac deal o f  
Smoke, and leaves at the fame cime fome refmous F a ca , which are not com
buftible by this Fire.

E x p e r i m e n t  X L  
I have again mixed fome perfedly pure Alcohol, and a very ftrong a lc a -of the 

line Spiric o f  Sal Ammoniac in equal quantities, and by this means have pro- 
cured chis furprizing Coagulum, which was long ago known ro Lully, and was 
fo much celebrated by Van-Hehnont. And I think ic worch while to expofe co 
your view what I have m yfelf obferved in burning this in che fame manner as 
we did the former. W hac now do you judge will be the confequence? T h e 
unforefeen events that fo often deceive our expedacion in trials o f chis nature, 
make you cautious no doubc how you decermine. L et us therefore make the 
Experiment. Y ou ’ ll now anfwer then, that the Alcohol will be firft fet on 
firej thac this being confumed, and diffipated, the Flame goes out ; and chac 
then chere remains at the bottom the alcaline Spiric o f the Sal-Ammoniac, almoft 
intire. And this is certainly the cafe ; for you obferved, that when chis pure 
Offa-Helmontiana, was heaced, fet on fire, and placed under the Bell, ic firft 
of all exhibited a very weak, equable FÍame, fcarcely vifible, without Smoke> 
or Soot ; tho’ the inferiour part o f the Bell however, was render’d pretty opake 
by the exhaling Vapour. Y ou  then took notice in the fécond place, that the 
Flame grew ftronger, more lucid, fparkled, made a hiffing noife, grew  un
equal, and hover’d about, and foon after wenc out. A t  laft there was diffufed 
a fmell o f  a volatile, alcaline, fpiricuous Salt ; tho* the Vapour colleded inco a 
Liquor on the fides o f  the Bell was almoft infipid and as I ihew’ d you, there 
remained at ihe botcom an exceeding ftiarp, ftrong. Spirit o f Urine, very vo
latile, and ftrong fcenced. In this Experiment now there’s one very fingular 
Phænomenon thac well deferves our obfervacion, which you’ ll conccive in the 
following manner. T h e  Sale contained in the alcaline Spiric o f  che Sal Ammo
niaĉ  is much more volatile chan even the Alcohol itfelf ; as appears in the fub> 
limación o f this Offa o f  Van-Helmont^ with a very gencle Heac ; for in that 
Operation, a dry Sale always rifes firft -, and yet whilft ic is burnt in chis man
ner, the Alcohol in this Mixcure is firft o f all attraded upwards into the Flame, 
and fo confumed ; and alcho* chis Mixcure is heated in the brafs Veffel, and is 
at top very forcibly agitated by theFire, neverthelefs, this very volatile Salt is 
forced downwards with ics Wacer, and is fo confined under che incumbent 
Flame, that it is not capable o f difengaging itfelf, or breaking through it.
And this, Gentlemen, 1 beg you will confider in a particular manner, as ic 
will help us to a knowledge o f che nature o f  Flame, and combuftible matter, 
which has not hitherto been much taken nocice of. But fince now Camphire 
is looked upon by many famous Chemifts, as a folid Sal volatile Oleofum, con
creted like from two principles, the one a faline, the other 
an oily one ; it will be worth while to try what will be the confcquence o f

burning



barning this under the Bell likewife. W e  find, then, that upon the application 
o f a Flame fo it, it very readily takes fire, and then flames in fuch a particular 
manner, that one cannot look upon it without admiration. This Flame, as you 
fee, is whice, equable, and long *, and terminates in a fmokey cone, which is 
o f a great length, and very fmall. But what a copious, denfe, black Smoke 
does ic likewife difperfe chrough all the B e lli and at the fame time, as you 
perceive, there are abundance o f  little black foocy particles, thrown out on all 
fides by the Flame, which are fo heavy, that they fall to the bottom, and in which 
there remains the fmell and tafte o f  che Camphire, though the colour of chem 
is black. In the bottom, now, there are left hardly any Fceces, the Camphire 
having quite done burning. Hence then we may make fome judgment of this 
wonderful Body ; and youMl believe wich m e, that it is a very perfed fimplc 
Refm , or an O il exifting in a folid form.

E x p e r i m e n t  X II.

■Of Alcohol J  have here a very pure Earth, viz. Engliß  Chalk, reduced to powder; 
sndEarth. which I ’ ll mix fomc o f  the fame Alcohol o f  W ine, as intimately as

poifible, and fet it on fire under the Bell, as in the former Experiment. The 
Alcohol, then, you perceive, burns away intirely, as in the third Experiment; 
buc the Earth, you fee, remains ac the bottom, perfedly dry, pure, intire, 
and without any Alteration.

E x p e r i m e n t  X III.
Of But none o f  thefe Experiments are more entertaining than that which I am
phke, the"'* going now to fliew you. F or this purpofe I mixed Alcohol, Camphire, and 
offaHeimon- Q\\ of Turpentine together, in fuch a manner, that they were moft accurately 
e2 , tii diffolved one amongft another; and to thefe I then added the Offa of Van 
m i K e d  t c g e -  Helmofit, which will bear conveniently enough too, to be uniced wich the for- 

mer j and I afterwards worked all thefe, thus mixed together, wich fome of 
that fine earth, Englißj Chalk, fo as co form them into a mafs, wich which 
I then mixed fome ihavings o f  wood. This, now, I’ll fet on fire before 
you, under the fame circumftance as in the former Experiments, and beg thac 
you will obferve the iffue. T h e Alcohol then you fee burns away, in the 
firft place, almoft in the fame manner as i f  ic had been let on fire by icfelf. 
T his being confumed, che Oil o f  Turpentine next cakes fire, and fuffi- 
ciencly diftinguifhes icfelf by its particular Phenomena. In the third place, you 
fee the evident figns o f  the burning Camphire. A n d, at laft, the alcaline fpi* 
rit o f  the Sal-Ammoniac, the ihavings o f  che wood, and the pure Earth, are 
left at the bottom. You obferved here how ftrong, unequal, and red, the 
Flam e was, and how ic crackled and made a noife, whilft it was burning; 
And what a fmall quancicy o f Smoke rofe in the beginning *, which afterwards 
increafed, by degrees, till it at laft became exceeding black, and very thick. 
Then too there was produced a very black and denfe Soot. And cowards the 
end you perceived flakes o f  Sooc flying about within the cavity o f  the BsH* 
A s  for the W ood, you fee the Flame has not afteded it. From  all chefe 
things, then, carefully confidered, you have, I think, a fair opportunity of 
difcovering the method which nature makes ufe o f  in confuming c o m b u f t i b l e  

Poacter.by Fire •, which certainly is very different from what people generally
im agine;



imagine; at the fame too you have learned, that there is hardly any thing in 
all natural philofophy that is more difEcuIc to underftand, than what corpo
real fubftance that really is, which is folely inflammable, in combuftible B o
dies. It is a very eafy matter, indeed, to talk o f Oils, Sulphurs, and nitrous 
fiibftances too, which fome p e o p l e  have very injudicioufly added, and to af- 
ferr, that thefe are the ,bodies that conftitute inflammable matter : But to 
difengage that which is purely inflammable from every thing elfe, and thus 
to examine ic, and difcover its nature, is a very difficult task ; nor could
I ever meet with any one who could give any tolerable account o f  it \ much lefs 
o f the alteration chat Fire adually induces in ic whilft it confumes ic. But 
of chis enough.

S c h o l i u m  I.

I  In the firft place, then, there is difcovered in nature, and chac pro- Aicnhoi the 
duced from Vegetables, by fermentation and diftillation, a cercain Liquor, o f J a ^ S r '  
all that we are hitherto acquainted with, the finipleft, the moft limpid, the Body, 
lighceft, exceedingly immutable, and capable o f being mixed with Wacer 
and Oils, which is o f fuch a nature, chac if  ic is heated, and has a Flame ap
plied to it, it will eafily take Fire, will then totally burn, and feed 
and fupport a pure Flame in every point o f its furface that is conciguous 
wich the A ir, and by chis means will have ics whole fubftance gradually 
confumed into Flam e, as ics particles, by degrees, eome to be concained in 
this furface : And chis will fucceed in fuch a manner, chac fo long as there 
is the leaft drop of this liquid remaining, the Flame will continue to b u rn ,. 
and the very moment it is incirely burnt away, will cocally difappear, withouc 
leaving the leaft indication o f Flame behind it. W e are therefore in reality 
mafters o f fuch a Fluid thac properly deferves the name o f  Aliment or Fa-  
hulum o f  F ire ; fince as far as our fenfes are capable o f difcerning, ic m ay, 
by burning with an open pure Flam e, be totally and abfolutely converted into 
the pureft Fire. For if  you pleafe. Gentlemen, to confider this affair atcei> 
lively, what does become o f all. this Alcohol, when ic is thus confumed ?
Is it noc changed inco che pureft Flame? Buc is not all che Flame thac is 
exciced and fuftained by chis means, exad ly  the fame in every effed  as thac 
Fire which we have already defcribed by its proper phyfical charaders? C er
tainly there is noc any one thing taken notice o f in our whole hiftory o f  true .- 
Fire, thac does not equally hold good o f  the Flame chat is fed by this - 
Akohol.

2. But we obferve here in the fécond place,, thac the Fire thus col- wwch,:- 
leded about the Alcohol, perfifted to be Fire there, fo long as any o f  the 
Alcohol remained, wichouc adding any other Fire to it, or bringing any to it by Supports 
any means whatever ; fo that when once che A lcohol was fet on fire, ic was 
conftantly prefent there, nor needed any other Body, or any olhtv Pahulum io 
continue it, when ic was thus excited in the open A ir.

3. Thirdly, there is this farther remarkable, that as foon as ever the A l- wwch goes 
cohol was confumed, there was not the leaft remains left o f  the Fire or
Flame -, fo that ic did noc continue one moment after thac was burnc away.
This Palulumy therefore, is the true caufe that procured at leaft the prefence
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o f  ail that Fire, in that particular place s for this never remains when that 
is difllpated.

Nor does it 4. Fourthly, tkere is this particularly fingular in this Aliment o f  Fire, and 
Smoke! theFlame produced by it, that from the firft moment it began to burn, to the 

moment o f its extindtion, it never emitted the leaft Smoke, which every other 
kind o f fuel is obferved to do, either at the beginning or the end.

B u taW a ter. W e found, indeed, that a moift Vapour did evaporate from the Flame of the 
Alcohol i but this being a very limpid aqueous fluid, formed onfy a perfedily 
pellucid exhalation, which being afterwards colleded, produced a pure funple 
W ater, in which there was not difcoverable, the leaft colour, thicknefs, or oili- 
nefs. T his, now, is particularly furprizing, as'w e don’ t know o f any other 
liquid, or iolid Body, in the whole compafs o f  nature, that w ill feed and 
fuftain fire, abfolutely without any Smoke at all.

Nor yields S' ^ e  Icam again from thefe Experiments, in the fifth place, that Alco- 
any Aihes. ĵ qI does not C on tain  any matter that is fixed and incombuftible ;  for if it 

is perfedly pure, as it muft always be for this Experiment, when it goes out, 
it won’ t leave the leaft fpot behind i t ; nay, it will be totally converted into 
more Flame, without producing the very fmalleft quantity o f  Feces. This 
again we obferve no where elfe but in Alcohol ; for all other inflammable 
fubftances leave fome Faeces behind them, which are not combuftible ; though 
indeed, thofe that are very pure leave but few. Naptha, Petroleum  ̂ and Cara- 
phire, yield a bright, ftrong Flame, but they depofite fomething in the bot
tom o f  the veifel where they are burnt, that is not fo combuftible : Alcohol 
is the only one that leaves nothing.

Nor caufes 6. Sixthly, A lcohol, when it was thus fet on fire, did not difi^ufe any dif- 
agreable Sm ell, o f  a different nature from what naturally belongs to it. Buc 
this again is not the cafe with any other combuftible m atter; for every thing 
elfe fends forth a rancid, footy Smell, or an empyreumatical one, whenitisre- 
duced to Flames in the Fire. One would thence, perhaps, be ready to imagine, 
that all the parts o f  Alcohol are perfedly homogeneous in their natural ftate, 
and chac they remain fo during their burning, and after they are burnt; uniefs 
thofe obfervations, o f  W ater’s rifing from the Flame o f Alcohol were againft 
it, and taught us, that even in A lcohol there refides fomething that is not com
buftible.

ithasnofo- J. In the fcventh place, we hence learn farther, that in this Body which alone 
Smedfrom ^hen expofed to Fire, difcovers the properties abwve mentioned, there is not the 
it. leaft appearance o f any folid fubftance; not even to the iharpeft eyes, aififtedby

the moft perfed M icrofcopes: Hence, therefore, a folid form is no ways ne
ceifary to render Bodies a proper Pabulum for F ire; but on the contrary, the 
moft liquid one that human obfervation has ever yec difcovered.

Butistena in the eighth placc, thatchis Alcohol IS offucli
ciwsoi'wi a nature, as to attrad , take in, and unite to itfeif the pureft, elementary Wa* 

ter ; but that at the fame time the Flame excited in the Alcohol, will again attraa 
the pure fimple Spirits o f  Alcohol out o f  the W ater and Alcohol thus blended 
together, and having drawn them to the furface o f the mixture, will then imbibe 
them, confume them, turn them inco Flame, and by that means feparate all the pure 
Alcohol from the W ater that is mixed wich it; and at the fame cime refufing to be 
■united with the W ater, will repel this, and depofite it in the bottom o f the veijej.



9. It’s furprizing How, in the ninth place, that the very iame Alcohol, per- And 
fefliy che fame in every refped, may, by fermentation, and a gentle diilillation, fpringofve- 
be procured from every kind o f  known Vegetable, that is naturally difpofed to 
ferment: Whereas, excluding the vegetable Kingdom , and rhe affiftance o f 
fermentation, examine all the Bodies you are acquainted with in the univerfe,
and you will not find one that is poiTeiTed o f che properties above defcribed.

10. But farther, in the tenth place, from what has been obferved in thefe Ex- Butcom- 
periments, we are of opinion, that though Alcohol be ever fo pure, yet there
is in reality fome difference in its conftituent parts, though not difcoverable by 
any other A rt than fetting the Alcohol on fire ; for by this means it is feparated 
into a W ater, which when alone extinguiihes Fire, and inco an inflammable 
part, which is truly confumed in the Fiam e, and reduced to fuch a fubtlety, 
that it afterwards becomes quite invifible. Fan Helmet, indeed, has told us, 
chat by the application o f Salt o f  Tartar to the pureft Spirit o f W ine, he 
could inftantly convert it half into W ater, the other part being retained and 
held faft by che A lcali i but I always doubted, whether he fliould not be un
derftood to fptak there only o f  redified Spiric o f  W ine, o f  whica ic is ftrid- 
ly true, and not o f  pure Alcohol, ikilfully prepared, o f  which I believe no bo
dy has hitherto ever made ir appear. I f  thefe things, now, are really true, as 
they certainly feem to be, then A lcohol would very much refemble Sulphur, as 
both o f  chem would be totally confumed in the F ire; both o f  them would yield Otheriub- 
a blue Flame j be refolved into one invifible part, thac is inflammable; and 
whilil they are burning, yield another part that extinguiihes Flame j which in theFireiiks 
Alcohol is a mere inadive W ater ; in Sulphur, an exceeding acid Salt o f  Vi- 
triol diluted with a portion o f  W ater, whofe Vapour is hence perfedly fufib- 
cating.

11. In the eleventh and laft place, we hence farther infer, thac folid com
pound Vegetables, whilil they are burnt, are changed and agitated in the 
fame manner j inafmuch as their inflammable part alone is confumed by 
the Fire, the reft being difperfed into a matter, which i f  it is again colleded, 
becomes vifible, nay and fometimes combuftible too \ or elfe, being converted 
into a fixed one, which we then call Aihes, or Fceces.

S c h o l i u m  II.
1. In the firft place, then, A lcohol feems Co have fom echingof the nature o f  

Fire. This appears evident from many o f its effeds. Both o f them coagulate 
Blood, Serum o f  Blood, and bile, and parch up, as ic were, the fleih, nerves, 
and •vifcera o f  Animals, whites o f Eggs, and Bread. Is Acohol, then, a m ag
net to Fire ? It is certain, it has a power o f attrading the light that approaches 
it. Does the mixing Alcohol and Fire together caufe an effervefcence, and by 
this effervefcence produce Flame ?

2. Secondly, all other inflammable Liquids, let them be ever fo fubtil, i f  othetPaiu. 
they are burnt in the manner propofed, yield a vifible black Smoke and Soot, p'’«1ucc 
and leave fome Fisces behind them, which are not perfedly combuftible. T his 
incombuftible matter in the pureft Oil is at firft a mere Earth, to which there
Itill adheres fome portion o f Oil, in which refped, as it retains the nature o f  
a Coal, there is yet fomething inflammable remaining in it. But when thefe 
Oils are often depurated by an artful diftillation, they always depofite an Earth,
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grow conftantly thinner, become more inflammable, produce lefs Smoke, Soot 
and Alhes ; and thus continuiiily come nearer to the nature o f A lcohol: Re» 
peat this operation, in the mean time, ever fo often, yet you’ ll never reduce 
them to fuch a fubtlety that they’ ll bear being diluted with W ater.

“Whatwould 3. Thirdly, that Body, that we have difcovered to be abfolutely in. 
S  ïcoho? flammable, fo that it will totally feed and fupport Flam e, yields not the lead 
upon Fire if Smoke in this Fire, produces no Soot, nor leaves any Fœcei behind, but as far 
WaS-mbced fcnfcs are able to penetrate, has its whole fubftance converted into Fire;
with it? or at leaft when it is fet on fire .affords us nothing but a pure W ater. I f  ic were 

poffible then by any A rt  to feparate that part o f  the Alcohol, which is perfeftly 
combuftible, and hitherto unknown, from the W ater that appears to be collected 
daring its burning, and this afterwards ftiould be applied fingly to pure Fire or 
Flam e, what would be the confequence? W ould it then burn fucceffively^ as 
it does now ic has a mixture o f  W ater with it ? O r would it like lightning be 
confumed in a moment? A  clofe meditation, certainly, fuggefts a good many 
things upon this head ; but this pure fpeculative knowledge, muft not be too 
much indulged, but muft give place to that more folid one founded upon Expe- 
ments.

what has been demonftrated, we may venture to affert, in the fourth 
Fire vanüh.s place, that that part o f  inflammable Vegetables, Alcohol, or Oils, which in 
in «intirely. reality is not combuftiblc, is either an intimately united W ater, a Salt, oran 

Earth. Thefe, then, i f  they could be perfedly feparated from O il, or Alco
hol, the remainder would be that fimple pure matter, which is totally conver
tible into the pureft Flame, without FceceSy Smoke, or Soot. In Alcohol, certain
ly , that very fubcil limpid Vapour, which is colleded in the Bell, whilft the 
A lcohol is burning, is produced only from that watery part o f  the Alcohol that 
is not inflammable. A l l  Aihes, Smoke and Soot, therefore, that are mix’d with 
inflammable fubftances, confift folely o f  W ater, Salt, or E arth, nor of any 
thing elfe in nature, that we are acquainted with.

When« 5- In che fifth place, we learn farther, thac the quantity o f  Smoke, Soot, and 
vifible Vapours in burning Vegetables, will be always fo much the greater, as 
they contain more W ater, Sale and Earth, in proportion to their Oil and Alco
hol ; for chis is found to be the cafe univerfally, as well as in the Experiments 
we have been making. Thac is to fay, fuch Bodies, when they are on fire, 
yield fome parts, which though they are attraded into the Flame, and agitated 
there wich a violent rotation, yet will not be converted into that fubtii evanefcent 
matter, buc will either be expelled upwards ouc o f  the Flame, or elfe will fall 
to the bottom. I f  you compare a piece o f very green wood laid on the Fire, 
with another in the fame circumftances, that is fo moderately dried as to retain 
its O il, you will eafily fee a demonftration o f  the truth o f  what i afferted.

6, Sixthly, we find ic is poffible, that the parts o f  a c o m b u f t i b l

kHftibie'*'”  ble thac are not inflammable, viz. the W ater, Sait, and Earth, may fo iar 
r̂ts? exceed thofe thar are, that the Alcohol, or pureft O il, will not be able to 

flame in the Fire, but only fend forth a mere Smoke. Alcohol, i f  it is mixed 
with an hundred times ics quantity o f  W ater, will not take fire, tho’ it is 
heated hotter than A icohoi is when it boils 5 and if  it is thrown u p o n  the 
F ire it will excinguifti it. A  piece o f  Wood thac is very oily, but at t h e  f a m e  time 
very green, and full o f  W ater, yields a large quantity o f Smoke, but no Fiam^



In fat clayey Potter's Earth, there is an O il, which will take fire when alone, 
though when it is united with the Earth in fuch a manner, that there is buc a 
very fmall quantity o f  Oil to a very great one o f Earth, it refufes to burn.
And in every inilance you examine, youMl conflantly find this aifertion hold 
true.

7. But, in the feventh place, I think there is nothing more remarkable in Thegreateft 
this affair than this, which has been already proved in the former Experiments,
viz. that if  Fire is applied to a combuftible Vegetable, compofed o f  combufti* from the 
ble and incombuftible parts, and fo far exerts its power upon it, as to fet the 
combuilible part on fire, and at the fame time, and by the fame adion, to mi- mwe, 
nutely divide and agitate the incombuftible one; then the Flame that is thus 
excited from the combuftible and incombuftible matter agitated together, will 
be much ftronger than would have been produced by the combuftible one, 
if it had been feparated, and fet on fire by itfelf. F or we always find Flame 
to be fo much the weaker, as the matter is purer of which it confifts. T he 
Flame likewife generated from fuch a mixture, will always be more unequal than 
that which riles from a fimple inflammable Subitanee : and hence, fuch a fire al
ways makes more noife whilft it is burning, fo as fometimes by its crackling and 
flying about to be very troublefome. A c che fame time too it produces more 
Smoke, and a greater quantity o f  Faces. T h e more incombuftible matter now 
there is in any Body, the more violent will all thefe appear, if  you
can but fee it on fire, and make it burn.

8. But again, eighthly, it is univerfally certain, that the denfer, clofer, or And the 
heavier che incombuftible matter is, thac is united with the O il, the ftronger
will the Flame and Fire be that are produced by fuch a Body, i f  fet on fire.
So that not only the folideft part o f  any particular Vegetable yields the ftrongeft 
Fire, i f  compared wich the reft, (for who, that wants a ftrong Fire, ever prefers 
the Flowers or Leaves o f  Trees to their folid W ood) but alfo o f  different 
Woods compared wich one another, we obferve thofe afford the greateft Fire 
that are mofl ponderous % thofe the weakeft, that are lighceft. Thus, for In
ftance, compare Cedar with Sallow, or with Poplar, and you*U fiod 
the itrengch o f  the Fires they excite will be in proportion to their weights.

9. Bur, in the ninth place, we muft here have regard to che dodrine we laid N o  Pabu- 

down before, that no Vegecables will burn, ’ till chey are heated to that de-
gree, which is neceffary to make O il begin to boil. L ig h t ones, indeed, will feif”*but ly 
grow hot wich the fame Fire fooner than heavy ones ; and therefore thefe will 
foon take fire, buc thofe more leifurely : And for this reafon you fee that 
nobody makes Matches wich Iblid O ak, buc wich fpongy Reeds, or fome
thing o f  thac nature. Buc the fooner they take fire, the weaker will be the 
Flame ; and on the contrary, the longer they are before they light, the ftronger 
and more durable will the Fire be thac is raifed by them ; And hence, o f 
confequence, the heavier the W ood is thac is co be burnt, the more pre-ex- 
iftent Fire is alv/ays requifite to fee ic on fire i and withouc chis it will not 
grow hot, ignite, and kindle.

10. In the tench place, thefe things being confidered, it follows, that in the Burwfu«ei- 
burning of Vegetables, all the combuftible pares are noc confumed at once,
but gradually, by the fuccefiive adion o f the Fire. And here, during 
time chat che Fire is thus ading, thac combuftible matter, which is purely in-
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flammable, and confequently the lighteft, always takes fire, is feparated and 
changed firft j for this fore grows very foon hoc, is firft put in motion, and 
is more eafily extricated than any o f the ocher. T his being confumed, that 
matter is nexc agitated, heaced, fee on fire, and feparated, that polfeifcs the 
next degree o f  inflammability to the former. T his then being likewife burnt 
away, that laft o f  all begins to burn, that o f  all is the leaft combuftible. And 
it appears by an infinite number o f  Experiments, that this ultimate combufti. 
ble matter in Vegetables is a fmall quantity o f  O il, firmly united to a great 
deal o f  fixed Earth. Hence, then, we fee the reafon why this O il cannot be 

.feparated from this Earth, in clofe veifels, where there is no admiflion of freíh 
A ir. And hence, likewife, we know that this laft combuftible matter will ne
ver yield a violent Fire ; for whilft it is burning away, a fmall portion of the 
combuftible O il is gradually diftributed through a larger one o f  the incombu- 
ftible Earth ; and hence it may be made red hot, and lucid, but will very rare
ly  produce Flame.

Andmoftat I I .  Ftom  what has been faid, therefore, we perceive, in the eleventh place, 
thac Fire %vhich is raifed by compound combuftible matter, will be moft vio
lent when it is in the middle o f ics burning, v%z. when all the elements are 
flaming in the moft vivid manner : Whereas towards the end, i f  you would keep 
Fire up briik, ic is neceifary to roufe it with a pair o f Bellows \ for then the 
earthy, faline, fixed parts, which are interfperfed throughout, in the form 
o f Aihes, always begin to damp the force of the Fire, which is now fupported 
by a fmaller quantity o f  Oil.

-W e a k m  1 2 .  In the twelfth place, we are farther certain, that the pureft Flame of 
A lco h o l. roiz. that produced from mere combuftible matter, without the mixture

o f  any other particles with it, will never yield a very ilrong Fire i for it ap
pears on the contrary, from former Experiments, that the pureft Pabulum al
ways produces the weakeft, 

whatthem- 13* Hcnce, therefore, contrary to the common opinion, we infer, in the 
combuftible thirtv’enth place, that the ilrensch o f Flame depends as much, nay,- perhaps
part does Jn - i i * -  i  ̂  ̂ \ c
Fire. more, upon the incombuitible elements in the burning matter, than upon thoie 

thac are in reality truly combuftible. And therefore the quantity o f Fire in 
Flame raifed from combuftible Bodies, is more colleded within the compafs 
o f this Flame, by the rotation o f  the immutable corpufcles that are mixed and 
whirled about with the reft, than by that fine volatile fimple oily fubftance, 
thac is agitated likewife by the Fire, in the fame fpace.

Hence a 14* 1̂  the fourteenth place, then, why may we not fuppofe, that there are 
m a n S 'o f two caufes exerting their united forces in material Fire -, thefirft, elementary Fire, 
Flam e. and its proper fimple Pabulum  ̂ viz. perfedly pure Alcohol > the iecond, other 

kind o f panicles difperfed through che Fire chus produced, and w h i c h  o n e  woukl 
call pure Fire, which, chough they are not able to fuftain elementary fire of 
themfelves, yet being agitated in the former pure Flame, excite a violent aéli- 
on by means o f  their vibracory motions, which is very often m u c h  greater chan 
could ever be brought about by this agitating caufe alone. 7'hac you may 
thoroughly take my fenfe, Genclemen, pleafe to refied u p o n  h alf a n  ounce of 
Gunpowder fet on fire in the open A ir  ; in this cafe, you know, a Flame will 
burft forth on all fides, and be over in a momenc ; But, now, if  you put the 
fame into a narrow cylindrical T ube, with fome Bullets over it, and fo fire it,
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it will then, by its own proper mocion, force thefe hard thick Bodies out o f  the 
Tube, with an incredible impetus, hardly any o f which was obferved before in 
the Particles o f Gunpowder, tho* they were, by being fet on fire, reduced to 
their moft fubtii Elements. In the fame manner, therefore, you conceive, that 
the hard incombuftible Particles o f  Vegecables being fw iftly whirled about, 
and vibrated in the rapid Flame, muft o f  confequence add a vaft deal o f  force 
to it.

15. In the fifteenth place then it appears, that the greateft ftrength o f  this  ̂
Fire, may be rendered more intenfe by W ater, Salt, and Earth, if  they are creafed? 
intimately mixed wich the combuftible iVIatter, and with one another in this
pure burning Fire ; provided the force o f  this Fire is great enough to put 
thefe Bodies into a violent motion. .

16. W e obferve again in the fixteenth place, that fome caufe is abfolutely Thccaufeof 
neceffary, and that there really is fome cauie which continues this Flam e, or
keeps in this Fire, when it is once kindled. And one effeft o f  chis caufe, muft Pabukm. 
be the keeping the Pabulum o f  the Fire whilft it is burning, clofely apply’d to 
the Fire icfelf, fo that they (han’ t be feparated from one another, which other
wife would inftantly happen from the proper power o f the Fire. But again, 
the hard incombuftible Particles too, that are agitated by the adion o f the former 
combuftible ones, muft be likewife confin’d by che fame caufe within the compafs 
of che burning F ire; that thefe likewife may not fly off too foon, butbe compelled 
to remain in the place where they are m ov’d in fuch a manner, as by this very 
mocion to be continually expelled out o f i t : For unlefs this was effeded like- 
wife, all this mafter muft o f confequence be immediately difperfed by the agi
tation o f the Fire, and thus all the vibratory force o f  thefe Corpufcles within 
the fphere o f  the Fire, would be loft in a moment. Hence, therefore, it ap
pears, that all Fire would be momentaneous, was it not for this uniting, ap
plying, and comprefling power. Ic is probable, however, that this caufe 
which compreifes thefe Bodies cogether, muft noc a d  with fo much force, as 
to unite them into one immoveable M a fs ; for by this means the lighted Fire 
would inftantly be put o u t : Buc fuch a preiTure only feems requifite, that the 
grofTer Particles, whether combuilible, or incombuftible, as they are agitated in 
theFire, may fucceffively difengage themfelves in proportion, as others begin 
tobeputinto the fame agitation. N ow  for this purpofe fuch a caufe appears 
vaiily beft fuiced, that ads with a reciprocal, ofcillatory compreffion, and re
laxation, itfelf all the while remaining perfedly fluid, and incapable o f being 
confolidated. Such a one now is our Atmofphere, which perfedly furrounds 
us, and always comprefTes us. Before we proceed any farther, therefore, ic is 
necelTiry to have a juft notion whataffiftance the Acmofphere really gives to
wards the fupport o f Fire ; which I fhall endeavour to explain as evidently as 
pofTible in the following manner.

Let us fuppofe a Fire kindled upon an iron Plate with the choiceft W ood, T h e P h y -  

and burning perfedly quite through, upon a Bafe a Rhineland foot fquare. U p- fi«i manner 
on this Bafe then there prelTes fuch a weight o f  the Atmofphere, as is contained rcommon" 
in a prifm of Air, whofe Bafe is o f the fame magnitude. The weight, how- 
ever, of chis Prifm, appears by che Barometer, to be different at different cimes; 
tho’ che excefs o f ics greateft weight above its leaft, is fcarcely ever more than 
one tenth pare o f  the whole. Lee us imagine then the Atmofphere at this
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t'ime to be heavieit, that is, the M ercury ro ftand at the height o f  30 inches in 
the Barometer. Hence, i f  we fuppofe che fpecific gravity o f M ercury, to be to 
th a to f Wucef, as 14 to i  •, and a cubicfoot o f  W ater at che'fime ferene time 
to weigh 64 pounds Troy: O f  confequence, the preiTure o f  the incumbent At
mofphere upon this fquare Bafe, will be equal co the weight o f 2240 pounds 
Troy. This Fire-place, therefore, is preiTed upon by this vaft weighc at this 
time. Bur in this very place, by fuppontton, there is burning a flaming Fire, 
which repels from it on every fide, and elevates with an incredible force all this 
bulk o f  the Atmofphere thac is in its way, and at the fame time expells from 
the fpace in which ic is burning, all the heavy m.itter o f the Acmofphere j 
and hence, o f  confequence, muft increafe its weight. Ic appears then, from 
the dodrine o f H ydroftatics, chat che refifting Fluid o f  the repell’d Atmofphere 
will prefs upon every poinc o f  che burning Surface; which cherefore will be as 
ftrongly comprelTed by chis weighc, as if ic was confined in a Furnace fo ftrong 
thac it would not break wich che weight o f  2240. A ll che inflammable Parti
cles, therefore, thatare agitated in this Fire-place, by t h e  force o f  theelemen- 
tary Fire colleded there, and all thofe Corpufcles likewife that are incombufti- 
ble, buc are puc in motion by the adion o f  both che former, as they endeavour 
to difengage themfelves from the Fire, are repelled towards its center by this 
v a f t  weighc, and thaC conftantly, and exad ly, fo much the more as the Fire 
exerts itfelf within more violently. Hence, therefore, you perceive, that the 
Elem rntsof the Fire itfelf, and the Particles o f  the combuftible M atter, muft be 
applied to one another, and comprefled together with this prodigious force, 
and at the fame time muft undergo a very rapid concufiion, and circumvibra- 
tion among chemfelves from the incredible expanfion, and adive power of the 
Fire. M uft there not therefore be excited a prodigious attrition in chis Fire 
among chefe folid Parcicles? And will not the comprefllon o f  thefe co one ano
ther, whilft they are thus agitated, increafe in proportion to the greater attrition 
generated by the Fire ? But the Fire is continually ad ing upon the Atmofphere 
b y  unequal conculDons, which always makes an equal refiftance: And hence 
this coiiedion o f  Fire is beat upon by the continual return o f  the Atmofphere, 
with as much force, as if  it was every moment ftruck upon with a Hammer 
o f  2240 pounds. But we are farther certain, thac che A ir boils very violently 
over Fire, as one may perceive by expofing a live Coal co che Solar Rays, 
and chen looking upon it towards the Sun, and hence the fuhfuUus^s o f this ve
ry elaftic Fluid, boiling thus ftrongly, muft be ftill fo-m uch the more violent 
and frequent upon this Fire, i f  now, in any part o f this burning fpace, rhe 
Fire yields lefs refiftance than in the reft, then, the A ir  bfing driven thither 
by the weight o f  che Atmofphere, muft ruih in with a prodigious violence, 
and being inftantly rarefy’d, and repelled again, will produce a continual ftrong 
ofcillatory mocion round the whole compafs o f  the Fire. So long therefore 
as there remains F'lre enough in this Fire-place to excite a Flame with ics pro
per Pabulum ; fo long as the other incombuftible Particles can be forcibly agi
tated by the adion o f the Flame ; and fo long as they continue to be preifed 
together by the weight of the Atmofphere, thac they are not able to extricate 
themfelves : So long the attrition excited in this fpace, will be fo great, as to 
collc'd fuch a Fire here, as is fufficient to continue che like Flame. But on the 
other hand, as foon as ever the ad ive  elementary Fire, the true inflammable
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Pabulum  ̂ or the other groiTer hard immntable Particles that ihould be 
agitated among the ocher, are wanting, then the Fire prefently grows weaker, 
and goes o u t : I f  the preiTure o f  the aereal arch too is by any means leiTened, 
or made lefs ponderous, the Fire immediately likewife lofes its ftrength ; and 
if ic happens to be diminiihed to a verygreat degree, then the Fire, Pahulum^ 
and ocher Particles, inftantly fly afunder, and are diiTipated, Hence in Boyle ŝ 
Vacuum, all Flame, and then fparkling Fire, foon goes o u t; as there is no
thing there to keep the Panicles apply’d to one another. And from the fame 
principles we fee the reafon why a moderate W ind very much increafes the 
force o f Flame ; for it is then afFefted in the fim e manner, as i f  ic was 
conipreiTed by a heavier Atmofphere. I f  che W ind, indeed, blows fo ftrong 
upon the Fire, as to deftroy this arch o f  A ir that furrounds it, the Flame will, 
then, be extinguiihed in an inftant; tho* perhaps the next moment it will be 
raifed again by the fame blaft that blew it out, Hencc, therefore, i f  you blow 
a Fire with a pair o f Bellows, fo as noc to puc icou t, by breaking this arch 
with the coo grevU force o f  the W ind, chc application o f che Particles to one 
another, will by this aflion be ftronger, and confequently the Flame more 
violent. But if  two large pair o f Bellows are placed in an oppoiite dire(5llon, 
and blown itrongly upon the fame Fire, then the Flame, excited by this means in 
the middle ofthem , will be prodigious intenfe, fit for fu iin go f Metals,-and other 
Operations that require a violent Hear. This you may fee at any time among 
your W orkers in Gold, and other Metals. And from thefe Principles we fee, 
laftly, why Fires burn more fiercely chan ufual, when che A ir  is contraded by 
a very ihaip Froft *, for then, the aereal A rch  furrounds the Fire proportion- 
bly clofer, and confines it more powerfully, and by chi> means prevents the 
Corpufcles, that are flying abouc and torrified in ic, from extricating themfelves, 
till by ihe long continued, adion o f che Fire, they are reduced to fuch a fub
tlety, as to be able to pafs chrough the A ir  icfelf, and fo to make their efcape.
But at the fame time, likewife, the Fire exercs itfelf wich the greateft force in 
its upper parts, and lefs about the circumference o f  its B afe; and hence the 
Air finding there the leaft refiftance, preiTes both the Flame and Fire upwards ; 
and fince the Fire is moft condenfed, and confequcntly ftrongeft in the middle, 
hence che Flame will rife higher in the middle than on the fides where the 
force o f the Fire grows gradually weaker ; and o f  confequence will difpofe it- 
fclf into a pyramidal figure. But as foon as ever now the Surface o f  
Fire is furrounded with fuch a Body as cuts off the communication with che 
Air, then the Fire o f  the Pahulum, and the agicated Particles, foon lofe their 
motion, the Flame goes out, and the Fire itfelf is foon extinguiihed, except 
you remove the cover, and let in a free Air*, then indeed, ic will prefently 
burft ouc into Flame, or at leaft may be raifed to a bright, burning Fire.

17. Buc in the feventeenth and laft place, i f  we carefully confider every TiiePii.v- 
thing chat has hitherto been demonftrated, or delivered, it does not appear, 
thac there is any Body in Nacure, which being committed to elementary Fire, «me Fire, 
will in reality be converted or tranfmuted into F ire : For my own part, I have 
examined every argument that offers icfelf, and have not been able to find one 
thac proves ic. Hence, therefore, I dare not by any means afTerc, chat either 
Alcohol, Oil, or an> oc '̂er Macter, becomes pure Fire by being burnt. I con
fefs, iaaeed, th u tp cricd i; combuftible Bodies are fo changed in̂  Flam e, as tq



get beyond the reach o f  our prefenc perception \ but i f  we would have a pro. 
per regard to truth, we muit not hence abfolutely affert, that they are therefore 
converted into Fire itfeif.

O f the Pabulum of Tire in the Animal Kingdom.

Combufti- H aving thus then carefully treated Of the combuftible IVIatter difcovered 
We Matter jn the Vegetable Kingdom , we come now in the next place to examine that 

ômAm- jg concained in the Anim al one. Buc here, as every one knows, that
the Bodies o f  Animals confifl: of Vegecables reduced by thtir concodive powers 
to proper nourifhment, hence this head likewife is alrnofl intirely exhaufted in 
our H iftory o f Vegetables. And indeed, i f  we will credit Hiftorians, the 
humours o f the animal Body have fometimes been advanced co that prodigi- 
ous fubtil oily nature, as to take fire like Alcohol, and yield a weak pure 
Flame. W e have accounts too o f  Flames kindling about the exhalations of 
M en’s Bodies ; and Helmont takes notice, thac che Wind o f  the Bowels being 
difcharged upon a Candle, adually burned, and was converted into Flame. 
Thefe things, however, if  they are true, cercainly happen very feldom. As 
for the other Oils o f Animals, they differ hardly any thing in refped of their 
inflammability from thofe o f  Vegetables, and therefore the repetition of the 
Obfervations already laid before you, will here be needlefs. In thefe likewife 
we difcover W ater, Spirits, Salts, Oils, and E arth : And the nature, preparation, 
depuration, and effeds o f them in the Fire, are perfedly the fame in Animals, 
as they are in Vegecables. I f  you’ ll pleafe therefore to recoiled whac we have 
before delivered o f  che latter, and apply them to the former, the dodrine 
o f thefe too I think will be fufficiently evident. Y ou  may poffibly, indeed, 
furmife, that the Phofphorus procured from Animals, is an inftance of feme 
other inflammable Matter in Animals, than what is obferved in Vegetables: 
B u tth is may lil^ewife, by the chemical A rt, be excraded from the pinguious 
Coals o f  burnt Vegetables ; efpecially i f  they are o f that kind, whofe Juices 
very nearly refemble the Humours o f  Anim als, as has long ago appeared in 
the Muftard. A n y farcher inquiry therefore upon this head, I think, is abfo
lutely unneceifary.

0/ Pabul um o fF ire  in the Fojftl Kingdom.

It is particularly remarkable now, that the very fame law o f  combuftibility, 
which we cook notice o f in the two former, holds true likewife, even in the clafs 
o f  Foffils. For here ic is obferved in the fame manner, that the Oils alone 
are inflammable, the other parts not at all i and that all chefe Oils likewife yield 
fo much lefs Smoke, Soot, and Aihes, as they are more fubtil and lighter; 
and on the other hand fo much more, as they are thicker, and more ponde
rous. Poifibly in thefe too, there may be fomething c h a c  almoft arrives tothe 
fubtlety o f  Alcohol j tho* at prefent, I confefs, I don’ t know that ever anybo
dy has difcovered an O il in them t h a t  would bear to be diluted with Water. 

Nai>tbaYx\it I have read, indeed, o f  Fluids fometimes diftilling from rocks, that by the 
Akohoj. application o f a lighted torch to them, would take fire, flame, and burn ; and 

have likewife met with accounts o f  Streams running from Fountains, thatin 
the fame manner might be raifed into Flames: Buc whether the f a m e  Liquor 
chac would thus take fire, would bear to be mixed with W ater too, theper'

fons



fons that mention thefe things take no notice. A s  for the Naptha o f  Balykn, 
Hiftorians tell us, that that was fo fubcil, volatile, and eafily inflammable, that 
rifing, and being difperfed through the Streets, it would take fire from the 
Torches that were carried abouc in the night, fo thac it feemed as it were to 
burn fpontaneoufly, covering all the Surface o f  the Ground with a blue Flame 
that was not very ftrong, and but little pernicious. This Liquor, therefore, on 
account o f  its exceeding fubtlety, feems to come very near to the nature o f 
Alcohol i for the fame thing poilibly mighc happen to our Alcohol, if it was 
diftributed about in thac hoc country, in the fame manner as we faw it take 
fire by the application o f  a lighted M atch to its Vapour, when it exhaled into 
the cavity o f  the Bell. A s ic is  hardly poiRble, however, to procure chis fore 
of genuine, at any price, hence we can fcarcely come at any certainty
about i t : A s  for that which is commonly fold about under that name, it has 
never any fuch degree o f  inflammability, but is always thicker, and more te
nacious.

Petroleum is likwife very fubcil, but no ways comparable, either to the Pttnkam 
Naptha o f  the Ancients, or the Alcohol o f the Moderns. T his, however, i f  
it is depurated by proper diftillations, grows gradually more fubtii, and fooner 
inflammable, tho* itac laft ftill remains an Oil, nor ever is reduced to Alcohol.
And here again, as we obferved in Vegetables, the finer, fubtler, and lighter 
the oily combuftible Matter o f  Foifils is, they always yield fo much lefs Smoke,
Soot, Stench, and Faces 5 but at the fame time the Flame is always in propor
tion the lighter, purer, and weaker.

As for the inflammable Foifils that have a mixture o f  a grofs heavy incom- Foffil Coai. 
buitible Matter in them, they always take fire with more difliculty, and re
quire a ftrong blaft o f  W ind, or Bellows to make them burn ftrongly j but 
then the Flame and Fire thac is raifed from them, is fo much the more violent, 
as we fee evidently in the burning o f  the foifil C o a l: Such Bodies likewife emit 
an exceeding black, thick Smoke, (which has fomewhat o f  a difagreeable fmell, 
and produces a good deal o f Soot) and leave behind them a large quantity o f  
Aihes, which generally have an infipid tafte, but are very heavy.

Laftly, amongft the foflil Bodies, that afl̂ ord a Pabulum for Fire, there are Sulphur, 

fome which confift merely o f  a perfedly combuftible O il, united with an exceed
ing acrid, acid Salt. By thefe you’ll eafily perceive I mean Sulphur : W hilft 
the oily combuftible pare now o f this burns away in the Fire, che other very 
acid faline one (which exceedingly refembles that Liquor which is forced from 
Vitriol by an intenfe Fire, and is called Oil o f V itriol) is incombuftible in 
theFire, and being colleded by itfelf in form o f a vaporous Fume, and then 
futfered to cool, goes by che name of O il o f Sulphur per Campanam. I f  this is then 
accurately freed from the W ater thac is mixed with it whilft the Sulphur is 
burning, and thus rendered pure in its kind, ic appears to be the heavieft o f 
all Fluids next to M ercury, and the moft acrid we are acquainted with.
And hence it happens, that Sulphur will not yield Flame, *till ic is firil melted, 
and confequently, made very hot; but as foon as ever the Flame is excited by 
the inflammable part, the very ponderous, corrofive, faline, acrid one, being 
agitated, attenuated, boiling in the Flame, and being hence driven outwards, pro
duces at firft in the Flame, a very violent Fire, tho’ afterwards, indeed, when 
by the continued adion o f the Fire is fo divided, as to be able to break
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through che Arch furrounding the Flame, it floats about freely in the Air, ant} 
produces a Vapour chat powerfully inflames all the parts o f Animals ic comes 
at, and hence, if it is apply*d to their Lungs, quickly fuifocates them. And 
as for other Bodies that are expofed to the Fumes that rife from  burning Sul. 
phur, they are by this means furprizingly alcered, andthat, differently, accord
ing to cheir parcicular natures, and the relation they bear to the acid, which is 
the moil fo o f  any we know o f  in nature. Thefe effeds now produced by the 
Fire o f burning Sulphur, are generally afcribed to che elementary Fire, tho’ very 
wrongly : For thefe ought to be perfedly difl:inguifhed, and it ihould be conftantly 
remember’d , thac thefe effeds are partly to be afcribed to  the elemencary Fire 
parcly to the combuftible porcion o f the Sulphur, and partly to the Acid that 
is by this means rendered volatile. I don’ t think ic neceflfary now co explain 
particularly what Phenomena, Bitumem, Afphallus, PiJJaphaltus.i and P ix  Juâai- 
eusy produce in the Fire ; or whac they fuffer there. I believe this will befo 
eaiily underftood, from what we have delivered already, that we need not 
ftay upon this head any longer. It is fufHcient to take notice, that in all thefe 
there is a mixture o f pinguious foffil Oils, generally acid Salts, Earth, and 
frequently fomething metalline or rocky ; and that in them all, that only is tru
ly  inflammable, which is o f an oily nature. A s  fĉ r the other parts of the 
compoiition, they afford a fort o f  Spicula which fly about in thefe fires, and 
by their vibrations, furprizingly increafe their violence, or g ive  them fome 
fingular phyfical power upon fome particular fore o f  Bodies. Thefe then 
being difpacched, I chink we have fufEciencly treated o f  the nature o f che 
hulum o fF ire , for our prefent purpofe. And now, therefore, from this whole 
H iftory o f Fire, wc may fairly deduce the following Corollaries, as truths 
which have been evidently demonftrated.. 

yirerare- I. Simple, pure, elementary Fire, infinuates itfeif into, and rarefies all Bo- 
dies ii> the univerfe that fall underthe obfervatioa o f  our fenfes, whether they 
are folid, fîuid, or compounded o f  both.

When alone 2. This powcr isfo proper to Fire alone, that it is not common to any other 
al waysequa- y jj, nature, thac human knowledge is yec acquainced wich. T he eifervef- 

cences, fermentations, and particular rarefadions o f  Bodies, do not prove the 
contrary,

3. T h is Fire, as diftinguifhed by this property, is always prefent in every 
place, as well in the folideft Plenum, as in che moft perfed  Vacuum.

4. And this Fire is every where diftributed in the moft equable manner, ’till 
there arifes fome caufe chat is able to colled  it, thus difperfed, into one pardcular 
place.

Coiieftedby 5, T h e  firft o f  theiê collcding caufes, and perhaps the principal one, is the 
“ a.ttricion o f  fome fore o f  Bodies with one anocher.
Expandsit- <5- Fire from its own naCure is moved equally every way \ or at leaft, is fpon* 

taneoufly expanded in this manner.
7. It’s poffible, however, that this motion, or expanfion o fF ir e , maybefo 

determined, thac it may be direded in parallel, or converging lines \ and this, 
is a fécond very common method, by which Fire is likewife colleded.

Maybede- 8. T h e principal caufe chac compels Fire, o f itfeif chus undetermined, into 
 ̂parallellifm, is the Sun ; for this Body is found to be o f  vaftly the moft con* 

fequence for this purpofe*
o.The



9. The caufe then, that makes thefe Rays o fF ire , converge, and unite in a 
fmall fpace called a is either reflexion, or refraftion.

10. And hence again we have a third manner o f  colleding Fire.
11.  T h e  r a p i d  percuiTion o f  the coldeft Stee), againft the coldeft Flint, in the 

coldeft place, and weather, will in a moment produce the moft intenfe F ire:
This therefore furniihes us with a fourth,

12. This Fire therefore does not any ways depend upon the Sun, with ref- 
p ed  to its Matter.

13. It will continue, however, fome while in Bodies, being united to them 
during that time.

14. And the time o f  its continuance, will be proportionable to the denfity o f 
the Body with which it is united.

15. There is not, however, any Body yet known, that is able to retain Fire 
always, when it is once communicated to it.

16. This Fire now defcribed in thefe 15 Particulars, is in reality that which 
every Body calls elementary Fire.

17. There is, befides this, likewife, as people generally imagine, another pirefupport- 
ibrt o f  Fire, which confumes combuftible Bodies into fomething invifible,
which is fuppofed to be fed, and fupported, and is falily believed to convert 
combuftible Matter into Fire itfe lf: This is thought to be produced, when 
Fire firft exifting, is apply’d in the open A ir, to a proper Pabulum. And by 
this means we have a fifth manner of colleding Fire j and that, the moft com
mon of all.

18. There is difcovered, now, but one kind o f  matter in the Univerfe, B y Alcohol, 

which will feed Fire in fuch a manner, as to be fo intirely confumed by it,
that nothing will be generated by it, but pure, fimple Flame, and nothing at 
all will remain behind, vfhtn the Pahulum is burnt away, and the Flame goes 
out: And this is pure Alcohol alone.

19. Other Bodies, however, being mixed with the trut Pahulum o f  Fire, And on, 
whilft they are agitated by and in the Fire, together with this are ca-
pable o f confiderably increafing its power.

20. Upon the kindling a common Fire, therefore, there is no Fire created, Norbecome* 
or generated denovo^ nor is there any deftroyM when it is extinguiihed ; nor
does it undergo any alteration ; nor perhaps has it any weight. T h e  contrary, 
indeed, to this laft afTertion, feems to be grounded uponfo many, and fuch folid 
arguments, that after M r. B o jk  had publiihed his Treatife, O fthe Ponderability 
ofFlamey it was thought there was hardly any room left to doubt o f  it 5 much lels 
ftill, fince we have been favoured with thole Obfervations o f  Monfieur Hom- 
birĝ  concerning the great weight that is added to incombuftible Bodies, by 
pure elementary Fire, where there is not the leaft M ixture o f any corporeal Pa- 
hulum‘i for by thefe, indeed, it feems plainly to appear, that elementary Fire 
may on a fudden be fo abfolutely concreted with Bodies, as to increafe their 
weight very confiderably. Thefe Experiments, therefore, both candour and 
love of truth, oblige me to lay before you. F irft, then. M ercury, that was 
perfedly depurated by the help o f  Metals, and thus rendered more liquid than 
the native, being for a convenient time digefted in a pure VeiTel by the Flame 
of a Lamp, was converted into a black, white, or red powder, and in the ope
ration was fomewhat increafed in its weight. Secondly, the famous D u Cloftus-i
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demonftrated before the Academy o i  Sciences, chat Antimony calcined in the 
cus o f Speculum, weighed a fixteenth part more when it had been thus
expofed to the Fire, than it did before, notwithftanding fo much in the mean 
time was diflipated in form o f  Smoke. Buc the egregious Homherg profecuting 
the inquiry ftill more accurately by the afliftance o f the Focus o f  T¡chernhau¡erí% 
Convex, direéted into a hollow Veftel, feems to have made ic much more cer« 
tain, chat true Fire may be united w ith Bodies \ that by this union it will be 
concreted with them ; that by this means it will produce with them a new Body 
perfedly different from the former, and add a very confiderable increafe to 
their weight. For this purpofe, therefore, four ounces o f  powdered Regulus 
Anlimonii Martialis, where expofed to the Focus, as it was called, o f  the great di. 
optrical Glafs o f the Duke o f Orleans, ac a foot and a half diftance from the 
true Focus, and was chere frequently ftirred abouc with an iron Spoon, *till ¡t 
would not fmoke any longer ; for at the beginning, and for fome time after, 
it emitted a large quantity of denfe Fume. T his Powder then, was found to 
weigh four ounces, three drachms, and fome grains; fo that it had gained about 
a tench part o f its whole weight. T h e  fame afterwards being expofed to the 
tvMt Focus o f  the Glafs, was inftantly put in fufion, and by this means loft 
three additional drachms, and grains, together with an eighth part o f  the firft 
weight o f  the Regulus. Hence, therefore, it ihould feem probable, that the 
Regulus loft h alf an ounce by the Fumes o f  the firft calcination, and gained 
three drachms o fF ire , and that this fufion afterwards took away thofe three 
drachms o f Fire that were thus fuperadded. T h e Preparations o f‘J)dinium, QuicK 
lime, and other fubftances in the Fire, feem to evince the fame thing. Thac 
this now was really the event o f  thefe, and fome other Experiments of Mr. 
Boyle, I make no doubC; nor do I in the leaft call in queftion the capacity of 
thefe greac Men for making thefe Experiments, or their integrity in relating 
them. This, however, in the mean time, is certain, that a Mafs o f  Iron of 
eight pounds, being made perfedly  red hot quite through, did not acquire 
any additional weight. T h e  degree o f  H eat, now, or quantity o f  Fire in the 
Focus, mentioned in M . Jiomler¿% Experiment, which was a foot and half dif- 
tant from the true one, was by no means fo great as th a to f this Iron ; and yet I 
weighed this Iron when it was red hot, and left ic in the Scale till it was quite 
cold, and there was no alteration in the weight. T h a t calcination was per
formed in an iron Ladle, or an earthen Veffel, and the matter to be calcined 
was continually kept ftirring with an iron Inftrument: Hence, therefore, the 
quantity o f Powder might be augmented. T h e true Focus, in an inftant, is fup
pofed to expelí again the Fire that was thought to be united wich the Antimo
ny. But who can venture to affert, that this was adually Fire ? A ll Bodies 
thus calcined in the fame Fire, do not acquire the fame increafe o f  weight, buc 
thofe only that abound with a corrofive Sulphur, as Antim ony, Lead, Tin, 
Iron, and Orpiment. H ence, therefore, may be, this external, or additional 
part, is obtained by the Sulphur’s corroding, and rubbing o f  the Particles of 
the other Bodies, and thus mixing them wich the Matter to be calcined. And 
as for the increafe o f  weight that Bodies are found to acquire, wh¿n expofed 
to the Fire in glafs Veffels, fuppofed to arife from the infinuacioii o f  the Fife 
intothem , this is fo inconfiderable, that it may poffibly be afcribed rather to 
what m aybe communicated to chem from che Giafs» than to theFire itfe lf Thefe
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Experiments certainly ought to be made on purpofe, and with the utmoft 
caution J as nothing is more eafy here than being deceived. L eft, however, I 
fhould be fufpeded o f  being too obftinate, or partial, in my opinion, give me 
leave to refer you X.oM. Du. Hameh a Gentleman particularly careful in relat
ing Experiments, in the Mem. de I*Ac. Roy. p. 14, 15. where you will fee how 
very prudently he himfelf raifes fome difficulties after he has recited his E x 
periments. And there too you will meet wich fome other Experimencs o f  the 
femous Bouleduey which almoft evince the contrary.

21. It has appeared farther, that this elementary Fire may be increaefd in a May be 
particular place, to a prodigious degree 5 fo thac by this means, certain phyfz- "fnŷ ntenfe 
cal effeds, not eafily underftood in any ocher way, may be produced, obferv- tycoiieOion. 
ed, and reduced to a natural H iftory. This we fee evidently in Dioptrics and 
Catoptrics i but more remarkably ftill when both their powers confpire in the
fame adion. And o f  the effed o f  this Fire we take the more particular no
tice, becaufe as there is here neither any heterogeneous mixture, nor any mate
rial Pabulum ,̂ hence the pureft elementary Fire exerts itfelf alone, and 
thus plainly teaches us what is the proper power o f  fimple Fire, when bodies 
are expofed to it. I f  we nicely examine, now, che effeds o f  this Fire, we ihall 
find they may be reduced to thefe two : Firft, both Liquids and Solids, that are 
volatile in the Fire, are diffipated by it in a moment j and fecondly, almoft 
all fixed Solids, that have hitherto been examined in it, run into Glafs. T h e  
moft intenfe elementary Fire, therefore, that has ever yet been difcovered, ei
ther diifipates, or vitrifies. Buc, as I have ofcen obferved before, the utmoft 
thac we know o f  this Fire, is only what we are able to learn from the great
eft degree o f  it, that we can excite, by the afllftance o f  thofe A rts which we 
are at prefenc mafters o f; and therefore, as in the nature o f  things it may by 
colledion be increafed, and rendered more intenfe chrough an infinite number 
of degrees, we muft not imagine, chat the poflible adion o f  Fire is as yet de
termined. On the contrary, certainly thac force o f  Fire which is with 
us at prefent the greateft, is fcarce, as one may fay, a beginning of what 
may poflibly be generated. Since, then, we fee in that fmall increafe o f  
ic, which is contained betwixt the greateft Cold and the Heac o f  thac Focus., 
which is produced by the union o f  Vilette'&znd Tfchirnhaufen*% together ; I fay, 
fince we fee, even in this fmall extent o f  augmented Fire, fo many various, 
fingular, and furprizing Phenomena^ who can fo forget him felf as to think, that 
the Dodrine o f  the power o f  Fire upon Bodies is as yec exhaufted i

22. It is certain farther, chat i f  this elementary Fire is colleded in a par- in vanom 
titular place, let the caufe be what ic will, ic may there be fupported, by the 
help ot proper Pabulum » which is always eicher A lcohol, or O il procured 
from the animal, vegetable, or fofiil kingdom. But again, this Fire being thus 
colKded in this place, and fupported by this Pabulum^ may there likewife be 
prociigioufiy increafed, by a greater weight o f the incumbent AtmofpherCg 
ading freely upon it ; b y  a large fupply o f  oily Pabulum  ̂ very ftrongly and 
intimately united in a proper quantity, wich other very heavy Bodies ; and by 
the adion of a great many very large Bellows, blown fwiftly, and fo difpofed' 
as to Uuite th' ir force in the center o f  the Fire. N ow  the ultimate effed  o f 
the greateft Fire o^ this kind that we are hitherto acquainted wirh, is, in A n i- 
malsj and Vegetables, the produdion o f  Phofphorus ; in Vegetablesj the m aking
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t  isDotthe o f  Glafs *, in Foffils, the fufion o f  f  G old, which remains in thisFire, w ichout 
eriteri^S fuScring any alceration.
P*®5- 25. Having thus, then, explained to you che phyfical methods I am ac

quainted with, by which Fire may be colleded and fupported in any place, 
ic remains now that we fay fomething o f  that other moft common and ef- 
ficacious one, by which the fame thing is effeded, viz. the mixing difî erent 
Bodies with one another, which affords us abundance o f  very extraordinary 
Pbisnofnena. O f  thefe, however, as there is an infinite number, ic is impoiTi- 
ble to mencion them all, chough ic is neceifary co touch upon fome o f  chem.

O f  the Heat arifing from the mixture of vegetable Subftances.

T h e Philofophers have long ago obferved, chac upon mixing cercain different 
Bodies togecher, there often fuddenly arifes a very confiderable degree o f Heat 
or Cold, evidently depending upon this caufe : And this Heac or Cold, they 
took notice, did not exift in the Bodies before this M ixcure, nor continued any 
longer than till chis was perftM l̂y compleated, the Bodies then returning again 
tojthe very fame temperature they were o f  before. T he hiftory o f  thefe the Lord 
Verulam, in particular, began, and Boyle and Hook carried to greater perfedi- 
on; A  few inftances I ihall here exhibit before you. Give me leave, however, 
firft to explain co you che inftruments that have been contrived on purpofe for 

ti.v. Fig.i. thefe Experiments, and which I ihall make ufe of as I proceed. A B C D  is a 
large Therm^ometer filled according to A rt with ting*d Spirit o f  W ine, which is 
fixed in fuch a manner to the board ic is let into, that the lower part of ic 
M B A  may be free o f  the W ood, and thus the Veifels, in which the Liquors 
to be examined are to be mixed, may receive ic wichouc any difficulty j and 
to  render the numbers on che fide fufficiently vifible, the board is painted 
very black, and chefe white. T h e Veifel, then, with the Liquid is to be placed in 
fuch a manner under this Inftrument, chat che whole Thermomecer A B  maybe 
within che Veifel, and in che Liquor \ and then let the other Liquor be poured 
in, and let chem be well ftirred abouc wich a glafs Pipe, that they may be 
intimately mixed together*, and by this means the Thermometer will immediate
ly  indicate the alteration that is produced, with regard to H eat or Cold, from 
this mixture. By this inftrument now, and this method, you will be ableto 
fee perfedly the whole Affair at a diftance j lec us now cherefore begin.

E x p e r i m e n t  I.

In thisvefifel are two ounces o f  rain W ater, rendered exceeding pure by 
diftillation in a tali GUfs with a gentle Fire. In this other there is the fame 
quantity o f  common Spirit of Wine. Boch thefe Liquors, you ihall fee 
me examine with this fmall Thermomecer ; and you obferve they have both 
44degrees o f  Heat. One o f  thefe, now, I put under the Thermometer juft ex
plained, which ftands likewife at che fame number 44. T il now mix chefe toge
ther at once, and ftir them about with this cold glais T u b e ; and you per
ceive evidently, that they have acquired fuch a degree o f  Heac from this 
mixture as to make the Thermometer rife to the degree 52. Hence then 
we learn, i. T hat chis pure W ater, and the Spirit o f Wine, were in the Air 
equ illy hoc before the mixture. 2. T h a t the A ir, Spirit o f  W ine, and Wacer, 
had before tliis mixcure the fame degree o f Heac. ?. That i f  A ir  and Water,

or



or Air and Spirit of W ine, are mixed together, there will be no alteration 
produced in tiieir Heat. 4. T h a t upon mixing Spirit o f  W ine and W a 
ter together, they grow hot immediately, but not from the Heat that was 
in them before, for they were both equ.;lly hot or cold. 5. But from fome 
other phyfical caufe, which was latent in them, and which, upon the m ix
ture, produced tliis Heat. 6. T h at t is H eat, that is thus generated from 
this mixture, lafts no longer than during the time in which ir is performed, 
and then ceafes, tho* you agitate them much more forcibly than you did in 
mixing them. 7. That the whole phyiical caufi*, therefore, o f  the produéti- 
on oi this confi'erable H eat, is only the firft application o f the particles o f  
the Spirit o f Wine ro thofe o f  the W ater; and that P'ire is inftantly excited in 
the very contiid, and difappears again prefently after it. 8. T h at the Fire 
thus generated, or difcovered by this mixture, is true elementary p’ ire; as its 
effecT: upon the Thermometer evidently demonftrates. p. T h at a good deaî 
of the Heat was deftroyed, whilft thc Thermometer was heating by the m ix
ture to this degree.

E x p e r i m e n t  If.

Obferve, again, thefe two VeÎfels, one o f  which contains the fame quanti
ty o f W ater, as in the former Experiment, and heated to the fame degree, 
viz. 4 4 ;  the other the fame quantity o f pure Alcohol precifely as hot as the 
W ater; the Thermometer likewife, as before, ftanding at the degree 44. T hefe 
then being mixed in the fame manner as in the preceding Experiment, the 
Thermometer rifes to the degree 62. Hence, then, we infer, r. Every thing, 
that was taken notice o f in the firft Experiment. 2. T h at W ater and A l 
cohol, by being mixed together, grow very hot, much hotter than W ater and 
Spirit o f  Wine. 3. T h at the caufe, therefore, o f  this greater Heat depends- 
indrely upon the proportion o f  the A lcohol, to that o f  the W ater with which 
it is mixed. 4. T hat W .uer, by being poured upon Alcohol, caufes a grea
ter quantity o f Fire to enter into the Alcohol, than was in it before, though 
this fo much refembles Fire ; for Alcohol mixed with Alcohol produces no 
heat at all ; W ater mixed with Alcohol does. 5. T hat the lefs Alcohol, the 
Water, which is thus mixed with the Alcohol, has in ic, that is, the purer 
the Water is, the more H eat ic will generate in the Alcohol and the re- 
verfe.

E x p e r i m e n t  III,

Î take now two ounces o f  alcalifated Alcohol ; and the fame quantity o f  
pure Water. Before they are mixed they are equally cold, v iz. 41 degrees î- 
as is likewife the Thermometer : Them ixture gives 54 degrees o f  H eat. Hence 
we fee, i .  T h e truth o f what has been afferted under the firft and fécond 
Experiment. 2. T h a t W ater and alcalifated Alcohol grow  hotter upon- 
mixing, than W ater and Spirit o f  W ine ; but lefs ib, than W ater and pure 
Alcohol. 3. T h a t the caufe therefore o f Heat in thefe mixtures is owino- 
wholly to the A lcohol, and pure W ater. ^

Compare with thefe the Obfervations o f  thc famous M r. Geoffry, in the 
Mem. de VAc. Roy. 1723. p. 53. Thefe Experiments furniih us with fome 
Bodies, and ihofe precty remarkable ones too, by which we may bring abouc 
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this generation o f  Heat j and in thefe, befides -what has been obferved alrea
dy, I think this deferves to be particularly taken notice of, that in them all 
the Heat is only generated in the very poinc o f  mixing, nor is any greater 
degree perceived afterwards. And hence, the quicker this is performed, 
the Heat that is excited by the fame quantities vŝ ill be always the greaterj 
and on the contrary the lefs, the flower, and more fuccefiively. For as foon 
as ever the mixture is fo compleated, that all the particles o f  the Water arc 
united with all the particles o f  the Alcohol, in vain will you expeft any 
farther increafe o f  H eat. N or will a violent agitation o f  the mixed Liquors 
be then o f  any confequence \ for the degree o f  H eat will afterwards not on
ly  be no greater, but in thofe three Experiments, when the mixture is oncc 
perfedly finifhed, ic begins immediately to remit, and a fucceeding Cold in
creafes every moment, till the L iquor is foon reduced to the common tem
perature o f  the Atmofphere : A nd in the fame manner the Experiments I have 
tried have always fucceeded. Hence, therefore, we infer, i . T h a t at the 
point o f  cime, in which the Elements o f  the W ater and Alcohol come into 
contad, there arifes fome phyfical caufe which attrads the Fire thither. 
W h at this caufe is, ic is not eafy to determine. This, however, we obferve, 
that at the time particularly when the mixture is firft made, the Liquors, 
which were before clear, lofe their tranfparency \ and that this opakenefs 
continues fo long as the H eat is generating, which being quite compleated, 
they perfedly regain their pellucidity. And again, precifely at the very 
fame time, there is produced a vaft number o f  very fmall bubbles, which 
move among the mixed elements o f  the Liquors, prefendy burft, difappear, and 
are again renewed ; but when once the H eat is generated, are never obferved 
after. Whether., now, thefe Bubbles do by their motion produce this Heat, 
or rather, whether they themfelves are generated by the Heat*s rarifying the 
aereal particles interfperfed through the Liquors, is hitherto matter o f doubt.
2. This, however, we learn cercainly from thofe Experiments, that this Heat 
does noc depend upon the united fubftance o f  both Liquors, but upon 
fome other caufe, which exerts itfeif only in the very firft union o f  the ele
ments together. O n this A ccount, therefore, ic feems very probable, that all 

.. the H eat thus generated exifts there but the leaft inftant o f  tim e; which 
certainly is very remarkable. N or does Gunpowder, perhaps, burft fooner in
to Flame, by the application o f a fpark to it, than this Heat arifes upon the 
m ixing o f  thefe Liquors, 3. T h e riiore accurately, and intently, therefore, 
we examine this aftair, are we not fo much the more at a lofs to find out 
whac this in reality is, which thus colleds this Fire ? Is it the reciprocal at- 
tradive power of thefe elements, by which, when they approach one another, 
they ruih into contad, and by this Collifion excite little Fires ? O r does an 
alternate attradion, and repuliion between thefe elements, produce a very 
fwift attrition among them, and by this means generate H eat, the attrition 
-ceafing again, when the particles are equally diftributed among one another, 
are at reft ? 4. Since this H eat arifes in W ater and A lcohol, upon their be
ing mixed together, whether they had this or that particular degree o f Heat, 
when they were feparate, and the new degree is fo much greater than that be
fore the mixture ; hence, therefore. Alcohol, by being mixed with the Wa
ter o f  our BJood, m ay, to a certain degree, and for a certain time, heat it
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very fuddenly, tho* afcervi^ards, however, it will in this refpeit have no far
ther effed upon ir. 5. For this reafon, therefore. Bodies that are cold from 
a watery dampnefs upon them, may be warmed by being rubb’d with A lco h o l; 
and on thefe principles the effefts o f  Baths and Fomentations made with A l
cohol may be underftood.

E x p e r i m e n t  IV .

I f  the pureft W ater, and the moft generous W ine are perfeitly united 
together in the fame manner, they don’ t difcover the leaft fenfible increafe 
or decreafe o f H eat; there is fomething o f  W armth, indeed, but it is fo 
exceeding fmall, that it can fcarcely be perceived. Hence it appears, i .  T h at 
Water and W ine are equally warm in themfelves, and that they ftill conti
nue o f the fame W arm th after they are mixed together. 2. T h at the appli
cation o f Wine, therefore, does not heat any thing confiderably more than 
Water. 3. T h at the H eat, o f  Confequence, that is perceived in a human 
Body from drinking o f  W ine, does not arife from any Heat that pre-exifted 
in the W ine, and is then communicated to the Fluids, but is owing to its 
fimuluSy by which the velocity o f  the Blood being increafed, and a greater 
attrition excited between the VeiTels and the Fluids, Fire o f  courfe is attra«fted 
thither.

E x p e r i m e n t  V .

From this quick mixture o f  W ater with the diftilled Vinegar o f  the ftrong
eft Wine, which were perfedtly o f  the fame warmth, you don’ t perceive the 
leaft degree o f Bleat produced, but they remain ex a d ly  as they were before.
Hence, therefore, i .  T h e  Heat o f W ater and Vinegar is the fame, nor does 
there arife any alteration in it, by mixing them together. 2. T h e  refrige
rating power, therefore, o f  Vinegar in the human Body, fo extolled by the 
Phyficians, muft depend intirely upon fome other caufes than a Cold that is 
natural to the Vinegar.

E x p e r i m e n t  VI.

Thefe two Vefiels contain equal quantities o f  O il o f  T artar perDeliquiuniy 
and pure W ater, which are both exad ly  as warm as the external A i r ; and 
you perceive evidently, now I have perfedly mixed them together, they re
tain precifely the fame degree o f  H eat. Hence, i .  T h at L iquor, which 
of all Fluids appears to us the moft fiery, is in reality no hotter in 
itfelf than pure W ater ; nor is W ater any ways cooler than thac 
very heating Liquor. T h is afiiertion, to a perfon unacquainted with this 
Experiment, would feem an extraordinary paradox ; but the T ruth  o f  it, 
however, is undeniable. 2. This Liquor, which is efteemed fo igneous, i f  ic 
is mixed with W ater, don’ t at all leffen its Coldnefs. 3. W hen a fixed fiery 
alcali is once diffolved in fuch a quantity o f  W ater as is fufficient to dilute 
It, it will not afterwards generate Heat in any other W ater. 4. Neither, 
therefore, can this liquid Alcali excite any Heat in this refp ed , by being 
mixed wich the W ater o f  our Blood.
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E x p e r i m e n t  VII.

I have here W ater, and diftilled O il o f  Turpentine, which now they are 
feparate, are ju ft as warm as the A ir  at this time ; and though I now mix 
them together as intimately as pofilble, yet they don’ t generate the leaft de
gree o f  Heat. Hence again, i .  Diftilled eflential O il, which heats the human 
Body to fuch a degree, and defends it fo happily againft the ill effeds of Cold 
has in reality no more H eat in it than fimple cold W ater. 2. This Liquor, 
though in a great many o f  its properties it comes fo near to Alcohol, yet 
communicates no H eat to the W ater it is mixed with, though Alcohol, 
by being mixed with W ater, excites a very confiderable degree ; which ex
traordinary Ph<enomenon makes probable the dodrine we before laid down, 
when we afligned the firft contad o f  the elements o f  the W ater and the Ako- 
hoi, as the principal caufe o f  the H eat thac is thus generated. 3. This Oil, 
therefore, again, cannot add any H eat to the W ater o f  our Blood, by being 
mixed with it.

E x p e r i m e n t  VIII.

T h e  moft certain mark, perhaps, o f  A lcohol’s being perfedly pure, 
is its fuffering itfe lf to be intimately mixed with diftilJed Oils, by fimple 
concufiion j for i f  it contains but the fmalleft quantity o f  W ater, fuch a per* 
fe d  mixture wili not be poftlble. Some fuch A lcohol I have here, which 
is equally warm with this very pure secheria! O il o f  Turpentine, and the 
A ir  at this time. T hefe, now, I’ ll m ix together, and what do you ima
gine W i l l  be the confequence ? Y ou  fee they unite intimately with oneanother, 
ju ft  as Alcohol does with Alcohol *, and that there is not the leaft variation 
from the Heat which both the Liquors had before the mixture. This, cer
tainly, perfons generally would not have expeded : N ay, even thofe who 
were acquainted wich the former Experiments would imagine, that fome de
gree o f  Heat muft arife from the intimate contad o f  the O il and Alcohol 
W e  here fee, then, that the particles o f  Alcohol will bear to be as perfedlf 
and equably difperfed through the O il, as they will through W ater ; but that 
no H eat, however, is generated by this means. Alcohol, therefore, will no: 
cxcite any H eat by being mixed with our Oils, though ic will if  it is mixed 
with the W ater o f  our Blood, W hat new and unexpeded d i f c o v e r i e s  dowe 
make in natural Philofophy, when we defignedly apply Bodies to one another! 
L e t us, therefore, profccute this method as much as poffible.

E x p e r i m e n t  IX .
Diftilled Vinegar, and Oil o f Turpentine, which now they are feparate, are 

'»fshouidnot equally hot with che A ir, and one another, viz. *  44 degrees., I thus gently and 
gradually m ix together; and by a fuccefllve augmentation, they increafs the 

Experiment, lieat to the degree 45. H ere therefore, i .  The Vinegar and the Oil are of them* 
felves equally hot. 2. Some Heat arifes from their being mixed together, j* 
Hence the power thac Acids have o f  generating Heat with oi!y Bodies begins 
to difcover itfelf, tho* they are fo but in the fmalleft degree, for as Monf 
Homherg has demonftrated the ftrongeft Vinegar don’t contain above one 
eightieth part o f pure acid. M m , ds I*Ac. Ro% dss Sc. T .  i .p -  5̂ -
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Vinegar, therefore, will generate fome Heat wich our Oils b y  being mixed 
with chem. 5. A nd in this refpe£t Vinegar differs from W ater.

E x p e r i m e n t  X .

T he fame Vinegar and Alcohol, which I made ufe o f  before, and which 
are qually hot with the A ir, I now mix together 5 and you perceive what 
a remarkable Heat immediately arifes: F or from the degree 42, in which 
they were before the mixture, they now raife the Thermometer to 52. Hence, 
therefore, i .  Alcohol and Vinegar are feparately equally hot. 2. A  very 
confiderable H eat is generated by their being mixed together. 3. Alcohol 
grows hot with Vinegar, fo much more than it does with O il,

E x p e r i m e n t  X I.

Oil o f  Tartar per Deliqutm, and O il o f  Turpencine, feparately equally hot, 
viz. 45 degrees, upon mixing, raife the Thermometer to the degree 48. Hence,
I. Thefe Liquors o f  themfelves have the fame degree o f  H eat. 2. In mix- 
iog, they grow confiderably hotter than they were before.

E x p e r i m e n t  X II.

The fame Vinegar and Oil o f  T artar per Detiquium, which feparate were 
eqally hot, viz. 46 degrees, being expeditioufly and accurately mixed toge
ther, continued exadly in the fame degree of H eat: Buc in this Experiment 
I made ufe o f  3 parts o f  Vinegar, and i o f  Oil. Hence, therefore, it ap
pears, thac Fire is not colleded by the Union o f  oppofite Saks.

E x p e r i m e n t  XIII.

Alcohol, and Oil o f T artar per 'Deliquiumy that were as hot as the common 
Air, by being intimately mixed together, increafed their H eat from 64 de
grees CO 68.

E x p e r i m e n t  X IV .

1 have in this Phial fome o f  the fame A lcohol, equally hot with the A ir  at 
this prefent time, •oiz. 47 degrees. Into this, now, I pour fome pure, dry, 
fixed alcaline Salt o f  Tartar 3 upon which the Liquor in the Thermometer 
rifes to the degree 5 1 .

E x p e r i m e n t  X V ,
With this pure W ater, I mix one third part o f  the fame Salt o f  T artar 5 

And the Thermometer riies from the degree 47 to 57.

E x  p e r i m e n t  X V I.

I now put one part o f  the fame Salt o f  T artar, to three o f  the Vinegar we 
made ufe o f  before; and the Thermometer rifes from 43 to 49.

E x p e r i m e n t  X V II.

With three parts o f  O il o f  T  urpentine, I  mix one o f  the fame Salt o f  Tartar j 
ana the Thermometer rifes from 43 to 48.
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From  what has been hitherto laid down, then, we learn, i .  Thac the 
fimple Bodies, which are chemically extraded from Vegetables, Have 
really the very fame degree o f  H eat in them, v'vz. that o f  the common Air, 
at the time they are examined. 2. T h a t feme o f  thefe acquire a greater 
H eat by being mixed cogether; which generation o f  H eat, however, continues 
no longer than during the time o f  the mixture, which being perfedly com« 
pleated, the new degree o f  Heat does not remain, but they gradually return 
again to the temperature o f  the common A ir. 3. T h a t this produdion of 
Heat, therefore, does not depend upon the Subftance o f  the united Bodies, but 
only upon the union o f  them at that time. 4. Thac Alcohol and Water are 
the principal o f  the vegetable Fluids, which have that power o f  generating 
Heac, which has been defcribed. 5. T h at Salt o f  Tartar and W ater are the 
chief among the Solids and Fluids, which, by being mixed togecher, produce 
the greateft degree o f H eat. 6. And thac next to chefe, A lcohol and Salt of 
Tartar, are the moft eíBcacious. Thefe, then, being thus difpatched, lec us, 
wich the fame'care proceed to examine the pares o f Animals.

O f the Heat arifing from the Mixture of animal and vegetable Subfiances.

E x p e r i m e n t  I.

Freíh Urine, well concoded in a healchy Body, being expofed to the Air, 
foon acquires che fame cemperature wich chat at chac tim e; and i f  it then, as 
you fee, is mixed wich an equal quantity o f W ater, it makes no alteración at 
all in the Thermometer.

I f  it is mixed wich Alcohol, the Heat increafes from 38 degrees to 49.
W ith  O il o f Turpentine ic fuffers no alteration.
W ith  Salt o f  Tartar the Thermometer rifes from the degree 38 to 39.
W îch the ftrongeft Vinegar no alceration.
N orw ich Spirit o f Urine.
W ith  Salt o f  Urine ic defcends two degrees.
W ith  Spirit o f  Nicre it rifes from 38 to 43.
W ith  Spirit o f Salt, from 39 to 43.
W ith  O il o f  Vitriol, from 39 to 54.

E x p e r i m e n t  II. After Various manners.

T h e  U rine o f  a healthy man being kept a good while in a clofe VeiTel, 
and by this means being very much putrified, wili have the fame temperature 
as the A ir  at thac time ; and i f  it is then mixed with W ater in equal quanti
ty , will caufe a fmall defcent in the Liquor o f the Thermometer.

Being mixed with A lcohol in the lame manner, the H eat increafcs from 
the degree 38 to 45.

W ith  Oil of Turpentine, no alteration.
W ith  Salt o f  T artar, the Thermometer defcends from 38 to 3̂ »-
W ich the ftrongeft Vinegar, aicends from 37 to 38.
W ich Spirit o f  Urine, defcends from 38 to 36.
W ich Salt o f  U rine, from 38 to 32.
W ich Spirit o f Nitre, afcends from 38 to 40.

'With



With Spirit o f  Sea Salt, from 38 to 41.
W ith O il o f  Vitriol, from 38 to 45.

E x p e r i m e n t  III. After various manners.

Salt o f Urine procured from freih Urine by diftillation, without the addition 
o f any thing but Sand, being mixed with W ater in the manner often defcribed, 
made the Tht-rmometer defcend from 40 to 38.

Wich Alcohol, ic afcends from 40 to 41.
W ich Sale o f  Tartar, from 40 to 45.
W ich the ftrongeft Vinegar, it defcends from 43 to 4 1 ;  but wich che fame 

infpiiTated to the confumption o f  one half, afcended from 42 to 44.
Wich Spiric o f Nicre, from 43 to 60.

E x p e r i m e n t  IV . After various manners.

W ith a pretty ftrong, volatile, alcaline Spirit, prepared from equal quan
tities o f Zal-Ammoniacy and Salt o f  Tartar, I mixed an equal quancity o f Spirit 
o f the ftrongeft Vinegar, when they were both equally hot with the A ir  5 and 
the Liquor in the Thermometer rofe from the degree 44 co 48.

Wich the ftrongeft Vinegar, infpiiTated to one half, from 46 to 47
W ith  fpirit o f  Salt diftilled wich Bole, and afterwards redified, from 45 to 

64.
W ith  Spiric o f  Nicre, diftilled wich Bole, from 46 to 82.

O f ihe Heat generated by the mixture of fo ffl Suhfiances,

E x p e r i m e n t  I. After various manners.

I here take 3 ounces o f  clean W ater, 47 degrees hoc, and put to ic 1 
ounce o f  pure N itre reduced to powder; and che Liquor in the Therm o
meter defcends to the degree 36.

I mix I ounce o f pure Borax with 3 ounces o f  W ater, 48 degrees h ot; 
and the Thermometer falls to 4 5 1.

Wich 3 ounces o f W ater, 46 degrees hot, I mix i ounce o f  Sea S a lt ; and 
it fills to the degree 43.

T o  3 ounces o f  V/ater, 47 degrees hot, I put i  ounce o f  Sal-Ammoniac \ 
and it falls co the degree 28.

Wich 3 ounces o f  W ater, 45 degrees hot, I mix i ounce o f  O il o f Vitriol 
not reflified ; and it rifes co the degree 60.

T o 2 ounces of the pureft Alcohol, 47 degrees hot, I add i ounce o f  O il 
of Vitriol not redified ; and it rifes to the degree 60.

With 3 ounces o f diftilled Vinegar, 46 degrees hot, I mix i  ounce o f  O il 
of Vitriol not redified ; and 'a: rifes to the degree 60.

Cerufs, by caufing an ebull.rion with weak Aqua Fortis, makes it rife from 
the degree 44 to 57.

1 in, by caufing an ebullition with weak Aq, Regia, makes ic rife from 
the degree 44 to 56.

Filings of Iron, by caufing an ebullution with^^. Regia, make it rife from 
the degrvc 44 co 160.

2 A  great



A  great many other Experiments Î have made o f  the like nature, but am 

afraid I ihall tire your patience. G ive me leave, however, ro obferve, that 
i f  all the fimple Bodies in the animal, vegetable, and foifil kingdoms were 
examined in this manner, beginning firft with chefe o f  the fame clafs, and 
carefully noting all the Phœnomena that arife from the mixcure o f  ijicfe; 
and afterwards proceeding to make the fame trials upon the fimples o f dif
ferent clafifes ; we then ihould foon have a compleat and certain hiftory of 
.the H eat thac is generated by the foie mixture o f  various Bodies wich one 
another. But here let me caution you, that the Experiments thus performed 
before you, are not made with that care and accuracy, as chey might and ought 
to have been, i f  we would have fettled this affair nicely; butthis the ftraitnefs 
o f  our time, and the fear o f  being tedious, would not admic of. And befides, 
as fo large a number o f you do me the honour o f  attending to thefe leitures, 
and I am willing you Ihould all fairly perceive the event o f  the Experiments^ I 
thought it proper to make ufe o f  fuch large Thermometers. But thefe, as 
you know, by having cheir large Bulbs immerfed in fo fmall a quantity of 
L iquor, muft, by being affeded themfelves, make an alceration in the Heat 
or Cold produced in the mixcure, and thus make fome variation in the 
vifible effed. Thefe Experiments, therefore, for this reafon, you muft not 
look upon as very exad . I f  your own ingenuity ihould put you upon pro* 
fecuting theiè inquiries with greater accuracy, I would advife you to make 
ufe o f thofe beautiful Thermometers o f  Fahrenheit, that are made with Mer
cury ; which is the fort I made ufe o f  in producing the Cold with SaUAmm- 

' mac, which I fome cime ago gave you an account o f  Thefe have chis great 
advantage, that they are exceeding fenfible o f  Heat and Cold, and at the fame 
time are fo fmall, that they make very liccle alteration in the Heac of the 
Liquors to be examined.

O f true Fire generated in a cold Body, by the file  accefs of the Air,

T h e  indefatigable induftry o f  the Chemifts is continually finding out fome
thing which former A ges were noc acquainted with. N ow  among thefe dif
coveries, Gunpowder excepted, chere is nothing more furprizing chan thofe 
Bodies, which, whilft they are kept from any communication with the com
mon A ir, are as cold as others, but as foon as ever this has a free admiflîon 
to cheir furface, prefendy cake fire and flame o f  chemfelves, purely from 
this caufe, wichouc the acceifion o f  any other Body, any mechanical attrition, 
or the application o f  any Fire. Thefe Bodies have obtained che name of 
Phofphori : Thofe alone I mean, here, by which Fire is really generated} 
noc regarding che other, which only ihine in the dark, and do noc at the 
fame time excite any Fire. 

nePAe/- I f  the Juices o f  Anim als, when chey have firft undergone a greac degree of 
putrefication, are by the adion o f  the Fire deprived o f  all their volatile Salt, 
and O il, they leave behind them a kind o f  a Coal : I f  you m ix this with three 
times its quanticy o f Sand, or powder’d Charcoal, or with two parts of Char
coal, and half a one o f  A lum  ; and then put ic into a coated Retort made 
o f  crucible earth, and urge ic with a reverberatory Fire, gradually increafed to 
the greaceft degree, and equably concinued for a confiderable time ; and if 
ac the fame time you take care co difpofe the Retort in fuch a manner, that



the mouth o f  it ihall touch fome W ater contained in the Receiver, which muft be 
accurately luted i if  you proceed, I fay, in this manner, you will then wich your laft 
degree o f Fire, after fome Fumes, have a heavj^, greyiih matter, which wili 
fall in grains to the botcom o f  the W ater, will noc diifolve in it, melcs 
with H eat, and may by  the afliftance o f  it be formed into maflTes under the 
Water. This, v̂ ĥich is called the Phofphorus o f  Crafftius, Kunkelius, and Boyle  ̂
i f  it is kept cool under W ater, may be preferved ag rea t while withouc altera
tion J tho* if the A ir  b y  any means grows very hot, it will ihine in the dark* 
even through the W ater it lies in ; but i f  it is openly expofed to but a warm 
A ir, it chen becomes lucid, and i f  the heat is pretcy confiderable, upon exami
nation with a Microfcrope, you may perceive a conftant ebullition in the inter
nal parts, foon after which, ic burfts into Flames, confumes, and leaves be- 
hirid it an O il o f  Vitriol, or a Liquor exceedingly like ic in acidity and weight.
This, therefore, is a new method o f  generacing Fire, perfeóHy diftind from 
all the former. Does the A ir , then, when ic is pretty warm, at which time ic 
is probable it is in a conftant ebullition; I fay, does the A ir  then, by its con- 
-cuflions, caufe an attrition in the parts o f  the Phofphorus, and, by this means, 
excite in this very M obile, but ac the fame time pretcy fixed matter, fome 
degree o f  H eat, then L ig h t, and afterwards Flame ? Certainly, if it is ex- 
poTed to the A ir in the greateft Cold, it fcarcely fliines, does not grow hot, 
and is far from being fet on fire : But as foon as ever it begins to flame our, 
it can fcarcely be extinguiflied. In almoft every quality, and the Analyjls o f  
it by deflagration, it comes very near to the pureft common Sulphur, but is 
ofa fofter confiftence, more eafily melted, and on chat account is rather o f the 
nature o f W ax. In chis refped, however, there is this difl^erence between 
them, that Phofphorus boils and takes fire with a fmall degree o f  H eat. See 
Bo'jle. No5filuc, Aer. Slare. Ph ilof "Tranf 1683. p. 1457. Homherg. Mem. de 
Mathem. Ph"jf Ann. 1692. p. 74 to 80. ISieuwentp. p. 520. Hoffman. Differt.
Chem. Phjfic. p. 336.

But there has been another and much more beautiful method difcovered o f  igneous 
making a Macter, which upon contad wich the A ir, whether hoc or cold, im- 
mediately generates Fire, and burns. This was firft communicated to me by 
Letter, by the egregious Homherg o f  Paris, the i6ch day o f  April, 1712 , 
which was delivered me by the ingenious Hajherg, who ac the fame time added 
fome confiderable remarks o f his own. Afterwards, when the method was 
remkred more eafy, and lefs difagreeable, ic was publiflied in che Journal des 
Scavans, An. 1716. p 60. And here give me leave to obferve, thac as the 
P h o f p h o r u s now mentioned, owed its difcovery to a crazy headed Alchem ift, 
that was hunting after the Philofopher*s Stone in Urine *, fo this which I am going 
to defcribe, was the invention o f one o f the fame S ed , who was madly pur- 
fuing this occult Stone in human Faces. T h e Operation is as follows. T a k e  
the Flefh o f  a tender Animal chopp’d very fmall, or any o f ics Juices, or even 
its Excrements \ puc this Matter into an iron Frying-pan over a moderate 
Fire, and with an iron Spatula  ̂ keep ftirring ic about ’ till it is reduced toa  dry 
black Pow der: Or inftead o f this, you may treat in the ilime manner any fofc V e
getables, any fort o f Meal for inftance, ic fignifying very little, which o f  theie 
you make ufe of. T a k e  1 part then o f this black torrified Powder, and rub 
ic with 4 pdrts o f  crude A lu m , *;ill ic is brought to a very fine Powder. P u t
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this into nn iron Frying-pan, and roaft ic over the Fire, all the while ftirring 
and rubbing ic wirh a Spatula almoft red hot to keep ic in form o f  a Powder; 
and whenever the Alum  is melted, and wich the Powder runs into lumps, 
thefe muft be immediately rubbed to pieces, and the whole mu'ft be thus kept 
in motion, till the matter will emit no more Fumes, but is totally converred 
inco a fine, dry, fix ’d Powder, that is perfedly black. T ak e  then this dry 
black Powder, and put ic into a clean dry glafs Bolt-head, with a flender Neck, 
filling the Body cwo thirds full \ and lec che mouth o f  the Glafs be covered 
wich a Paper, fo that the A ir  may pafs in and ouc freely ; and chat the Fumes 
may get readily out o f  the neck o f che Glafs. Puc chis Bolt-head into a Cruci. 
ble, and fo guard ic wich Sand, chac the fides and boctom of the Crucible may 
be well lecured from touching the G lafs; and let there be lefc fo much room 
above the Sand, chac you may eafily look inco the Body, and fee whether the 
Maccer concained in ic, is red hoc. Round che crucible chen, wich che Sand, 
and Bolc-head, difpofe fome burning Coals in fuch a manner, chac ic may be 
heaced gently and by degrees, ’ till it grows ali over thoroughly hoc ; and 
then increafe the Fire, ’ till che Crucible, Sand, Bolt head, and Matter con
tained in it, are perfectly red. When you obferve this to be the cafe, 
keep up che Fire in che fame degree for che fpace o f  an h our; and then, 
whilft che force o f che Fire concinues, clofe the Orifice o f  che Glafs fo accu« 
racely with W a x , rhat no A ir  can pofiibly gee inco ic. This being done, let 
them all cool o f  themfelves ; and in che Bolc-head you will have a black pow
dery Coal, compofed o f  che Powder and che A lum . I fa n y o fc h e  Maccer then 
thus prepared is thrown out o f  the Glafs into the cold A ir, it inftantly takes 
fire and burns; but if ic has once been expofed to it, it lofes intirely this vertue. 
A nd this method o f generating Fire feems the moft furprizing o f  any we are 
acquainted wich, as chis matter will retain its power o f  exciting Fire for the 
fpace o f three whole months, i f  it is kept from any communication wich the 
e^cternal Air. In this Experiment, now, we have a true animal, or vegetable 
Coal produced by the calcining force o f  the Fire, and thac an exceeding fubtil 
one too, and confequently intirely fit to feed and fupport a fpark ofF ire  when 
once it has received ic j as appeared formerly in our H iftory o f  Coal. This 
Coal coo is rendered as dry as it is poflible to make it ; as appeared through 
the whole procefs: For i f  che leaft Moifture, nay even that which is difperfed 
in the A ir, comes at the Powder, the fuccefs o f  the Experiment is incirely fruf- 
traced. And here we muft obferve, thac all che A ir, likewife, muft be expelled 
by rhis excefiive H e a c : For at that time, the mouth o f  the Glafs muft be 
carefully flopped, when the greateft degree o f  Fire which the Glafs can bear 
wichout melcing, has forced all che A ir  out of its C avity, and out o f the Mat
ter contained in i t ; for i f  by any means the A ir  can infinuate itfelf in after
wards, the Experiment will never fucceed. In the mean cime, by chis pro- 
traded calcinación, che A ir, Wacer, and vohicile acid Spirit muft be expelled 
from che Alum  likewife, (which feems Co be a Lime-ftone prey’d upon by Oil 
o f  Vitriol, and converced inco a Salt) nothing at all remaining but a very 
ftrong Oil o f Vicriol, fixed in the exceeding dry Earth. Thefe Bodies now, 
which are vaftly attradive o f  Moifture, grow  hot upon tke admiifion of Air, 
,an-1 this ruiliing into cheir empty Pores with che Impetus formerly computed, 
p. 130, will in an inftant caufc a moft vivid attrition o f  its parts, and thus,
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perhaps, generate Fire, which being received on that very fine Coal, will be 
eafily fuftained and fupported. But whether this, or fomething elfe, is the 
caufe o f  this wonderful Phenomenon, this at leaft we are now a-days certain of, 
that, without any aififtance o f  Fire, it is poflible for the common A ir, by 
fimple contad only, to fet fire to a cold Body in fuch a manner, that it fhall 
by this means be totally confumed to Aihes, as certainly, as by any other 
Fire thac we are acquainced with. But to the beft o f my knowledge, this laft E x 
periment is the only one by which we can always effed it. W h o then can pretend to 
fee bounds to the power o f  Fire? W ho, five and twenty years, would have 
thought fuch a ching poflible ? O r who can foretell thofe things that will 
be revealM to future ages ? ihould the Glafs which contains this cold Powder 
be broke, and it ihould fall amongft Gun-powder, what would be the con
fequence ?

O f Fire produced Jrom cold Foffils hy the help of Water.
I f  the freih Filings o f  Iron, not yet rufty, are mixed with an equal quantity Fireprodu- 

of very pure Sulphur, and chey are ftrongly rubbed together for a confiderable 
time, till they are reduced to a very fine Powder ; then, this Powder, keep it Su!phur,an4 
ever fo long in a dry A ir, will continue cold, if  you carefully fecure it from 
all M oifture: But i f  you work this Powder with fuch a quantity o f  pure W a
ter, as to reduce it to a ftiif Pafte ; then, after fome time, the Mafs will grow 
warm, fume, puff up, grow hoc, emit a black, hot, fulphureous Sm oke, 
take fire, and flame : And after the Operation is over, there will be left a 
brown, black, fine by pouring W ater on which, you may ex tra d a k in d  
of Vitriol from the Iron, exceedingly X\V.t Vitriolum Martis., which in ih e  
common Method is prepared with Oil of Vitriol. I f  you take, now, a large 
quantity o f each of thefe Foffils, for inftance, 25 pound o f Iron, and as much, 
of Sulphur, and make them into a Pafte, and bury it a fooc under ground, 
after 8 hours, the Earth that is over ic will begin to heave, fend forth hoc 
fulphureous Vapours, and burft out into Flames, and thus produces a true 
fubterraneous Fire. H iß . deV Acad. Roy. 1700. p. 52. Mem. p. l o i .  And the 
reafon feems to be th is; the Sulphur being an inflammable O il, concreted 
with the exceeding acid Oil o f  V itr io l; and Iron being a M etal, which will al
ways diffolve in the Acid o f  Vitriol, and by this means generate a very great 
degree o f Heat ; hence, it feems probable, that when the very fmall Parti
cles of thefe two Bodies are rubbed together, and thus brought into very clofe 
contad, and by the addition o f  the W ater, are held ftill much more ftrongly 
together; I fay, when this is the cafe, ic is probable, that the A cid  o f the 
Sulphur begins to corrode the Iron, and thus produces the ufual Heat \ and b y  
the effed o f  this continually augmented Heat, this folution being every m o
ment more efHcaciouily carried on, o f  confequence the Mafs grows hotter and 
hotter; fo that at lafl, a Flame breaks out, partly from the Oil o f  the Sul
phur which is freed from the Acid that is now gone into the Iron ; and partly 
from the Vapour, that arifes from the Iron now diffolved by the acid O il o f  
Sulphur, which is eafily inflammable. Thac this is the Cafe appears from ano
ther beautiful Experiment mentioned in the place above cited, and in Hoff- 
man*s Diff. Phyfi. Ch. 169, which isas follows. T ak e  a glafs Bolt-head o f  a 
middling fize, with the neck o f  ic cut off, and mix in ic 3 ounces of O il o f
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V itrio l, with 12 ounces o f  W ater fet the Glafs then in a moderate H e a t,  
and throw into it at different times, half an ounce or an ounce o f  Filings of 
Iron, and there will by this means arife a white Vapour, which iniiingoutof 
the neck o f  che Glafs, caufes a fulphureous ftench like G arlick, and upon che 
application o f  a Candle, takes fire like Lightning, ruihes with a vaft imptm 
into the Glafs, and being there violently agitated, produces very furprizing 
Phenomena ; fo that the M atter which conftitutes thcfe Fumes, feems perfeft
ly like Alcohol, when it is raifed by  Fire into a Vapour. A nd thus there ij 
difcovered anew method o f  generating Fire in a cold Matter now ays inflamma
ble, purely by the afliftance o f  W ater. A nd, indeed, we are moft firmly per- 
fuaded, that there are in Nature, an infinite number o f  other methods, by 
which the fame furprizing effed may be produced ; and which pofllbly here* 
after may come to light. Damp H ay  laid together in a heap will do the fame 
thing.

O f the Produdion of Fire hy the mixture of cold Liquors.
T a k e  half a pound o f very pure dry Nitre reduced to Powder, put it into a clean 

Fuiffiinating dry Rctort, and mix with it an equal quantity o f Oil o f  Vitriol very pure likewife, 
Firefrom and perfedly freed from all its Phlegm : Diftill this M ixture with a gen- 
Li-juids. tie fand H eat, continued for a confiderable time, and then a Spirit will arife 

in form o f  a yellowiih Vapour, which colleded in the Receiver, will be GlaU’ 
her*% Spirit o f  Nitre. I f  in a glafs Veffel, now, you put a Drachm o f  diftill’d 
Oil o f  Cloves, Saifafrafs, Turpentine, or Carraways, and then pour upon it an 
equal quantity, or half as much again o f  this Spirit of Nitre o f Glauher, avio- 
lent Flame will be excited by thefe Liquors, which were cold before the Mix
ture. H ere again, then, is a moft furprizing Experiment, and o f  infinite ufe 
in Chem iftry, in which we fee a moft rapid Flame inftantly produced by two 
cold Liquors, which almoft confumes them both, leaving behind it only a fmall 
quantity o f  a kind ofrefinous Afhes. And by this Experiment, we perceive 
again likewife, that very acid Liquors mixed with oily ones, which are preg
nant wich a compofe a matter very much refembling Sulphur, 
and thac very eafily takes fire. See Borrich. A íi .  Hafn. 167. Hoffman. Ohf. Phjf. 
Chem. 38, 42, 123, 127. Slare. Phil. Tranf. N . i f o .  p. 291.

Ofthena- we examine now carefully what has been hitherto laid down, we may, 
tufeofeie- pofTibly, be able to affert fome things with fufficient certainty, concerning the 
^«r^hick nature o f  Fire. F irft, then, it is evident, that true elementary Fire is really 
iscorporeai. corporeal. F or as by this we mean fomething, that may be meafured geome- 

trically by three Lines drawn perpendicularly to one another from the fame 
center, or, as we exprefs ourfelves now a-days, fomething extended ; fo, that 
Being, which we have confidered in our former inquiries, under the notion of 
Fire, has appeared to be always extended. If, for inftance, a folid filver 
Sphere almoft red hot, is fufpended by a Thread, and let very gently down 
into cold W ater, fa  that it fhall put the W ater hardly at all in moci* 
on 5 will not the Fire chen o f  this Sphere difperfe itfelf gradually through 
the meafurable fpaces o f  this W ater, o f which thac which is neareft the 
Sphere will be hotteil:, and the reft will be heated proportionably, and thus the 
Fire will be really extended i* For Thermometers placed in the Water at 
different diftances from the heating Sphere, will indicate the d i f f e r e n t  degrees or 
Fire diffufed through the Body and Spaces, and demonftrate a true Mixture
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o f the Fire with the Body, or Space, and o f  confequence, a real extenfion 
o f ic. And, certainly, our whole H iftory o f  Fire proves as evidently, that 
Fire is truly extended, as fpace is, or the Bodies contained in it.

A  fécond general property that Îjelongs to every known Body, is, that it* . Asjtii 
may fucceflively exift in the place which is next to that which it took up before, movable, « 
andthus may be really moved: And that, whether, firft, ic continues in the fame 
fpace, but is turned upon its own Axis, and fo all the parts confidered together 
pofieis the fame Space, though every particular part is changing its place every 
moment ; or, fecondly, the whole mafs leaves the place it took up before, 
and enters upon a new one, and continues fucceflively to do fo ; or, laftly, 
both thefe motions confpire together. But it appears, by every Experim ent, 
that Fire is thus moved likewife ; nor, indeed, was chere one o f  them which 
did not demonftrate a true phyfical motion*, and therefore this needs no far
ther proof. But this mobility, now, is fo clofely conneitcd in Bodies with a 
power o f  being at reft, that no one can deny, but that that Body which one 
moment exifts in any particular fpace, may be conceived to  remain for two 
moments in the fame ; which is in reality being at reft : Since, therefore, ali' 
the adions o f  Fire, which are conftantly performed by motion, may be al
ways increafcd’, or diminiihed; hence it is no ways abfurd to fuppofe, that 
Fire may be abfolutely at reft in a determined fpace ; certainly not more fo, 
than to fuppofe the fame o f  any other Body.

A  third Affeflion o f  Body, and which is peculiar to that alone, is this, 3. Asitr«- 

that a folid Body, as fuch, exifting in any particular fpace, infinitely refifts any 
ocher fimilar Body’s pofîèiTing the fame fpace, at the fame time. T o  this fome 
perfons have given the name o f Refiftance and Im penetrability; Democri~ 
tusy by a moft expreifive term, called it ¿vliluVi«, or Rcpercufllon. N or indeed 
do I apprehend, we conceive any thing elfe by the word Impenetrability o f  Bo
dy, than this Repercufiion o f  a Body, that endeavours to enter upon any part 
of fpace which was pofi'efied by another before. Buc if  this Repercufiion, now, 
does really obtain in any Body, ic does certainly in Fire in particular : F or this 
puts in motion, and changes the figures o f the very folideft Bodies we are ac
quainted with, fo that there never was yet difcovered any one that does not 
aftually fuffer fome alteration from it in its true folid part, and receives a mo- 
don from ic, by which it is carried into other parts o f  fpace with this impetus 
communicated to it by the Fire. But again, if  we confider, that true, pure, 
elementary Fire, when it is direded upon certain Bodies, is driven back again, 
or refleded in fuch a manner, as to return from thofe Bodies, on which it fell, 
with a vaft impetusy nay fuch a one as puts in motion every thing that is oppofed 
toic; I fay, i f  we rightly confider this, we cercainly obferve in Fire the moft 
perfed »vliJvTrixj and by this means difcover its real corporeal nature. F or if, 
for inftance, the igneous rays determined by the Sun, fall upon Vilette's fpeculum, 
when it is exceeding cold, and confequently, when it is moil elaftic, and refleds 
moft powerfully, they will then be refleded into the Focus in a quantity that may 
be pretty nearly com.puted, with refped to the magnitude o f the aperture o f  
'àït fpeculuîHy and will there exert a moft vehement corporeal force; which evi«* 
dencly demonftrates, that this Fire is moved with refiftance. And this confi- 
deracion confirms the argument ftill more ftrongly, that if  the fpeculum is very 
nîuch heated, and confequently dilated, loofer, lefs elaftic, and lefs powerful,
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with regard to its refleding vertue, then the igneous rays, when they are returned 
baclcby \t\nio tht Focus, will adt precifely with fo much lefs force, as the hardnefs of 
the fubftance oiihtfpeculum  wasdiminiihed. Hence, chen, I think it appears certain
ly  evident, chat Fire itfeif is corporeal, and has a refifting power, inafmuch as icis 
refleded from the Body ic ftrikes upon. Bnc here again we obferve, chat if thefe 
igneous rays are vafty united together, and hence have their ftrength greatly 
increafed, and become fo powerful as to be able to melt the metalline fubftance 
o f  the fpeculum, then there will be no refledion produced, but the Fire being 
fuperiour to che fpeculum, will deftroy i c ; a very evident proof, that this re- 
fledion arifes from the mere repercuifion o f Body upon Body. Buc we may 
confider farther, that i f  this very pure elementary Fire is determined by the 
Sun through Tfchirnhaufen*s, Glaifes upon the iron Needle o f  a Compafs,%  will 
then, in the very point where the Focus falls upon it, turn it round, and thus by 
a true corporeal percuflion put in motion the fubftance o f  the Iron. This percuflion 
now being made upon an impenetrable Body, demonftrates, thac chac, likewife, 
which moved againft it, was not penetrable, but yielded fome refiftance. Ele
mentary Fire, therefore, is truly corporeal. And every one o f its elements or 
atoms, will confift o f  particles united togecher *, which it is very probable are 
not capable o f  farther divifion by any natural powers. And hence the figures, 
likewife, proper to thefe elements, in all appearance, fuffer no alterations by 
any force thefe powers are able to exert upon them. This wonderful element, 
therefore, is immutable iifelf, chough it induces a change upon every thing 
elfe. Buc whether now Fire has likewife chac property, which the great men 
of this age judge common to all Bodies, viz . that it gravitates in proportion to 
its folidity, does not yet appear fo evident as perfons generally imagine. For 
upon examination o f  che whole H iftory o f Fire, I am almoft induced to believe, 
thac it does not tend towards the center o f the earth, more than any other point, 
buc that it is perfedly free from any natural determination, or tendency to any 
particular place, or Body : T h a t it may be determined every way, without re- 
iiftance : T h at it exifts in every place : T hat i f  there is no other caufe to di- 
ilurb ic, ic is difperfed throughout the whole univerfe: N ay , that naturally ic 
exifts every where, in the fame quantity, and with the fame power. A ll which 
pofitions, i f  I am not much miftaken, are plainly demonftrated by the for
mer Experiments.

The Cor- fecond place, the elements o f  Fire, which by their firft property
puW« of appear to be corporeal, feem to be the leaft o f  all the Bodies that we are 
leaftoflii hithehto acquainted with. For if  they are truly corporeal, they muft, of coti- 
we are ac- fequcHce, be exceedingly fubtil, fince they are able to infinuate themfelves with 
wTth.** fo much eafe into the very denfeft Bodies, and pafling through their whole 

thicknefs, exsert their proper effeds in the inmoft penetrable parts o f ’em. 
I f  a very large fphere o f  folid G old, for inftance, ihould be expofed to a 
proper Fire, for a fufficient time, it might be fo penetrated by the Fire, as to 
be red hot to its very center: And if  then it ftiould be divided into two 
Hemifpheres, chere would appear L ig h t, H eat, and e v e r y  k n o w n  property of 
Fire, in every point o f  their internal Surface. But again, t h e  S u b t l e t y  o f thefe 
particles is fo exceeding great, that amongft all che Bodies that fall under our ob
fervation, there is not any one fo com pad, and free from pores, or o f fo large 
a fize, but chat ic may be forced to tranfmit Fire through ic. Every thing efc  
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o f what krnd foever, we can prevent entring into the meatus's of certain Bodies:
Air, for inftance. W ater, Spirits, Salts, Oils, and all other Subftances, we can ex
clude a Glafs Bolthead, by hermetically fealing it, and by the fame means in
clude them fo that they fhall not poiTibly get out: Fire alone procures itfelf a 
freepafTage, both in and out, without any difficulty: Fire alone, both when it 
enters the Glafs, and quits it again, exerts thofe efFefts which are proper and 
peculiar to it, I confefs, indeed, that the caufes o f  Gravity, and Magnetifm, in 
like manner pervade all Bodies, without having their proper ad ivity  diminiih
ed: But then, whether thefedepend upon the emanations o f  Corpufcles, or a d  in 
fome other way, that we are not acquainted with, is not yet fo certain. N ay , 
and we muil farther acknowledge, likewife, that both Gravity and Magnetifm, 
in an inflant, and almoft without any retardation, penetrate through all Bodies, 
in their full force and efficacy \ whilft Fire requires fome length o f  time before ic 
can pervade thofe that are very th ick : But hence, certainly, the corporeal na
ture o f  Fire appears fo much the more evident, which is not fo manifeft in 
the two former. F or thefe reafons, therefore, I aflerted only, that the elements 
of Fire are the fmalleft o f  all the Bodies that are univerfally acknowledged 
to be true Bodies. Far be ic from me to deny, that the Divine Being has 
in the material W orld created Corpufcles that are adually more fubtii than 
the Elements o f  Fire : This only I affirm, that it does not appear to the 
human fenfes, by any phyfical efied , that any fuch Corpufcles do really exift.
Bat this infinite Subtlety o f the Elements o f  Fire appears yet again, if we 
confider, thac the Solidity o f  G old is fo great, that i f  you gild a piece o f  
Silver with a grain o f it, in fuch a manner, that rhe thicknefs o f  the golden 
foliage fhall be only t ’ot oo'oo  ̂ hne {Jc . Roy. des Sc. 1713. 10), yet even 
then, when it is fo vafily thin, you will not be able to difcover the leaft pore 
in it, by the affiftance o f  the niceft Microfcope. N ay , i f  you take a bit o f  
Leaf Gold, ever fo fine, and oppofe it to the Sun, ihining through a hole 
into a dark room, it will not fo much as freely tranfmic the L igh t, but you 
will fee only a greenifh kind o f caft through ic. And yet now a very large 
Sphere made o f folid G old, may be penetrated through its great bulk, and 
this prodigious denfity^ by the fmalleft, as well as the greateft Fire. For if, 
in a very cold feafon, this great Sphere is expofed a confiderable time to the 
cold A ir ; it will acquire the very fame temperature, that is, it will receive 
the Fire that is at that time in the A i r : But if  it is then committed to a ftrong.
Fire, fo that it may be perfedly red hot, and ju ft ready to melt, it will then 
have a moft intenfe Fire in every part of i t ; and yet if it is then in this condition 
removed into the A ir, all this Fire will foon quit it again, and it will return 
to the common warmth o f  the Atmofphere. H ence, therefore, it evidently 
appears, that the fmall portion o f  Fire contained in liquid A ir, can as eafily 
infinuate itfelf into all the pores o f  G old, as the moft intenfe Fire o f  a Fur
nace. But if  in fuch an exceeding fine leaf o f G old, now, the meatuses were 
fo very fmall 5 what muft we think o f them in this cafe, when fuch a large 
Body o f Gold is penetrated by Fire through all its Subftance.** Certainly, grow 
ing hot and cold, is nothing elfe but admitting Fire in a greater or lefs quan^ 
tity. Thefe arguments, then, fufficiently demonftrate the very great Subtlety 
of Fire. This, however, would appear yet infinitely greater, i f  this opinion 
was true, that thc Matcer o f Lighc and Colours is the very fame with that o f
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Fire. F or i f  a chamber is perfeélly darkened all but one very fmall hole 
and an eye chat has been fome time in the dark, is placed dîreélly againft ir 
it will then fee all the external objedls very exadlly, by means o f  certain diftinft 
igneous Rays, arifing, and propagated from every vifible point o f  fo many 
different Bodies, and tranfmitted through this very fmall aperture, v/ithout any 
confufion. I f  we confider, now, what an infinice number o f  vifible points are 
feen in fuch a Hemifphere \ and that every one o f  thefe appears only by its 
own particular Rays ; the idea that arifes hence o f the fubtlety o f  chefe par
ticles confounds the human underftanding. But again, if  you place a Sheet 
o f  white Paper in this dark room, at a proper diftance from the Hole, and 
b y  means o f a convex Glafs, throw the Rays upon it, then ali the objets 
will appear upon this paper, o f  a pretty large fize, and very diélinélly ; and 
confequently all thefe Rays, and therefore, upon our prefent fuppofition, all this 
Fire which from fo many obje¿ls muft be infinitely great, may be contraâed 
together within the fmall fpace o f  chis aperture. From  thefe confiderations, 
therefore, it evidently appears, that the Elements o f  Fire, with refpefttoour 
comprehenfion, are infinitely fubtiJ.

Andviftiy In the third place, thefe very fmall Corpufcles, the ultimate Elements of 
folid. appear to be o f  fuch a nature, as to be the moft folid, perhaps, o f all Bo

dies. T h e  fignification o f  the term I make ufe o f is eafily underftood: For 
by a Solid, I mean only that extended Being, which makes an infinite refiftance; 
by Space, that Extenfion which admits and tranfmits Solids. A n  abfolute 
Solid, therefore, is fuch an extended Being, where there is noc the leaft fuch 
penetrable Space, but which through its whole Extenfion, and in every point 
o f  it, is perfeélly impenetrable. I f  any B ody, now, is compofed o f particles 
thus perfeélly folid, but at the fame time fo united together, thac there are left 
lictle fpaces between them that contain nothing iolid j then it appears evidently, 
that fuch an extended Bulk is partly Body, and parcly Space. And ic is hence 
evident, likewife, that the fmalleft Elements o f all Bodies will be moft folid; 
and that when thefe are afterwards compounded into one M afs, then, betwixt 
thefe Elements thus united together, but not touching one another in every 
point, there will be formed fuch Spaces within that Body. T h e  compound 
M afs, therefore, will be always full o f  pores, and confequently lefs folid than 
the ultimate Elements o f  which it confifts ; and hence, in this refpeét, the 
parts may be more eafily feparated from one another, or are capable ofa 
more eafy divifion. Buc again, in thefe ultimate Elements, it is probable, 
that there are not any pores, and that hence they are perfeétly folid, and con
fequently not to be divided by any ocher Bodies, but remain immutably the 
fame. A s  Fire, therefore, has been demonftrated to confift o f prodigious 
fine Corpufcles, i f  thefe have any pores, they muft cercainly be exceeding 
few, and confequencly thefe Molécula will be vaftly folid. But fince impene
trable Subftance is real corporeal fubftance itfelf, it is poifible, chat all 
true corporeal Subftance, as fuch, may cohere wich an infinice force n o c  tobe 
diffolved ; but that the Maffes that are made up o f  this Subftance, with in
tercepted Vacuities, may be fo far divifible as they contain thefe Pores within 
them. Fire, therefore, according to chis doélrine, will be totally corporeal, 
immutable, incapable o f  having .its figure changed, nor liable to any concre
tion with itielf, or other Bodies. In the mean time, however, it will poffefs a
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power o f vaftly dividing others i fince it can always enter the Pores o f  the 
Bodies to be divided, exert its force there, feparate the concreted Filaments 
and Particles, and thus refolve the Compounds into their fimple Elements, or 
at leaft difpofe the elementary Moleeulcs in fuch a manner, that it may pafs 
equably through the Meatus's in every diredion ; as we fuppofe may be the 
cafe in Gold, when it is put in fufton, which afterwards fuffers very little al
teration from the Fire. But if  this vaftly fubtil and folid Fire, now, is ap
plied to the perfedly folid Elements o f  other Bodies, it then feems probable, 
that it can induce no change in them, but only put them in motion b y  a 
mechanical propulfion, or by attradion ; which again is confirmed b y  every 
kind o f Experiment. Fire, therefore, in refped o f  this property, effeds the 
moft powerful changes in the Univerfe, whilft o f  all Bodies it remains itfeif 
the moft immutable.

In the fourth place, we conceive, that thefe corporeal, exceeding fmall, and And the i 
folid elements o f Fire, have the moft equably fmooth, or poliihed Surface.
By this we mean fuch a one, chat has nothing in any one point of its circumfe
rence, which ftands out, or is deprefs’d more than any other part. For i f  the 
Surface was rough, or unequal, then thofe points which were higheft, would 
ftrike with a greater force againft the Bodies they met with than any other part 
of the Mafs-, and confequently, in every adion o fF ire , either upon its own 
Elements, or ocher Bodies, thofe Particles would receive the greateft impetus 
which had the weakeft cohefion with the whole Corpufcle j  whence, it feems 
probable, that thefe Particles would be continually abraded from the reft o f 
the Mafs, and o f courfe the Elements o f  F ire, and therefore Fire itfeif, would 
undergo perpetual Alterations 5 which is contrary to what has been already 
delivered : Befides, the vaft folidity o f  Fire feems m oft confiftent with thac 
Figure, in which all the Particles are difpoledin their feveral Orbs moft equably 
with refped to their common center 5 fince b y  this means they acquire the 
moil immutable form, and moft powerfully refift every tranfpofition o f  their 
parts. But farther, if  we confider with what eafe Fire penetrates into the Pores 
of every kind o f  Body, let it be applied in what diredion you wili, then cer
tainly, we ihall fee chac che moft fmooth Surface is requifite that it  may pafs 
on without any impediment 5 which ic does noc aC all feem likely would be che 
cafe, were ic covered with lictle H ooks, Points, or any thing refembling 
Down or W ool. For fince fuch a vaft number o f  iittie Fires may be tranf- 
mitted perfedly diftind through a very fmall hole into a dark Chamber, and 
that without the leaft difficulty i it is eafy to conceive how vaftly fmooth the 
Surfaces o f thefe Elements muft be in the points o f  contad, not to intangle, 
and obftrud one another : And laftly, the exceeding quick refledion, and re- 
iradion, which are conftantly obferved in the Particles o f  L ig h t, and which 
anfwer fo exad ly  to the etfeds o f a perfedly fpherical Figure, induce us to be
lieve, that the Elements o f pure Fire do in reality poifefs this figure. Hence 
therefore, we may almoft venture to infer, that the ultimate Particles o f  pure 
Fire are exceeding fmooth poliihed little Spheres.

In the fifth place, from our whole H iftory o f Fire, we infer ics exceeding A nd moft 

great fimplicity. B y this we mean that condition o f Bodies, where every fin- 
gie Particle is perfedly o f the fame nature with the whole : T his, therefore, 
in Fire, would denote ic to be o f  fuch a Nature, that every fingle Element o f
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it, ihould be a perfect corporeal Mafs, without the leaft intercepted Pore, fo tlut 
every component Particle ftiould be abfolutely a lik e ; and hence, perhaps, bea lit
tle folid Sphere. And then i f  we confider a congeries o f  chefe Elemencs together, all 
thefeSpheruIes would be perfedly the fame. In chefe, therefore, would confift the 
ilm plicityofFire, depending particularly upon this circumftance, that as cherearc 
no Corpufcles in nature fmaller than chefe o f Fire, ic is impoiTible it fhould 
be compounded o f  lefs, heterogeneous Particles. And certainly, the ultimate 
fmallnefs, abfolute folidity, and fpherical figure o f the Elemencs o f  Fire, very 
evidently denote this fimplicicy. Fire, therefore, weconceive cobe che fimpleftof 
all Bodies. Ic muft be acknowledged, however, that an abfolute fimplicicy of 
Fire is repugnant to the doctrine o f the great JSewton., whofe uncommon ge- 
nius feems to have penetrated almoft beyond the limics o f  human underftand
ing. For this noble Author, by an artificial feparation o f  one R ay o f Fire, 
has divided ic into feven different ones, not only perfedly diitind with regard 
to their Colours, but intirely different in refped o f  cheir Refledion and Refrac
tion 5 and confequently, in thefe three properties, o f a quite different nature. 
A n d  yec, i f  we nicely contemplate fuch a Ray as this, how fine is ir, and how 
fimple? I f  che nature o f  Fire,, and L ighc, now, has been examined by ingeni
ous Men for fo many ages, and with fo much diligence, and the greac 
alone o f  our age has made thefe Difcoveries j who will pretend co determine 
the farther Improvements that future ages may be able to make in Natural 
H iftory } W h o  knows what additions may hereafter be made to the ISewtonm 
D odrine ? Certainly, it is not above half a Century, fince all the Philofophers 
imagined a fingle Ray o f  Lighc to be fo infinitely fine, that they unanimoufly 
afferced, thac wich regard to ics thicknefs ic was indivifible : And yet that in
comparable Geometrician, by undeniable Experimencs and Arguments, has 
evidently demonftrated, chac fuch a fingle R ay, is, in reality, a coiiedion of 
ieven Rays, which are perfedly diitind, and which, it appears, may be ap
plied to one another chrough their whole length, and again be fo feparated 
from  one another, as co be always capable o f  a longitudinal divifion inco feven 
exceeding fubtii Filaments, or Rays o f  feven different Colours. If, hereafter, 
now, chis Science ihould be more fubtly cultivated, and dioptrical Inftruments 
Ihould be carried to greater perfedion, who will pretend to affert, that even 
in chefe fimple J^ewtonian Rays, fome penecrating genius may noc be able to 
difcover a ftill farcher compoficion ? Thefe inftances, in che mean time, are 
fufficient to raife our higheft admiration, when we confider the noble faculties 
with which the Alw ife Creator has endued the human mind, which being 
rightly employ’d, will condud us to a difcovery o f chofe laws which wereeita* 
bliihea for the formation o f  the Univerfe. A nd certainly, infinite reverence, 
and eternal thanks, are ju ftly  due to that gracious Being, who by imprelTing 
his own Image upon us, has made us capable o f  diftinguifhing truth, and dif- 
pofed us CO be delighced wich it, and to ufe che ucmoft o f  our endeavours to 
atcain ic. B ut chis, however, is not all che variecy chac has been obferved in 
the moft fimple Particles o f  Fire i for even in fuch a fingle R ay, che fame 
Newton has difcovered anocher diverficy in che nacure o f ics oppofice fides \ as 
he found by accurately viewing the refradion in Ifiand Chryftal, where lie per
ceived the Ray to have a Power on one fide, differenc from whac ic had on the 
other. And as in one Loadftone, wich refped to another, the Pole is eicber 
atcrading, or repelling j fo likewife in one and the fame R ay , there is a fimi*

lar



Jar Power with regard to its tranfparent fubftance. In Fire, therefore, tho* 
fo exceeding fimple, there is difcovered a three-fold variety, i . W ith refpeil 
to ics feven different elemencary Colours. 2. On accoun? o f the very different 
ailion o f the Rays o f different Colours, with regard to refleiling, and refrafl- 
ing Bodies. 3. In regard o f the fame diverfity in the oppofite fides o f  the fim e 
Rays, with refpe£t to this liland. Chryftal. In this fo vailly fimple Being, there
fore, we fee there ftill remains this manifold va riety : W hat diverfity, there
fore, have we reafon to expeit in Compounds ? In the fmalleft Bodies, 
we every where obferve a refemblance o f che greater. Had this difcovery, 
which was referved for the great Newton alone, ftill lain in obfcurity, I don’ t 
doubt but we ihould all even at this time, have firmly believed, that in a Ray 
of Light there was fomewhat ultimately fmall, and infinitely fimple: But con
vinced by his Doilrine, we are now obliged to confefs, thac, tho’ Fire is o f all 
known Bodies che moft fimple, yet even in this, there is found co be a various 
multiplicity.

The fixth property o f this Fire is its mobility, which is difcovered to be fo And always 
great, that we are almoft cercain, lec it be where ic will, ic is never abfolutely 
at reft. And here, I don’ t only mean that motion, which is conftantly ob
ferved in all Bodies in general j for in this fenfe it is certain, that there is noc one 
Body in the Univerfe, thac ever for one moment enjoys a perfeit quiet. T h e 
Sun, cercainly, the Planets, and Comets, and their Atmofpheres chac gravitate 
with chem, are all whirled about wich very rapid mocions: Buc thefe are the 
only Bodies chat come under our obfervation. N othing therefore is ever at 
reft, but the whole Univerfe is thus conftantly kept in afw ift rotation, as the 
Creator o f all things has appointed it. Buc there is yet another motion which 
I afcribe to Fire, and which is the conftant effedl o f  its proper a g ility; and this 
is moft evidently demonftrated by undeniable obfervations. L et us, for inftance, 
confider W ater, when it is 33 degrees cold, and it will then be in its coldeft ftate, 
thac is, it will contain as fmall a portion o f Fire, as in the nature o f things 
can poflibly refide in pure W ater \ for i f  this fimple W ater is affeded by a 
greater degree o f  Cold, it will noc concinue W ater any longer, buc will be 
converted into a Subftance very much refembling Glafs, in al! the properties o f  
hardnefs, brittlenefs, and pellucidity, tho* reducible again to W ater by a Heac 
of 33 degrees, whereas Glafs, to make it run like W ater, requires a great 
deal more chan fix hundred. Hence, therefore, it appears evident, that W a 
ter is W ater only by reafon o f  the motion o f  the Fire refiding in ic, and chac 
it is not W ater from its own nature confidered feparately and alone. T h e fame 
is crue o f Glafs, Fofllls, Sulphurs, Semi-metals, Mecals, and perhaps, o f  all 
other Bodies; which appear in a confiftenc form in a fmaller degree o f  H eat, 
as we obferved juft now in Ice, buc are puc in fufion, and converced into a 
kind o f  W ater, if  the fame is increafed to a certain degree, which will be dif
ferent, according to rhe various natures o f  che Subftance under examination.
Since, cherefore, by Fahrenheit's Thermomecers, che nacural Heat has been 
obferved 32 degrees below the freezing point, hence, we fee evidently, thac 
through all this difference o f 32 degrees, the Fire was agitated with a motion, 
that grew gradually lefs, and lefs, but was never totally deftroy’d ; and there
fore, even at that time, when all Animals and Vegetables periflied through 
the excefs o f the cold, the Fire was noc abfolutely at reft. W e may fafeiy 
â fterc, therefore, that the Fire was even then in motion. Buc, as it has appear-
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ed fince by the fame Experimenf, that chis Fire may be artificially diminiiTied 
fl'ill 40 degrees more \ hence we are now certain, that Fire in the greateft pof. 
fible natural Cold, is agitated 40 degrees more than it is in this artificial one 
and that again through every intermediate degree, it is continually diffolving 
fome Bodies, which a little after, in a fmaller degree of H eat, appear o f a folid 
confiftence : Thefe things the Experiments referred to abundantly demonftrate. 
Fire, therefore, is perpetually agitated in the greateft Cold, and fi;ill gradu* 
ally more and more in every increafe o f  H e a t; and hence ic is always in mo
tion. The famous Romer  ̂ from a great number o f  certain aftronomical Ob
fervations carried on for the fpace o f  ten years, very ingenioufly inferred the 
vail fwiftnefs o f  the Fire derived from the Sun to the Satellites o f  Jupiter., and 
thence refleded to our Earth ; for from thefe data M r. Hugens  ̂ to whom 
this was communicated by Römer, evidently demonftrates, thac the propaga. 
tion o f it is fo fwift, that it moves more than i ,  100,000,000 feet, in the fpacc 
o f  a Second. See Hugens, de Lum. p. 8, 9. This velocity, therefore, of Fire, 
or L ig h t propagated from the Sun, which is looked upon to be true elemen
tary Fire, would be vaftly great, i f  we fuppofe it to proceed from the Sun, 
and fall upon the Satellites o f  Jupiter, and to be thence derived to our Earth, 
which feems agreeable to the Newtonian Dodrine. And i f  we fuppofe, as 
others will have it, that thefe Spaces are perfedly full, yet ftill, the adion of 
luminous Fire, be it what it will, muft be communicated with the fime cele
rity. Afterwards, however, the great Caßni, Maraldus, Men of infinite 
induftry, and perfed Mafters o f  Aftronom y, carefully examined this affair by 
the moft accurate Obfervations o f  a great many years, and difcovered, that 
the opinion o f Meflieurs Römer and Hugens was very far from the truth. 
Mem. del* Ac. Roy. 1707. Hifl. p. 77. ibid. Mem. p. 25. On this account, 
therefore, we don’ t pretend to determine any thing farther concerning the ce
lerity o f  L ig h t from thefe very fubtle difputations : T his, however, we arc 
certain of, thac the communication of it will be always fo much the fwifter, as 
it is found to be lefs fucceflive.

Donotge- In the feventh place, from what has been laid down, wc may certainly con- 
»crate Fire, cludc, that tho’ this elementary Fire induces an infinite number o f changes 

upon all other Bodies, yet, it never has appeared by any Experiment, that 
any o f  them have ever been converted by it into true elementary Fire. And 
hence, it is not confirmed by any Obfervation, that Fire is able to multiply 
itfeif, by changing its own Palulum, or any Bodies into true Fire, by alfimi- 
lating them to its own nature. Certainly, the more carefully we confider all 
the eifeds o f  true Fire, the lefs conclufive thofe Arguments appear, which are 
brought to prove fuch a power in Fire, or fuch an aptitude in other Bodies 
to this tranfmutation. Hence, therefore, it will be evidently certain, thar if 
Fire itfeif cannot from any other M atter generate Fire, it cannot poifibly 

O r  arc gene-t>e generated by any other M atter F or what caufe can by any ailion 
rated byaay producc Fire from a Body that is not Fire, i f  this cannot be effed- 
cthermeans. by Fire itfeif.^ In the whole compafs o fN a tu re , certainly, we difco

ver nothing, that, with regard to fuch a Power, can any ways be compared 
with it. This feems to be the grand univerfal M over, from which every thing 
elfe receives its motion, all Fluids at leaft, and perhaps a g r e a t n u m b e r o f  Solids; 
which is icfelf never begotten de novô  renewed, or refufciwced, but is only 
rendered difcernible where it did noc appear before.

Since,



Since, therefore, we are undoubtedly fure o f  tiiefe things, we may now free- 
ly aflirt, that this elementary Fire is always, and every where the fame in eve- Jyf 
ry Body that is heated by Fire, whatever way it is excited, whatever Pabulum 
it is fed with, or by what contrivance foever it is fupported. Unjuftly therefore 
do the Chemifts complain, that in their mofl fubtle Operations, they cannot 
have the advantage o f pure Fire *, for in thefe, they imagine the moft pure, 
aftral, celeftial, folar, elementary, incorruptible Fire, to be intirely necefTary.
But had they rightly confidered what has been already laid down, they would 
never have embarrafTed themfelves with this needlefs folicitude : F or the Heat 
that is generated in the Bodies o f  Animals, Vegetables, and Foifils, owes its 
Being intirely to the very fame Fire ; and when it paiTes through a glafs 
VeiTel into its cavity, is as pure, as if  the VefTel had been expofed to the moit 
lucid Rays o f the briglieft Sun. T h e Heat o f burning Alcohol too, and fof- 
fil Coals, when it adls upon any Matter included in a clean glafs VeiTel hermeti
cally fealed, if  it is reduced to the fame degree with that o f  the Sun, and is 
applied in rhe fame manner, will appear perfedly the fame by every efTed.
Nay, I add farther, that the Fire which is generated by the fetid putrefadion 
of the moil putrid Bodies, when it has pafs’d through denfe Glafs, is as pure, 
fimple, and fincere, as i f  it had been propagated thither by the clearefl Sun.
The H eat, therefore, generated by putrefadion, fermentation, and the putrify- 
ing Dung o f  Animals, is the very fame as that from pure Fire. And hence,
I fee no difference betwixt the H eat o f  Horfe Dung for chemical Operations, 
and any other whatfoever, that is o f  the fame degree, and is applied in the 
fame manner. In Nature, therefore, we meet but with one fort o fF ire^  for . 
both the elementary, and artificial, are always the fame.

What I have here faid, however, mufi: not be underftood o f  common Fires j TheFireof 
for in thefe all forts o f Bodies float abouc with the pure Fire, and being mixed 
with it, according to cheir different Natures, and the alteration induced upon fame, buc 
them by the Fire, afTed the Bodies expofed openly to them in a very diffe- 
rent manner from what they would have been affeded, had they been aded 
upon by a folar catoptrical, or dioptrical Focus: N ay, and very differently too, 
with refped to their own proper Nature. But then, in this cafe, this various 
adion o f Fire does not depend upon Fire, as Fire, but upon Fire, and the 
other Corpufcles, thac at the fame time are agitated with it, which certainly 
makes a vaft deal o f  difference, faifly afcribed to a diverfity in Fire itfelf, 
which in reality appears to be always the fame. T h e  effed , however, o f  this 
Fire upon other Bodies, is very different, whilft it is fupported in the manner 
above explained, by various forts o f  Fuel ; for by this means ic ad s with 
more or lefs violence, and even mixes with them the Particles o f  its Pabulum, 
which is agitated, vibrated, and often united with it.

In this refped, therefore, the Fire that is excited and fupported by burning with a i c o -  

Alcohol, is the pureft o f all, and leaft o f  all affeds the Bodies expofed to 
it with any impurities from the combuftible Particles.

The next pure to this, is that which is fed wich O il often diftilled, efpeci- vŝ ith the 
ally from a fixed alcaline Salt, and hence rendered exceeding fine, fimple, fub- 
til, and limpid, like Alcohol. Under this head come the native Naptha 
Petroleum  ̂ which are endued with the fame property.

Next to this follows the Fire o f  well prepared Charcoal. T hen that o f
H  h 2 pure



With Char-pure \YoqJ . which is fuccceded in purity by chac from Bituminous Turfs.
Turfs,  ̂ A nd chefe are o f  two forts, che one found in Heaths, where the upper Surface 

being pared off, affords a pure Fuel j the other which is made from a wet 
black, fat M ud, which being dug out of proper Pits, and then dried in the 
Sun, is divided into Parallelipipeds: Thefe yield a noble, wholefome, fteady 
Fire, which thc illuftrious Boyle was formerly fo mightily pleafed with.

WiA Coal When this T u r f  is burnt’ till it is perfedlly red hoc quite through, and no Ion- 
ger emirs any vifible Smoke, if  you then extinguiih ir, it affords a Coal, 
which when it is dry, takes fire with a vaft deal o f eafe, and is exceeding fic 
for a greac many purpofes ; for it produces no Smoke or difagreeable Smell, 
continues to burn a long while of itfelf when once it is kindled, and yields the 
moft equable Fire o f any thing we know o f

wkhFoflii- T o  thefe more compound Fuels belong likewife the Foflil Coals, which coti- 
°  ̂ fift o f  an Oil like che Foffil Oil o f  Naptha or Petroleumy and another Matter 

thac will vitrify.
And Dung. And laftly, che dry’d D ung o f  fome fores o f  Animals. T h e  vaft variety 

therefore that is obferved to happen fo often from the aftion o fF ire  in its phy
fical effetfls, muft be afcribed intirely to che different nature o f the Pahulum 
it is fed wich: This may be confirmed by abundance o f  Examples, buc one 
or cwo will make it fufficiently evident. W ood, for inftance, or Turf, when 
they burn in the open A ir, emit a Smoke that is noc very pernicious, only ma
king the Eyes fmarc, and affeding the Lungs in fuch a manner as to provoke a 
Cough ; and yet, i f  you convert either o f chefe into Coal in the manner above* 
mentioned, and then dry it thoroughly, and fet it on fire and let it burn ’till 
it is perfedly red hot, there will arife from thefe Coals a very fine invifible 
Fume, which in a clofe place is very quickly fatal to all forts o f  Animals. 
And in this affair there is fomething very remarkable ; for it appears by Ex
periment, that i f  you take an Anim al, and puc it under a large Glafs, and 
draw fome o f  the A ir  out, but not fo much but that thc Anim al might live 
in it for fome time j then, i f  by the help o f a Pipe you convey the external 
A ir  into the Glafs, in fuch a manner as to make it pafs through fmoaking 
Coals, it will not deftroy the Animal i and yet i f  the fame paffes through Coals 
that are perfedly  red quite through, it will be inftantly fuffocated. And very 
often too, there is fome very extraordinary power communicated to Fire by 
the A ir, as we fee evidently in an Experiment related by that famous Writer
o i  Americay dCofta. F or he tells us, thac che native Silver that is dug out of 
the richeft Mines o f  Peru, cannot, fo long as it adheres co its Ore, be mehed 
by the ftrongeft Fire thac can be raifed by the largeft Bellows ; and yet if chis 
Fire is blown up by an artificial W ind procured by the fall o f cold Water, 
and convey’d, and forcibly direded upon it by proper Inftruments, the fufioa 
o f  the Silver is foon obtain’d without any difficulty: T hefe, therefore, and 
many other inftances, fufficiently point out to us, how v e r y  circumfpedwe 
ought to be, i f  we would rightly underftand the adion o f Fire upon other 
Bodies, iince the minuteft circumftances very often make a greac deal of dif
ference with regard to the event. There are a few things in our Hiftory or 
Fire ftil-1 remaining to be confidered, which will hereafter be o f very great 
fervice in our chemical inquiries.

In



in the firft place then, don’ t let us be led away by that vulgar opinion, that 
Fire is a univerfal folvent o f  all Bodies : T h at it diíToIves a great many, indeed, soiver.t, 
we readily allow \ but at the fame time we muft deny, that it has chis eifecft up
on all. N ay, upon the very fam eobjeft, in different degrees o f it, we fee ic ads 
in a quite different manner. I f  you put fome M ercury, for inftance, inco a 
Bolchead, and apply a gentle Fire to it at firft, and afterwards gradually increafe 
it, it will, in length o f time, be converted into a various-colour’d Powder, 
fomething o f a fixed nature, and fcarcely mifcible with any Liquor ; and yec, 
if you apply as ftrong a Fire to it at firft, as you did at laft, it will all imme
diately evaporate. And farther, if  the M ercury thus fixed by a gentle, and 
gradually increafed H eat, is at once expofed to a ftrong Fire, ic wiil again be
come totally volatile ; fo that we fee plainly, whac the Fire efieds in one degree, 
it deftroys in another.

In the fecond place, Fire is not fo purea diftblvent, as to extrad from Bodies Noraívídes 
only thofe parts thac exifted in them before ; for at the very fame time that 
it feparates fome parts, ic mixes others together. Noching can be more evident conmtuent 
than this in many inftances. Antim ony, if it is expofed to a ftrong dioptri- 
cal, or catoptrical Focus, emits a vaft quantity o f  Fumes, and yet, at the 
fame time, has fo large a number o f  other Corpufcles united and fixed with 
iXiCah, that it confiderably increafes in its bulk. I f  Lead, by the fame me
thod, is converted into Mimum, there rifes likewife from this abundance o f  
noxious Vapours, and yet the Calx acquires a confiderable addicion to its 
weight. In Corals too, calcined by a ftrong and long continued Fire, their 
weight is in the fame manner augmented. A nd laftly, i f  M ercury, chat is by 
a particular A rt purified by the help o f  Metals, is digefted for a long time 
in a glafs Bolchead, it will be converted into a fixed Powder, and a very fmall 
porcion o f good Metal, with an increafe o f its original weighc.

Thirdly, from fome forts o f Bodies it produces nothing new, but leaves them Nor effica- 
without any confiderable alceration. Gold, for inftance. Silver, OJleocolla, Glafs, 
the SelenUis, ^alc, and Virgin Sand, are not feparated, either into their Elements, b de-, 
or ocher Subftances, by the fimple application o fF ire . Con(\úi Van Helmont in 
various places, zná Boyle mh\s Sceptical Chemiji, fro m p . lo . to 33.

In che fourth place, there are every where to be met with, great numbers o f  T h o 'th e y  

Bodies, irom which it is impoffible, by the help o f Fire alone, apply ic in what 
manner you will, to feparace different Subftances, though we certainly know, mcam "  
thac Bodies o f quite different natures enter inco their compofition  ̂ nay, and can 
readily, by the aififtance o f  other Inftruments, refolve them inco their conftituenc 
Parcs. A  great many fuch Bodies we find taken notice o f among che learned , 
our prefent Subjed leads us to mention a few o f them. G old, Silver, and C o p 
per being melted cogether, and thus intermixed with one anocher, produce a 
Mafs, from which che power o f Fire will not eafily feparace again chefe three 
fimple Metals, If, with twenty times the quantity o f  good Lead, you manage 
this Mixture according to A rt, in an Aifaying Furnace, you will foon very ac
curately feparate the Copper, and ihere will remain a pure Mafs o f  Gold and 
Silver. A p p ly, now, to this whatfoever Ftre you pleafe, the Silver will con
ftantly remain united with the Gold ; nay, and in fuch a manner, that the very 
le.ift Particle o f  this Mixcure will always contain the fame Proportion o f Gold 

‘ * Silver, as was in the whole piece. Buc i f  you then throw this Mafs into
pure



pure Spirit o f  Nitre, the Spirit will intirely diflblve every Particle o f  the Silver 
without the leaft remainder, and the Gold will lie at the bottom of the VeiTel, in 
form o f a black Powder. T he Silver, then, which is thus feparated from the 
G old, and refides in the Spirit of Nitre, you will not be able to feparate again 
tocally from the Spirit, without a good deal o f  difHculcy \ for i f  you call in 
Fire to your afliftance, the Mafs will, by the application o f  this, at laft grow 
dry, and become the Lapis infernalis  ̂ in which the A cid  o f  the Nitre very tena« 
cioufly adheres to the Silver, and runs with it in the Fire without any Fumes, 
in the fame manner as i f  it was one Timple melted Metal J but now, if  into this 
Solution o f  Silver by the Spirit o f  Nitre, you immerge fome thin Plates of 
Copper, then the whole Subftance o f  the Silver, without any remainder, will be 
difengaged from the Spirit of Nitre, and every thing elfe, and lightly adhere to the 
copper, from which being fliook oiT to the boctom o f the VeflTel, and then waih- 
ed wich W ater, you will obtain your Silver again, in the greateft purity: So thac 
here we fee, likewife, whac the Power o f  Fire was not able to efTefb, is brought 
about by fome other means. It’s needlefs to make mention o f the Sulphurs thac 
are mixed among the metalline Glebes, which adhere to them in fuch a manner, 
that they either keep melted with them in the Fire, or elfe carry *em off with 
them into the Air. Howunfuccefsful, and with what difadvantage, have the 
M etallurgifts endeavoured, by the help o f  Fire, to diflipate the volatile Sulphur, 
that the Metal might remain pure at the bottom o f the Cupel ? And yet if 
with thefe you mix fome fixed alcalious Salt, or Iron, which in the Fire greedily 
unites with Sulphur, or any abforbent Powders made o f  thefe or the like materi
als, as foon as ever the Sulphur has abforbed thefe additionalSubftances, and united 
them with itfelf, it produces fome fulphureous and gives you the pure
metalline Glebe at the bottom. Examine Antim ony, and whenever it is pure, 
it appears to be homogereous. Manage it by Fire, in what manner you pleafe, 
and ic will either be intirely carried up in Fumes, or, if  the Fire is gentle, will 
totally remain in it. But i f  you mix with it, now, T artar and Nitre, or Iron 
and Nitre, and then fet it on fire, the external, fulphureous Part will be imme
diately feparated, and che metalline Mafs will be left behind, intire, ponderous, 
and homogeneous. If you put the fame Antimony into the Sulphur
will be caft out unafTeded by the A cid , whilft the Aqua Regia fiezes upon che 
metalline pare, and unices it with itfelf. Sal Ammoniac., which is truly a com
pound Subftance, in a greater degree o f  H eat, rifes totally, and withouc re
paration J in a lefs too, continues undivided ; and yet, by an addition o f a fixed 
aicaline Salt, it is very readily refolved into a fixed Sea Salt, and a volatile animal 
one. Mercurius SuhlimatusCorrofivus, if it is fora long cime expofed to theFire, 
continues compounded o f  the acid Spirit o f  Salt, and M ercury, but is freed from 
its A cid  by m ixing with ic Iron or Alcan’s, Chemiftry every where furniihes us 
with numberlefs Initances o f the fame kind.

Nor divides place^ it deferves our notice, thac thofe parts, which are fepa-
them  into rated by Fire from compound Bodies,how carefully foever you apply it, are not 
fimpieEie- in reality fimple Subftiinccs, but are varioufly intermixed wich one anocher. if 

you examine, for inftance, che fimple W aters, that are drawn by Fire, does not 
the odour ac firft drawing, and the Turbidnefs, putrid Smell, andflimynefs they na
turally acquire in keeping, make it evident, how mucii they are flill compound
ed, fince none o f chefe things are ever obferved in pure W ater ? Confider the

2 Spirits,

ments.



Spirits, and you will find that they confift o f  a W arer and Saif, fo intimately 
united together, thac ic is not poffible to feparate them by any Arc, except by the 
joint afllftance o f  fixed Salts and Fire. But what ihall we fay o f the Oils? T h e 
common Chemifts look upon thefe, as moft fimple, pure, fulphureous Elements; 
but the top mafters in the A rt make ic evident, that thefe too are remarkably 
compounded o f  various Subftances. For in chefe there is thac inflammable 
Element, o f  which we have fo particularly treated above, a great deal o f  W a 
ter, and fome quancity boch o f Salt and Earth, intimately united together.
And laftly, as for the Earth that is extraded by Fire from compounded Bodies, 
what a vaft deal o f  crouble is required before ic can be obcained perfedly pure?
Cercainly ic is always tenacious o f  fome fixed Saks, even till it begins Co be 
converted into Glafs.

In the fixch place, ic appears by abundance o f Experiments, chat che com- Nay, and a 
poficion o f  Bodies is as much aiFccted by che adion o f  Fire as their feparacion i 
for ic unices che moft diff^erenc Bodies fo incimacely cogecher, that che new 
formed Subftance appears perfedly fimple, and is noc liable to any alteration 
from its power afterwards. F or Sand, we know, by being calcined, melced, 
and intimately mixed with a fixed A lcali, by the force o f an intenfe Fire, pro
duces Glafs, which is chen fo fimple in che whole, and every pare, chac we fcarce 
know any ching more fo, or harder co be diflblved, fince ic can be feparaced in
to its fimple pares by no ocher means, than by melcing ic with a greac quancicy o f  
fixed Sale, chac ic may become o f  a faline nature, and chen pouring an A cid  
upon ic, by which means an exceeding fubcil powder o f  Sand will be precipicaced 
from ic. T he various kinds o f  Soap demonftrace che fame ching. T h e  diftilla
tions of yiq- Regia evidencly confirm it likew ife; as well as the artificial m ix
ing of Metals. But whac need is th ereof more inftances? Does noc univerfal 
nature make ufe oi Fire, as its principal inftrumenc in che produdion o f  ics 
compound Bodies ? W hac Compound is generaced, either in the animal, vege
table, or foiTil K ingdom , that does not owe ics origin to a fofc, digefting, 
difpofing, compounding Fire ? Cercainly, che gencle and fteady adion o f  chac 
grand mover. Fire, feems to be che principal caufe that every where brings 
abouc che moft ftr id  and intimace union; nay, even fo much, that ic may be 
doubced, whecher Fire is moft efficacious in che compoficion o f Bodies, or in cheir 
diiTolution. Wichout difpute, ic hach a vaft efl^ed in both.

In che fevench place, ie oughc pareicularly co be taken notice of, that che ve- 
ry fame Fire, if ic is applied in different degrees, will in one, compound thofe feparates thi 
Bodies, which ic will again refolve inanocher. T his che Chemifts have frequent- 
ly learned to their coft, for when chey have fpenc years in fixing Mercury by a 
gentle Heat, fucceifively increafed through various degrees, and by this means 
have obtained a red powder, which remained a good while fixed in the Fire, 
they have found thac ac laft, when che Fire was rendered incenfe by che 
afijllance o f Bellows, ic has been diflipaced inco che A i r ;  and chus being difap- 
pointed o f their expedacions, have experienced, that Fire feparates in one de
gree, what it before united in another.

But eighthly, the very fame degree o f Fire applied to the fame Bodies in dif- AfisTanoaf- 
lerenc circumftances, produces eifeds chac are furprizingly different, a n d  c h a c  r e-  

parcicularly, according co che various admiifion o f che A ir  in the operation. aS  
ihe famous HQok took a Coal, and by means o f  a Cover that fcrewed on,

perfedly



perfedly inclofed ic in an iron box. In this manner he expofed it to a very 
Ilrong Fire, for a confiderable time, and yet when he took it out, the Coal, 
by fuch a violent adion o f the Fire, was not burnt up. See his Life in his Pojihu- 
mous Works, p. 21. Hence this ingenious Philofopher inferr’d , that the Air is 
a menflruum, which, being agitated by Fire, will diflblve all fulphureous 
Bodies, fince Fire, without the aififtance o f  the A ir, is not able to effeft it. 
7’he fame ching Van Helmont, in his Diilillations, had formerly obferved in his 
fixed Coal. And Rapin, Receuil des Machines, p. 25, 26. And when, before 
you here, I put fome Shavings o f Guaiacum inco a Retort, and urged them with 
a very itrong Fire for a long while together, there remained ac lail, as I told 
you, fome black Feces, that fi.ill retained an O il, which the utmoft force of the 
Fire was not able to force out o f the Retort. But when this powdered Coal was 
laid in a large Difli, and examined, by dropping a fpark o f  Fire into it, then 
the black Oil was immediately confumcd wich an aromatickSmoke, that fmelled 
like Cedar, and the Shavings were turned into infipid white Aflies. Camphire, 
i f  it is iet on fire in the A ir, will intirely confume, though it fwims in 
"Water i and yet if you expofe it to the Fire in a clean glafs veflfel, with an 
Alem bic over it, it will melt and rife into the Alem bic, and there harden 
into the fame Camphire again without any alteration. And though you repeat 
this a good many times, the event will be ftill the fame. M ay not Sulphur 
be fublimed a hundred times in a clofe Veflel, and ftill remain the fame Sul
phur ? And yet if  during the fublimation, there happens to be a crack 
any where, fo thac the A ir  can have a communication with the melted Sul
phur, it immediately takes fire, and is inftantly refolved into a blue Flame 
and an acid Fume. Am ber, i f  you fee it on fire in the open Air, almoft 
totally burns away, and fupports Flame and Fire j but i f  you urge ic in a 
Retort with the ftrongeft degree o f  Fire, but gradually increafed, you will 
force into che Receiver a W ater, Spirit,- a volatile acid Salt, an O il o f various 
forts, and with the laft degree will make the whole fubftance o f  the Amber 
come over the neck o f  the R eto rt; as I have frequently m yfelf experienced. 
Fire, therefore, when it ads upon inflammable fubftances, without Air, or with 
A ir  that ftagnates, and is without motion, produces very different effeds from 
what it does in other circumftances.

Andvariouf- N inthly, and laftly, the fame Fire applied to the very fame O bjed, but in 
different degrees, is very various in its Operation *, as appears, likewife, by 
Experiments. T ak e, for inftance, the frefli W hite o f  an E g g , put ic into a 
clean VeflTel, to which there is a free admiflion o f the A ir , and lec ic be 
expofed to 92 degrees o f  H eat, in Fahrenheit's Thermometer, and it will in 
a little time be refolved inco a Liquid, that grows continually thinner and 
thinner, becomes fanious, fetid, and putrid, and at laft runs juft like Water, 
nor will be coagulated by the H eat that makes W ater b o il; and thus ic is 
■converted into a moft putrid, volatile A lcali; Buc now, i f  the fame White 
o f  E g g  is expofed to 200 degrees o f  Heat, in the fame Thermomecer, it is 
immediately changed into a white, folid, fciflile, infipid Mafs, e x h a l e s  a large 
quantity o f inodorous, infipid W ater, and at laft there remains at the bociom 
an exceeding hard, brittle, pellucid, infipid, inodorous Subftance, that may 
be kept for years without any alteration: A nd again, t h e  f a m e  White being 
urged by a Fire of 400 degrees, in a glafs Retort, yields a Phlegm, Spirit^



fetid Oils, an oily, fetid, alcaline, volatile Salt, andan exceeding black Coal 
that is furprizingly puffed up by the Fire. But there would be no end, Gentle
men, ihould I go about fully to explain the nature o f the power o f Fire. L et 
it fu/Kce at prefent, that I refreíh your memories with a ihort abftrad o f  this 
Poitrine, as it has been already delivered, 'ui-z. that the aétion o f  Fire, as 
ic may be varied under all the circumftances above mentioned, is capable, as 
a concurring caufe, o f  producing the greateft part o f  the phyfical effeds that 
fall under our obfervation. It can alter Concretes in their Figures, and Co- 
hefions; but in fuch a manner, however, that a difference in the Concretes 
produces a variety, with regard to this power ; for Fire is never able to pro
duce the fame thing from different Bodies, but fome certain things from par
ticular ones i and then, befides, there will be yet a farther difference, accord
ing to the various order, degrees, and application.

Our Differtation o f  Fire, Gentlemen, is thus then at length fo far advanc- o fd iflin - 

ed, chat we are now able to treat o f  that knowledge o f  Fire, confidered as 
prefent, and operating in a particular place, which an A rtift ought to be ac- Fire, 
quainted with, in order to know how to d ired  and keep up fuch a Fire, in a 
given place, as is proper for the inducing fuch and fuch changes in certain 
Bodies. This dodrine was laid down by the ancient Chemifts, and is at 
prefent almoft brought to its greateft perfedion by means o f  thofe beau
tiful Thermometers o f  the ingenious Fahrenheit. It  was their opinion, thac 
the power o f  Fire mighc be conveniently enough reduced to four degrees, and 
thac chis diftindion was fufficient for the exercife o f  their A r t : O f  this mat
ter, however, they gave us buc a very obfcure A c co u n t: N or have the m o
derns made any confiderable additions. L e t us, therefore. Gentlemen, un
dertake chis poinc, and call in Arc to our affiftance, but A rt  chac is formed 
upon Nature.

The firft degree, then, of Chemical Fire, I call that, within the compaís Thefirñde- 
of whichNature brings about the w ork o f  Vegetation in Plants, and by which 
the Chemical A rt imitates the fame. This begins from the greateft degree o f 
Cold, viz. Number i .  in Fahrenheit's Thermometer, and ends at the degree 
80: For chrough all the degrees contained betwixt thefe limits, Vegetables o f  
one kind or other give plain indications o f  L ife  and V igour. Don’ t you, 
in the moft piercing cold, fee the bitter moffes grow ing upon the barks o f  
Trees, and indeed fcarcely at any other t im e D o n ’ t the F ir, the Juniper, the orien
tal Larch-tree, the Cedar, the Pine, the Savine, the Yew , and the Arbor vitcsy retain 
their verdure in the iharpeft W inter ? N ot to mention the Sea Moffes, che Land 
Moffes, the Black Hellebore, the Hepatica Nobilis, the Snow-drop, the W inter 
Wolf-bane, the Baftard Hellebore, and others; which in 'the hardeft Winters 
put out Leaves, flower, generate, conceive, and bring forth, nocwithftanding 
the check one would imagine chey ihould receive from the intenfenefs o f  the 
Cold. In ihort, i f  you carefuHy examine all the Plants that we are at pre- 
ient acquainted with, by the degrees o f  H eat contained within the bounds 
here deicribed, you will find fome Plant or other that comes to its maturity 
in almoft every one o f  thefe intermediate degrees.

Hence k  appears very probable, that the Chem ift, by a well managed de- The re- 
gree o f Heac, may in his artificial Stoves imitate thac power o f  Fire, which Na- 
ture makes ufeot in the generacing o f  Vegecables, fo as by geatle degrees c o '‘ *®
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proceed to cheriih the Plants, and not to deftroy them. I f  you defire to ex
cite fuch a H eat as this, upon a proper furnace place a veflel full o f W afer 
in which difpofe a Thermometer, and then you may, by increafing or leiTen- 
ing the Fire, eafily reduce the Wacer to that temperature which is for your 
purpofe. W hen the W ater is thus found to be fufficiently warm, put the Body 
you would make the Experiment upon in a glafs VeiTel, and fet it in the Wa
ter, which by this means will communicate to it a proper degree ofH eat. Is it 
not very probable now, Gentlemen, that this degree o f  H eat is the beft fuited 
to impregnate Oils with the choice Spirit o f  fome Vegetables, without diflipat- 
ing the moft precious Part? I f  one wanted, for inftance, to impregnate an 
O il wich the moft fragrant Spiric o f  Rofes, what method is more likely co fuc
ceed, than the taking fome Rofes, gathered in the morning, and digefting them 
wich fome pure, inodorous, and almoft infipid O il o f  Olives, in a call Bolthead, 
in 56 degrees o f  H eat? Such a H eat certainly will fo unite and intangle theSpi- 
rit o f  che Rofes in the vifcidicy o f  the O il, chat it will not be eafily difengaged 
again, but will produce a moft fragrant Balfam. A n d  if  you w'ould inrich the 
moft liquid A lcohol with the choiceft Spirit o f  Saffron, make ufe o f  che very 
fame degrees for with a lefs you will fcarcely extrad ic from the Subftance of 
the Saffron} wich a greater, you will diiTipate chofe parcicles which are moil vo
latile. There are but few who have a right nocion o f  this A ffair j thofe, how
ever, who are beft acquainted with thefe things, know it to be true. By this 
caution in the management of the Fire, it is certain, there are incomparable 
Medicines prepared, which become good for nothing, i f  you increafe ic beyond 
ics proper bounds.

The fécond T h e  fecond degree o f  Fire may, I think, be moft conveniently meafured by 
the Heat that is ac fome time or ocher obferved in healthy Bodies. This, in its 
loweft State, is fuppofed to begin at the 40ch degree, in Fahrenheit^ Thermome
ter, and in ics greaceft height, to rife to about 94. Wichin this compafs Ani
mals feem to be capable o f  fubfifting, if  their humours have any degree ofHeat 
in them, that is contained between thefe Lim its. There are fome kinds of In- 
feds chac live wich a very fmall degree o f Heac in their vical Juices, and noching 
feems to me more furprizing, than that ihe Embryo’s in the E ggs o f  Caterpillars 
(which they lodge, when they are impregnated, in a vifcid matter circularly difpofed 
round fmall cwigs) fhould remain fecure in their licde Nefts, during all the fe- 
vere W inter o f  the Y ear 1709, and the very fharp one o f  the prefent 1729* 
F or notwithftanding every body would be ready to imagine, chac chey muil 
have perifhed chrough the extremity o f  che Froft, yec by che kindly influence of 
the warmch o f  the approaching Spring, we faw the W orm s able co difengage 
themfelves from their E ggs, and thus make it appear, that they had ftood out 
againft the great fevericy o f  the weather. Fifties coo, belonging boch co Seas 
and Rivers, that have Gills inftead o f  I.ungs, live and keep moving continu
ally in W ater that is 34 degrees warm i and i f  the Heat o f  it is increafed 
from hence as far as 60 degrees, and better, they are ftill in fome meafure able 
to bear it. But Fifhes that are furnifhed with Lungs, like other refpiring 
Anim als, in the time o f  health, communicate to their humours a warmth 01 

Theufcof 9 1  degrees, a little more or lefs j and hence they will fubfift in any degree, 
‘i»“’ betv/ixt 33 and 94. W ithin the compafs o f  this Heat are included the vital 

adions o f  Animals, the fermentation o f Vegetables, and che putrefadion both



ofVegetables and Anim als; aslikewife the generation, breeding,hatching,birth, 
and nutrition o f  Animals. T his degree o f  Heat the moft experienced Chemiils 
make ufe o f to prepare their Elixirs, volatile alcaline S.ilts, both fimple and 
oily, and their T inilures ; and employ the fame in concoóting their M ercu
ry to che firft preparation o f  the PIiiloTopher’s Scone.

The third degree o f Heat begins at the degree 94, and reaches as far as 212, The thui 
in whichW ater generally begins to boil. Through this whole intermediate fpace, 
the W ater and n.itive Spirits are feparated from all kinds o f Anim ils and V e 
getables; and the Rejiciuum grows dry, becomes durable, and almoft immuta
ble. T he elTential OiN o f  Plants in this Heat become volatile. T h e Salts and 
Oils, in the freih Juices o f  Animals, are fcarcely raifed, but the Juices are 
dried into a thick, hard, brittle, infipid, inodorous Subilance, which will keep 
for years without any ronfi ierable alteration. And hence it appears, with how 
iktle reafon fome perfons imagine, that volatile, alcaline, oily Salts, are gene
rated and reu‘.ined in a he.ilchy Body. T his degree o f  Heat ftrves for the di- 
ftillation o f cne diftilled Oils, and medicinad Waters o f  Vegetables. T h e fin T h e  e f f i c a c y  

guineous ferous Juices of Animal.s coagulate in boiling W ater info a Mafs that 
will bear to be: cut afundt-r ; whilft all tl-.̂ ir Solids are deftroyed by it, and re
duced to a thick, tenacious L iquid. And hence it is abfolucely deftruólive to 
all Animals.

T n c fourth degree may be reckoned from the degree 212 to 600; wirhin Thefourth 
which limits, all Oils, Saline Lixivia, M ercury, and Oil o f  Vitriol, recede 
from the Fire, are carried upwards, and by this means diftilled. In chis too.
Lead and T in  are put in fufion, and may be mixed together. T h e  Oils, Salts, 
and faponaceous Juices o f  Animals and Vegetables are rendered volatile and acrid, 
and become more or lefs alcalefcenc: T h e  folid parrs o f  them are dried, and if  
they are calcined, are changed into a very black Coal, are all abfolucely deftroy
ed, quite alcered in their qualities, and lofe intirely their proper Virtues. W ith 
in this Heac too are fublimed Foflil Sulphur, and Sal-Ammoniac.

T h e fifth degree o f  Fire may contain that latitude, in which the reft o f  the Thefifthde* 
Metals are put in fufion. This will begin at the degree 600, and reach as far 
as that which is capable o f  melting Iron. This degree, Glafs, G old, Silver,
Copper and Iron, bear a confiderable time, whilft it deflroys every thing ejfe.
In this degree all other fixed Bodies grow white with Heat, the fixed Salts o f  
Vegetables and Foflils are put in fufion, are deprived o f  almoft all their Oils, 
acquire a greater and greater alcalious acrimony, and with S,md or Flints 
are converted inco G lafs; Lime-ftones are calcined; all ocher chings either 
vitrify, or become volatile, and are diffipated inco the A ir.

The fixch and lait degree comprehends the whole compafs of the dioptrical The fixth 
and catoptrical Fire above defcrib’d ; which hardly any Body is able to refift :
By this even Gold icfelf fuffers very furprizing alceracions. Concerning this 
Fire, confulc the Obfervacions o f  Mejf. Homberg., Hartjochr, and Vilette, and 
whac we formerly delivered upon chis Subjed. T h e principal effed that this 
Fire commonly has upon almoft all Bodies, is the turning chem co Glafs.
The ulcimace effed , therefore, o f  the Fire that we are at prefenc acquainted 
with upon fixed Bodies, is their Vitrification. This the moft ancient Magi of 
the Eaft feem to have underftood, when they prophefied, thac the whole 
World would at length be deftroyed by Fire, and chat it would thenbecon-
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verted into pellucid Glafs. Thus far, then, at leail, our do£line o f  che de. 
grees o f Fire ilands upon a fure Foundation; as for the ultimate power of ic 
the human mind will never be able to fix its limics. ^

A certa in d i- the Hcxt pUcc, now, it IS o f  great confequence for us to be acquainted by 
what means we may know how to raife and keep up a Fire to any degree thac we 
have occafion fo r; on this principally depends all the operations o f  the whole arc 
o f  Chemiftry.

Firft, the And here it is much more difficult to preferve a great degree o f Cold, 
a confiderable time, than it is to keep up a very great H e a t; as the me

tal and Glafs W orks, where fuch intenfe Fires are requifite, moft evidently 
demonftrate. T h e  firft way, then, by which we may keep’ a Fire mode
rate, is by choofing fuch kind o f Pahulum^ afore defcribed, as is proper to 
produce fuch a ftrength o f  Fire as is fit for our purpofe. A lcohol o f Wine 
yields a weak, and equable Flame, that may be eafily increafed or 
diminiihed by a greater or lefs number o f wicks. W hen you are determin’d, 
therefore, about the degree o f  H eat, that you defign to make ufe of, it is a 
very eafiy matter to light a Lam p wich fo many W icks as appear by the 
Thermometer to  be neceifary to excite the degree defired. A fter Alcohol, 
follow the lighter, porous, fpongy kinds o f  Pahulum, as Ruihes, Straw, dry 
Leaves, H air, Feathers, Shavings, dried Stalks o f  Buck-wheat, Chaff, and Bran. 
N ext in order, Oils, T allow , W a x , Camphire, Pitch, Rofin, Sulphur, and 
ocher Compounds. Then thick, heavy, hard, found W ood, not too dry, and 
the Coals that are made from it. And, laftly, red hot Metals ; and foffil 
Coals.

Secondly, Again., various degrees o f  Fire, even to the greateft, may be raifed 
the quantity, the quantity o f  combuftible matter thrown o n ; for i f  a vaft quancity of 

Fuel is fet on fire all at once, then che Fire that is produced by it will be 
always proportionably ftronger, che force o f  it ail being united together. 

Thirdly, the But farther, there will be a vaft deal o f  difference in the H eat, with refpeft 
■diiiance. jq O b je d  it afls Upon, according to the diftances in which the Body is 

expofed to the Fire, the Heat always decreafing, as it is removed farther off. 
A  greac many famous Philofophers have been o f  opinion, that this difference 
m ight be determined by one fimple rule, v iz , that the forces o f  corporeal 
qualities always decreafe in a reciprocal proportion o f  the fquares o f the 
diftances from che center that generates tihefe qualities; and hence that Fire 
too a ilin g at double diftance, has only one fourth part o f  the force. But before 
we can be certain o f  the truth o f this, we muft firft be fure, that the Fire 
itfelf, when it is contra*5led into a narrower compafs, does not acquire fome 
new power, not depending upon the number o f the Elements alone, but up
on fome efficacy which they acquire by being brought nearer to one another. 
A nd indeed, i f  we carefully examine this Affair, we ihall find, that though 
it is true, indeed, thac the farther we recede from Fire, the lefs Heat we are 
always fenfible o f ; yet the law in which it decreafes is very different from 
the general one, juft now mentioned. F or Experimencs cautioufly made for 
this purpofe, plainly evince, that at a fmall diftance from the heating point, 
the Heat on a fudden decreafes prodigioufly, buc that ac a greater, the pro
portion o f the decreafe is not fo remarkable. Hence it appears very proba
ble, chat befides the power they have o f  a ilin g  upon other Bodies, the par
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tides o f Fire acquire another power, depending upon the relative motion 
which arifes from their approaching very near to one another. For fince thofe 
famous Philofophers, Grimaldus and Newton, have obferved, that the Elements 
o f Fire, as they tend towards opake refleding Bodies acquire new motions, 
as they come near their Surfaces, why may not the very particles o fF ir e  be 
cfFeded in the fame manner by one another? But here I refer you to what 
has been already delivered upon this fubject.

In the laft place, the agitation, concuiTion, and comprefllon o f  Fire, when 
it is excited by its and included within its aereal Arch, muft enter aidcomp«f.
}ikewife into the confideration : For by thefe the violence o f it is very much 
increafed, and indeed, always the more fo, the ftronger they are, fuppofing the 
Arch noc deftroy’d, as we took notice o f before. And here, as we cannot by 
any means procure this agitation and compreiTion o f Fire, more conveniently, 
and more efficacioufly, than by blowing, or driving the A ir forcibly upon the 
Body o f the Fire ; hence Bellows are the Inftruments in particular by which 
we dired this preiTure o f  the A ir  upon the Surface o f  the Fire, and thus agitate 
the parts o f it with a great deal o f violence: But o f  this too we have treated 
already, when we was confidering the aereal Arch that furrounds a burning 
Fire. A nd there likewife we faw, that i f  the W ind o f a great many ftrong Bel
lows is direded from oppofite parts upon the center o f the fame Fire, then 
the Fire will a d  with fo much more ftrength upon the Body that is placed in 
that center, and confequently the changes it induces upon it will be fo much 
more confiderable. And hence the AHayers make ufe o f this method in par
ticular, when they want the greateft ftrength o f  Fire. In fhort, therefore, i f  
the four methods abovementioned are called in to our afliftance, and made to 
confpire in their efficacy, we ihall by chis means procure the moft intenfe com
mon Fire.

Thefe are the things, Gentlemen, which I thought principally neceiTary to 
lay before you, and to explain to you, in the natural H iftory o f Fire, particularly, 
as it is o f ufe in the chemical A rt. T h e  difpofing them in a proper manner, 
and fetcing them in an advantageous L igh t, has coft me a great deal o f pains :
Whether it has anfwered any valuable purpofe, I leave you to judge. I think, 
however, that this is evidently certain from what has been faid, that a che=* 
mical Fire, fupported by the fame Pabulum, and apply’d in the fame man
ner, and the famedegree, will always have exad ly  the fame effed upon the 
fame Bodies, either o f  adunation,or feparation: And again, that unlefs thefe cir- 
eumftances are firft accurately determin’d, ic is impoflible to defcribe the a d i
on of Fire upon Bodies with any certainty. In giving an account therefore o f 
any chemical operations, we muil have a very careful regard toevery thing thac 
has been any where propofed in our Treatife o f  Fire : And thus at length che 
Art o f Chemiftry may be reduced to as certain and regular a Science as any 
other. Befure, therefore, always to take notice o f the degree o f  Fire ; the 
fucceflion o f  the degrees j  the weight, and heac o f the Atmofphere, and its ad ioa 
upon the Fire, either by draught, or artificial, or natural W ind ; and then give 
an account o f  the O b jed  : And a defcription formed upon this plan, will never 
lead a perfon, that would work after you, into miftakes. Give me leave now 
10 add a few things chat regard the nature o f  Fire. Firft, then. Fire, for its 
exiilence, does noc ftand in need of A ir , N itre, Fuel, Sulphur, or any other 
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Body. T ru e Naptha, among Bodies we are acquainted with, is fed on fire the 
eafieft, and thac, at a confiderable diilance from the F lam e; as is likewife the 
pureft Petroleum. Jour», des Sc. 1675. 53. Bodies that are rubb’d over wich 
Naptha, and then fet on fire, continue to burn, tho* they are immerged under 
Wacer. Journ. des Sc. 1683. 104. Napiha takes fire by the flame o f a Candle 
placed within a Lanthorn, and thus prevented from coming into contad with 
it. Phil.Tranf. N . 100. p. 188. Some Gunpowder was difpofed in a machine 
into which W ater could not penetrate, and wich it was included a piece of 
C lockw ork, which at a certain time, by ftriking a Flint againft a Steel, ihould 
fet the Powder on fire •, it was then let down to the bottom o f  the Sea, and 
when, at the time expeded, the Gunpowder took fire, they heard a very 
great rumbling noife, and faw a very thick Smoke, buc there was not the leaft 
appearance o f any Flam e, Sinclair, de arte Gravitationis j which Experiment 
certainly deferves the moft careful Obfervacion, as ic afibrdsa good many Pha* 
nomenn pretty remarkable. Sir Thomas Sibbald, in his Scotia llluflrata^ gives 
us a very extraordinary accounc o f  che L ake Strath-Erith in Scotland, 
whofe W ater, he tells us, let the Cold be ever fo iharp, never freezes before 
the month o f  February, and yec after that time, in the fpace o f one Night, 
is often covered wich a ftrong Ic e ; which Phenomenon feems to indicate that 
H eat increafed in one place, produces a greacer degree o f Cold in another. 
And this again, which indeed was formerly caken notice of, feems more evi
dently deducible from another furprizing Obfervation of a little Rivulet that 
never freezes at all, let the Cold be ever fo fevere. Phil. Tranf. N , 5Ö. 1139. 
T h e  fame abridg’d, T .  II. 335. But this opinion feems moft o f  all confirm’d 
b y  the accounts we have from the A b b o t Boifotte  ̂ in the Journ. des Sc. 1686. 
p. 3 3 6 ; and Du Hamel, in the H iß. de V Ac. Roy. des Sc p. 257. viz. that at 
about 5 leagues from Bicanfon in France  ̂ there is a Cave 300 paces deep, 
which in che fpace o f  one day, when the Weather is exceifive hoc, furniihes fo 
much fee, thac the W aggons and Mules are fcarce able to carry ic away in 
e ig h t; fothat it rifes almoft to the thicknefs o f  four fe e t: And on the contrary, 
in the W inter time, it is full o f denfe Vapours, and a River runs in the mid
dle o f  it, which is always frozen in the Summer. W hen any Vapours are feen in 
this Cave, they certainly prognofticate immediate rain. In Green-houfes, like
wife, and Stoves made to preferve Plants in the W inter, the greater the Heac 
is in any particular places, the more Cold there is in all che others. And the 
fame is true o f  the places furrounding the Furnaces ufed for melting o f Iron, 
and all the works wich large Fires, efpecially, when the Heac wichin is moft 
intenfe.

T hus, Gf-ntlemen, I have endeavoured to explain to you the nature of that 
wonderful caufe, which the greac Creator has placed in the Univerfe, with a 
power o f  exciting thofe motions in natural Bodies, which are neceffary for 
bringing abouc che extraordinary changes chac are continually eifeiled. As 
far as I have been able to get any knowledge o f  ic by a laborious inquiry, I 
fubmic ic CO your examinacion. Its abftrufe and myfterious nacure affords us Itill 
maccer for an infinite number o f  Difcoveries. L et me excite your diligence chere- 
fore, to continue che profecution o f  thefe inquiries, and afterwards to communicate 
them to mankind, that thus, by a more perfed knowledge o f  the W orks of the 
A lw ife  Creator, we may better underitand, and more ju illy  reverence that 
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immenfe Power and W ifdom , which infinitely furpafs all human compre
henfion.

0/  A  I R.

Order requires, that in the next place we fhould treat of A ir ; fince both Air next to 
Nature and A rt, by its concurrence and vertue, perform almoil all their êtreatedof. 
Operations. It is neceifary, therefore, that we fhould be thoroughly acquainted 
with its nature and properties, if  we would rightly underftand the manner in 
which phyfical changes are efFeded. But as A ir is more compound than even 
Fire icfelf, and confequently more difticult to be underftood, hence the better 
to fearch out its hidden genius, we muft here again proceed, as i f  we were intire
ly unacquainted with it, and obferve the very fame fteps that we took in 
order to difcover the nature o f  Fire. By the name A ir  then, we would have 
you underftand that Fluid, which is hardly to be perceived by our Senfes, 
but that manifefts icfelf by ics refiftance to Bodies moved in it, and by its ftrong 
mocion againft other Bodies, at which time it is called Wind. By thefe O b 
fervations we know, that the A ir  refts every where upon che Surface o f  our 
Earth. A ll Men live in it, we enjoy ic, and are perpetually nourifhed by ir.
The manner o f  our exiftence, and inevitable necefllty conftrain us, to breath 
in this A ir , be it what it will ; infomuch, that all the aids o f  A r t  are vain, 
and all that Nature can do for us, is fruidefs, if  we are deprived o f  it.

I f  we will but examine into the manner, in which Nature operates according a  f«ond 
to the Laws which the greac Creator has appointed, we ihall plainly perceive, 
that this very A ir  is that grand, efficacious, and neceffary Inftrument, which 
univerfal Nature principally makes ufe of, in almoft all the Operation^ fhe is 
perpetually engaged in. For in this, all Species o f  Bodies are placed ; in this 
they move ; and in this they perform all their adions ; as well chofe fingular 
ones which proceed from their proper and particular Natures ; as thofe which 
are produced from their mucual, or as it is called, relative, difpofition. N ay, 
there is fcarcely any Liquid, as will hereafter appear by Experiments, which 
has not A ir  intermixed with its parts ; fcarcely any Solid, out o f which 
Air may not be extraded by fome A rt or other. So that in fhort, it is very 
difficult to mention any known Operation o f  Nature, which happens withouc 
che affiftance o f  A ir, or utterly exclufive o f  it. T h e  Operations of Fire, the 
Loadftone, G ravity, and the particular attradion, and repulfion o f  Corpufcles, 
may perhaps be alone excepted, as capable o f  being performed without it:
To all others it is abfolutely necefiiary. W hatever the chemical Arc performs, 
it executes in the A ir  withouc any exception that I know o f  \ unlefs, perhaps, 
the Alchemifts will have it, that the Matter o f the Philofopher'sStone, rightly 
prepared, and carefully lock’d up in the philofophical E g g , is intirely de
prived of all crude A ir, and is brought to its maturity, rather in vacm, than 
in Air ; for indeed, they all declare to a Man, that nothing is fo greac an 
obftacle to the maturation o f  this moft beautiful Fruit, as the crude A ir :  Biic 
this may be ought rather co be underftood, o f the other Particles thac are 
intermixt with the A ir, than o f  the pure Element itfelf.

W e know with the greateft certainty, that Fire which puts all things in Becau*-it 
motion, can fcarcely be either colleded, preferved, direded, increafed, or 
moderated, wichout A ir. Hence, then, i f  F ire requires A ir , o f confequence,
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all its Operations will require the fame*, fo that without it, Fire would ceafe to 
operate, nor could be applied to oiher Bodies. But-let me caution you, that 
I am here talking o f that Fire which is excited and fed with inflammable 
Fuel, by the means o f which, both A rc and Nature execute their principal 
defigns, and which, as has been proved by many Arguments above, ftands in 
fo much need o f  this Element, 

itaflsupon W hoever has leifure and inclination to take a  view o f  the more general 
Clajfes o f  natural Bodies, will find, that A ir is every where required to their 

and Fofliis. vitality, growth, vigour, and adion. For if their vitality confifts in their propel- 
ling their humours through proper veflels, and by a peculiar power, converting the 
foreign Juices they receive into their own nature, or at leaft by a  fingular vertue 
applying them to their Subftance, and thus increafing in their magnitude; I 
cannot help thinking it utterly impoflible, thac any one o f  thefe fundions can 
be performed without the perpetual afliftance o f  A ir j  but chac its prefence 
and aid is abfolutely neceiTary to chem all.

Air, howfar T h e cheniical T ribe, in particular, I am aware, will be furprized, when 
S S 'o / ” chey hear me calling in the A ir , in order to fee forth che oeconomy of Fof- 
Fofliis. fils i fince cheir excluding fimple matter feems to have occafion for che efRcacy of 

Fire alone, to be capable both to a d  and undergo whatever is brought about in 
the o f Bodies. Buc certainly, thofe who have duly confidered the nature 
o f  things, have long ago underftood that Fofliis are broughc forth, and multi
plied, in the deepeft receiTes o f  the mines, and are thence protruded upwards, 
and that all this is accompliflied by the exquifite power o f  the fubterraneous 
Fire. And as this is certain, fo likewife it muft be allowed, thac this fubter
raneous, veftal, and perpetual Fire, is there retained, colleded and apply’d, 
by  the A ir  alone. This, Gentlemen, is what la m  particularly defirous to let be
fore you in a proper light, as ic is a point which has hardly been clearly han
dled any where elfe. A ir  then is a heavy, elaftic, Fluid ; denfe, in propor
tion foche weights that comprefs it, ad s more powerfully upon the fame Fire, 
in proportion to its acquired denfity; expands itfelf in the fame Ratio  ̂ as it is 
freed from com preffion; rarefies proportionably to the intenfenefs o f  the Fire 
that ads upon i t i  and infinuates itfelfinto all things; and exerts chiefly all its 
properties, in thofe parts which are deep, and cowards the center o f  the Earth. 
H ence, therefore, it always operates the more violently, the deeper and denfer 
it is, and being agitated by the Fire, which by this very attrition o f the Air is 
colleded there in greater quantity, becomes the phyfical caufe o f  the moft vio
lenc comprefllon, attrition, com padion, depuration, and union o f  homogene
ous P articles: And hence, the Foffils which are generated there, are ofa na
ture fuitable to fuch a caufe. W ithout this A ir , none o f  thefe would be pro
duced. A n d , perhaps, this is che foie reafon, why they are only formed in 
thofe places. But more o f  this hereafter. W hat I have here faid is fufficient, 
as it ferves to let you fee, that the prefence and ad ive  vertue o f the Air is re
quifite to all the Operations o f  Nature.

In  A n im a ií N or W i l l  it be any ways necefliiry, that I fhould explain to you the power 
upon Animals, and Plants; for fome late very accurate Experiments 

have fully inftruded us, that no E ggs o f  Animals, or Seeds o f  Plants, be they 
ever fo ripe, pregnant, and the beft o f  the kind, and cheriftied with ever fo 
kindly a warmth, will ever bring forth the E m bryo’s contained in them, but
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will remain intirely ùnadive, i f  tiiey are either deprived o f A ir, or are inclofed 
in ftagnating Air in Glaffes hermetically fealed. A il fmall Plants, likewife, 
even the moft minute Moffes, or aquatick Vegetables, vyhen they are kept in 
a place void o f A ir, or when ic is noc renewed, prefently wither and die.
Thac the fame alfo happens co all Animals, even to the fmalleft Infefb, is true, 
beyond all contradiilion. Thus then you clearly perceive the mighty influence 
of Air over ail things.

An accurate knowledge, therefore, o f  che A ir, by which ics aduating proper- Theknow- 
ties may be underftood, is abfolutely neceffary for the Chemift, Phyfician, and 
natural Philofopher ; for by this means alone, w elhall be able to comprehend fore,very 
a great many Operations, which are performed by A rt, or Nature itfelf, their 
principal caufe very ofcen being fome innate power o f  the A ir , thac exifts no 
where elfe.

In the mean time, there is not, perhaps, any natural Body, the perfeft know- Though dif- 
ledge of which, is a matter o f  greater difficulty ; becaufe fpontaneoufly, and 
of itfelf, it fcarcely affeds the organs o f  our Senfes. This one may ju ftly  at
tribute to its exceeding fubtilty, to which the dulnefs o f  our Nerves renders 
us infenfible ; inafmuch, as, even by the affiftance o f  the moft perfed Mi~ 
crofcopes, we are not able to difcover any thing in it. Buc there is yec fomewhat 
elfe in the A ir , which is ftill a greater obftacle to our rightly underftanding its 
Nature, and that is, its containing fo many various kinds o f Corpufcles, thac 
in the whole Univerfe, there is noc found a Fluid compounded o f  a greater 
variety. N ay, when you have heard what I am going to deliver concerning 
this Element, it will clearly appear, that there is hardly any Species o f  Bodies 
that we are acquainted with, o f  which fomething doth not float about in the 
Air ; Gold itfelf, che leaft volatile o f all Subftances, not excepted.

It is highly neceffary therefore, that we firft o f  all take moft d iftindly into Method 
conflderation, every fingle property o f  the A ir , carefully avoiding all confufi- 
on: This done, and each being feparately examined with due application, we 
Ihall by making an aggregate o f  the whole, obtain as true a knowledge o f  it, 
as the nature o f  the ching will admit of.

The firft property then o f  A ir, which offers itfelf to our conflderation, is its i„ the fira 
fluidity. This is fo natural to it, that I do not remember ever to have heard place Airis 
of any Experiment, by which A ir could be deprived of it. It is evident to 
every one’s obfervation, that even in the iharpeft Froft, when every thing, al
moft, is congealed, the A ir  ftill remains liquid j nay, in an artificial Cold,
40 degrees greater than ever Nature has been obferved to produce, the A ir  
ftill retained its fluidity, nocwithftanding it was aded upon by fuch a prodigi
ous excefs o f  Cold, I f  you comprefs the A ir  with ever fo great weight and 
force, too, into the utmoft denfity, yec ic does not then become folid by con
cretion, but remains equally fluid as before, and as foon as ever the compref- 
fion is removed, it refumes irs former liquidity : N ay , among the various co
agulations I have difcovered in the mixing o f  different Liquids together, which 
certainly have been a very great number, I have never yet met with one fin
gle Experiment, by which it appeared, thac A ir  was coagulated into a folid 
Mafs. I confefs, indeed, one N oon, in frofty W eather, when the A ir  was very 
ferene, I obferved fome very fmall Corpufcles floating about in it, gliffening in 
the Sun, and by the variations o f their little Surfaces fparkling with wonderful
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corufcations \ but afrer a careful inquiry, I difcovered, chac thefe were 
nothing but little Glebules, confifting o f  Particles o f  Wacer, which before were 
difperfed about in the A ir, buc were now united and congealed, and thus ap. 
peared in form o f  a very fubtii Hoar-froft. W ere ic poflible, therefore, that 
Fire could admit o f  concretion with other Bodies, concerning which you may 
remember, I have treated already ; A ir furely would appear to retain its flui- 
dity much more obitinately than Fire itfe lf Buc, indeed, it rather feems pro- 
bable to me, that there are in Nature two Fluids, the Elements o f  which will 
never unite wich each ocher, nor will ever harden wich any other Bodies into 
one homogeneous M afs : And thefe two are A ir, and Fire. In the mean time, 
however, while I am talking in this manner, I would not have you think, 
Gentlemen, that I have forgot, chac this very A ir  grows cogether, and unites 
wich every kind o f  known Bodies, and fo ferves as a kind of Element in the 
compoficion o f  concretes: For this is fufficiently evident from the large quanti
ty  o f A ir, which o f  itfelf makes its way out o f  almoft every Body, whi ft it is 
reducing into its Principles, and is now-a-days, perhaps not fo properly, called 
faftitious. Buc you. Gentlemen, who have examined this A ir  with me, know 
very well, that it is contained in all known Liquors whatfoever ; that it penetrates 
together wich chem into all the recefles o f  concreted Bodies ; chat thus at length, 
after a coalition o f  che whole, ic remains lock’d up in the Meatuses o f the Bo
dies, as it were, in very minute V effels-, and afterwards, the Liquor in which 
it was convey’d thither, being diffipated, it is left there alone. Hence, 
then, you fee very clearly, thac this A ir  was not concreted there \ btit only 
lay  concealed, being retained by the including Body. A s foon as ever, there
fore, ic can difengage icfelf from this confinement, it ruihes forth intirely un
changed, and returns with all fwiftnefs to its proper Nacure. But this ftill ap
pears more evident, i f  we confider common W ater whilft it is freezing. Is 
there not hid in it a great quantity o f  invifible A ir  ? W h at becomes of it? 
W h y , as foon as ever che W ater begins to form itfelf into Ice, and its Particles 
are prefs’d nearer, and united together, as they are now deprived ofchat degree 
o f  Fire, which is neceiTary to keep chem afunder, and prevent their running into 
their natural union 5 chen, I fay, the Particles of A ir intercepted between the Cor* 
pufcles o f  W ater, cannot congeal, but are preifed out o f  thefe interftices, are 
united with other Particles, are feparated from the Wacer, colleded in Bub
bles, become again a moft fluid A ir, and thus evidently evince, thac this Air 
was incercepced indeed, but noc concreted, coagulated, or altered. The fame 
thing being fuppofed to happen in the like manner in all other Bodics, the firft 
property o f  A ir , namely, its fluidity, is fufficiently made ouc.

Thefinenefs In chc firft placc, now, the finenefs or fmallnefs o f every Particle of Air, 
conduces to this its fluidity; for they are fo exceeding minute, that n o  one 
o f  them can be prefented to the E ye by any Microfcope whatever. A n d  yet 
they are far greacer than thofe o f  F ire; for they can neither make their way 
through Metals, G lafs, Scone, or thick W ood, nor even c h r o u g h  good Paper. 
And hence A ir  may be excluded or fliut out from many places: N ay, it cannot 
fo much as pafs through thofe invifible Pores o f  Bodies, chrough which Wine, 
Oils, W ater, Brine, Lixiviums^ alcalious and acid Spirits, are able to infinuate 
themfelves. Thefe Obfervations are all evidently confirmed by the Air-p^^np. 
F or if  you put a leathern R ing on the brafs Plate on which you fix the R ece iv er
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o u t  of which you exhauft the A ir, and place the rim o f  the Receiver on the 
faid Ring, then the weight o f  the Atmofphere, when the A ir  is exhaufted from 
the cavity o f the Beil, will prefs the rim o f  the Bell with fo much force upon 
the Ring, thac the external A ir  will noc pafs into the cavity through the duds 
o f che porous Leather, buc will be intirely kept off ; and yet, if  you pour any one 
o f the beforemencioned Liquors upon the outfide ofthe Leather, it will be imme
diately imbib’d, and it will inftantly infinuate itfeif under the Glafs inco the 
cuum ; a manifeft proof, that other Fluids, tho* fomewhat thick and tenaci
ous, can eafily pafs through the Pores o f Bodies, thac repel and keep o ff  the 
Air. And the fame thing is likewife eaiily made evident by an infinite num
ber o f other Experiments.

In the fecond place, thefe ultimate aereal Particles are fo eafily feparated T h e  lubrid- 

from one another, that this divulfion m aybe procured by a force lo fmall, as 
does not fall under the notice o f any o f our Senfes. N or does it fignify at 
all on which fide, or which way you attempt this feparation, it being always 
equally eafy. T his exceeding ready divifibiiity every one may obferve^ who 
confiders the motion o f a fmall poliihed Body through the ftill A ir. Can you 
not move a Steel Needle wich greac facility in the circumambient A ir, which 
way foever you pleafe? And it is the fame with all ocher Bodies. T his pro
perty, therefore, you will give me leave for the future to call the lubricity 
or ilipperineis o f the A ir.

However, when we carefully examine this lubricity on all fides, we difcover, Theîrmu- 
mechinks, fome tendency towards a union between thefe Particles» by means ‘«aiattmion 
of which they readily run together into a mutual aifociation ; a flight one, I 
confefs, indeed, and that may be eafily deftroy’d \ but that is ftill a proper 
aifociation. For upon examination, does it not appear, that whenever one 
fingle Particle o f  A ir  lies hid in any L iquid, nothing o f  it is any ways per
ceived; butas foon as ever a like Parcicle is united with it, there prefently ariies 
a Bubble from this union, which by a certain tenacity ©ppofes its own 
dillipation ? And if  afterwards, another and another like Bubble meets with 
the former, is it not obvious to every one, that there fucceeds, in proportion, 
a ftill greater Bubble, tenacious, as the former, o f  its magnitude and fpherical 
figure? You will think, perhaps, that this is rather owing to the compreifive force 
of the ambient Liquid ; nor do I deny, that it may poflibly happen by that 
means: But yet, the effort at leafl: o f  the aerial Pardcles towards an union 
with one another, will be ftill greater than that between the Particles o f  W ater 
and the very minute Particles o f  Air. T h e  attradion, indeed, between thefe 
Particles, I acknowledge to be very fmall : N ay, but you will be apc to fay, 
there is a repulfion between them, as the Newton has plainly demonftra
ted; Nor do I deny it, and ihall myielf profeifedly treat o f ic by and by. In 
the mean time, however, ic remains certain, that tliere is a power in thefe Par
ticles, by which, when they are united in a fpherical figure, they long main
tain chemfelves in chat figure againft the force o f the Bodies that furround 
them.

For if  we examine this inclination to cohefion more clofely, we ihall prefent- Aireafiiy 
ly fee, that the aerial Particles fingly and feparately confidered, very eafily fuf- 
fer chemfelves to be mixed with any other Liquid void o f  A ir, and chac they Bodies, 
obilinately abide in it, quietly refting in its interftices, in the fame manner as
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any Salts are diffolved in Water. Befides it will appear hereafter, thac a large 
aerial bubble, that is compofed o f  many united Particles o f  A ir, and placed 
on the furface o f  a Liquor intirely deprived o f  it, will rcfolve itfelf into its 
elementary Particles, and that thefe, when they are thus feparated, will be car. 
ried into the empty pores o f  the liquid, and never gather themfelves into, a 
bubble again, unlefs by the additional force o f  a greater caufe.

The jmper- And hence, in the third place, we account for the Air^s imperceptibility, 
«pübiiity of already mentioned, to our fenfes. N or would ever any one have thought oi this 
whatV̂ ' A ir  which we now treat of, had not fome great Bodies, and chiefly fuch as 

contain but a fmall quantity o f  matter under a large furface, been moved 
with their broadeft furfaces through it. But in this cafe, the A ir refifting 
the motion with a remarkable repulfive force, immediately manifefts icfelf to 
be a hard body. And as thefe refiftances, which are in reality actual repulfes, 
vaftly increafe according co the augmented velocities with which the Bodies are 
moved, viz. as the Mathematicians compute in a duplicate proportion ; hence it 
m ay happen^ that this imperceptible foftnefs o f  the liquid A ir, may become as 
hard as a Stone. For i f  a perfon ftiould take a very thin brafs plate an hundred 
feet fquare, and with its furface d ired ly  forwards, try to carry it ered  through 
the A ir  when it was ftill, with fo great a fwifciiefs, that it ihould move the 
fpace o f  two and twenty feet in a fécond o f  time, he would then find in this 
A ir  an incredible refiftance or hardnefs, eafily to be computed by Manoih 
method. And i f  with this plate ered  and quiefcent, any one ihould receive 
the Ihock o f a W ind ruihing with the greateft rapidity, he would then like
wife experience, with what hardnefs the A ir  is capable o f  ftriking, when it 
is hurried along fo fleetly.

A l l  this now is to be underftood o f  the whole A ir , as a compound, in which 
very great and heavy Bodies are capable o f fwimming, as appears by Birds 
and things o f  fome weight carried away by the W ind, not to mention thofe 
o f  a lighter nature, as Duft,

X he nçxt property o f  this A ir , confidered in the fame manner as before, is 
'  the fingular weight o f  its whole bulk ; for m this refped all the parts together 

which in the aggregate conftitute this A ir, prefs with fo gravitating a force to* 
wards the Center o f  the Earth, that by their fluidity, they form a Sphere around 
its furface, which we may properly enough call the Air^fphere, and which,, 
on account o f the very large quantity o f  Vapours exhaled into it, has hi
therto by Piiilofophers been called the At.mofphere.

T he G ravity o f  the A ir, formerly difcovered, Torriceîîius, that great Ihrm' 
tine Geometrician, ventured in the year 1643, to determine ftatically. After 
him, ih th m o m  Otto Guerick proved this G ravity by feveral experimental ap
peals to the fenfes, in the year 1655. T h a t very ingenious Philofopher Monf. 
Pafchal afterwards cleared it farther u p ; and the great M r. Boyle rendered it 
more compleat. It Mariott, however, who gave the beautiful finilhing to 
it by the m oil curious Experiments o f  all ; infomuch that now-a-days no 
part o f natural Philofophy ftands upon furer principles than this o f the Gra
vity o f the A ir  ; for by the affiftance o f  what thefe Gentlemen have done 
for us, the weight o f the whole gravitating Air-fphere may be obtained to the 
greateft nicety, and expreffed under the denomination o f  common weights.
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It has hitherto, however, remained impoíTible to determine the weight H o w fa r d if-  

of che aerial Body, comparatively with other Bodies, the weight o f  which i s ' 
known. For upon inquiry, ic very foon appeared, thac no two equal portions o f  
Air taken at the fame time, but ac different heights, were ever o f  equal 
weight; but thac on the contrary the lower A ir  always outweighed the high
er. And this holds fo univerfally true, that che very fame thing is obferv
ed from the furface o f che Earth to the tops o f  the higheft Mountains. N ay 
in the very fame place you will hardly ever find, that an equal quantity o f  
Air, at different times, will be o f  the fame W e ig h c; but even in this cafe 
there is obferved a great variety, it fometimes weighing more, fometimes lefs.

The Air-fphere in our climate, wherever it has hitherto been obferved, is very found w m-  
confiderably, and almoft always wonderfully changing with refped to its weight, 
which never continues long the fame. This variation is chiefly apparent when
ever there is any Alteration in the Meteors in the A ir, which is pretty frequent:
For Rain, fudden great Showers, Fogs, H ail, Snow, Lightning, Thunder,
Winds from various quarters, Storms, W hirlwinds, Drought, and the Changes 
ef che planetary A fpeds, are certain indications o f  the Atmofphere’s becoming 
very foon o f  a new or different W eight. In this Affair the different Seafons 
of the Year likewife produce an incredible variation. By means therefore o f 
this fucceifive and inceifant mutability, depending on fuch a number o f  caufes 
which are continually reviving, it comes to pafs, thac the weight o f  the A t 
mofphere never continues long che fame. And hence an infinite number o f ef
feds about the Earth, which almofl all depend upon the adion o f the gravitat
ing A ir, are in a perpetual vicifiitude and inconftancy: So that this 
fingle Variation o f  the A ir  alone in poinc o f  W eight, is the fource o f  a greac 
many caufes which produce different events. In che mean time however, by 
the help o f very accurate Obfervations, continued for the fpace o f  above 86 
years, we are now come to the knowledge o f  the greateft and leaft Gravity o f  
the Air that happens in Europe. For upon examining, it has been found, chat 
the greateft W eight o f the Atmofphere is in equilibria with 30Í- inches o f Q u ick- 
filverinthe Barometer, but that the leaft would raife it only to 2 7 f : So that thediffe- 
pence appears to be almoft a tenth part o f  its greateft W eight, within which 
compals the perpetual variation o f  the gravitation o f the Atmofphere is in
cluded.

This daily alteration now is owing to many peculiar, and perfedly different 
caufes, but yet, however, fuch as are intirely certain, and may be come at by dir«rtain**' 
diligent Observations. And whenever this fhall be accompliflied, then we fhall 
be able to form a regular notion o f  this Fluduation, which at prefent is lo o k 
ed upon as intirely uncertain. From whom now ihould we fo ju ftly  e x p e d  
this, as from the famous Nicholas Kruquius, whofe genius, learning, and inde« 
fatigable induftry, highly qualify him for the cultivation o f  thefe ftudies, 
and whofe aforementioned Meteorological Tables compofed with infinite d ili
gence and accuracy, ihew us at one view all the caufes concurring to every 
degree of the increafed W eight o f  che Atmofphere. It were to be wiihed, that 
ihefe fo ufeful inquiries o f this great mafter in Natural Knowledge, might 
meet with encouragement equal to their meric ; left when he is gone, we 
ihould look in vain for another thac is equally qualified for the fame dif
coveries,.
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And com- L if t ly ,  ic has been likewife obferved, chac che W eighc o f  the common Air 
about our Earch, ac che time o f the middle W eighc o f che Air-fphere, and 
in che moit temperate feafon o f the year, is to thac o f Wacer, as i  to 850; 
Buc then chis muft be underftood according Co thefe condicions, ocherwife it 
would be impofible co affirm any ching cercain abouc ic.

Theeftecis In chc firft place, then, the A ir  refting wich its whole weight upon our
iihrAt*" preiTes its furface wich a perpecual force. And this preiTure upon any
mofpherc. parcicular Body is equal co thac power which ac the fame time keeps up a 

perpendicular column o f  M ercury to che heighc ic chen obcains in che Ba- 
rom eter; the Bafe o f  which Column will be a horizontal Plane cutting a 
Pyramid whofe vertex is in the cencer o f  the Earth, whilft ics Sides touch 
the horizontal boundaries o f  the Body thus preifed by A ir. Thus then 
may this power be every where e x a d ly  computed, by confidering the height 
o f  the Q uick-filver in the Barometer, at the time the computation is made, 
and che magnitude o f  the furface o f che Body, the preiTure upon which is re
quired. And hence ic is inferred, in the fecond place, thac Bodies difperfed 
in che Earch, are fo much che more preiTed by che incumbenc Air, the 
nearer they are to ics cencer ; for ic is evidencly demonftraced in hydrofta- 
ticks, that the preiTures o f  liquids upon their bafes are in proportion to their 
perpendicular Altitudes. Hence, therefore, i f  we confider the Air as a Li
quid, every where homogeneous, and IncompreiTible ; then the proportion in 
which Bodies are compreiTed in every part o f  the perpendicular from the 
furface o f  the Earth to its center, might be eafily difcovered : Buc as thc 
elaftick power o f  the A ir  brings a greac many very different confiderations 
into che fubjed, we fhall fpeak particularly o f  that maccer by and by. In the 
third place, it appears on che ocher hand chac all Bodies, the farcher chey are 
raifed above che cencer o f  the Earth, the lefs in proportion chey are affeded 
by che preiTure o f  che A ir. Buc ic muft be obferved farcher too, in the 
fourth place, that Bodies in the very fim e fituation, will be more clofely 
compreiTed together, as the weight o f the A ir  is augmented, according to the 
abovementioned obfervations. A nd fifthly, as foon as ever the fame Air de- 
creafes again in its weight, the preiTure upon chefe Bodies will be proportionably 
diminiihed. Sixthly, all thofe Bodies, therefore, that are expofed co che Air 
are never long comprefTed wich che fim e excernal force ; buc che compreiTion they 
fuffer is varying continually ; with chis limitation, however, chac the difference of the 
preiTure is never found in the fame place to exceed one tenth o f che whole ; within 
which centh is included the whole com pafs o f  this variation. Seventhly, therefore, 
the A ir icfelf, while by refting on all Bodies ic chus compreffes chem wich various 
forces, muft likewife in proportion be repreiTed by chem, provided chey are elaftic, 
orfuchas have in themaninnaceefforc toexpand chemfelves, or to recover thaciize 
which is che proper effed o f  cheir natural energy. And hence, cherefore, icappears 
likewife, in che eighth place, chac in all Bodics which are ficuaced in the Air there 
is a perpetual ofcillation o f cheir Parcicles correfponding to the reciprocal aug
mentation or diminution o f  che W eight oi the A ir. This ofcillation is buc 
fmall indeed, as being confined wichin the lengch above mentioned, for the com
pafs o f its variation ; buc ftill it is a proper ofcillation, and is a l m o i t  continual. 
But we have before, in the H iftory o f  Fire, taken nocice o f  another tremulous 
vibration in the Particles o f  Bodies, produced by the various vicifTitudes ot
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Heat and Cold, which, therefore, in conjunilion wich this o f che A ir, muft bring 
about very confiderable and continual effeds. W e acknowledge, therefore, 
two perpetual caufes o f the conftant, internal motion o f all the Particles o f  ela
ftic Bodies, viz. Fire, and the Air-fphere. In the ninth phice, however, it 
muft be remarked, that upon Bodies, which are abfolutely foft, if  any fuch 
chere are, that is, that are intirely deftitute o f  a power to recover their for
mer figure, when the force that preffes them is removed -, and upon Bodies, 
fuch as W ater, which cannot by any external W eights be reduced into a 
fmaller fpace -, upon fuch, I fay, the compreifive force of the Air-fphere, with 
regard to its increafe or diminution, has no effed ; and confequencly, upon fuch 
Bodies, the reciprocal Ofcillation we have mentioned, will be o f  no efficacy.
Seeing then that Fire ads equally, nay more upon thefe very Bodies, than 
on all others, ic plainly appears, that the power o f  Fire, on this account, 
is to be regarded as far more univerfal than that o f Air, and confequencly o f 
any other Body.

It will now be o f  iervice to us, if with an eye to Chemiftry, we take a view The effets 
of thofe effeds which the external A ir produces, confidered as a fluid and gra- Sered'lÎ“â " 
vitacing Body togecher ; for in chis light ic evidencly appears, chat it muft reft «nd 
wich fome force upon the outward furfaces o f all Bodies, as has been juft now lcdy toge- 
explained. Hence therefore, in the firft place, ic will infinuate itfelf b e t w e e n  iher. 

the furfaces o f  all feodies, the diftances o f which from one another leave inter- 
ilices fo wide for the admiifion o f  che external A ir, that by its fubclety, or 
the loofe texture o f  its parts, it may be able to enter into thefe little fpaces.
Hence, likewife, ic is evidenc, thac all the little invifible Meatus's of Bodies, 
which are qualified in the manner ju ft mentioned, though they appear to our 
fenfes to be perfedly empty, are in reality full o f common A ir. And fince 
this A ir muft certainly in thofe Interftices perform all the effeds which are 
proper to it ;  hence an infinite number o f  the operations o f  Nature w ill o f  
confequence depend upon it. Secondly, it is a curious obfervation in H ydro- 
ftaticks, that the heavy and fluid A ir  preffes upon every fide of Bodies with 
an equal force, whither the horizontal, vertical, fuperiour, inferiour, or ob
lique. This is demonftrated in that Science: But as Chemifts are ofcen unac
quainted with thofe ftudies, I  have thought it proper to give an ocular 
demonftration o f  a truth which is o f  fuch importance in the Chemical arr. I 
take then three glafs veifels ; one cylindrical, A  ; another conical, B ; the third,
C, running, like a bolthead, from a fpherical bottom, into a long, cylindrical neck.
Under theie three you eafily conceive, all forts o f  fimple veiîèls may be com
prehended, as is eafily demonftrated by Geometry. Be pleafed to obferve, then, 
in the firft place, I fill the Cylinder A  with fair W ater exad ly  up to the brim.
Upon the furface o f  the W ater then Ï put a piece o f fingle clean paper, D , ju ft 
bigenoLighto cover the mouth o f  the Veffel, and this with the palm o f  my 
left hand I prefs equally on the furface o f the W ater, fo that between thac 
furface and the paper no A ir  can be retained. Then with my right hand I in
vert the veffel, as you fee, in fuch manner, that the palm o f  my left hand re
mains clofe upon the paper. H aving in this manner turned the veifel upfide- 
down, fo thac the mouth ot it, which is covered with paper, is at the bottom,
I gently remove my left hand, and with my right I hold the Glafs as it were 
freely fufpended in the A ir :  And you fee, that not the leaft drop of Wacer
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runs out o f the VeiTel, but that the Paper remains as clofely preiTed to it, as if 
the Palm o f  my Hand was ftill apply’d to ic. Obferve farther, I gently turn 
the Veifel from this vertical to an horizontal pofition ; and does not the Wa
ter ilill remain in the Veifel, and the lictle Paper ftill clofely adhere to the 
mouth ofit ? Thefe things you plainly fee. D o you not therefore acknowledge, 
that the preiling power o f  the heavy and fluid A ir, has the fame effedt upwards, 
laterally, and downwards, and that it preifes a Body placed in it with the moft 
exad  equality in every point o f  its furrounding Surface ? A n d  therefore, that 
the A ir  which is perpendicularly under the mouth o f  the Veifel, has the fame 
force in ics eifort upwards upon the Paper, as the A ir  which horizontally pref- 
fes upon the Paper, and even as thac which bears upon it vertically ? This 
e ife fto f every heavy Liquid, i\\tgxto.x. Jrcbimedes obferved very nicely, as he did 
every thing elfe, and raifed a great many very curious demonitrations upon it. 
There is in reality no end o f  the truths, which may be hence deduced. But 
thefe we leave co be explained by proper Mafters, whilft we Chemifts thus en
joy the benefit o f  them. T h e  fame thing again you fee now in chis conical 
Veifel. T h e Bafe o f this glafs Cone B being open, and its vertex E  clofe, I 
fill the Veifel compleatly up with W ater, apply with the Palm  o f the Hand 
the Paper D , and turn the Veifel till the Bafe is undermoft. I now take off my 
left Hand, and fufpend the Cone with my right. T h e Paper you fee does not 
drop o if; nor does che Veflel lofe one drop o f  W ater. I gradually change the 
vertical into an horizontal pofition, and ilill nothing runs out, but the Paper 
remains as clofely fixed as ever. N ow , i f  the vertex o f  this conical VeiTel was 
open, and the Bafis clofed up, and the like inverfion were made o f the VeiTel, 
the very fame eifedls would follow. T his then you likewife fee the truth of. 
L a ftly , then, -I proceed exadtly in the fame manner with the other VelfeJ, and 
you are Witnelfes, that the Experiment fucceeds exad ly  as the preceding. Since 
this then is the cafe, you conceive, Gentlemen, wich me, that the A ir, therefore, 
preifing equally upon every poinc o f  the Surface, enters likewife equally intoall 
the Pores and D u d s to which it is applied, whether they are in the upper, 
lower, or lateral Surface, or in any oblique pofition whatfoever ; and that it 
preifes likewife wich an equal force in all thofe different parts, with this varia
tion only, that that part o f  the A ir  that is loweft, always preifes more 
forcibly upwards, the lower it is, thac is, the nearer ic is Co the center c f the 
Earth. In the third place, the A ir  by thefe its properties, compreifes all Bo
dies on every fide, fills up their cavities, and forms upon them a Surface, which 
has a very ilrong coercive power. Hence, in the fourth place, it comes to 
pafs, that this A ir , whether external or internal, which from its fluidity is fup
pofed to be continually in motion, and by its gravity is applied to the exter
nal parts o f  fluid Bodies, caufes a continual atcrition, concuifion, and agita
tion o f  their Surfaces, by this means mixes different Fluids togecher in a won
derful manner, applies and excites their reciprocal powers, and thus produces 
continually a great number o f efl^eds. F ifthly, however, it alters noc the fi
gure or ihape o f  the Bodies which are expofed to ic, excepcing only fofaras 
there are empcy fpaces in them, in which there is no A ir. For if  in fuch a cafe 
they are not able to refift this force o f the A ir , they will, by the preifure of 
it, be reduced into fmaller fpaces, the corporeal parts will run together intoa 
clofer union, the whole M afs become more folid, and the former bulk will ap*
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peat* diminiihed. But this cafe excepted, the A ir, with all its force, is not able 
to break the weakeft and moft brittle Body that is fill’d with it, and placed in 
it i  for as much as it preiTes on one part, fo much exad ly  it fuftains on the 
other, and thus preferves all Bodies in equilibrio. In the mean time we know, 
thac che motion o f  the A ir  is always confiderably fwift ; which is particu
larly evident from an Obfervation made in a Room that is darkened, when the 
Air is very ftill, and then illuminated only by a fingle R ay let in at a very 
fmall Hole : For if  then any one ftanding on one fide o f  the lucid aerial Cone, 
turns his E ye upon that luminous pare, he will really be furprized at the 
motion o f  the Atoms, which with a confiderable and perpetual rotation, are 
carried about hither and thither, and moft rapidly confounded with one ano
ther. Hence, then, we are the more induced, wich great probability, to con
clude, chac all chofe in the external open A ir  are conftantly in a greacer agi
tation, and confequendy, that the motion and atcricion among chemfelves, and 
upon che Surfaces o f  ocherBodies, is very confiderable, inafmuch as the mo
cion is concinual, and che gravicacing force equal to the preiTure o f  a column o f 
Wacer 33 feec high. And hence we may eafily conceive in che fixth place, how 
ftrong muft be the attrition and motion o f  the Atmofphere upon the Surfaces 
of all Bodies ; efpecially, as often as ic is agicaced by Fire, or Scorms. Lec us fup- 
pofe, that in an Area of one foot fquare, chere gravicaces che weight o f  2080 
pounds ; whac a mighty piftil is this ? L et this now, in a greac ftorm, be 
mov’d with fuch a rapidity, as that in a fecond of time ic fhall run the fpace 
of cwoand twency feec, will not the force o f this weighty piftil, in the attrition 
of Bodies chac are under ic, be incredibly great ? Thus, cherefore, an infinice 
number o f very powerful phyfical changes are effeded by chefe caufes, which 
noc being regarded by che Chemifts, they have, in order co account for thefe 
effeds, in vain invented, I know noc what very abftrufe, and plainly fidicious 
ones; whilft in realicy, the whole matcer depended intirely upon chefe fimple 
ones we have juft mencioned, nor required fuch very extraordinary ones, af- 
fumed without any foundation. In the feventh place, it ihould be particularly 
remarked, that che ultimate Particles o f  the A ir cohere together in fuch a man
ner, that they are not very readily to be divided into their minuteft pares, fo 
as CO infinuace chemfelves eafily into the fmalleft paiT\ges, but thefe are re
quired confiderable large, before chis penecracion happens. T his I  clearly 
demonftrate to you by Che following Experimenc. I have here in my Hand a  

glafs Thermomecer, filled up to the brim wich W ater. ’ Tis four feet long, 
and che neck o f  it is fo narrow, that the diameter o f  che T u be is only the eighth 
part o f an inch. This, now, I invert fo chac the mouth o f  the T ube is down
wards, and yet you fee that not one drop o f  W ater comes out, but on the con
trary, ic remains as unmoved in ir, as i f  ic had been very carefully ftop’d. But 
again, che Barometer o f TorricelliuSi with che fufpended M ercury, does not 
tranfmic any A ir inco che Vacuum which is left at the upper part o f  the T ube, 
the’ the A ir exerts fuch a mighty force upon the Surface o f  the M ercury, in 
order to fill up this empty fpace; F or here the A ir  cannot be divided into fo 
minute parts, as to enter the interftices o f  the M ercury, but remains excluded.
I f  the fame Experiment is made wich Wacer, or even wich Spiric o f  W ine, v.he 
evenc will be always ex a d ly  che fame. From all thefe Obfervations, cherefore, 
it is clear, that the A ir  is not eafily to be divided into ics minuteft parts *, fof
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otherwiCe thofe parts would pafs through the Pores o f  thefe Liquors, within 
which the Particles o f  A ir  may be difpofed, and lie concealed, as will appear 
manifeftly hereafter, when we ihall profeiTedly illuftrate by Experiments, how 
the A ir  may be extraded from the inner Cells o f  Bodies, in which it is lodged. 
B ut in the eighth place, 1 ihall endeavour to ihew you, the magnitude of thofe 
Bubbles by which the A ir afcends through W ater contained in Tubes. You 
fee, I hold here a glafs Thermometer which has a neck pretty long, and fo 
wide, that the diameter o f  the mouth is a quarter o f  an inch. T his being full 
o f  W ater, I turn upfide down. W hat isth e confequence? W h y you fee the 
A ir  afcending through the W ater in the neck o f this Veffel, rifes only in large 
Bubbles, nor does by any means divide itfelf into little ones *, and befides  ̂ thefe 
Bubbles, which are o f  a very difcernible fize, ftop here and there in the neck 
o f  the Veffel. There muft therefore either be a power o f  affociation in the' 
A ir , or elfe a repulfive power in other Liquors, with refped to the Air, by 
which they drive the aerial Particles into mutual contad. T o  make this ftiJi 
plainer, I will exhibit to you another Experim ent: You fee here a glafs Veffel, 
open at the top, in which there is pure Alcohol. T his very fmall glafs Veffel, 
formed like a Bolt-head, with a Bulb and narrow N eck, is full o f  fair Water. 
T h is now, into which the A ir  does not prefently enters whilft I turn it up, I 
thus invert and immerge the mouth o f  the neck which is now downwards into 
the Alcohol : And don’ t you evidently perceive the Alcohol afcending through 
the W ater into the belly o f  the Glafs in flow oily fpirals, and the Water de- 
fcending into the Veffel which is now abandoned by the rifing Alcohol ? The- 
A lcohol now refts in the upper part o f  the V ial, whilft the infipid Wa
ter taking the place which is quitted by by the former, defcends from that into 
the Veffel. Hence, therefore, I look upon it as certain, thac the Particles of 
the Alcohol and the W ater, are, by vertue purely o f  their fluidity and gravity, 
moft eafily admitted inro, and tranfmitted through thofe interftices, which are 
left between the Elements o f  both 5 but that the admiflion and tranfmiflion of 
the A ir  is exceeding difHcuIr. But this will be made ftill more evident by 
this other E xperim ent: Inftead o f Alcohol, I have poured Oil inco this Veffel j 
and the V ial being quite full o f  W arer, and turned bottcmi upwards, as 
before, I puc the neck o f  it into the O il. Could you now have expeiled 
what you fee ? H ow  prettily do the Globules o f  Oil afcend through the Warer 
from  the lowermoft to the uppermoft parts, till all the O il, after much ilrug- 
gling, has rifen out o f  the lower Veffel to the top of the belly o f  the inverted 
Glafs. T heevent will be ex a d ly  the fame, i f  I fill the Glafs with ftrong faline 
’Lixiviums, and immerge it after the fame manner in Alcohol, fair Water, or 
Oil. O f  this property o f  the A ir, therefore, which we particularly recoi.imend 
to the conflderation o f  the Chemifts, we are likewife affured, by comparing it 
v ith  other Fluids, viz. that the Particles o f  A ir  colleded together in any quan* 
ty, are not by far fo eafily feparated from one another, as the Elements of any 
other Fluids thac we are acquainted with. And hence, it is likewife evident, 
that the minute Particles o f  A ir  cannot eafily be intermingled with other Li
quids, buc racher run cogether within chem, and thus difcover themfelves by di- 

itin d  Bubbles, or a colledion o f  them which then becomes froth ; N otw ith - 
ftanding which, however, when the fingle Elements o f  A ir  have lodged theni- 
felves, feparately, in thc Pores lefc between the ultimate Particles o f ocher Li
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quids, ic is a very hard matter to fet them free again. This we are very cer
tain of, who have feen how difficult it is wholly to fetch out the A ir  which lies 
in this manner concealed in M ercury, and are fenfible o f  the wonderful eifeds, 
with which this feparation is attended 5 for Hugens long ago obferved, thac 
Mercury freed intirely from A ir , has kept fufpended in the Barometer to up
wards o f 50 inches. Buc o f  this property o f  the A ir, 1 fhall profeifedly difcourfe 
to you hereafter. Thus, then, I have faithfully laid before you thofe proper
ties o f the A ir which it has in common with all other Bodies 5 and ac the fame 
time have carefully explained ro you its eiiicacy, confidered in this view, upon 
thofe Bodies which uliially fall under a chemical Examination ; having only 
added fome Obfervations, which I could not avoid, concerning its mifcibility 
with other Fluids. L e t us now chearfully proceed to the confideration o f  thofe 
peculiar properties -which are poifeifed by the A ir  alone.

The firil then thac here offers itfeif to our obfervation, is the elailicity which Theeiain- 
Phyfics has difcovered in it. T his is thac iingular qualicy, by which all known ^
Air, poifeiling a certain fpace, and being coniined there in fuch manner that ic 
cannoc efcape, will, if  ic is prefs’d together by a determined weight, reduce it
feif into a lefs fpace, which will be always in a reciprocal proportion to the 
quantity o f  the weighc that ads upon i t ; with this circumitance, however, al
ways attending it, that it will conftancly, b y  a fpontaneous expanfion, recover 
again the fpace ic hath lo il, in proportion, as the compreifive force is dimi- 
niihed : And when this force comes to be the fame as it was in the beginning 
of the Experiment, then the aerial M afs will always infallibly expand itfeif 
throughout the whole fpace, that ic before filled up, provided, chac no other 
caufe, in the mean time, ihall intervene to hinder it. i f  the preifure is leifen- 
ed. A ir  extends itfeif to a larger fpace; ¡f it  is increafed, ic reduces icfelf into 
a lefs.

Now fuch a difpofition as this. Gentlemen, yielding fo readily to fuch a fsp e c u lu rw  

compreilion, and yet recovering itfeif with fuch a fpring, I don’ t remember 
to have been obferved in any other Liquid hitherto examined. ’ T is  cercain, 
no fuch ching is difcovered in Alcohol, Oil, W acer, Spirits, or any Lmviums. F or 
the’ all thefe are eafi.’y contraded by Cold, and dilated by Fire, yet chey yield 
not to weight by proportional retreats into clofer and clofer fpaces; nor being 
freed from their preifure, do they expand themfelves perpetually. This, there
fore, is the peculiar property o f A ir  alone. And hence it merits an exad  ex
plication, which you will fuiRciently underftand, if I clearly lay before you, 
from Boyle and Mariottey the wonderful L aw  o f  this elailicicy.

Thefe Gentlemen, then, have difcovered, upon the evidence o f elaborate Under a cw- 
Experiments, that the following is to be looked upon as the principal L aw  o f 
this property ; namely, that the A ir  by compreifion is contraded into fpaces, 
which are always exad ly  fo much Imaller, as the comprefling weights are greater.
Hence, therefore, the denfity o f  comprefs’d A ir  is always in proportion to the 
compreifing weight. Lec us, for inftance, fuppofe a cylindrical Veifel full o f  
Air, and the infide o f this Veffel to be fo very firm and immoveable, thac ic 
will not in the leaft give way to the preffure o f  the contained Fluid. L et the 
Bajts o f this Veifel be exad ly  an Area o f  one Rhineland fooc, ics height 64 in
ches. The Air then contained in this Cylinder, will on its upper Surface fuftain the 
preifure o f the Atmofphere, which we will fuppofe to be 2 x 1 2 pounds " T w eight;
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and the A ir  which fills up the capacity o f  the T u b e, will be the fame as the com̂  
mon A ir. I f  then the upper furface o f  this A ir fhould be compreiTed by a 
perpendicular column o f M ercury o f 29 inches height, the preiTure in fuch 
cafe, would be twice as greac as it was before from the A ir  fphere alone. And 
according to the increment o f  the preiTure, the A ir  compreiTed would be re
duced inco fmaller fpaces, in the proportion hereunder mentioned.

Ife, 2112  prefs the A ir  fo as to make it fill this Cylinder ■ j
4 2 2 4 ............. .............  ........................... ........................................I

8448 ' ‘
36896 ' ........................... . ■ ' ^
3 3 7 9 2 ----------------------------------------------------------------------------------

6 7 5 8 4 ---------------------------------------------------------------------------------- ^
135168 » ...........  ■ ....... —■ .........  ...............—  " ■ »

^  T?
270336 — --------------------------------------------------------------------------- ------------------------------- --------------

and fo on continually. Hence, then, ic very clearly appears, to fuch as con
fider the thing, firft, thatic is not a very eafy macter by chis method to reduce 
the common A ir  into a fpace 64 cimes lefs chan that which it naturally poffef. 
fes; fince fo enormous a W eight, and fo firm a T ube 203 inches high, are re
quired for this purpofe; and the A ir  in poinc o f  weight, would be chçn to Wa
ter, about as i  co 13. But i f  the weighc here aiTigned to the Atmofphere, viz. 
2 112  pounds, was eleven times doubled, then the A ir, which by this means 
would be reduced inco a fpace 1024 times lefs, would be a great deal denfer 
and heavier than W ater. In the fecond place, ic appears certain, that this Air 
can never be abfolutely reduced into no fpace ac all, tho* che weight, and con
fequently the compreiTure caufed by them, ihould be ever fo immenily increaf- 
ed, as a view o f  the T able annexed fufficiently demonftrates.

Howfarthis Befides, I ihall, perhaps, hereafter make ic appear, chac one thoufandth part 
o f  che common A ir, ac leaft, confifts o f  aqueous, fpiricuous, oily, faline, and 
other Parcicles fcattered through it, which being uniced togecher by this com
preiTure, form at lengch a Body no farcher comprefTible. So thac on this ac
count, ic feems co me quite incredible, thac common A ir  can ever be reduced 
inco a fpace, a thoufand cimes lefs than ic ufually cakes up, wichouc being com
prefs’d by chis means into nearly folid Maiïès ; which indeed, with refpeft 
to the elailic aerial pare, may be always contraded fomewhac clofer, but 
never in a Raiio wich che comprefling weights, becaufe then che Bodies coo, 
mingled with the common A ir, muit likewife follow che fame Law  o f elafti- 
city, o f  which we fufficiently know from Experimencs chey are abfolutely inca
pable. Buc as thefe Particles in che Body o f che common A ir, which are not 
compreiTible, rarely make one eighc hundred and fiftieth part o f che whole, it 
is nothing itrange, thac chis proportion has always been obferved, in che Expe* 
riments which have been made, concerning this L a w : T h e reafon o f which 
will immediacely appear, when I  come prefently co lay before you the Expe
riments o f  M r. Townley.

This Law, Lee us then in the l^cond place confider, chat ic is an eafy maccer, bythe 
o f comprefTing weights, co contrad the common A ir into a fpace, lefs by 

•Experiment, half than chat which it took up before : And in this itep o f  che E x p erim e n t it 
v̂cryvifi- has been very accuracely obferved, that this double condenfacion was eifeiled 

by doubling the weight. F or in this cafe, thofe compreflible Corpufcles whkh
take



take up only a thoufandth part o f  the firft Space make fo little alteration, that 
they utterly efcape the notice o f  the Senfes. T he rule, therefore, in this firft 
ftep anfwers exadly to the Senfes, and is capable o f ocular demonftration.

But in the third place, thofe who are acquainted with thefe things will eafily Afterwards 
apprehend, that the lefs the Spaces are, into which the A ir is compreiTed, the 
greater gradually does the difficulty become o f demonftrating this L aw . For coveied. 
fince we ar^informed from Kydroftaticks, that the preifure o f  heavy liquids on 
the bottom and fides o f their containing Pipes is always in proportion to their 
perpendicular Altitudes ; hence you readily conceive how mighty ftrong the 
Tubes muft be, for the carrying on o f  thefe Experiments, till the A ir is re
duced into the one hundredth p artof its natural Space. But you know likewife, it 
w a s  long ago difcovered hyx\itAc3.ûemy del Cimento, that even metalline veftels 
have been inlarged in their capacities, by being filled with ponderous Liquids : H ow  
much more certainly then muft this be the cafe in Glafs? And yet you ve
ry well know, that it is requifite, that the inftrument here made ufe of,
Ihould be made o f  Glafs, that the height o f  thecomprefilng Mercury in the inex- 
panfible Tube may be compared with the height o f the A ir, compreiTed by the 
Mercury ; becaufe it is only by an accurate knowledge, and an exad  comparifon 
ofthefe heights, that we can come ac the thing we are in fearch of. But what a vaft: 
deal o f  caution and accuracy is here again required ! T h e T ube muft be very long, 
not dilatable, every where exadly  o f  the fame figure, and perfedly tranfparent.
The Air to be compreiTed, throughout the whole courfe o f  the Experiment muft 
continue exadly o f  the very fame degree o f  Heat, for every little increment o f 
it in this cafe will a d  by fo much greater an expanfive power as the A ir  is 
more condenfed by thecompreffing weights. A nd, indeed, noc only in this, butin 
the other parts o f Natural Philofophy likewife, our Experiments are performed 
amidft a thoufand concurring caufes *, any one o f  which being negleded, our 
conclufions upon the events will vary from the truth.

But that you may have ftillajufter notion o f  the matters we are handling, give Thediitove-’ 
me leave to lay before you the method by which the Philofophers difcovered this ^  of 
Law o f  the A ir ’s Elafticity. This will enable you to judge more accurately, 
what is ju ftly to be thought o f  this L aw , and o f the extent o f it, in which point, 
perhaps, they have carried it rather too far. T he great then, took the
double-legg’d T ube, A  B b C , infleded as you fee in the Figure, open at pi.v i î .
A, and hermetically made at c. H e took care it ihould be tvzvy where exad ly  
of the fame capacity in b c, and ihould be made very thick and ftrong. T h e 
Leg b c, was 12 inches long, and was accurately divided into Lines : T h e 
other, A B , contained a good many feet. By pouring M ercury then into the 
Tube at A , and by this means condenfing the A ir  in b c, from 48 to 3, or 
from 1 6  to I ,  hefound, that the Space into which the A ir  was compreiìèd was 
always diminiihed in proportion to the Increment o f  the W eight. See Boyle 
againft Linus, p. 60, & c. Marioiie, of ihe Nature of Air, p. 15 1 , 154.

As this therefore was the manner, and this the extent o f  the Obfervations, by 
which the condenfibility o f  the A ir, in refped o f  the compreffing W eights, was with 
difcovered, every one fees, that this condenfation was not carried beyond one 
fixteenth o f the whole. N or, for my part, have I ever met with any authors 
that have made any farther advances in this matter, who have publiihed their E x 
periments. T he famous Dr, Halky ,̂ indeedj and the cclebratedAcademy d l̂ Cimento.
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{Mem. âe rAcaàem. Roy. des Sc. 1703. p. 102.) inform us, that the Air 
cannot be condenfed beyond part o f  its natural Space; but the Experi- 
ments, by which thefe greac men were able co condenfe the A ir  fo far, as chac 
after fuch condenfation, it could not be reduced into a lefs Space, have noc yec 
been made publick. Whatever chofe Experiments were, however, this is cer
tain, that the A ir  fo compreifed, and reduced into fmaller Spaces, will again ex* 
pand itfeif gradually into greater Spaces, exad ly  in proportion to the decre
ment o f  the compreifing W eighc, which ratio is conftantly obferved to hold 
true. A nd, indeed, \ht M r. Richard Townley  ̂ as the great re
lates in the place ju ft cited, difcovered by Experiments that might be depended 
upon, that this fpontaneous expanfion o f the A ir , upon the diminution of the 
comprefling Weighcs, did moft exadly  follow this L aw  from i to 32. Upon 
the evidence, however, o f  chefe truths, thus far indeed certainly dem.onftrated, 
let us take care we don’ t launch ouc too far, and abfolutely affert, that chis Law, 
namely, that the Spaces taken up by  the compreifed A ir, are in a reciprocal 
proportion to the comprefling W eights, always holds true. For indeed, I con
fefs, it is my opinion, wc are at as lictle certainty on this point, as the moft iiii- 
terate perfon whatfoever. L et us proceed, therefore, and fee forth what we cer
tainly know of ic from experimental proof. In the firft placc, then, we are af- 
fured, that the common A ir  may be reduced into a Space fixteen times lefs than 
it took u p before ; -and that therefore it may be condenfed in this proportion. In the 
fecond place, we are equally certain, that fuch is the difpofition o f this Air, thac it 
may, by expanding itfeif, be diffufed into a Space, two and thirty times greacer, and 
fill thac Space wich as equal a diftribucion o f  its parts as before, in the third 
place, that this contradion o f  the compreifed A ir  inco a Space fo much lefi, 
than what it poifeifes naturally, is owing only to the force o f  the externally ap
plied W eighc, by which it is reduced inco fo fmall a Space. And again, in the 
fourch place, that the fame A ir  being by any means freed from the force of the 
comprefling W eight, does, by the power o f  its own peculiar nacure, withouc 
the intervencion o f  any other cauie, excepting only the Fire that is prefenc with 
it, expand itfeif in fuch a manner, as always ex a d ly  to recover fo much Space as 
it had before loft by the compreifure. And in the fifth place, which is pretty 
extraordinary, that this virtue o f  expanding itfeif, peculiar to the Air, does 
always remain after the greateft comprefiure, fince it always continues fo accurately 
proportional to the quantity removed o f the preifing weight. In the fixch place, 
^Jiat its capacicy too o f  compreflibilicy is equally indeftrudible ; for after che Air 
has been ratified, by removing the comprefling Weighcs, to two and thirty de
grees, there has ftill remained in it, fo ratified, a property, by which ic was 
again capable o f  being compreifed, as before, by the like force o f  che former 
W eights. In the feventh place, we know from the moft certain Experiments, 
that this dilatability, and compreflibility o f  the A ir, by the foie adion of 
W eight, anfwers accurately, as far as our fenfes are able co judge, to the incre
ment or decrement o f  the comprefling W eight. In the mean time, however, 
the Philofophers o f  Great Britain and Italy, men formed by Nature for unravel
ling thefe myfteries, have declared in their W ritings, that the common Air 
cannot be rendered above eight hundred times denfer. This, therefore, w e  learn 
likewife from their Experiments, which they have hitherto concealed. O f  the 
great probability, however, o f  their aifcrticHi, I fliall diicourfe my felf by and
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by  ̂ when I have communicated to you feme things that are known for a certain
ty,  ̂concerning the Corpufcles which float abouc in the common A ir. In the 
eighth place, cherefore, Spaccs filled wich the fame quantity o f  A ir , are 
fo far in a reciprocal proportion to che comprefling Weights. In the ninth 
place, this is always true, as well in that A ir, which is reduced into a Space fix- 
ceen times lefs, as in thac which is only compreiTed by the common Atmofphere.
Inthe tenth place, it appears, according to the Experiments o f  yix.Townle'^  ̂ alrea
dy mentioned, that this proportion never varied in all che compafs from 32 to i .
I n  che eleventh place, cherefore, ic is exceeding probable, that the fame rule 
obtains likewife in a farther condenfacion; but fo as that by little and little, as che 
Air is more condenfed, greacer Weights are requifite, for che fame condenfation, 
till ac lengch all farcher compreflibilicy isucterly at an end. In che twelfch place, we 
fee that che A ir  fo contracted and compreiTed, does not tranfpire, or penetrate thro*
Glafs, nay, indeed, cannot pafs through the pores o f the Mercury ; for it itill 
remains in che fame part o f  che Tube, chough by means o f fuch an incumbenc 
Weighc o f  Mercury, ic is reduced co To much greacer denfity. N ay farther, tho*' 
the Air, by means o f  Fire, is rendered warmer, and made to elevate che incum
bent M ercury, it does not then penetrate either through thac, or through che Glafs.

Another law, which we find co obtain in the Elafticity o f  the A ir, is chac it Thedaftid- 
cannot be deftroyed \ inafmuch as upon examination by every kind o f  Experi- tyoftheAir 
ment, it has always remained elaftic j nor are its elaftic parts either by long reft, Z)°ed,- 
or the greateft preiTure, ever fo difpofed as to lofe theElafticy we have been juft 
explaining. For M r. Boyle and Mariotte having, with a particular view to this 
macter, kept common A ir  ftrongly compreiTed, and fhut up in a W ind-Gun, 
found, upon their fetcing it again at liberty, that it was perfeftly as elaftic as ic 
was before. And lately, that greac Geometrician Rohervallius, examining A ir  
which had been ftiuc up for che fpace o f  fifteen years after che like manner, 
found, that ic had noc loft any ching o f its Elafticity. See Du Hamel. Hifl. de- 
I'Ac. Roy. des Sc,, p. 368. But it will hereafter farcher appear, thac even thofe 
elaftic Parcicles o f  A ir, which are detained in the interftices o f  the m oft inter
nal parts o f fluid or folid Bodies, do, when they are fee free from thofe confine
ments, and are afterwards united to other Parcicles, exerc again chac Elafticity,. 
which chey then feemed fo utterly to have loft, as noc to give che leaft indica
tion of retaining ic. F or as foon as ever chey recover their liberty, they produce- 
incredible effeds, which can be attributed to their Elafticity alone, and thus evi
dendy make it appear, thac neither cime, nor reft, nor even their fuppofed con' 
cretion wich Anim al, Vegetable, or FofTil Subftances, is ever able co deftroy this 
wonderful property o f  the Air. In the mean time, however, we learn from the 
fame Experiments, chac fuch is the nature o f  A ir , thac its elaftic Particles, when 
feparate and by themfelves, may be fo united to other Bodies, by which they 
are intercepted, or at leaft may reft in chem in fuch manner^ as not, for Ages 
togecher, co produce any elaftic effed j and chat yet, upon their being freed 
from thofe Bodies, and mingled with others o f the like nature, they demon
ftrate, that they have intirely retained their Elafticity. Harcfhorn, for inftance, 
may be preferved for feveral ages •» and yec upon a chemical examination of fome 
which had been kept above fifty years, and by this means was grown exceeding, 
hard and dry, it’s furprizing what a quantity o f elaftic A ir  it yielded in ics re- 
folucion ! Hence, cherefore, it is very probable, that one fingle, elaftic, aerial
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Particle is not elaftic, with refpedt to ihe increment or decrement of incumbent 
W e ig h ts ; buc that this lilailicity then only has being, when two fuch Particles 
o f  A ir  come to touch and repel one another*, and that, confequently, if thefe 
elaftic, aerial Particles were fo far diftant from each other, as that this repelling 
force fliould utterly ceafe, then this whole Liquid would, for thac time, neither 
fpontaneoufly expand itfelf, nor in the leaft refift any comprefllon ; but would 
then only exert this power, when, b y  being preífed clofer to one another 
they fliould begin to come within the fphere o f each other’s ad ivity. One aerial 
Particle, therefore, would have nothing o f  this elaftic pow er; but it would 
be only the joint eifort o f  feveral. Hence then, in all appearance, the elaftic 
power o f A ir  ought to be regarded as conftant and immutable.

Air conden. But in what manner, or to what degree foever, this A ir  has been condenfed 
by the utmoft power o f  W eights, it has always remained, even in that condition,

* very fluid; for after it has been contraded into the greatefl; denflcy, it has con
ftantly reftDred itfelf again in all its Particles, with the fame facility, lb as to fill up 
ex a d ly  the former Space 5 all the Particles retreating with the fame eafe with 
which they before came together. Since, therefore, by every Experiment that 
has been hitherto made, this property has been always found to take place from 
I to 520,000, we may fairly aflerc, that the Fluidity o f  the A ir, in all the large 
compafs, from the moft rarifled, to the moft condenfed, remains without altera
tion ; and thac therefore it is neither capable o f  being confolidated by the in
tenfeft Cold, or the greateft degree o f  compreíTion.

T h e  Eiafti- But nothing now in this elafticity of the A ir  feems a greater paradox to 
portion o7  P^ffons not Maftcrs o f  this aifair, than whac M r. Boyle has evinced with fo much 
Airof equal Certainty; viz. that the elaftic Power which prevails in any particular portion

without any greater condenfation than what is owing to the 
Body. ' comprefling A ir itfelf, fuftain all the force o f a whole column of the incumbent 

A tm ofphere: And fecondly, thac this elaftic Power, in fiich a very fmall por
tion o f A ir , can, by expanding itfelf, repel the Bodies which comprefs it,wichas 
much force, as that which is exerted by the whole external Body o f  Air. Thc 
truth o f  thefe aflertions, I prove to you b y  the two following clear and eafy 
Experiments that are borrowed from M r. Boyk himfelf. Y ou  fee this Baro
meter, which contains in its hollow T u b e, M ercury elevated to 28 inches, the 
lower part o f  which is immerfed into the M ercury contained in this cylindrical Vef- 
fel. And youfeelikewife,that this Veffel is fo contrived, thac by means ofa licde 
C ock, aU intercourfe between the external A ir, and thac little Portion which is 
in the VeflTel above the M ercury, may be cut o ff at pleafure. Ifnowlfoturn 
the C ock, as chat neither any o f  the external A ir  can get into the VeiTel, nor any 
o f  the A ir  in che Veflel can get out to the external A ir , then we are fure, thac 
the external A ir  can no longer a d  upon the A ir  in the Veflfeh and that 
only the A ir  which is inclofed in the Veifel above the M ercury, can prefs upon 
the Surface o f  the M ercury in the Barometer. And you fee evidently, that the 
height o f  the elevated Mercury is exadly  the fame as it was juft now, when the 
weight o f  che whole Atmofphere prefs’d upon it. T h at elaftic Power, there
fore, which is in the little portion o f  A ir  contained within this Veffel, canfuf- 
tain as great a weight o f  M ercury, as the whole incumbent Atmofphere. But 
i f  you p l^ fs p  obferve again, you fee, chat while I am heating the Veífel re- 
maining juft as bc&re, the M ercury in the Barometer rifes higher and higner



every moment, H ow  comes this to pafs? W h y thus : T h e  A ir  indoied in the 
Veffel cannot make its way out ; by the adtion therefore o f  the Heat upon it, 
it acquires a greater degree o f  E lailicity, expands itfeif, preifes with more force 
upon the Surface o f the M ercury, and by this means makes it afcend. N or 
does it at all fignify, how little a quantity o f  A ir is contained in this Veflel 
above the M ercury ; for the effeâ: o f the elaftic, or heated A ir , will in chis 
c a f e  be always exadly the fame. But in the fecond place, i f  this Veflel, wich 
the fame remain ihut, and is fo nearly filled wich M ercury, as to
have buta little portion o f A ir above it, and then a barometrical T ube, open 
above and below, is fixed in the V eflil in fuch a manner, that no A ir  can ei- 

.ther get in or out by the fides o f  the Tube \ then, i f  the A ir  in the T ube is ex- 
haulled with an Air-pum p, the M ercury in the T ube will rife to near * 28 inches, 
in the fame manner as if  the whole Atmofphere had prefs’d it up into the empty 
Tube. See upon this head Boyle o ï  Mechanical Experiments, V ol. I. Part II. 
from Page 1. to 24. And this very eflicacious power o f  the A ir , the Chemifts 
ought by all means to have a particular regard to *, fince *tis certain, that in all 
chemical Operations performed with Fire in clofe Veflèls, this elaftic force 
produces wonderful, and often very terrible eifeds •, ad in g wich a violenc com- 
preifive force upon the contents, often burfting the Veflfels afunder, and pro
ducing many other furprizing events.

A v e r y  little porcion o f  A ir, therefore, wherever it is clofely confin’d , is Hence tht 
capable o f  producing the very iame effeds, as are owing to a very large quan- SinofAîT* 
tity in another place. For if  any portion o f  common A ir  is perfedly intercept« isequai.în 
ed within a cavity that is eafily compreflible, it will there fuftain, and from ,
that place wholly keep out the large preflhre o f  the Atmofphere. A nd whenever large’oDc 
the A ir in th^c place is heated by Fire, or freed from its external preflure, ic im
mediately, by expanding itfeif, becomes fo rare, as to produce fuch eifeds as are 
equal to thofe o f  the greateft Body o f  A ir.

Another L aw , therefore, o f  the elafticity o f  the A ir , is this, that when it is Airmifieâ 
condenfed in a certain and determinate degree, it acquires by the applicacion 
Heat, a greater power to expand itfeif on all fides, than ic had before. And greate eiif- 
this power o f  rarefadion arifing from the H eat, is the very fame, as i f  that ***
Air had been made fo much denfer in the degree o f  Heat in which it was be
fore. T h e  thing will be evident by an Experiment. F or if  in the cafe, and with 
t h e l a f t  exhibited, the A ir  in the VeflTel fuftains the M ercury in the 
Barometer to 28 inches \ then i f  the A ir  in this Veifel was made twice as 
denfe, it would raife it up to 56, as the Experiments o f M r. Boyle demonftrate.
But now if  the former A ir  being ftill clofely confined within the fame 
Veifel, is by the application o f  A ir made twice as rare as it was before, then 
would that A ir, tho’ the very fame in quantity, but thus ratified, elevate the 
Mercury likewiie to 56 inches. T his is a truth, which che Thermometer and 
Barometer, being tried togecher, have, in every variation o f che Experiment, 
moft cercainly evinced. And thus by the application o f  Fire to A ir, » ere  
arife a great number o f  very furprizing chemical effeds which could not be fore- 
feen, which cannot be afcribed to any other caufe, and which ought to be ve
ry accurately taken notice of.

•  T h is is only true, w hen the V e fle l w h ich  contains the M ercu ry is very  large, w ith  refpefl to thô 
opacity o f  the T ube, the height to w hich the M ercury rifes being a lw ays difttrent, as the propor
tion betwixt thofe two is varied.
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Firerarifies Tiiis augmentation offpscc HOW, into which the A ir, by means ofH eat, ex- 
ÄaniTdies pands itfelf on all fides, is effeded by Fire fooner in the A ir, than in any other 
any other Body, either Fluid O t  SoHd, hitherto known in the Univerfe. \nDrehhelm\ 
Body. Thermometer, an increafe o f  Heac, not perceptible wichouc fuch a contrivance 

ihews immediately a fenfible rarefadion o f  the A ir. Buc, indeed, the whole 
Hiftory o f Fire already delivered, proves all chefe things fo clearly, chatthere 
will be no need of the leaft repetition.

is evidenc from the fame Experiments, thac o f  all known Bodies, Airis 
greater de- fhc onlv onc, which may be expanded by Fire Co fo great a degree. For Air, 

by che application o f Fire, becomes fo rare, thac neither che meafure, or li- 
mits of fuch its dilatation, has been yet difcovered. T h e Heac o f boiling Wa
ter expands the A ir  to a third part o f its bulk. H\ß. de I*Acad. Roy. des Seien. 
1699. p. l O f .  In the Heat then which is capable o f  fufing Iron, certainly this 
expanfion o f  the A ir muft be immenfly great. But I refer you Co whac I have 
already delivered upon chis head in che H iftory o fF ire .

A ir o f t h e  W efind , likewife, thac A ir  o f  unequal MaiTes, but the fame denfity, isal- 
ways expanded in the fame meafure by the fame degree o f  Fire : So that thefe 

fame Heat cxpanfions in the fame denfity o f  A ir  are, by  a conftant Law  o f Nature, always 
t h f f a m e S -  P^opoi*cional CO the augmencations o f  che applied Heac. Hence, cherefore, 

i f  che, expanfion o f A ir  o f a given denfity, by a certain degree o f Heac, is once 
difcovered, it will conftancly hold good in all fimilar cafes. Upon chis head 
lec me refer you to fome very curious Obfcrvacions in the Memoirs of the Royal 
Academy of Sciences  ̂ 1699. p. 113 . and likewife in the Memoirsiox 1702, from 
the I ft Page to che 5Ch.

Buc wich regard to the elafticity o f  che A ir , this is likewife conftantly ob
ferved, that the more ic is condenfed by preiTure, the greacer elaftic force will 
it acquire by che fame degree o f  Fire ; and that nearly in a dired Ratio af the 
denfities: W hich very curious propercy, to the great advantage o f Chemiftry  ̂
was difcovered by the very ingenious Monfieur Des Amontons. H iß. de PAcad. 
Roy. des Seien. 1702, from the ift  Page to the 5th. Mem. 155. Hence, then, 
it follows, o f  confequence, that a portion o f A ir  that is exceeding denfe, may, 
by means o f  a very little Fire, acquire che greateft refifting force. If therefore 
ic were poflible, as I mentioned formerly, that common A ir  could in reality 
be condenfed into a fpace eight hundred times lefs than whac it naturally took 
up, then in fuch cafe, it m ight, by being aded upon by the Heac o f boiling 
W ater, fuftain 29600 inches o f  M ercu ry; fince common A ir, by the fame de
gree o f  H eat, will elevate it to 37 : W hich immenfe force certainly teaches 
us, that i f  the fierceft fubterraneous Fire ihould, in the bowels o f che Earth, 
be apply’d to A ir reduced co part o f  ics bulk, there would chence arife a 
moft incredible power, vaftly fuperiour to alt che effeds that we are acquaint
ed wich. T his, however, ac leaft, is cercain, chat i f  you increafe che denfity 
o f  che A ir, and ac thc fi^me time augmencche HeaC chat is applied to ic, then the 
elaftic Pow erof che A ir  will always be increafed in a compound Ratio o f boch. 

Buc on the ocher hand, now, the lefs che A ir  is comprefs’d, a n d  fo fponta- 
isT'tĥ ieft'̂  neoufly rarer, che lefs is the elaftic force chat ic acquires from che fame degree 

o f  Hcac. So that A ir  whlch by any means is render’d twice rarer, re q u ire s  twice 
th eftm e'd e- as much Heat to make ic retain che fame elafticity chat ic had before 5 and 
greeof Fir«. in any other degree o f  rarefadion.

Thefe things theilime celebrated Author, in the places laft mentioned, has de
monftrated
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monftrated by the moft corred Experiments. And hence we iinderfland, that the 
Air in the higheft regions of the Atmofphere, will fcarcely acquire any increafe 
of ics elaftic force from the moil intenfe F-Ieat» but on the contrary, w ill become 
here almoft unadive, on account o f its exceeding rarity ; which anfwers, too, per
fedly to Obfervation.

The lait L aw  which we difcover in the elafticity of A ir, is, that it is con- a íMs «n- 
traded into a fmaller fpace by Cold, as it is by an increafe o f Weights. Hence 
its denfity is always increafed in proportion to the augmentation c f  the Cold.
Since therefore the intenfeft degree o f Cold in the northern parts o f Europe, was 
difcovered to be at O  in t\iQ Fahrenheitian Thermometer, hence by defcending 
from the degree o f  Heat in boiling W ater in this Inftrumentdown to O , the effed 
of Cold in condenfing A ir was known likewife. And as fince that, an artifici
al Cold has funk the Spirit in the Thermometer to 40 degrees below O  ; the 
power o f Cold on A ir, in increafing its denfity, is now demonftrated. W ed if- 
cover, therefore, that there is not a Body in the W orld, the dimenfions o f 
which are more contraded by Cold, than the Air.

If we recapitulate now, what has been faid, we find the fum o f the matter to How/». 
be this. I f the Atmofphere being according to Fahrenheit's Thermometer 46 
degrees hot, has its Heat ilill farther increafed by 166 degrees, it will then 
acquire a Heat o f  212 degrees, which will make W ater boil : But then the A ir  
will become one third rarer, according to the Experiments o f  Des Amontons,
A  Heat therefcre o f  166 degrees, expands the A ir  one third. But now, i f  40 
degrees o f Cold are added to 212, the fum 252 will be the diftance between 
the greateft known Cold, and the Heat o f  boiling W ater ; within which dif
tance, therefore, the A ir is condenfed to 44j o*" about one h alfo f the whole. I f  af
ter che fame method o f computing, we fuppofe the greateft Heat o fth e  A tm of
phere, in the open Air, and from natural Caufes, ever to have reached to 90 
degrees, which I ihould think has been rarely obferved ; then it appears, that 
therarity or denfity o f  the A ir, from the iharpeft nacural Cold, co the in
tenfeft natural Heat, may be increafed or diminiihed to 44, or abouc 4« A nd 
hence it is manifeft, what alterations in Nature are brought about by the A ir, 
confidcred only, as ic is changed by natural Heat and Cold, whilft it fur
rounds and refides in Bodies ; the knowledge o f which, cercainly, will here
after be o f the greateft ufe in accounting for fermentation, or putrefadion.
The greateft diftance, now, which M r. Boyle difcovered between the rareft 
and the moft denfe A ir, he computed to be as i to 520,000.

In the h ft  place, this elafticity o f  the A ir  is fo proper to it, and infepara- 
ble from it, that it is not to be deftroy’d by the intenfeft H eat ; as appears a Í  notto 
by the following Experiment. T ak e  a fpherical Glafs with a flender neck, ^ 
put ic into a Glafs-houfe Furnace, and hold it to a part fo hot, chat ic is juft 
ready to melt, and in that Heac let it be hermetically fealed ; then take it out, 
and fuffer it to cool kifurely, and whilft it is yec whole and clos’d, immerge 
ic in cold Wacer, and cautioufly break off the top o f  the neck under the W a
ter, and you will fee the W ater will be forced inco the open neck with a very 
great impetus, and will fill the Glafs, buc with this limitation, that in the up
per part o f che belly o f it, there will be fome true elaftic A ir, thus evidenc
ly Hjewing, that the elafticity, by fo intenfe a Hear, could not be deftroy’d.
And in this fame Experiment, by weighing the Glafs quite filled with W ater,
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and then weighing ic again filled wich W ater and this A ir  together, we may difcover 
the expanfion o f the A ir  in that H eat, in which Glafs is ready to melt. Hence the 
Chemifts might know what changes may be expeded in their Operations, 
when Bodies full o f  A ir  are committed to fo ilrong a F ire : Y e t  all thefe are 
things buc rarely thought of, tho* it very much concerns Operators to have 
an Eye co them.

Nor any In a word, fince after the greateft rarcfadions from i  to 520,000, and upwards, 
•ther w ay. jj^d the like reciprocal condenfations j  after the application o f  the moft piercing 

Cold, and the intenfeft H eat j after the greateft compreifure and relaxation 5 and 
after che Experiments continued for fo many years, as beforementioned, this elafti- 
city remain’d perfed, and without diminution, we may very probably conclude, 
that the A ir  in this refped, is created fuch an Element, as by means of its 
immutable elafticicy, and mobilicy, is conftantly vigorous and ad ive, under
going as is were a perpetual ebullicion and fuhfuUus, penetrating into, and ail
ing upon all Bodies, and keeping them in a continual agitation.

O f t h e  con- A fter having, for the fcrvice o f  the chemical A rt, confidered the properties 
“ "jsofthe of A ir, the order o f  our fubjed requires, that in the nexc place we ihould treat 

likewife o f  thofe Corpufcles which are blended and contained in the common 
A ir. And thefe, in reality, are incredibly numerous, o f  various natures, and 
perfedly  different in different parts o f  the Atmofphere. R igh tly , therefore, 
to conceive o f  the A ir , is to confider it as an univerfal Chaos, in which Cor
pufcles of almoft every kind being confounded together, make a compoiition, 
confifting o f  the moft different parts. ’ T w ill be our bufinefs to give you a parti
cular account o f  them, chat we may be able to make ju ft conclufions concern
ing it.

In the firft place then, in the common A ir, there is always and every where 
been fhewn already in our H iftory o f  Fire^ where likewife ic 

whaciaw demonftrated, by every trial o f  the Thermomecer, that Fire refides in
 ̂ ’ the common A ir, in the fame manner, and in the fame quancicy, as ic does in 

any other Body whatever. N ay farther, and it there exifts, ju ft in the fame 
quantity as it does in che Vacuum o f  TorrkelUus or Boyle.. This I  learnt evident
ly from the Thermometer, by comparing one that was in an exhaufted Re
ceiver, with another that was in the common A ir. A nd this Experiment 
I  have repeated frequently, after different methods, but always with the fame 
fuccefs. And hence I  was fully convinced, that Fire o f  icfelf, a n d  withouc any 
ocher caufe intervening, exifts in Vacuo, the A ir, and every ocher kind of Bo
dy in the fame quantity, and with the fame ad ivity  5 and that therefore this 
rule was again confirmed, that Fire is diftributed as the fpaces in the Univerfe. 
Hence, too, I  difcovered likewife, that after all the A ir  in the Vacuum of 
ricelliusy and almoft all o f  it in chat o f  M r. Boyle  ̂ is excraded out o f  any fpace, 
Fire never then makes its way into chac Vacuum, fo as to fill up the fpace de
prived o f  A ir. F or i f  this were the cafe, then there would o f  courfe arife a 
greater H eat from the accumulated Fire in chis Vacuum 5 and confequendy, a 
very fenfible Thermometer, would give  fome indication o f  fuch increafe : Or 
at leaft, you muft be obliged to allow thac there is F ire there, that is not capa
ble o f expanding Bodies, which to me is the fame thing, as i f  you fhould fay, 
that Fire is not Fire. W hatever, therefore, the Followers o f  De/cartes, and 
others, have commented upon this fubjed, their reafonings have never been
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found toanfwer to any Experiment. And again, fince Bodies that under the fame 
furface contain the greateft quantity o f  corporeal mafs, or the moft denfe o f  
all, as Gold, and Spaces the moft em pty, as the Vacuum o f  Torricellius, o f  
themfelves poíTefs perfedly the fame degree o f  H eat, it follows very evidently, 
thac neither Bodies, nor Vacuums have any power o f  attradion with regard to 
Fire. And as I have in a former Difcourfe proved, b y  undeniable arguments, 
that no one Body is naturally more attradive o f  Fire than another, it follows, 
that no part o f the A ir  is more or lefs hot on account o f its being replete with 
different kinds o f  Bodies. Fire, therefore, o f  itfelf is always very equally 
diftributed through che A ir , confidered alone, and without the intervention o f  
any other caufe 5 nor are there in the A ir  any Magnets to Fire. In the mean 
time, however, an infinite number o f  caufes may arife, and be applied to the 
Air, by means o f  which there may happen in the A ir  a coiiedion of Fire, 
fcarcely to be determined in any particu ar place. O f  which matter Î have 
treated already in our Hiftory o f  Fire, and ihall have occafion to fpeak again 
hereafter.

In the fecond place, there is W ater contained always in the A ir , and in eve* And Waters 
ry part o f it, and that in fuch a manner, thac it does not appear that it can 
be wholly feparated from it, by any contrivance whatfoever. Does there not 
a watery Vapour perfpire continually from every healthy perfon ? Does not 
San̂ forius compute, that in the fpace o f  one night and day there exhales from 
aman in health nearly the weight o f 5 pounds, much the greateft part o f  which 
is Water? Confider then, I befeech you, what a vaft quantity o f  aqueous Steams 
muil be continually exhaling from the animals o f all kinds, that are fcattered ail 
over che Earth ; and that all plants, likewife, fend fofth a *dewy, aqueous V a 
pour, is a thing that has been long confirmed by obfervation : But the very in
duftrious and ingenious D r. Hales has lately, in his curious treatife o f  Ve- 
¡liable Siaiicsy reduced the vaft quantity o f  aqueous Vapours exhaling from 
Plants to computation. W h y ihould I mention the W ater, thac by means o f  
fubterraneous, culinary, private, and chemical Fires, is continually forced up 
into the A ir  ? W hac the incomparable Hailey has delivered upon this head is 
fufficient. From the obfervations which he made with the greateft care, and ac
curacy, ithaslongbeen certain, that from the furface o f Ú\t Mediterranean alone, 
in the fpace o f  a fummer’s day, there exhales by means only o f  the the æftival 
Heat, withouc any aíTiftance o f  W ind, 52,800,000,000 tuns o f  W ater. See 
the Phil. Tranf. V ol. II. p. 109. And the W ind and Sun raife up and difperfe 
from the furface o f that Sea, ftill a larger quancity, id. ib. pag. 1 10. and 1 11 . if 
you compare now the quantity o f  F og, Dew, Rain, Hoar Froft, H ail, SnoWy 
and nodurnal Moifture, that may be colleded in the fpace o f  a whole year, with 
the Water which in the fame time, by means o f  the natural Heat, has exhaled 
intotheAir, youw illfind , thatin onc year’s time, there falls upon, and exhales 
from the Earth, about the height o f thirty inches -, as the very ingenious KrukiuSy 
wich the greateft labour has plainly proved in his M eteorological Tables.
Hence it is very likely, thac cœteris paribus there every year exhales into the A ir, 
from the whole furface o f  the Earth, the value o f  thirty inches height o f  W ater.
And of confequence, fince the area o f  rhe E arth ’s furface is fufBciently known, 
itis eafy to compute the immenfe quancicy o f  W ater, that is always fufpended 
in the Air.
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Which ap- And that W ater is contained in every portion o f  the A ir, is continually evidenc 
p̂ rstothe M r. 5¡7yí’s Air-pum p ; for there, as ch eA ir, by means o f the

adion o f  the pump, becomes more and more rare, and lefs fitfor thefufpenfion 
o f  Water, the inficie o f  the Glafs becomes cloudy with a truly aqueous moifture- 
the very fame Experiment thus evidently evincing, that W ater does really refide 
in all pirts o f  the A ir, and thac as the elafticity o f the Air is diminiihed, it be
comes lels and lefs capable o f  retaining it.

And appear« But that there is a very large quantity of W ater always, and every where 
th/aimiot- ^̂ fp̂ f̂̂  ̂ through the A ir, appears evidently coche eye in your dry, alcaline, fiery, 
ed weight o f  fixed Salts i for i f  thefe, when chey are perfedly pure, are expofed to the Air, they 

will fpontaneoufly difiblve, by means o f  the W ater which they attrad out of 
it. Buc chac you might have ocular proofs o f this yourfelves, I cook, three days 
ago, at nine in the morning, two ounces and one drachm o f Salt o f  Tartar, dried 
in iuch a H eat, thac ic melted in the crucible ; fo that there was no Water at all 
remaining in it. I then laid ic into chis glafs bafon, which was made very clean; 
and in this manner expofed it co the A ir , this cold, dry weather, from the 17th 
o f  January to ÚIQ 20th, in this place, which is pretty high, and very dry. And 
what now isthe confequence ? W’ hy you fee, upon examining ic by the Scale, thac 
it weighs three ounces four drachms and a half 5 and confequently, that it has 
gained an additional weight o f  one ounce three drachms and a half. Nay, if 
we chus examine this Sale by a pair o f  Afiay-Scales, we find ic is every moment 
gaining fomething in weight. And as there appears fuch an increment o f weight, 
within the compafs o f three days, fo if  ic is kepc a confiderable time in the Air, 
the whole o f  it generally diíTolves into a liquor intirely fluid, pinguious, thick, 
fomewhat tenacious, and unduous, and chat is almoil three times heavier than che 
Salt firfb expofed; and this Liquor the Artifts call Oil o i T ^ rtu  per Delî uium̂  
befides which, there will then remain at the bottom o f  the Bafon, a very fmall 
quantity o f a white Earth. I f  now, as has been done, you put this Liquor 
chus produced by the Salt and A ir, into a glafs Cucurbit, and with an alembic, 
which is a very tedious operation, you draw it to a drynefs, there will then ve« 
ry pure elementary W’̂ ater diftill into the Receiver, and a dry Sale o f Tartar, 
purer than it was before, and lefs ponderous, will remain at the bottom of the 
Cucurbic. This Sale, therefore, by being expofed to the A ir, receives from ic 
this large quantity o f  Wacer. And here we may obferve, that the Water 
thus communicated to the Sale by the A ir, diflTolves it in a very different man
ner from whac ic would have been diíTolved if  pure fluid Wacer had been poured 
upon ic i for chis dilution in the A ir, being flow and fucceffive, by the application 
buc o f a very fmall quanticy o f  W ater at a time, diíTolves only the purealcalious 
Salts thac are eafieft o f all diflblved,, and therefore moft nicely feparates this part 
from thereil that is diifolved with more difficulty, that is, that is fomewhat more 
terreftrial; which cannot be efi^eded in any other manner. And hence it comes 
to pafs, that by fuch a diiTolution, and coagulation, t h i s  whole S a l t  is at length 
converted into an Earth, and a volatile principle, which difappears, and is fcarce
ly perceptible afterwards. T his Van Helmont knew very well, and ocher Al
chemifts had come to the knowledge o f it long before him. In this Experi
ment, now, ic appears to me particularly furprizing, that the very moment, 
as it were, that this Salt is taken out o f che ftrongeftFire, and expofed to the 
A ir, this humedation and diflblucion, commence, and che incremencof weight,
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perceptible by the fmaller balance, is begun, and from that inilant, increafes 
every moment. And this, which I have very often beheld with aftoniihment, 
has happened even while the Salt has continued exceeding hot, and been de
tained in a place too, which itfeif was very much heated by being near enough 
to the Fire ; fo that I could not, with the utmoft care, keep off the Wacer o f 
the Air from the Salt. A nd again, now the weather is fo cold, and dry, that 
the height o f the Barometer is twenty nine inches and a half, I ibt the Salt with 
thisBafon in a place, walled on all iides with a very clofe timber covering 
over head, which is always clofe and ftill, and into which no W ind can enter, 
and you obferve the effed is the fame. But there is yet another thing more 
to be obferved, in this wonderful attradion o f  W ater from the Air into a 
dry alcaline Salt, which, fome years ago, a good deal engaged my attention.
I wanted a very acrid, dry, fixed, alcaline Salt, in order to demonftrate to 
fome perfons, who would not believe ic, nay, who even denied the poifibility 
of it, that there might be a T ind ure produced in an inftant from thac Salt, and 
pure A lcohol; a truth, which fome famous chemical Authors have in their 
writings profcribed as a fidion. This Salt, then, rightly prepared, glowing 
hot, and as yet in fufion, I poured into a very hot brafs M ortar, and with a 
very hot brafs Piftil, rubb’d it as faft as I poffibly could, and as ibon as ever it 
began to come to a confiftence, I ftiut it up into a very hot and dry glafs Bot
tle, and immediately flopping the mouth o f  it with a C ork , and a piece o f 
Bladder foftened with O il, fecured ic as clofe as poflible. And whac do you 
think was the iffue W hy when I came to try the Experiment, though I had 
frequently before met with fuccefs, yet the event ac that time would not anfwer.
Surprized at this, I carefully examined every circumftance, that might pro
duce this variation, and difcovered at laft, chat the furface o f  the Salt was a lit
tle moiftened by the A ir  in the Bottle, and thac cherefore, this being already 
impregnated with W ater, the Alcohol could noc come immediately to 
it.

Now whilft I carefully confider thefe things, I am clearly convinced, that jt makes the 
in fo fmall a portion o f  A ir  as can be contained in a Bottle, which will hold ««««ft 
but three pints o f  W ater, there is Wacer enough to moiften an ounce o f  Salt 
of Tartar, and to increaiè its weighc. And having repeated the Experiment 
with the fame fuccefs, I learnt at the fame time, that the W ater contained 
in that portion o f  A ir , which perhaps is 850 times heavier than the common 
Air, muft o f  confequence make up the greateft part o f  the weighc, which is 
ftatically difcovered in the A ir  itfeif. For i f  one eight hundred and fiftieth pare o f  
the common A ir was W ater, then the whole weighc o f  the A ir  would certain
ly be owing to the W ater alone which floats about in it, and the other parts 
contained in the aereal Mafs, would make nothing towards the weighc o f  ic 5 
nay, would not, perhaps, gravitate at all. Upon which fubjed I had fome 
converfation formerly with my good friend M r. Henry Van Deventer, famous 
for his valuable writings on M idwifry, who told me, he had thought o f the very 
fame thing.

Whoever now confiders all thefe Phœnomena with attention, muft certainly Awonderfsr 
hence infer one, two, or all three o f the following propofitions. Either, firft, property of: 
the Air, in all ftill, clofe, and fubterraneous places, muft be in a perpetual mo- 
tion, that by this means ic may apply that lictle qiiantity o f W ater, which is
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diffated through its whole M afs, to the furface o f the Salt o f  I'artar, To as to 
leave it there j for i f  a cubic foot o f  A ir  contains at the moft -̂44 o f a pound 
Troy weight o f W ater, and communicates, within a VeiTel clofe itopt, this Wa- 
ter to the Salt, then it follows, that all thac A ir  muft fo revolve about the fur- 
face o f the Salt, as thac all its parts may fuccefilvely come in contad with it, 
and chus depoiice the W ater chey contain: O r elfe, fecondly, we muft conceivc, 
thac thofe Particles o f  W ater, which ac one time are difperfed chroughout the 
whole mafs o f  A ir, are at another time fo moved through chat Mafs, as that 
they arc perpetually and iucceflively now in one pare o f che aerial Space, and 
now in another, till ac length they all happen to meet with thac Salt which is 
placed within i t : O r, in che third place, we muft acknowledge, that there is 
a true attradive power between a fiery, fixed A lcali, and W ater, fo that like 
two Magnets, they reciprocally a-ttrad one another, in the fame manner, as we 
read in Sendivogius o f  an Alcali o f  che Earth, that attrads the celeftial Dew, 
in order to a fertile impregnation. W hoever, now, prefers this laft way of 
thinkir^, muft perceive, ac the fim e time, thac chis attradive power 
between the W ater o f  the A ir  and an alcaline Salt, muft extend to a con* 
fiderable diftance, fince a very little o f  the Salt will grow four times as hea« 
v y  as it was at firft, by means o f  the attrad-ed W a te r; for an ounce of Salt 
o f  Tartar, whilft it is converted into 4  ounces o f  O il o f  Tartar 
muft have drawn into it 3 ounces o f  Wacer. But 3 ounces o f  W ater require 
ac leaft two cubic feet and a half o f  A ir  to be diffufed through in order to 
be attraded into that one ounce o f Salt 5 which Space, with refped to that one 
ounce o f  Salt, is certainly exceeding greac. But from all kinds of Experiments, 
ic appears very probable, that all thefe three caufes concur, at the fame time, 
to che produdion o f  the fame effed.

The eiaflic But nothing appears to me more extraordinary in this affair, than that 
thJAirdL’t ĥe W ater is drawn into the Alcali from the A ir, and thus makes
unitewithan Oil o f  T̂ LVidiV per Deliquiufny which in weight is to W ater, as 7 co 5, but to 
ĵ icaJi. 1 190 to I : I fay, that whilft the O il o f  T artar Deliqumm is thus

produced, there ihould be found in it nothing at all o f  the aerial Elafticity; fo 
thac chis A lcali thus feparates the W ater from elaftic A ir, and unites it to ic
felf, but rejeds intirely the aerial elaftic Q u ality . Hence, therefore, again it 
appears, that A ir , free from W acer, is very elaftic ; buc on the contrary, 
when ic is replete with watery Vapours, it proportionably lofes fomewhat of 
ics proper Elaiiicity j and again, thac by means o f  a great quantity o f fixed al- 
calincSalt produced on the Earth, a vaft deal o f  W ater may bedrawn outof the Air. 

At what In a  continuance o f  ferene, and very dry weather, the A ir  becomes always 
tliT'Soft”  iTiore ponderous, the Atmofphere heavier, and the W ater mounts higher in 
waterinthe the A ir. So that in reality there is never more Wacer in the Atmofphere than 

at that time, when by reafon o f  che drynefs here below, people generally 
imagine chere is the leaft o f  a l l : Buc the W ater, then, is far more widely 
diftributed, and difperfed 5 for you eafily apprehend, Gentlemen, that the high
er from the Earth the W ater afcends in the Atmofphere, the greater are the 
Spaces into which it is diffufed, and the farther, confequently, its Particles 
reccde from each oth er; and that then they exift feparateiy, and do not imme
diately unite, nor aflford any moifture. But i f  the Barometer is very high, and 
at the fame time, thick and ftinking Fogs appear, then do the watery Particlw
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almoft always float below along with grofs, unftuous, and faline exhalations ; 
all which, at thac time, will noc, in an exait mixture, be equally diftribuced 
or united. Buc again, when the Barometer is very low, and the weather at 
the fame time is very hoc, and very cloudy, then the W ater comes down to 
the lower regions, but in an uniform Vapour, very moiftning, but not yet pro
ducing Rain. From  thefe obfervations ic is manifeft, that the A ir, when load
ed with abundance o f  W ater, often appears very dry, bright, and perfedly 
clear; and that on the ocher hand, when there is lefs W ater in ir, it m ay, 
by the defcent, colledion, and unequal diftribution o f  the W ater, appear clou
dy, dark, and very moift. A nd this is demonftrated evidently in Cucurbits, 
Alembics, and Glafs Receivers, whilft W ater is diftilling in them : For i f  the 
Veflels are kept ftopt very clofe, whilft a diftillation is going forward, all 
appears bright and clear, and no fuch thing as a cloudy Vapour is feen; 
buc as foon as ever the W ater in the Cucurbit, upon the removal o f  the Alem 
bic, begins to exhale freely into the A ir , the whole appears covered with wate
ry, and very thick Vapours, the equable compreifure being now deftroyed.

But if in the fummer feafon, when the weather is fair and very dry, and the AeritiDevn 
furface o f  the Earth has been fo ra  confiderable time parched wich a greac Heat 
of the Sun, then not only the watery, but ocher Particles likewife lefs volatile, 
as the oily, and faline, are by the power o f  the folar rays carried up into the 
Air, and fill that part o f  ic which lies neareft to che furface o f  the Earth.
And fo long as thefe exhalations are kept in agitation by the Heat o f  the 
Sun, fo long nothing o f  them appears to the eye: But as foon as the folar 
Heat, which at three in the afternoon is the greateft, begins to remit, the 
Air noc long after begins to grow cool, tho’ the Earth, which recains the Heac 
communicaced to it by the Sun a thoufand times longer than the A ir , being yet 
hot, continues to exhale the agitated Corpufcles j by which means there is 
xolleded a white, denfe Vapour, which is cool above, but ftill continues warm 
below. This Vapour, therefore, appears firft in ditches, and watery or marihy 
places, whence difperfing icfelf by degrees, it covers the face o f the Earth in 
the evening, and nighc time, with a cloud confifting o f  this kind o f  Par
ticles, which in the morning is again diffipated by the Heat o f  the rifing Sun.
And this is what we ufually call D ew ; which appears, from whac is here faid 
of its produdion, Co be a very compounded liquid ; fb that nothing ufeful can 
be aiferted concerning its proper nature, which would in eyery circumftance 
hold true. For fince ic is a compofition o f  all the Corpufcles o f the Earth, 
which are rendered volatile by the ffiltival folar Heac, exhaling and dvifcend- 
ingagain, and blended and confounded cogcther, ic muft doubtlefs appear, upon 
the leaft confideration, to be a perfed Ciiaos. N ay, and in every particular part 
o ftheE irth , ic muft be likewife of a quite dliferenc kind, according to the 
various nature o f the Bodies in the place where it is produced. In gravel- 
pics, for inftance, and in high, dry, heathy grounds o f  a large extent, there is 
colleded but a very fmall quantity o f  this Vapour, and that almoft intirely 
watery ; whilft that which is colleded about ftanding W aters, Fens, Marfhes, 
and fat bituminous grounds abounding with putrified fiih, and other animals, 
is perfedly o f a different nacure, and very often pernicious co mankind.
It is no wonder, cherefore, chac che Chemifts, in the artificial refolution o f  Dew, 
have met wich fuch contrary principles, and written fo differently upon the fub-

N  n ' je it j



that you can fcarcely find two of them that give the iame account of it. 
And as for thofe who exped to find the Spirit o f  L ife, the univerfal Menjiruum, 
thc Mercury o f the Philofophers, and the Nitre and Steel o f  Sendivogius in Dew, 
they certainly fcarcely feem to have read the works o f  thefe Philofophers to any 
valuable purpofe. T h at this however is a very iharp, faponacious, pinguious Li
quid, abounding with a good deal o f  nourifliment for Vegetables, I do noc go 
about to deny. A  Dew coo colleded in a cercain part o f che Earch, has yielded 
by diilillation a Liquor chac impreíTed upon Glafs the lively colours o f the 
Rainbow, which could neither be removed by fridion, an alcaline Lixivium^ or 
Aqua Fortis: And this Liquor was inflammable, like Spiric o f  W ine \ as appears 
from the chemical Experiments related in thzRepuhlick of Letters, T o m .I. p. 590. 
A nd again, diililled Dew, digefled for che fpace o f  eighc days in a gencle Heat, 
and by repeated diilillation rendered fix times inore fubcil, is faid to have 
broke three glafs VeiTels, and to have remained perfedly infipid; tho’ it was fo 
very thin, that it refembled pureSpiric. ib id .iyo^ . p. 152. And fiirther, in 
the Britifh Obfervations, Dew is defcribed as being like Butcer, o f  a yellowilli 
whice colour, foft, melting by being rubb’d upon the hand, and growing dry and 
hardning by a moderate Heac, o f  a very fetid fmell, in che W inter, and in the 
Spring, particularly, produced in the night time, in pretty large Lumps. Philofoph. 
Tranfa^. Abridg. T om . II. p. 143. But the nature o f Dew is likewife furprizingly 
various, according to the different difpofition o f  the weacher, and according to 
the various and fuccelTive changes o f  the meteors in the A ir  ; for hence ic comes 
to pafs, thac the very minute Seeds o f  fmall Plants, and che invifible Eggs ofthe 
fmalleft Animalcula are mixed wich iC , cogether wich an infinite number of other 
things \ which being all digefled, fermenced, pucrified, and diftilled cogether, 
yield at different times principles o f  very diiierent natures, and hence lead the 
Chemifts into very extraordinary opinions. See Abridg. Philofoph. franf&ñ. 
T o m . I. p. 14 1 . T h e  principal part therefore o f  Dew is W a te r; the reil, 
on account o f  their manifold variety, cannot poíTibly be defcribed.

T h e  Clouds. T h a t the Clouds are produced in the A ir , from almoft W ater alone, there is 
fcarce any one that doubts. Buc W ater every where equally difpofed, is tranfpa
rent. Clouds, therefore, are colleded from what is beginning to be Water, but 
the parts o f  which, in the mean time, are circumvolved among one another 
with an unequal motion, neicher refting nor moving equably 5 a s l  juilnow 
hinted. I f  the W ater thac is floating about in the A ir, now, mounts 
higher and higher, its particles at length arrive in places fo far above cheEarth, 
that they are not any longer much united together, buc receding from each 
other, they do noc chen conftitute W ater, but only the elements o f  it. But 
when thefe Elements o f  Wacer come to defcend again from thofe uppsJ re* 
gions, and are contraded into fmaller Spaces, where they aíTociate together, and 
become a kind o f  W ater, they then form Clouds. T h e higher, cherefore, the 
W ater afcends in che A ir, the fercner and dryer the weacher will be, and the 
freer from Clouds ; and che contrary. BuC W ater is carried up co a very 

 ̂ confiderable height in the A ir  ; for in Carniola in the neighbourhood of Venüi,
there are mountains 10274 geometrical feet high, on the cops o f  which there are 
indications o f moiílure. Á 7 .  L i / /  1689. p .  552. A n d on  the higheft c o p s  of thofe 
Mountains, Nature pref^nts to our view perpetual Snows ; a certain Proof of 
the elevation o f W ater to fuch heights. N ay , and over the Mountain



the higheft in Europe, there conftantly about noon hang Fogs, or little white 
Clouds, which are daily refolved into W ater, which flows in fuch plenty down 
the mountains, chat it fupplies che place o f  Showers, and waters che whole 
Ifland, withouc Rain, ASl. Lipf. 1691. p. 98. W e  are certain, therefore, 
that Water afcends to fuch a height. But had we fufficient obfervations to confirm 
the account M'aignan o f  Thouloufe gives, in his treatife o f Perfpe^ive^ p. 93. o f  the 
wonderful Pbcsnomenon, which he fays he had obferved, the afcent o f  the W ater 
in the Atmofphere would be found to be abundantly higher: For he cells us, 
that in a very clear night, and that ac midnight too, there appeared in the 
month o f  Augufi  ̂ an exceeding bright little Cloud, which fpread itfelf almoft 
as far as the Zenith, or vertical pare o f  the H eavens; and fays, that Riccius 
obferved the fame thing, in che neighbourhood o f Rome j and from thefe O b 
fervations he infers, chat Clouds may be elevated beyond che projeftion 
of the Earch*s Shadow. But this projedtion, now, i f  aftronomically comput
ed from the given cime and place o f  che appearing Cloud, would give a pro
digious diftance from che Earth 5 and hence, perhaps, that appearance was 
rather to be afcribed to fome other unknown caufe, refiding in the upper re
gions o f che A ir, and exceedingly lucid, fince on che cops o f  che higheft moun
tains, chere are rarely obferved any Clouds, buc on che contrary, co a fpedta- 
cor placed chere, they appear below him, Cowards the Plain.

T h e  lower A ir  being full o f  W ater, begins co unice the Elements of W a- SmaiiRaia,' 
ter clofer togecher, and by chis aiTociacion co form very litcle drops, which 
falling down, produce a fmall Rain, for che moft pare Chick, but descending 
with no greac force. For che lefs chefe drops are, the greacer furface chey 
contain, in refped o f  cheir quancicy o f  W ater, and confequently are the lefs 
able to defcend fwiftly chrough che refifting A ir.

Buc when che Wacer in che upper regions o f  the Atmofphere is colleded GreatShô r:. 
together, and thereupon becomes heavier, and begins co defcend 5 then, by 
gradually coming down into fmaller fpaces, it continually unites to it che ocher 
Particles o f  W ater which ic meets wich in its fall. B y  this means, cherefore, 
are produced thofe very large drops which in Europe have been obferved co 
have been three lines in diameter, buC among che Negroes, a whole inch, 
jiui. Lipf. Suppl. I .  425. J which Drops concaining a greac weight o f  W ater 
under a lefs Surface, rufh more violently through che A ir , and fall to che 
Earth wich a mighcy impetus. T he higher, now, che place is from which 
they fall, che larger che Drops are, and fo verfa\ for ic has been always 
obferved, chac the Rain, in the upper part o f a high mountain, is the fmalleft, 
but thar, as you gradually defcend, it forms larger and larger Drops, till at 
the foot o f che Mountain ic produces che largeft o f  all. Hence ic comes co 
pafs, thac che hardeft Showers happen in Summery when the W ater, being 
driven rapidly downwards on a fudden, caufe thunders, lightnings, and tem- 
pefts. And hence, likewife, the Drops o f  the Showers, in Summer time, are 
ufually larger than they are in Winter. L aftly , obfervacion has made it very 
cercain, thac Rain, in every part o f  the Atmofphere, is there the fmalleft, 
where it is firft produced.

But now when the A ir, abounding with W ater, and waxing cold in the night Springi. 
time, is carried againft che upper parts o f high mountains, efpecially if  chey are 
difpofed in a long range, chen this cold and denfe mafi o f  Bodies, parcicu-
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larly towards the North and Eaft, during the firft part o f thè night, and towards 
the South and W eft after midnight, ftops, cools, and unices this Water of 
the A ir, and converts it into a watery humour, which gives rife to a great ma- 
ny little ftr ie  o f W ater, which in the higheft part o f  the mountain are fmall, 
but as they defcend, and are joined with one another, become larger, and by 
this means produce a perpetual trickling down the mountain, and afford an in« 
credible quantity of W ater, which runs down, and produces various rivulets, 
according to the various channels o f the mountain, or the land about i f ,  and 
when thefe by fubterraneous paifages defcend from a high part o fth e  mountain 
to any pnrt o f  the declivities, and there burft through outlets, and fo difcharge 
their ftream, they then yield a pure W ater, either falling right down, or bub
bling up from a fpring. And here it is very eafy to conceive, that, accord
ing to the different height o f the fprings, in refped to the outlets, the play, 
ing o f  the fountains muft be various. A nd hence, likewife, it is eafy to ac
count for the variety o f  fprings, both in the quantity o f  W ater, and every 
other circumftance. And hence again it appears farther, how it comes to pafs,, 
that there are no fprings, but where there are pretty high mountains, and that 
wherefoever thefe are, there likewife are obferved fprings: T h e truth of' whicĥ  
appears no where with more evidence and beauty, than in the fortunate valley of 
CaJJimire, mentioned by Bernier^ in his Defcripion of the Empire o f the Great 
Mogul.

Brooks, Ri. Again, wherefoever there are fuch Mountains, and Springs, there the Water, 
after running down from the Mountains, or perpetually bubbling up from the 

'  Springs, is difcharged into Rills or little Currents, continually flowing, but for 
the moft part with a gentle courfe at their heads. W hen afterwards diifereno 
currents join their courfes together, the ftream becomes ftronger, and being 
continually augmented by Rivulets which difcharge themfelves into it, in a 
ihort time produces a River. This again, not long after, being ftill as ic 
pafJes augmented in ftrength and quantity by the acceiììon o f  other ftreams, 
forms a River ftill flowing with a more rapid courfe, always tending from the 
higher to the lower ground, and at length difcharging itfeif into the Sea, from 
which it never returns again ; whofe contents, however, in the whole, are by 
this means never increafed, inafmuch as what it receives by the difcharge of 
the Rivers into it, it gives up again continually by exhalation. Sometimes it 
happens likewife, that the rapid torrents o f  Rive^s fmk down into paifages un
der the Earth, difappear, and rife up again in fome other place. Hence it 
comes to pafs, that in fiat countries, where there are no Mountains, or Springs, 
there are never formed,any Rivers. And for this reafon, the fupreme Wifdom 
has thus diftributed Mountains throughout the whole Earth, that they might 
be beneficial to mankind, by producing thefe colledions o f  Water. And 
hence, laftly, all the W orld over, the courfes o f  Rivers anfwer the order or- 
rangings o f  the Mountains. Upon this fubjed, let me refer you to the difco- 
veries o f  the incomparable Hailey, in the Britifh Philofophical TranfaSiions, which 
he truly has a right to the merit of. A ll thefe things now, it concerns us to be 
particularly acquainted with, who arc profccuingthe ftudy o f the chemical Artj 
in which there is almoft a perpetual necelTity o f confidering the variety of the 
qualities o f A ir and W ater. And thefe Obfervations'will likewife be o f fingu
lar ufe in our following Treatife o f  W ater.
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By all that has been hitherto faid, however, it does not appear certainly. There ise- 
how great the utmoft height is, to which W ater can afcend in the A tm o- wattri'the 
fphere : But this, at leaft, in the mean time, we are abfolutely fure of, that on Air. 
the top o f the higheft Mountain on Earth, there never is any A ir  wichouc fome 
Water in it, fince the Cop is always found moiftened with humid Vapours;
And hence it is evident, likewife, that ic is not poflible, by any manner o f 
Art, to make ufe o f  A ir  in our chemical Operations, in which there is not 
contained Water. Perhaps, indeed, from a given quantity o f  A ir  pent up ve-Watn-fepâ  
ry clofe in a dry glafs Veffel, all che Wacer may be drawn o u t : F or i f  fome Jle 
Salt o f Tartar, coming as hot as poflible from the Fire, is reduced to a fine m kaiiy!'' 

Powder, and thrown very dry into this glafs Veffel, and che mouch o f ic is im
mediately ftopt clofe*, then this exceeding dry Alcali will attrad into it all the 
Water chat is contained in che included A ir : But then, no-body can apply chis 
Air to any chemical Operations *, becaufe as foon as ever the Veffel is opened,
Chisdry portion o f  A ir  mingles again with the common A ir, and is immediate
ly moiftened by the W ater which that was filled wich.

But farther, we are affured from undeniable Obfervations, that the higher W aterin  t h e -  

the Water is carried into the A ir, the farther it difunites its parts, ‘̂ •fperfes 
them through wider and emptier fpaces, and at the fame time grows colder. Ice) or ceafes 

For upon examination it has been conftantly found, that in every part o f  che^‘̂ ‘̂ ^®“ ’̂ 
habitable W orld, the Heac cateris paribus is greateft at the Surface o f  the 
Earth ; and th ar ac the very fummiis o f  the higheft Mountains, a freezing cold 
preferves a perpetual Snow. This is true, even at the Equator and in thc Torrid '
Zones: So that there is not in the hotteft part o f che Earch a Mountain very 
high, whofe top is not exceeding cold. N ay , and che cold increafes gradually, 
as you afcend from the foot to the fummit o f  the Mountain, in fuch a manner, 
that the increment o f  Gold is always proportional to the increafe o f  height.
This is an Obfervation thac will always hold true, i f  all other circumftances 
arc alike. W hen W ater, therefore, afcends co fuch. a height in the A ir, thac 
it meets with a freezing Cold, muft neceffarily be congealed into Ice, unlefs 
its Elements are fo feparated, that none o f them touch one another; for fo- 
Jong as the Particles o f  W ater are there difperfed from one another, fo lo n g ', 
there will be no appearance of Ice : But as ibon as ever in this high and cold 
region o f che A ir, thefe Elements begin co come into muiual concad, chen’ 
they begin likewife immediately to be congealed inco lictle icy Glebules, which • 
float up and down through the clear A ir, and falling upon the Surfaces o f  the ■
Bodies they meet with in that region, produce a very fine hoar Froft, but ocher- 
wife are fcarcely perceptible. In che Atmofphere, therefore, there is an Orbit 
concentrick to the Earth, in which the W ater o f the A ir, when it is carried up 
to that height, is always frozen ific  is united together. And che higher it is 
devaced above this Orbit, fo much the fooner and harder ic will be frozen. Buc • 
at the fame cime, however, ic is noc improbable, that when the W ater arrives 
tofuch a heighc, ics Particles will be fo much the lefs united, and therefore, 
will rarely be congealed, buc on the contrary will floac about feparacely, ’ till 
fome other caufe ihall happen to unite them together, and by this means form 
them into Ice.

When the W ater, therefore, in the Orbit ju ft mentioned, is congealed, then'Kcn« . 
by an adunation o f a greater weight o f Wacer under a lels Surface, it muft.®“°'̂ ’
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likewife immediately become heavier, by which means, it will of confequencc 
begin to fall downwards, and thus defcending into fpaces chat are fmaller, and 
are more replete with W ater, will aflTociate to itfelf ocher watery Particles, and 
fo gradually form larger icv concretions, which will now put on the appearance 
o f  Snow, or fmall Hail. But as there may be a great number o f caufes, and 
thofe perfedly different ones too, by means o f  which, the Elemencs o f Water, 
thac were before fcattered in the upper A ir, may on a fudden, and in a very 

large quantity, be brought into contad with one another in the icy region of 
the Atmofphere ; hence you eafily apprehend, that confiderable pieces of Ice 
may in a pretty ihort time be there produced.

And Hail. guj; thefe icy Bodies may in like manner be colleded together ; and when 
this happens, there will appear little Clouds, high in the A ir , and white by 
means o f  the refledion o f  the Sun, which fuddenly falling downwards with a 
m ighty velocity, feem to increafe very fafl: in their magnitude, and ruihing 
from on high upon other like Clouds, by that colliiion produce Thunder, Light* 
nings, Tem pefts, fliowers o f  Rain and H ail, which are always the more vio- 
lent, the higher the place is from which they fall. A nd hence it comes topafs, 
that in Summer time, when the W eather has been long clear, the lower Air 
very dry, the Atmofphere heavy, and the W ater therefore in it carried up to 
a very great height j then the Atmofphere being on a fudden rendered lighter, 
there ufually very foon follow x\\t Pbienomena we have ju ft mentioned, efpeciai- 
Jy between the T ropicks, where, if  a little white Cloud appears very high in 
the A ir , it is a fign that a terrible Storm is ju ft at hand. A nd it is exceeding 
probable, thac the H ail, which is always formed in the upper and colder regi
ons of che A ir, as ic defcends by ics weighc into che inferiour and warmer ones, 
is chere diffolved by che H eat, and produces thofe great ihowers of Rain, 
which accompany, follow, and put an end to Thunder and Lightnings. But 
i f  the H ail happens to be io fwiftly brought down through the A ir, as thac by 
reafon o f  its quick defcent it cannot be melted, it then falls to the Earth in form 
o f  icy Stones, which often, by their fize, weight, and mocion, do a great deal 
o f  mifchief. In the Abridgm ent o f  the Philofopbical Tranfa£iions, N . II. p. 144. 
we have an account o f fome o f  thefe that weighed a full pound.

Thunder T his C erta in ly  we are aifured o f  by Obfervation, th a t  Clouds o f  a  very white
andLight- colour, to which there prefently fucceeds a pitchy blacknefs, terrible Thunder, 

Lightning, and Tem pefts, are always accompanied with H ail. And hence I 
imagine, you will be more ready to believe, that the caufes here ailigned for 
thefe Pb/znomena, are the true ones, than to come into the opinion of Dr. Hook, 
concerning the concretion o f Hail in the courfe o f  ics defcent i which you may 
fee in his Pofthumous W orks, in the Life o f  the Author, p. 24. And hence 
it may likewife be queftioned, whecher, for producing even the greateft Thun
ders, and Lightnings, Nitre and Sulphur are always neceiTary; fince the very 
violent collifion o f  hard Ice fuffices, perhaps, for the ftriking out a vaft quan
tity o fF ire  ; doubtlefs, itis  fufEcient for producing the loud peals and rum
blings o f Thunder. Efpecially, i f  we likewife confider, t h a t  t h e  F i r e  of the 
Sun, by its heac, reflexion, and refradion, can a d  in infinicely different ways, 
upon the aqueous congealed M atter, we are here fpeaking of. I f  chis then be 
taken into the confideration, what variety o f  Colours, what diverfity of 
gures, and whac difference o f Dimenfions may we not fuppofe to happen in th’s 
aerial Ice f i



But amongft the principal caufes tliat are concerned in the produdion “[g.
fuch extraordinary and various Phœnomena fo fudjdenly produced in the A ir, 
which before was calm and ferene, we have a particular regard to the di
minution o f the weight of the Atmofphere. For the W ater always begins fpon- 
taneouily to feparate itfeif from the A ir, when it becomes lighter, and thus 
difcovers itfeif, tho* before it did not appear. In the next place we imagine, 
that the Bodies o f A ir  which are driven from oppofite quarters, often ftrike 
igainft one another, and by this colliiion, very quickly unite together 
the Elements o f  W ater, which before were floating about feparately. Some
thing likewife may perhaps be owing here to the various A fp ed s o f  the Pla
nets ; not to mention the efficacy o f  the Winds, and the viciifitudes o f  H eat 
and Cold towards thefe produdions. Every one o f which feparately, or all o f  them 
together, may eafily enough bring about the eifeds we have mentioned, with 
many others.

On theother hand, now, i f  we have a mind to turn our Eyes to the caufes Caufwthat 
which mingle W ater with the A ir, and carry it up into it, we ihall find there 
are a great many. T h e  principal, however, o f  thefe, is the Sun, the direc- Air." '  
tion o f whofe Rays upon the W ater, the nearer they approach to a perpendicu
lar one, the more W ater they always carry up into the A ir. Upon which head 
Gonfult the Obfervations oîT ir . Hailey, which I have already cited in their pro
per place. Another caufe wonderfully aififting the foregoing, is the fubterrane
ous Fire, which is always in adion, never at reft. For it has been evinced by 
Obfervations, that in Mines funk loweft, or in the deepeft W ells, you firft 
come to a depth in which W ater never freezes, but which continues almoft a l
ways o f the fame H eat, without any alteration ; as the celebrated Academ y at 
Faris obferved long ago in the W ell o f  their Obfervatory ; but that as you def
cend lower, the Heat begins to grow greater, increafing gradually more and 
more, in proportion to the depth, till at length it becomes fo fufîocating, that 
unlefs it be attempered by the coolnefs o f  running W ater, and the A ir  that 
is thence produced, it overcomes the Miners. And we fee likewife, that in 
Wintertime, when the W ater is covered with Ice, and the Earth w ith  its hard 
frozen Cruft, i f  the Ice is broke, or the Earth is opened, both the W ater and 
the Earth fmoke with heat. N or had the Philofophers, whom I have former
ly heard difcourfing on this fubjed, any grounds for afferting that this was all 
a fidlion, and that ic was impoflible that Fire fhould thus exift in the bofom 
cf the Earth, becaufe it can neither be fupplied with a proper Pabulum  ̂ or be 
agitated by A ir :  For certainly we ought to confider, that by the foie attrition 
ofthe condenfed A ir, in the bowels o fth e  Earth, this Fire may be produced 
and preferved without any other A ir  or any Pabulum. For fhould the A ir  at any 
vaft depths under Ground be condenfed fix hundred times more than the com
mon Air, what effeds wou*d it not be capable o f  producing ? Incredible oneŝ  
without difpute, fince Authors worthy o f  credit have declared, that A ir , for
cibly compreifed in an iron T u b e, has grown warm there« It is not to be 
queftion’d, therefore, but that, in t he deepeft parts o f the Earth, where the B o
dies are comprefs’d by the prodigious weight o f thofe which lie above them, the 
Imalleil attrition muft produce the greaceft Heat. A nd hence as the adion o f  
this Fire is perpetual, fo likewife muft be the effed o f  it too, viz. a conti^ 
nual exhalation o f  W ater. In the third place, we have regard to  the .very
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great and conftantly repeated effeds o f  the common Fires, made ufe o f by 
Mankind in every part o f  the inhabited W orld, in the diÎTipation o f Water, 
whether alone, or contained in Animals, Vegetables, or ^FoiTils. For doubt- 
lefs, if  any one computes the meafure o f  this exhaling W ater, which fuch Fire 
carries up and diftribures through the A ie, he will find it to be incredibly 
great. Again, in the fourth place, the force o f  a very fharp Froft carries off 
from Ice every moment a furprizing quantity,-fo that in alitcle time the Mafs 
is confumed, being difperfed into the A ir  by the cold alone *, as the excellent 
M r. Boyle plainly difcovered by an Experiment examined by-the Ballance. Buc 
daily Obfervation likewife certainly evinces, that by the piercing Cold of a ve
ry fevere W inter, all kind o f  Bodies are ftrangely worn away, diminiihed, 
confumed, and difperfed through the A ir. In the fifth place, it feems probable 
alfo, that every phyfical caufe, which is capable o f  fo difuniting che Particles of 
W ater from one another, as to make every one o f  them exift feparately, will 
nlfo by this means effed, that thofe Particles will.immediately acquire fo large 
a Surface in refped o f  their very fmall weight, that they will be able to fioat 
about in the Air. And indeed, this folution o f  Bodies into their fmalleft parts, 
appears at length fo to increafe their Surfaces in refped o f  their quantity ofiMat- 
ter, that in every divifion o f  them, this aptitude to fwim in a lighcer Li
quid is very much augmented, as the Geometricians have long ago obferved. 
B ut it is farther difcovered by phyfical Obfervations, that befides the gravity 
o f  Bodies, there is likewife a certain repelling force, which tends to prevent the 
contad o f  the Surfaces o f different Bodies, and which confequently, is always 
increafed in proportion to the augmentation o f  their Surfaces. Hence there* 
fore it follows, that Bodies very minutely divided, defcend on this account 
with more difficulty b y  the force o f  their gravity, than they would do, if they 
were aded upon by the Law  o f Gravitation alone. And che adion of this 
fécond property o f  Bodies feems particularly to prevent the continual and im
mediate defcent o f  all the Particles o f W ater out o f  the A ir  that is about the 
•Earth. Sixthly, it feems to be the effed o f the very fame property, that the 
Particles o f  W ater may be expanded round the Air contained in them, and chus 
form that fpherical Body which -we call a Bubble. And befides, any ocher 
-Heat, or expanding Spirit whatever, while perhaps it performs the fame thing, 
m ay, as well as A ir, be always at length capable o f  rendering W ater lighcer : 
But when afterwards ;the W ater, being fo divided into very light fpherical Bub* 
bles, is carried upwards, then does every Bubble expand itfeif more and more 
continually, and fo is able to afcend for a long time, and to keep aloft in the 
Atmofphere. And hence it is manifeft, that the Particles o f  W ater may af
cend to a great height. StQ Hailey m tht Philofophical Tranfaëfions, N. 
192. p. 468, i^c. But in the feventh and laft place, there is n o  caufe whatever 
-which carries up fuch a quanticy o f  W ater from the Earth into the Air, as the 
W ind 5 as the fame a d m i r a b l e h a s  elegantly demonftrated, and as I myfelf 
have learned from various Experiments, not without aftoniihment ; for having 
expofed a copper Cylinder full o f  W ater to the W ind in ftormy Weather, I 
furprized at the incredible quanticy o f  W ater carried off" in a litcle time; where
as when the W ind was down, which happened prefently afcer, but a very lie- 
•tie W ater exhaled, tho’ the heat o f the Weather was ilill the fame. For chis 
.reafon it feems ordered, that pretty high W inds ihould follow large quantities
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o f Rain J that by thus agitating the fallen W ater, and carrying it up again into 
the A ir, they may prevent its ftagnating and putrifying, and by this means 
proving deftrudive to the vegetable kingdom. A ll thefe caufes, therefore, 
when they confpire together, are fufficiently capable o f  dilTipating W ater into 
the Air, and there keeping ic in continual motion.

If we confider, now, the adion o f  this elailic A ir, replete wich W ater, up- T h e  pew« 
on the body o f a M an, FoiTil, or Vegetable, we ihall find it brings about very 
many, and very wonderful changes. For i f  we refledupon its particular finenefs, on human, 
by means o f which it is exceeding penecrating, and is perpetually infinuating 
itfelf into every little fpace; and i f  at the fame time we take into confideration di««. 
its conftant mobility, by which ’ cis always kept vigorous and adive, it is mani
feft, that thefe qualities being determined upon Bodies by the force o f  G ra
vity, are capable o f  producing an infinite number o f effeds. But the W ater 
that is diftributed through the A ir , will likewife be ftill more efficacious, be
ing icfelf agitated by the motion o f  the A i r ; and by this means it will more 
readily diffolve the Salts, and the faline and faponaceous Subftances of the Bodies 
ic is applied to. And as there are very many fuch parts in moft Bodies, and 
thofe parts too are the principal inftruments o f their adion ; hence you very 
eaiily apprehend, that by means o f the application o f  the A ir, the proper ver
tues o f Bodies may be excited, as iar as they depend upon cheir peculiar Salts, 
and Safa’s: But thefe vertues, as we obferved juft now, are often their prin
cipal ones. In the mean time, however, the chief alteration induced upon B o
dies by the W ater o f  the A ir, is its rendering fixed Salts, and other compound 
Bodies, volatile. This Phenomenon was obferved by all the chemifts o f  old, 
and is conftantly found to hold true : T h at is to fay, all native Salts, i f  they are 
rendered exceeding dry by an open Fire, and then pounded and expofed to the 
Air in a Glafs Bafon, will there, by means o f  the W ater in the A ir, be con
verted into a Liquid ; and from the perfedly faline part there will be feparat
ed an Earth, which did not appear before. I f  this faline L iquor, then, thus 
freed from this Earth, is again throughly dried by a large and clear Fire, 
and afrerwards the Salt beaten, and again diffolved in the A ir, it will afreih 
dcpofite ibme earthy Faces. And i f  by feveral repetitions o f  this folution, 
and infpiffition, you thus remove all the earth that is every time produced, you 
will at length procure an incredible quantity 5 but at the fame time you will have 
nothing elfe remaining; for that other principle, which before, in conjundion 
wich the Earth conftituted the Salt, is by this repeated adion o f  the W ater o f  
the Air fo difengaged from ics earth wich which it was incorporated, that now, 
exifting feparateiy, it becomes perfedly volatile, is diffipated into the A ir, 
nor does ever again come within the cognifance o f  our fenfes. N or has the 
induftry o f the Chemifts difcovered tiiis wonderful Metamorphofis in native Sales 
alone, but likewife in the fixed Salts prepared by Fire from Vegetables j for b y  
this tedious operation, thefe Saks are likewife refolved into an Earth, which 
ferves to fix them, and a Principle perfedly volatile, which is intimately unit
ed wich it. And thefe refolutions which are really very fingular and wonder
ful, can be performed by no other means than this very fubtii application alone 
o f the Water diftributed in the A ir  , which A rt, formerly held a fecret, being 
now more put in pradice, has lec abundance o f  lighc into the Chemical A rt ; 
though at che fame time ic has often too proved o f  differvice to the Chemical
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A ttiils , who being quite tired out with the tedioufnefs o f  the work, have loft 
5n the end both their labour and the thing they were in fearch of. But again, 
whenever the A ir  abounds with W ater, and is at the fame time agitated 
by  Heat or W ind, then this W ater will relax the parts o f Bodies fo fuddenly 
and fo efHcaciouily as muft furprize every one who is not acquainced with thefc 
things. But by this means, likewife, very many bodies are macerated ; and 
others are thrown into fermentation. And as for the putrefadion o f Bodies cer. 
tainly, it is fcarcely more promoted by any other caufe than the humidity of 
a hot A ir, which in a very little time refolves the Bodies, which are that way 
difpofed, into a putrid, fanious maccer. And for this reafon the Phyficians 
long ago aiTerted, that the plague itfeif is generated among Animals, from an 
A ir  that has been both very moift and warm, for a confiderable time. In ihort, 
therefore, fince it fo diifolves Salts, and faponaceuos and faline Subftances, car
ries up all together, difperfes them about, drives them againft, and makes them 
penetrate into the Bodies they meet with, it is manifeit, thac by this means it 
muft apply the particular forces o f  fome Bodies to others, and thus brings about 
fuch adions between Bodies, as hardly ever happen from other caufes. For 
what elfe appears by the fetid butter-like Dew, defcribed in the Abridgment of 
the Britijh Tranfa^ions, T om . II. 141 5 or what elfe by the Salt Rain, obferved 
at Sea? Journal des Scav. 1683. 435.

T hus far then, Genclemen, we have fufficiently confidered the A ir, with re-
Air. fp ed  to its Elafticity, and the Fire and W ater contained in it. W e are now 

to regard it in another view. L et us then carefully inquire what other Cor
pufcles, befides thofe we have examined, float up and down perpetually in this 
A ir. But this is a field o f inquiry which has hardly any bounds : F or as the Earth, 
confidered in its whole extent, receives every thing thac falls out o f the Air \ 
fo  on the ocher hand, the A ir  receives every thing again from the Earth; and 
thus between thei'e two elements, there happens, as ic were, a perpetual révolu* 
tion and diftillation o f  all things.

T h e  nature I n  the firft place, then, all the parts thac we can obferve in Vegetables, are 
continually changing, and difperied throughout the Atmofphere. Thac the 
Spirits o f  Vegetables do always, and every where exhale and fill the Air 
with a continual fragrance, there is none o f  you to be fure makes the leaft queihon. 
And that the Scents fcattered though vaft trads o f  the Ocean from odoriferous 
Plants, inform the Mariners, before they difcover Land, o f  their approach to 
the Shore, you areas well apprifed of. And you know, likewife, that thefe Spi
rits fponcaneoufly exhale out o f the Bodies, in which they are generated, and 
are fcarcely to be confined and preferved, except in VelTels ftopt very clofe. 
Hence, then, it follows, that whatever odoriferous Spirits are at any time by 
Nature produced in Plants, all thefe are, certainly, at length, contained in the 
A ir  alone. And for this reafon it is not at all to be wondered, that thefe Spi
rits ihould afterwards return wich the W ater o f  the A ir, into the Bodies deilin’d 
to receive them, and thac the A ir  ihould thus yield up to the Earth what it 
had firft received from it. In reality, we find nothing in Nature lefs imitable 
by A rt, than the fragrant Spirits peculiar to each Plant, which we have in a 
foregoing paiTage called the fpiriius reSlores : But thefe, when they are once 
freed from the tenacicy o f  the Sulphur chacentanglés and retains them, always, 
from their own proper nature become volacile, and are difperfed through the
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Atmofphere. H ow  various, then, and how beautiful muft be the Effeds chat 
are hence produced ? And how wonderful muft be the grand Meiempfjcbojis or 
iranfmigracion thac is by this means brought about ?

But again, when we confider, that Vegetables, duly prepared by a proper The ftr- 
fermentation, yield a vaft quantity.of vinous fpirits, that are almoft immuta- 
ble, and o f  themfelves continually exhaling 5 muft we not hence conceive, that tables, 
all thofe Spirits which have ever been produced from any fermented V ege
table whatever, over the whole Face o f  the Earth, have at length exhaled into 
the Air? And in this view we now look upon this A ir again as a Cloud, as ic 
were, of Spirits o f  W ine. In reality, whecher W ine be drank by M en, or 
any other Animals, be outwardly apply’d by way o f  fomentation, or made 
ufe o f either in Cookery, or Phyfick, certainly all its Spirits muft fooner or 
later exhale into the A ir, there remain for fome fpace o f  time, and thence, 
ac a convenient feafon, recurn to che Earch again. W hac wonder, therefore, 
if fermentation, which is the produdive caufe o f  W ine, ihould never produce 
Wine, withouc the free admiflion o f  che external A ir. Does it not, poffibly, 
return back again to Places and Bodies the Spirits which ic had before 
drawn up, and for this reafon muft be always called in to our affiftance, when 
they are to be generated again ?

And finally, all thofe parts o f  Vegetables, which the Fire divides into e x - - A n d  thofe 

ceeding minute Corpufcles, and converts inco a volacile Vapour, the Chemifts 5uSd 
have likewife called Spirics *, but chefe are likewife incirely carried up inco che 
Air, and are concinually floating abouC in it. A s  che Wacer o f  Vegecables, 
therefore, fo likewife all thefe kinds o f  Spiricsare perpecually tending upwards.

Buc farcher, ic is cercain, thac the proper native Oils o f  Vegetables, do by A U O i i s a i f e » '  

time, and the natural heac o f  the A ir, at length intirely evaporate i and chac 
whecher chey refide in compound Bodies; or fponcaneoufiy fweac ouc 5 or are 
forced ouc by preffure. For in realicy, there are buc few forts o f  W ood, in 
which their Oils are fo uniced with cheir proper Earch, chat chey are able to 
remain for ages cogecher in che open Air. And as for the Oils o f  Vegecables, 
which Chemiftry draws from chem by Fire, whecher chis be done wich Wacer, 
or dry, chefe are far more volacile, and fooner fly off. Thus, chen, chey form 
pinguious exhalacions in the Acmofphere, which are very well difpofed boch Co 
take Fire, and co fupporc ic. For as chefe oleaginous Parcicles are now fo minuce- 
ly divided, chac they nearly refemble Alcohol while chey floac in che A ir , be
ing firft heaced by che accricion o f che Clouds, chey may be exciced inCo a 
Flame by che diopcrical or catoptrical Fire, which I have already demonftraced 
may be produced in che A ir. A ll thefe Oils, therefore, which ever were in 
Vegetables, a very few perhaps excepted, are difperfed into the aerial Chaos i 
whence, as W ater and Spirits do, they recurn in cheir time, impregnate the 
Earth with a pinguious moiftening Dew, and by thus circulating backwards and 
forwards, bring perpetually freih prolific Supplies, and being depofited for a 
ihort time, return into the A ir again. A ll this, now, happens chiefly in very 
hot weather. For i f  a long Drought, with a very great H eat, has carried up
wards both the W ater, and the pinguious Corpufcles o f the Earth, then the 
firft Fires that happen aloft wich Thunder and Lighcning, fend down a Rain 
which is very differenc from chat pure Snow which falls in a iharp Froft j 
and is far more acrid, and more difpofed co froth. And hence Summer
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Rain, or Rain produced in hot weather, is always fruitful, whereas that in cold 
is fcarcely endued with any fuch quality.

A n d S a i t s .  j f  y Q ^  coniîder now the native A cid , auftere, thofe that come the neareft t o  

alcaline, and the faponaceous Salts o f Plants, procured by cryftallifation, fermenta
tion, putrefadion, and combuftion, you will find thac all thefe do, fooner or later, 
difappear, not one o f  them excepted ; fince all thcfe Bodies when they are freed 
from their fixing Earth, afcend up into the Air.

Nay even N ay, and thac very Earth too, which furniihes a fixed Element to Plants, 
does by its finenefs acquire fuch a difpofition, that itfiies ofî , and is carried aloft. 
For pray, does not Soot, colleded at the very top o f  a Chimney, from che 
volatile Smoke o f  a burnt Vegetable, yield, by a chemical diftillation, a re
markable quantity o f  pure Earth? Hence, therefore, we are certainly aflured, 
that Smoke which floats at liberty through the A ir, carries along with it real 
Earth, mounts with it aloft, and widely difperfes it through the Air. Not to 
mention the Winds, which fweep away the Ægyptian and Lyhian Sands in 
W aves, as it were, chrough the A ir, and carry the Afhes o f  Mount Ætna ta 
prodigious diftances. W hat think you o f  the Sparks o f  Vefuvius, fcattered 
above a hundred miles through the A ir  ? Phil. Tranf. Ahr. T om . II. 142. What 
o f  the Ivy-berries difperfed over a vaft deal o f  Ground? Ibid. 144. The little 
Fiihcs? Ibid. O r the mafculine, feminal Duft o f Vegetables? Phil. TranfaSi, 
168, p. 9 11 . Hence, then, from thefe obfervations ic is clear, that all the 
Elements o f Vegetables may be carried into, and intermixed with the Air.

And alfo in- But it IS likewiic C ertain , that parts o f Plants, an d  thofe p re tc y  co n fid erab le  ones
v^ Sks!’̂  too, are carried in to th eA ir, and are born up along wich it to an incredible height. 

Confider che Seeds o f  downy-feeded Plants, which are carried up to the tops of 
the higheft Tow ers, and there, as one fees daily, if  they meet with ever fo 
little Earth, propagate their Species. T h e celebrated Tournefort too has elegant
ly  ihewn from obfervations, that the Fungus’s, which are almoft all feminiferous, 
by means o f  the A ir, difperfe their invifible Seeds all about, which meeting with 
a proper Soil, thrive and fpringabundantly. Moifes, likewife, and themucikginous 
and capillary Plants, as alfo the Epiphyllofpermopherce, or thofe which bear their 
Seeds upon their Leaves, fcatcer and diffufe their Seeds to vcry diibnt 
places. N ay, and even the fmall feminal duft o f  the M ale-W illow , being fliaken 
from the apices o f  the Flowers, and carried by the W ind into places remote from 
thofe Trees, and afterwards, when the W ind was down, falling o u to f theAir, 
has been falfely taken, by perfons unacquainted with thefe things, for Flower 
o f  Brimftone, and afterwards believed by the credulous Vulgar to be a Show
er o f Brimftone. Vide Phil. TranfaSt. Ahr. T o m . III. A n d  i f  fuch a fmall 
D uft fhould happen to be o f  a remarkable red colour, why fhould not the 
V ulgar for the fame reafon have aiferted, that ic had rained Blood ? Were there 
not Aihes thrown out o f  a vulcano, and carried by the W ind , in the year 
1633, the ipace o f  one hundred miles! Ph il, Tranf. i^o. 21. p. 3 7 7 .  But chefe 
are things not to be wondered at, fince that excellent Philofopher Mariotte, in 
his treatife ^  the Motion of Waters, p. 334. obferved in a Cloud chat poured 
forth a ihower o f H ail, that the A ir  had carried this Cloud for fifty frm h  
miles. I f  we refled, therefore, upon thcfe things, we muft naturally believe, 
that there are a vaft number o f  furprizing things in the A ir , and produced



by it ;  all which are intirely owing to a mixture o f vegetable Subftances that 
are diftributed through ic.

And if  you enquire, in the next place, whether the parts o f  Animals are T h e  Spirits 
contained likewife in this A ir? W e anfwer, there is certainly a great quanti- 
ty o f exhaling Spirits, and thofe wholly peculiar to every Anim al, and di-intheAir. 
ftinguifhed among Phyficians by the name o f  the perfpirable Matter o f SanSlo- 
riuSf that are continually dilfipated through the A ir  from living Animals, 
and adhere to other Bodies; and by thefe Spirics ic is that your Dogs, that fo l
low by fcenc, diftinguiih fo accurately the Animals from which they exhale, 
and follow chofe particular ones over large trads o f  ground. And how full the 
Air is frequently o f contagious Particles, exhaling from Animals, appears evi
dent from the Infedion too often obferved in Difeafes.

Buc again, the excrements continually difcharged by every kind o f  Anim al, Andthar 
are in fo ihort a time diifipated and difappear, that we are hence certainly con- 
vinced, chac che whole quancicy o f  excremencitious matter will be always dif- 
perfed into the A ir, hardly leaving fo much as the lighteft D uíl behind it. Inr 
the hotter countries, the Dung o f  Animals, being expofed to the open A ir, 
becomes perfedly volacile by che Heat o f one fingle D ay. A nd even in our 
own councry, which is not fo hoc, che very Dunghills are quickly confumed.
And as for Urine, how quickly does that fponcaneouily become perfedly vola
tile, and exhale ?

But chere is fomething in chis affair ftill more remarkable. F or pray tell me, NayaimiA 
does noc an intire W hale, the largeft o f  Animals, when in hot fummer weather Bo/iesT*
It is by che Sea thrown dead upon che Shore, I fay, does not this Anim al 
qukkly infed the places, to a greac diftance about it, with a peftiferous ftench ?
And is not che whole o f  ic refolved inco volacile infedious particles, fo that at 
length there remain only fome whitiih Bones, the whole mafs o f  the other parts 
being converced inco volacile maccer, intirely fcaccered up and down in che A ir.
Whac vaft numbers o f Carcaifes of Elephants, Camels, Horfes, and o f almoft 
all ocher Animals, as well as human Bodies, thac are the Carnage o f  W a r, re
main from cime to cime unburied, and are refolved inco putrefadion, become 
volacile, and dilTipace almoft all their Elements inco the A ir  ? Hencc, there
fore, it follows, that Bodies o f  Animals are, from their own natural difpo- 
fition, as much entombed in the Air,, as in the Earth. And thofe very Bodies, 
likewife, which are buried in the Earth, are not then preyed upon by the 
Worms, but are quickly converted into a very light, volati e maccer, which af
terwards eafily exhales inco che A ir  ouc o f  the Earch itfeif. A ll  the corporeal 
matter, cherefore, thac has ever entered into the compofition o f  the Bodies o f  
living creacures, has been carried up inco che A ir, with chis difference only, thac 
if che Bodies were burnt, chis was brought abouc immediately 5 i f  left to rot in 
the Fields, more flowly v and ftill in a longer time, i f  they were interred j 
but yec even in that cafe, they have in time exhaled away. W hat wonder, 
therefore, if  from che A ir, there Ihould be recurned a Maccer, o f  the fame na
ture or kind with che food o f the former Animals, which is capable of affording 
aproper nouriihmenc to the Bodies, chac are by this means co fpring up afterwards ?

But chere is yec another thing upon this head, which ic will be worth our Andthm 
while to take into confideration, as the right underftanding o f  it will keep us Egglf”'  
clear o f many miitakes. I afiTert then, that the very E ggs, impregnated wkh
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the fruitful offspring o f  their refpeftive Animals, are carried up and down the 
A ir. For the excellenc Redi has demonftrated, that all Infeits, without 
exception, are generated, by the copulation o f M ale and Fem ale: Leeuwen- 
hoeck has proved, that the Seed o f  the M ale lodges the firft Em bryo in the E»» 
o f  che Female : And has made it appear, chat pregnant Eggs will noc 
exclude their young, except chey are in the open and the freih A ir. Being 
furniflied, chen, wich thefe Obfervations, I purpofely cook a piece o f Fleih 
which had been kepc a pretty while in boiling Alcohol, and was afterwards 
rubb*d over wich fome bright O il o f  Turpentine, and faftening it to a long 
fmall thread, hung it up in moift warm A ir , in a place where ic was imagined 
there were no animalcula, and che confequence was, chat in a liccie cime after 
the fufpended Fleih was full o f  living M aggots, which were devouring 
whatever o f  the fucculent parts remained in the Fleih. In this cafe, chen, the 
E ggs, from which chefe animalcula were produced, could noc poifibly come at 
the Fleih, but by being born along chrough che A ir, in which ic was fufpend
ed. H ow  much do che Farmers experience the truth o f  chis to their detriment, 
when in a warm fpring, cercain Winds very fuddenly infedt che Trees with num* 
berlefs Vermin, which in an inftanc, as ic were, are produced from their invifi
ble Eggs! But give me leave to mention one thing farther, chac is ftill more remark
able, and that is, che Rains that frequently happen among che Negroes, which ilrike 
a man with fuch a fudden chillnefs, that it makes him ihudder. Thefe Rains fall 
in drops, of an inch diameter, which, i f  they come upon the Skin, eat into it; 
buc if  they lodge on any Garments, produce living W orm s, and Moths,
Lipf. Suppl. T o m . I. p. 425. M any other things o f this kind might be here 
taken nocice o f ; buc thefe may fuiHce, co lec che Chemifts underftand, that the 
new and wonderful Animalcula, which are oftentimes produced in Bodies, and 
even, perhaps, while they are at work upon them, owe cheir Being intirely to 
lictle E ggs, which are thus carried about in the liquid A ir, and noc co che effi
cacy o f  any chemical Subftances or Operacions. Lec chem, therefore, be al
ways mindful o f  the nature o f  the A ir , and its very wonderful fcecundity, be
fore they deduce che origin o f  fuch appearances from any ocher caufes. But the 
knowledge o f  chefe things at the fame time, likewife, is noc lefs neceifary and 
advantageous to the Phyfician, and Natural Philofopher.

Fofllls inthe Buc we muft not detain you too long upon this head, and therefore let us now 
pafs on to Foifils : For Foifils, I am certain, are likewife difcovered in the Air. 
Foifils, fay you, in the A ir !  *Twere as reafonable to fuppofe Caitles there. 
But pleafe to hear only what I have to offer upon this head, and then you 
yourfelves be judges.

rirft Salts. D o not, then, all foffil Salts whatever, though ever fo fixed, i f  they are dif* 
folved in W ater, (efpecially in that which they attrad  from the Air) and are 
afterwards digefted for a long time in a putrifying H eat, and are then diililled 
with a great degree of Fire, and have their fixed Refiduum calcined wich a 
ftrong open one, and then diifolved in the A ir :  D o noc, I fay, all foffil 
Salts whatever, managed after this manner, at length fly o ff into the Air? 
T his is a T ru th  which a great Chemift communicated to the W orld  more than 
an hundred years ago. N o t to mention the diftillation o f  thefe Salts, with Sand, 
Bole, Brickduit, Potters and Tobacco-pipe C lay, performed with the intenfefi: 
H e a t! D o not the Chemifts every year convert, by this method, many thou

fand



fand pounds weight o f  fuch Salts, inco acid volatile Fumes, which they call 
Spirits ? And does not every fuch chemical Operation infed the very A ir  ?
And does not this A ir deftroy the Bodies that are expofed to it ? T h e fingle and 
fimple mixture o f Oil o f Vitriol, Oil o f  Alum , or o f  O il o f Sulphur by the 
Bell, with Nitre, Sea-Salt, or SaUGem  ̂ converts in an inftant thofe very fixed 
Salts into Fumes, fo volatile that they can hardly be confined, wich which the 
Air is in a ihorc time fo ftrongly impregnated as to carry thofe Salts to great 
diftances all around. But infinite are the Methods by which the fame thing is 
effeded. Before che induftrious Glauber's time, indeed, this admirable method 
of thus changing Salts, was not difcovered. But who will pretend to determine 
how many Methods lie hid in Nature even at this day, by which the like con- 
verfion from a fix’d to a volatile matter may be broughc abouc ? T h e Vapours 
abouc Mines, which are often fo fatal, thac no living Creature can breathe in 
chem wich fafecy, fufficiencly prove, chac Nacure herfelf thus difperfes Salts 
through the A ir, and confequently, has fecret Methods which we are noc ac
quainted wich, for performing the very fame Operations. In the mean time, 
however, it is true, that this happens only in cercain parts o f the Earth ; name
ly, in thofe places where chere is plency o f fuch a matcer, and where likewife 
the means are noc wanting, for working upon ic after this manner. A nd ic is 
likewife as cercain a cruth, chac even thofe faline Vapours are elevaced only Co 
a certain heighc in jhe A ir, and chat not a very confiderable one. And upon 
this foundacion ic was, chac che Adepcs afferced long ago, chac the A ir  was di
vided inco certain diftind Strata or Beds, each o f  which contained a diftind 
kind o f Exhalations and Vapours. Hence, then, ic is evidenc, that b y th e  
means o f W ater, Heat, Digeftion, Solution, Exficcation, Diftillation, Calcina
tion, Combuftion, Mixcure, Adunacion, and Separacion, Foffil fix’d Saks are 
rendered volacile, and are chus incermix’d with che Air.

And as for che principles o f Fofliis, which go by the name o f  Sulphurs, NextSui- 
thefe, whenever the Foffils are burnc, are incirely carried up into che A ir, and ph««- 
being incermixed wich ic, difappear, che faline acid pare changing inCo a fuffo- 
cating Fume, and che oleaginous part being actenuaced by che adion o f  the 
Flame, and flying off in an invifible, or a foocy black Vapour. Ic is very cer
tain, thac hardly any thing ac all o f  chefe pares remains in che Earch. Sulphur 
now itfelf, when alone, is carried inCo che A ir  in form o f an impalpable Flower, 
and is chere difperfed abouc. Buc when ic is mixed with other Bodies, ic often 
acquires a furprizing volacilicy. T h c  Chemifts have caken notice o f  a great 
many methods, both natural and arcificial, by which Sulphurs are fo changed, 
that they fly off into che Acmofphere, and carry up other things along wich 
them. In Mines, from cime to time, there appear pinguious, ftinking, fuffo- 
eating Fumes, pretcy often very croublefome co che Miners, Co which, i f  che 
Flame ofalighced Candle is applied, chey inftancly cake fire, noc wichouc ex
treme danger co the W orkm en. Buc ic is cercain, that Arfenicks, Orpiments,
Cobalts, Sulphur o f Antim ony, Bifmuth, Zincq, and other Bodies, furniftithe 
maccer of thefe Vapours. W e are likewife informed o f the falling o f  a Ihower 
of Brimftone, accended wich Lighcnings, which when ic was once on fire, could 
neicher be exeinguiihed by Wacer nor Mocion. Nov, Literar. An. 1684. p. 63.

In che laft place, Mecals themfelves have been found to be fo far changed, w«* 
that chey likewife, under che form o f  a volatile Fume, have been fcattered up
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and down in the Air. This is univerfally known to be true o f M ercury, which 
when agitated only by a Fire o f 6 q o  degrees, flies off, and becomes invifible. 
And i f  the Air impregnated wich it, furrounds, and is applied to a human Body, 
how wonderfully does it penetrate ic, and how quickly does ic throw it into a 
Salivation ! Buc befides, while ic thus flies ofî , ic carries up and bears away with 
ic fome part o f certain Metals ; as appears from the diftillation o f  Lead and 
T in  with M ercury. N a y  Lead, T in , Iron, and Copper, i f  they are difpofed 
in a very ftrong H eat, at length difappear, by means o f  the volatility they ac
quire there, and thus far are difllpated likewife into the A ir. A  great part 
o f  im perfed Metals is carried o ff too by Lead in the teft. Buc when Cobalts, 
Arfenics, and the like rapacious Sulphurs, are incimacely united with Gold and 
Silver O re, the Particles o f  the Ore being by this means rendered volatile, when 
they come to the Fire, they carry away thefe noble Metals to that degree, that 
to  the great damage o f  che Owner, a good part o f  them, both is loft j which by 
a gentle calcination, and the addicion o f fome fixing Powders, might beincire- 
ly  preferved. H ence, therefore, it appears, what an abundance of Gold and 
Silver may be raifed up into che A ir. Nothing, indeed, feems a greater Paradox 
than volatile Gold, and yet we are certain from undeniable chemical Experiments, 
thac i f  you cake common fublimate o f M ercury, and rub ic well with Gold re
duced to Powder, and then diftill it in a Retorc wich Regulus o f Antimony, 
the very Body o f  the Gold will afcend in form o f  a red O il, and become per
fe d ly  volacile. By Sulphur, likewife, calcined [Vitriol, and Sal-Jmmonm  ̂
m ix’d and apply’d according to A rt, almoft all Metals may be rendered vola
tile in the Fire. N o wonder then that in clear W eather, there very ofterj 
appear about Mines fudden Fumes, which extinguiih the Lighc o f a Torch. 
SttBoyW i W orks, V ol. I. p. 52. fince even the moft denfe Bodies may, in the 
form  o f  a Fume, be fo carried up inco che A ir, as thac ic can hardly be deter
mined what Bodies they were. But there is anocher caufe which is frequently 
concerned in this afi âir, and which likewife impregnates the A ir with thefe me
tallic pares, and that is the A ir  icfelf abounding with Salts and Sulphurs. 
F or as I have already fhewn above, that the whole A ir is full o f  Salts and Sul
phurs ; and as ic appears from what I have now delivered, that thofe Salts and 
Sulphurs can carry aloft even Mecals chemfelves when they are diflblved, it is 
eafy CO appreliend, chac che A ir  icfelf can by this means effed  thac che parts 
o f  Metals may be fufpended and float abouc in ic. A re  noc Iron, Copper and 
L ead , by the concad, and mocion o f  the A ir always, and that in a fhort time 
too, turned into a Calx, Flowers, and a Scobs ? And are chey not hence con* 
verced inco R u ft, abluiih M ould, and a Cerufs? A nd have you never obferved, 
thac when after thefe changes, chey are reduced to an impalpable Pov/der, 
they fly away, and are carried through the A ir  by the W ind. I confefs, in* 
deed, that Silver, Gold, and T in , are lefs incident to thefe alceracions, becaufe 
the volatile Acids o f  Nicre, and Sea-Salc, which are the proper diffolvents of 
thefe Metals, are hardly ever difperfed through the A ir , except abouc the Ela- 
boratories o f  the Chemifts. T h e A ir  in A?nerica, indeed, is o f  fo corroding a 
nature, thac ic confumes the Tiles o f  che Houfes, ftony Bodies, and almoft all 
M etals; as the unanimoufiy agree o f  the o f  B o r m u d a s for even
Metals chemfelves periih there very foon. And thac furprizing 
which in all ages has been obferved by Miners, feems likewife to be owing to



the refidence o f thefe metallic parts in the A ir , viz. that the foflil Glebes, 
when they are dug out o f  the Earth, and are expofed to the A ir, are affeded 
by itin a very extraordinary manner. H ow  frequently is ic feen, thac Marcha- 
fites, the Pyrites, vitriolic Stones, and metallic Subftances that are quice ex
haufted, are fo a d e d  upon by the A ir, that they increafe, come to maturation, 
are changed, renewed, and afreih impregnated, and become again inriched 
with a true metallic Offspring. In reality, the A ir  feems to be the grand uni
verfal diftributer o f  the Seeds o f Bodies, which being plentifully ftock’d with 
every kind o f Matter, commits to the Earch the Elements o f  Bodies ic had be
fore received from it, and thus generates moft kinds o f  Bodies, rather by 
means o f a revolution, than a new produdion. ’ T is cercain, chac Dew being 
changed by Diftillation, has yielded a Liquor, which ftained Glafs with the 
Colours o f the Rainbow, penetrating fo deeply into it, that it could neicher be 
removed by Aquafortis, Oil o f Tartar, or a ftrong and long concinued fridion ; 
and yec ac the fame time the Liquor itfelf was fo fubtil, chat it burnt in che Fire 
like A lcohol; Repuhlickof Letters, T .  I. p. 590. Cercainly this effed is very 
like that o f a metallic T ind ure upon Glafs. Philofophical TranfaSiions Abridg.
T .  II. p .  1 4 3 .

Thus, then. Gentlemen, the few things I have laid before you, are fufficient Fromwhae 
to inftrud us in our chemical Inquiries, what notion we ought to form o f  the gajhewd'f 
Air. In reality, it is to be confidered as a true Chaos o f all things intermixed true know- 
and compounded together : For in it there fioat up and down the attenuated 
Particles o f  all Bodies whatfoever. And fmce thefe little Corpufcles are 
always in motion, they may, by running among one another in this aerial 
fpace, produce all thofe wonderful operations o f Nature, which are owing to 
the efficacy o f  particular Bodies: But thefe are almoft infinite. So thac indeed, 
it is not at all to be wondered at, that there are produced and appear in this 
fcene of the A ir, fuch extraordinary, and frequently fuch terrible events in 
Nature, as never happen any where elfe : I mean the Meteors. In chis A ir  chere 
doubclefs muft be Bodies thac are endued with a magnecic vertue, which by their 
mutual attradion, repulfion, cohefion, rarefadion, and by infinite other me
thods, muft every where excite ftupendous Phcenomena. An inftance o f this 
you have here before you. In my right hand I hold a fmall open glafs Bottle, 
in which there is an alcaline Spirit o f  Sal-Ammoniac ; and in my left I have ano
ther, in which there is Spirit o f  Nitre, Y ou  fee, that whilft I keep thefe Bot
tles at a diftance from each other, nothing at all appears extraordinary; but 
thac as foon as ever I bring them gradually fo near towards each other, that the 
Vapours iiTuing from che two Bottles^ begin to meet with one another, there 
immediately, in the place where they thus mix, appears a little Cloud, arifing 
from che concurrence o f  thc Alcali and Acid in the A ir. I f  an Am algam a 
prepared with T in  and M ercury is diftilled in a Retort with Spirit of Sea-Salt, 
icyields a Liquor, which, if ic is kept in a clofe Vefiel, produces no effed ; and 
yet if ic is expofed to the open A ir, cho’ many years after its preparation, ic 
immediately goes o ff in a very thick Smoke. But Nature is every where full 
of the like inftances. W e know not what other hidden Salts there may be be
fides in the A ir, chat we are not acquainted with, or with what vercues they 
may l}e endued. N or are we lefs ignorant what Spirits and Oils may float up 
and down in it; cho* in the mean time, from the particular Nature o f thofe un-
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known Salts, Spirits, and Oils, iuch ftupendous efFeéls may be produced, as 
are never obferved to proceed from any other caufes. I f  the diftill’d Oil of 
Saffafrafs happens to meet with Glauber’s Spirit o f  Nitre ; what a terrible efFcft 
is produced in an inftant ? A n  effeit hardly to be exhibited by any other Expe
riment. I f  at any time, now, there ihould chance to get into the A ir  a number 
o f  Particles endued with the like properties, and thefe ihould be there mixed 
together, very ftrange and fiirprizing appearances muft neceÎTarily follow. Cer
tain times, it is evident, do prefent us wich Phcsnomena, that are never feen at 
any other. T o  the produdion now o f  thcfe rare and very extraordinary ef
feds, it is poifible that the Comets, Meteors, various A fp ed s o f  the Planets, 
and perhaps the Stars themfelves, may principally exert their influence ; 
whofe adions may be very coniiderable, on account o f  their attradion and re* 
pulfion, o f their H eat, L ig h t, and Cold, and o f  the Effluvia which they 
generate and emit.

In confequence now o f  all the things I have here mentioned, this Air is of 
a quite different nature in parcicular places; firft, on account o f  the Land or 
Soil, or the part o f the Earth which the A ir  under confideration hangs over: 
F or according to the various Bodies wich which the Earth abounds in any par
cicular part, che Exhalations and Vapours that arife from it will poliefs as 
various qualities, and for this reafon, the A ir  in thac part will be full of Cor
pufcles, that are not to be met with any where elfe. T h e  truth o f this has 
always been confirmed by numberlefs Examples. And hence it will come to 
pafs, that in fuch particular parts o f the A ir , certain Experiments may be 
made, that w ill never fucceed in any other. In the fecond place, a very greac 
diverfity is here obferved likewife, in refped to the Soil, in difi êrent places, 
according as M en inhabit it, and keep Animals there, and according as they 
dung and turn up the Ground, and exercife various Occupations there, and 
by  this means raife up almoft all kinds o f  Bodies into the A ir  : On which ac
count again, an infinite number o f  changes are obferved to happen, which are 
not to be eifeded elfewhere. A  certain Chemift, for inftance, in his Elabora- ■ 
tory, where he was daily employ’d in the diftillation o f  large quantities of Vi
negar, expofed to the A ir  fome pure, dry, alcaline Salt o f T artar in a glafs 
plate. T h e A ir , o f  confequence, being full o f acid Vapours, diffolved the 
Salt into an O il o f T diXiŝ r perdeliquium^ and at the fame time fo c lo f e ly  united 
the acid parts o f  the volatile Vinegar with the A lcali o f  the Tartar, as ac 
length to convert the faturated Mafs into a Tartarum Regeneratum  ̂ or regenera
ted T artar, which melted in the Fire like W ax, and yielded a very noble 
Remedy for the refolving o f  vifcid tenacious humours, in almoft all Difeafes. 
H e was mightily pleafed therefore with this produdion, for he reckoned he had 
now difcovered the great fecret o f  the Alchem iils for Incerating, according ro 
the language o f  thofe Gentlemen, a fix’d alcaline Salt : But when afterward he 
attempted co repeat the Experiment in another place, where there was not fo 
great and conftant a quantity o f  Vinegar in the A ir, he met with nothing like 
the former fuccefs. T h e  fame thing might be iurther made appear by a vaft 
number o f inftances, but you yourfelves are fuiHciently apprifed o f it- Con
fider then a little, how prodigioufly the A ir  may be changed in any particular 
place, when a great Earthquake has occafioned exhalations t o  a r i f e  there very
different from what there did before» And this is again confirmed by Hiftofyj
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which informs us, that certain parts o f  the Earth have become uninhabitable, 
by reafon o f the abominable ftinking Vapours with which they have been in
fefted after Earthquakes. But again, inundations by Rain, overflowings of 
Rivers, and the breaking in o f  the Sea, make fuch alterations in the Atm o- 
fphere, by means o f  the humid Vapours, and Exhalations from putrified B o
dies hence occafioned, that the whole nature o f  the A ir, in thofe places, is in
tirely changed. T h e  very W inds, likewife, as they carry the Air with ail its 
contents from one place to another, muft always bear along wich them fome
thing from the places from whence they began to blow, and confequently are 
thus always varying the contents ofthe A ir, continually carrying o ff from parcicu
lar places the matter peculiar to them, and fupplying them again with whac 
they juft brought from fome others. From  which caufe likewife, there muft 
needs happen in chemical Operations, a remarkable diverfity. And as for the 
influences o f  the Heavens, particularly in refped o f  the various A fp ed s o f  
the Sun and M oon, their accefllons, receflions, perpendicular or oblique irra
diations, conjundions, and oppofuions, what changes muft thefe produce in 
the A ir, by their attradion, repuliion, and the Heat and Cold that depend 
upon them ? W hat variation muft they caufe in the Vapours and Exhalations 
that are carried up from the Earth into the A ir  ? But there is one thing farther 
on this head, which, as Chemifts, we ought to take particular notice of, and 
thac is, theviciiTicudeof the feafons o f the year, which is hereof fuch efficacy, as 
is wholly incredible; even fetting afide that which arifes from the various adions 
of the Sun in this ftated annual courfe. Y ou ’ll underftand what I mean, in the 
following manner. I f  the Sun on the ttnxh 0? March, in a certain altitude, and 
with a certain degree o f  H eat exerts its Power on the Earth, ic then ad s on a 
Body, which in the preceding W inter, being lock’d up by the Cold, has kepc 
in and accumulated, under an icy or cold Cruft, its own proper Exhalations, 
and at the fame time, has received and retained whatever came down upon it ouc 
of the A ir: Hence, as foon as it begins to thaw, and the Farth refolves itfeif 
intoa loofe M ould, the firft fucceeding Heat o f  the Sun ads upon this fertile 
pregnant Body, and immediately fills the whole A ir with Vapours: On which 
account a vernal H eat hardly ever fucceeds a Froft o f  long continuance, buc 
there prefently follow Showers, Thunders, and Lightnings, and an igneous 
Vigour appears in all Animals and Vegetables. But now, when on the tenth o f  
Septembery the Sun at the fame Altitude, and with the fame degree o f  Heac, 
i&s upon the Earth, it then finds it parched up, and exhaufted by the Heat 
ofthe preceding Summer, and not yec moiftened wich autumnal Showers; for 
which reafon, neither the fame H eat in the Earth, or A ir, will produce the 
fame effed, nor will excite this vigour in Animals and Vegecables, as ic does in 
the Spring. Thefe few chings then will be fufBcient to let us eafily fee the 
variety there is in the Atmofphere, according to the diverfity o f  che feafon o f  
the year, as far as ic arifes principally from this caufe ; a Speculacion very ufe
ful both in Chemiftry and Natural-Philofophy. A nd, indeed, ic’s plain the 
Chemifts had fome infight into this matter long ago, when they attributed to 
the vernal Rain, a vertue fo much fuperiour to that o f  che autumnal, produced 
in the very fame degree o f H e a t: For they found that this Lixivium  o f  the 
Air brought along with it ouc o f the A ir , very different Vapours and E xha
lations, according to the diverfity o f the feafon now explained.
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A quaiityin BefofC wc Icavc thc examination o f  the various Bodies that are contained 
the A ir, and o f  che different Powers which prevail in it, we muft yet take 

under conflderation one quality o f  it, which is very falutary and neceffary to 
the life of Animals and Vegetables ■, a quality which has not been yet account
ed for from any other property o f the A ir , buc by a diligent inquiry, how
ever, may poflibly, hereafter, be come at the knowledge of. Whether, now, 
this latent vertue o f  the A ir  is adually drawn out o f  it by Animals and 
Vegetables, and hence is in a ihort time exhaufted and confumed ; and whe- 
ther, when ic does thus fail, the Animal dies, no*body is, I think, ac prefent 
able to determine. This, however, is certain,, thac i f  a fmall Bird is puc in
to a large Receiver, full o f  common cold A ir, and the Receiver is then ve
ry clofely itopc, the Bird w illgrow  fick and vomic within a quarter o f  an hour, 
and die in the fpace o f h alf an hour afcer. Bo-jle, O fthe Air . 184. A  Fiih 
kept in W ater in a VeiTel wellclofed, withouc renewing the A ir, dies in a ihort 
time. Fiih likewife die in Ponds thac are every where frozen over, and quid-; 
ly  perifli in Wacer ouc o f  which the A ir is exhaufted. H iß. de /* Acad. Rô j. 
des Seien. 1699. 240. 1701. 46. and A im . 224. Flam e, and a red hot Coal, 
quickly go out in Air that is clofe pent in. T h e little Eggs o f  any Infefts 
whatever, being accurately flopt up in glafs VeiTels, do not produce theic 
young, tho’ afijfted by a kindly Warmth. T h e Seeds o f Plants likewife,.duly 
moiftened, and fowed in che beft Earth in clofe GlafTes, do not grow, or 
give any figns o f  adive Life, tho* excited by a due degree o f  Heat. On the 
other hand, the upper Surface o f  Blood that is expofed to the A ir, is ofa 
bright fcarlet colour, whilft in every other part, where the A ir don’ t comeat 
it, ic grows as. black, as the juices o f  the Cuttle-fiih : And yet, as foon as ever 
this black part is laid open to the A ir, the black colour is immediately chang
ed again inco a ,fcarlet. A ll  thefe Experiments then make it appear, that there 
is in the A ir  a certain hidden vertue, which cannot be accounted for from all 
the properties o f  the A ir , which have been hitherto difcovered. Sendivogius 
maintained ic openly, thac chere lies hid in the A ir  the occult Food of Life; 
and other Chemifts have aiTerted the fame: But what that is, or how ic afls, or 
what is che proper effed o f  it, is a matter ftill in the dark. H appy che Perfon 
that ihall happen to difcover it. L et this H int fuffice for Perfons chat are hi
therto ignorant o f  it, is it not the elaftic part o f  the A ir alone ?

i  confefsj I cannot apprehend, that either the Natural- 
Philofophers, or Phyiicians, have yet difcovered the phyfical caufe ofthiswon- 
derful quality o f  A ir. I have feen, indeed, a great many conjedures upon it; 
buc they have almoft all fallen o f  themfelves. A fter all that has been faid 
then^ we have now a proper opportunity in the laft place, o f  treating a little 
briefly o f  the proper weight o f  the A ir :  A n d to  this purpofe, i f  y o u  pleafe, letus 
take the fum o f  what has been laid down.

Theweight T h e A ir  then is full o f  W ater, which is ponderous, folid, and hot to be con- 
denfed by any weights. W ich this Wacer, che A ir  is fo plencifully itocked, 

Air. that Salt o f Tartar, upon Experiment, has attraded fo m u c h  Water out of 
a fmall quantity o f  A ir, contained in a glafs Veifel clofe ftopt, as to grow fen- 
fibly moiit. Befides W ater, too,, almoft all kinds o f Bodies are contained in the 
A ir, and difperfed up and down in .it: A l l  which Bodies taken together, muit 
at leaft be as heavy as the W ater. But thefe Corpufcles, likewife, a s  they are 
there in a liquid form, can fcarcely be driven clofer together, by the force of any



impofed weights. I f  therefore from a given portion o f  A ir , all that truly 
ponderous Matter, which, as has been demonftrated, the Airnaturally receives 
from all kinds o f Bodies, was very accurately feparated from ic, how much 
weight do you think would there remain belonging to ics real elaftic part ? 
Undoubtedly you perceive, unlefs I am exceedingly miftaken, that there would 
remain but a very little : N ay, i f  from the afliftance of- fo many Experiments^ Perhaps ie- 
we may be indulged a conjedure, perhaps there would be really none at all.
For lec but the eight hundred and fiftieth part o f  the whole fpace o f  a cubic 
foot of A ir  be filled with Vapours and Exhalations, noc elaftic, and with dufty 
Particles floating up and down in ic, then the remaining elaftic part of the A ir 
will have no weighc at all. And hence it might come to pafs, that che A ir  iri 
thac compafs could never be reduced into a lefs fpace chan the o f  the 
whole, notwithftanding the Newtonian L aw  fhould conftancly hold good in the 
elaftic p art; namely, chat the Elements o f A ir  always endeavour to recede 
from one another wich fo much more force, as the weight is greater by which 
they are comprefied. And from this fuppofition it would likewife necefl^arlly» 
follow, that when the other parts are contraded into a fpace 850 times lefs 
than the former, then the elaftic part cannot be reduced clofer by any weighc 
whatfoever, fince all that fpace would be then filled up with W ater, and ocher 
incompreflible Bodies. And chis exadly  anfwers to the Experiments o f the 
famous Hailey, and the Academy del Cimento., who afiTert, that the L aw  o f  the 
redudion o f A ir  intofpaces, proporcional to the comprefling weights, does not 
hold good beyond that fpace which is 8fO times lefs than that which is taken 
up by the common A ir .. H iß; de /’ Acad. Roy¿ des Seien. 1703. 7. Mem. 102.
We ought not, however, thence to conclude, that the purely elaftic part o f the 
Air, if  it could be made trial upon alone without the mixture o f  ocher C or
pufcles, could not, by the fame L aw , be condenfed a great way farcher. And 
who will pretend to decermine how far ? Perhaps this would always be the 
cafe.

For thefe reafons, I have frequently confidered with myfelf, whecher the fu- Aduumvi- 
preme Being has not created both Fire, and purely elaftic A ir , incirely with- S n í  
out gravity, nor tending naturally to any particular point, but equally diftri- andtheciaf- 
buced throughout the whole Univerfe^ and chat under this L aw , that theFire 
ihould always fo a d  upon the A ir, as never , to fuflfer -it to be at reft, no not 
even in the extremeft Cold. For, i f  in the upper region o f  the Atmofphere, 
the Heat o f  che Fire is lefs, the A ir  likewife in the fame proporcion being, 
there lefs condenfed, as there are fewer heavy Bodies to compréis it, muft be 
always rarer, and confequently will be fo much the eafier kept in an ebullition 
by a lefs degree o f  Fire, and will ar all cimes be agitaced with a tremulous mo
tion. W hat room is there here then for admiration ! W hat a mighty moving 
power upon every thing, left at any time they fliould be at reft ! But it’s very 
likely you will be apt to think wich yourfelves, i f  the A ir , with refped to 
its elafticity, be without weight, whac is the reafon then, that it is noc rarer 
about the Earth ? W h y, lec us, Gentlemen, only confider, that its Elements 
are noc fo eafily to be difengaged from the other Parcicles with which they are 
incermixed and intangled, and confequently, that by this means it will be com
prefled by the other Bodies that are incumbent upon it 5 and then the reafon o f  
this PhcBnomenon will be very evident.

A nd



The proper- And thus I might here have put an end to our H iftory ofthe A ir ;  but there re- 
S íp í í o f  mains, however, a fmall, but very valuable Article, which may ftill be added, 
the Air. the dcmonftrating this purely elaftic A ir  by Experiments, and the profecu

ting it in its wonderful eifeds. And upon this head, whilft I have confulted a great 
number o f Authors, I have found the excellent Mariotte to be the principal 
one, who has broke the Ice, and led the way. Purfuing then the fteps of this 
famous Gentleman, I have digefted thefe Experiments in the following order.

E x p e r i m e n t  I.

EiaiiicAir I have here in my Hand a Plate o f  pure Silver, curiouily poliihed, and very 
adheres to carcfully cleaned, and as warm as the prefent temper o f  the Atmofphere, 'viz. 

52 degrees. T his Plate, as you fee, I immerge gently, without any concuf. 
ñon, into very clean W ater, o f  the fame degree o f H eat, in this glai^ VelTeij 
and yet you fee there are formed aerial Bubbles, flicking to the Surface of the 
Silver, thence rifing up through the W ater, and then burfting afunder. This, 
therefore, upon examination, being conftancly the event, we may hence con
clude, thac common A ir, by its invifible Particles, adheres in fuch a manner 
to the folid Surface o f  the M etal, that it defcends with it through the Water, 
keeps its hold by a certain vifcid tenacity, and will not give way, and leave its 
Surface, till it is forced upwards by the weight o f  the W ater. When this Sil
ver Place, therefore, is moved through the A ir, undoubtedly the A ir next its 
Surface will adhere faft: to it, till by W ind, Heac, or a rapid motion, it is dif- 
lodg’d from ic, and then at laft it yields up its place to fome other Air that 
fucceeds it. T his property now o f  merely elaftic A ir, ought well to be taken 
notice o f in chemical Operations. F o r fince it fticks only to the Surface of 
Bodies, not being able to enter into their folid M afs, ’ tis evident chat Bodies, 
when they are minutely divided in the A ir, and confequently have their Surfa
ces gready multiplied, always carry far more A ir  with them into the Receiver, 
than they would have done in a iingle folid Mafs. And for this reafon, the 
A ir  that is generated in the folution o f Silver Duft by Spirit o f Nitre, is not to 
be fuppofed to proceed from the Spirit o f  N itre, or the folid Mafs o f the Me
tal alone, but partly likewife from the very A ir  which is convey’d on the 
Surfaces o f  the Particles o f  Silver. I f  the Experiment is made with a Plate of 
G old, the Phammena are the fame. I f  very iblid polifti’d G old then attrafts 
A ir  after this manner, all other Bodies certainly will do ic much more. All 
Bodies, therefore, when they are immerfed in W ater, carry A ir along with them ; 
tho* thofe Bodies do it more fo, which are rough, and whofe Surfaces confequently 
arc greatly increafed. I f  at the fame time too they are fungous, fpungy, and full 
o f  Pores, chey will carry with them ftill a much larger quanticy o f A ir through 
the W a ter; efpecially, i f  fuch Bodies are diiTolved into their fmalleit parts by 
the dilution o f  W ater. This then is the firft method o f  demonftrating the adhe- 
fion o f  elaftic A ir  to folid Bodies.

E  X P E R I M  E N T II.

Asá Fluids. Again 5 you fee this pretty large Cylinder, which is bright, clean, tranfpa
rent, and dry. Pleafe to obferve, into this Cylinder I pour pure Water, till 
the VeiTel is almoft full. T his Cylinder, now, thus full o f  Water, I fo apply 
•to the Air-pump, that by means o f  ir, I exhauft the A ir  that refts upon che

Surface



Surface o f theWater \ and at firft you perceive no alteration in it. A s theAtmofphere, 
however, nowr, is a great deal diminiihed, you perceive Bubbiesof A ir  appear; and 
in what numbers! H ow  fwiftly are they carried upwards! H owquickJy do they in» 
creafe in magnitude 1 But whence now do they arife ? W h y certainly, as far as we 
can any way difcover, from the Surface o f  che bottom and fides o f  the VcfiTei, or o f 
the Wacer. A nd hence an unwary perfon, who ihould fee this Experimenc 
only, mighc be induced to imagine, that all the A ir , which by this method is 
fetch’d out o f  the W ater, lay concealed only between the concave Surface o f 
the Glafs, and the convex Surface o f  the W ater. Buc this opinion will by other 
curious Experiments be refuted hereafter. In the mean time, however, this we 
areaifured of, that A ir  adheres to the Surface o f Glafs, and W ater, wich the fame 
tenacity that appeared in the preceeding Experiment.

E x p e r i m e n t  I I I .

But the very A ir  itfelf, by its Surface, adheres to the Surface o f  other A ir, Andtoitj 
with a pretty remarkable tenacity, notwithftanding its Elements feem to fly from 
one another. T h e  demonftration o f this, which indeed has been given in a 
former pare o f  this work, I repeat again in the following manner: This Glafs 
Vial, which from a large fpherical Belly, runs out into a long cylindrical neck, 
the diameter o f which is nearly 4 geometrical lines, I have filled with W ater 5 
and now I  invert it in fuch a manner, thac the mouth o f  che neck, which is open, 
points diredly downwards, and yet not one drop o f  W ater falls out 5 nor does 
there enter one bubble o f  A ir  5 a manifeft indication, thac the fine Elements o f  
Air do not here eafily recede from one another, but, by a certain adhefion, co
here together. (This Experiment I exhibited formerly, when I was treating o f 
the divifibility o f  A ir  ; but as I am now confidering A ir  as elaftic, or very 
light, I am obliged to repeat it again). F or i f  the very light elaftic Particles 
of Air were as eafily feparable from one another, as the united parts o f  Alcohol 
are, then the elaftic Particles o f  A ir  pafling through the W ater, would make 
their way upwards j  and theW ater would proportionably run ouc o f  the Glafs, 
as we faw on the foregoing occafion, when we fee this iame Glafs in Alcohol that: 
was coloured. See p. 258. and the following. And chat the effed we are Ipeaking 
of is chiefly to be attributed to fuch a tenacity o f the aerial Particles, is con
firmed by the following Experimenc. T h e fame V ial, filled with a very ftrong 
Lixivium o f  S a lto f Tartar, I immerge again, thus, into diftilled Oil o f  T u r 
pencine. D o nor, now, the vifcid parts o f the Oil afcend, through this more 
p o n d e r o u s f a r  more flowly than W ater or Spirits o f  W ine? M oft cer
tainly. You will fay, perhaps, that the repulfion there is between the aqueous 
Particles, and the oily ones, is the caufe o f  this FhcBnomenons and that the A ir  
is repell’d in the fame manner by W ater. I  grant ir. But in the mean time»- 
you fee, thac thisflownefsin the A ir  in afcending appears equally evident, whether 
the Vial is filled with W ater, Alcohol, Brine, any 'Lixivium whatever, or even 
with. Mercury. Hence, therefore, Ic feems noc altogether improbable, that the 
tenacity o f the elaftic parts o f che A ir, among one another, is greater, in thefe. 
inftances, than in the ocher Liquids. When che elaftic parts o fth e  A ir, there
fore, are once united together, they i{|em to be lefs eafily feparable, and leí» 
eafily divifible into their minute parts j and, confequently, they appear to be 
mixed with other Liquids, with more difficulty than any other Fluid we are at 

3 prefenii



prefent acquainted wich. I  know very well, that all the Philofophers I have, 
hitherto confulted, are of another opinion, and think nothing «lore true, chan 
that the A ir immediately enters any Liquid whatever that it can but come ac. 
B ut careful obfervation obliges me to think in a quite different manner. For if 
I fill two thirds o f  the capacity o f this V ial with any L iquor whatever, and 
the other third contains nothing but A ir, and I perfedly clofe ic with a glafs 
Stopple, and then ihake the V ial over fo long, I ihall never bring the Water 
to be wholly mingled with the A ir, but only large bubbles will be produced 
from the W ater, wichin which the aerial Particles are entangled and rolled up, 
whilft the agitated parts o f  the W ater form little fpherical Bodies that keep 
them in \ and thus, from a number o f  fuch Bubbles there arifes a white Froth, 
confifting purely o f A ir and W ater, inco which they are again refolved 5 the diame
ters o f thefe Bubbles being nearly three lines. Buc that you may fee the truth 
o f  this Paradox ftill more evidently, be pleafed likewife to take notice of the 
following Experiment. This glafs Vial, the M outh o f  whofe N eck is open, and noc 
four lines wide, is full o f  our common Air. T his V ial, now, I fink thus perpendicu
larly under Water, fo that the mouth o f  it, which is open, and points upwards, is 
quite below the Surface. T h e Wacer, therefore, now refts upon the Surface of the 
A ir , and neverthelefs does not defcend into the V ial, buc the Surface of the 
A ir  bears it up. W ater, therefore, which is eight hundred times heavier chan 
this compounded A ir, cannot fo divide the Particles o f the A ir  afunder, as to 
infinuate itfeif among them, and defcend through the Air. But there is another 
thing remarkable upon this head, which is as follows. This glafs Vial is full 
o f  W ater, and the mouth o f  its neck is 5 lines wide. This, as you obferve, I 

T a b . V I I .  fo  invert, as that the mouth points downwards; and now you fee, thac chere 
Fig* 3* arife not fmall, buc large capacious Bubbles o f  A i r ;  that they enter into the 

neck, through che W ater, and make their way upwards, thus whole and 
united ; and that they are noc, while chey pafs chrough the W ater, divided into 
very fmall parts, but afcend in form o f  large intire Bubbles. You perceive 
at the fame time too, that the Surface o f  thefe Bubbles is at both ends convex, 
and that the W ater accommodates icfelf co them in a Surface chacis concave. But 
this appears ftill more diftindtly, when I place che neck o f  chis Vial in a horizon
tal pofition, for chen chefe aerial Bubbles remain equally large, and being on all 
fides confined wichin the W ater, fhew very clearly their bulk, which they retaia 
a long time togecher with cheir Figure, which is convex at both ends, as you 

P I . V I I .  Plate. T h e  fame thing holds true likewife with regard to this con-
F ig . 4 . vexity o f  the A ir , in narrow glafs Tubes full o f  A ir , and open at both ends, For 

i f  you fet them perpendicularly in W ater, the W ater will rife in the Air in 
fuch a  manner, as to form a concave Surface on ics upper afcending part j v?hilft 
the furface o f  the A ir  thac is contiguous with chis o f  rhe W ater will be con- 

Pjg vex. This too you fee in the Plate. A ll thefe things, then, confidered toge
ther, feem to evince, thac the Elements o f  the elaftic part of the A ir  pofTefs a 
determined and pretty confiderable tenacity, with refped to one another. Thofe 
things, I fay, taken all together, for I am not ignorant, that very celebrated 
Authors explain fome o f  them from the attradion which is obferved between 
Glafs and Water.

E x p E'



E x P E R I M E  N T  I V.
I have here, three conical Glafs VeiTels A B C  growing narrow towards There » 

the top, and open 5 and with plain or level bottoms. In one o f  them there waïritSap" 
is Water, as cold as the A ir  is ac prefent, viz . 44 degrees. In another there pears by this 
is Wacer o f the fame warmth wich this place which we are in, which is about 
51 degrees. In the third there is W ater heated co the 150th degree. A n d lP j-vn i. 
have chofen the Veflels pretty call, that the Experiments I ihall exhibit may be 
the more confpicuous. Thefe Veflels then, thus prepared, I forthwith fet up
on the Air-pump, under the B ell; and immediately exhauft the A ir. Do you 
noc now very plainly perceive, that as foon as I have drawn out a little o f  thc 
Air, a very large quantity o f  Bubbles are generated in the hotteft Veflel C , 
which are formed at the bottom and fides o f  the Veflel, and afcend, grow larger, 
and break afunder at the Surface o f the W ater, ju ft in the fame manner as if  
the Water was now really boiling, which notwithftanding is, perhaps, 70 
degrees below the Heat o f  boiling W ater in the open Air. In the Vefl“el B , 
however, where there was but juft now a heat o f  91 degrees, you fee, there is 
yet no fuch agitation. But having now drawn out more A ir  by the Pum p, 
there appears in B too, the like produétion o f  Bubbles ; fo that there is now an 
ebullition both in A  and B, but none yet in C. H aving now, however, drawn ouc 
a greac deal more A ir, an ebullition at length is produced in C  likewife ; and all 
of ic being now exhaufted, che boiling continues for a very confiderable time.
Hence then we infer, chat pure elaftic A ir , in a certain quantity, lies infenfibly 
concealed in W ater, without any difcovery o f  itfelf in the cold, and under the 
preiTure o f the Atmofphere ; and yet in the Experiments o f  the Academy del 
CimentOt W ater, though it contains in it this latent A ir, which is fo compreflî- 
ble, could not in any manner be itfelf condenfed by weights. For chis reafon 
therefore we conceive, thac the A ir  which infinuates itfelf into W ater, is there 
lodged in the interftices which are left between the Elements o f  the W acer, 
which are in contad with one another, and cannot chemfelves enter into thofe 
vacuities ; but thac it does not interpole itfelf between the Elements o f  the W a 
ter, where thofe Elements can naturally touch one another, and by this means 
hinder them from coming together ; for in fuch cafe, the W ater, which con
tains this A ir, would likewife be compreflible. T hus, then, we are certain, 
that the A ir poflèiTes only thofe vacuities, which are conftancly left between the 
immutable Elements o f the W ater, and which are not to be altered or difturbed 
by any varied ficuation o f chefe Elements, being, perhaps, whilft it is at reft 
there, divided into its perfedy diftind elementary Particles. Hence farther, we 
are induced to believe, that this A ir, fo lodged in the W ater, and not difcovering 
iifelf for fo long time in the Cold, requires, in order to ics being retained there, 
that the Water be compreflTed by the force of a ponderous Atmofphere ; buc 
that when the particles o f the W ater are compreflTed togecher by an effort lefs 
ftrong, then thefe latenc Elements o f  A ir  elevate the incumbenc W ater, difen- 

î̂tge themfelves from the interlHces where before they lay quietly hid, and then 
eave thofe incerftices empty o f A ir. In che chird place, we fee likewife, thac 

Heat difpofes the intercepted A ir  to extricate icfelf with greater eafe from the 
furrounding Water ♦, and that in fuch manner, thac che hotter che W ater is, 
the more readily, in proporcion, will the A ir  get out o f  ic. Hence therefore,
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when W ater has boiled on the Fire for a confiderable time, having by that means 
acquired its greateft H eat, it will have expelled almoft all che A ir  that was 
contained in it. A nd in the fourth place, we learn likewife from Experiments 
thac every fort o f  W ine, M alt L iq uor, and Spirics of W ine, do in Mr. Bo-jh 
Air-pum p difcharge themfelves o f  thefe aerial Bubbles fo much che fooner as 
thefe Liquors abound with a greatei quanticy o f inflammable Spirics.

And ano- But this Other Experiment, which now follows, will make all thefe things 
ther. more evident. Y o u  fe e l take a cylindrical Veifel A B , with aflat bottom, and 
Fig.a. common clean W ater. I have likewife a fpherical gjafs

Bottle C D  compofed o f  a Belly  ̂ C  and a N eck  D  which I fill quite fuli 
•with the fame W ater. Then with my Finger laid upon the Mouth D, and 
touching the very W ater ac the top o f  the N eck, I io immerge this NeckD 
into the W ater in the Veifel A B  that no A ir  can poflibly enter into ic, and 
hence the Bottle remains ftill quite full o f W ater, without the leaft A ir at top. 
Both thefe VeflTels then thus difpofed, I put, as you fee, under the Bell upon the 
Air-pum p. And you obferve, now, whilft I exhauft almoft all the Air, that 
the W ater in the Belly o f  the Boctle C  defcends by ics gravity chrough the 
N eck  D , into the Veflel A B , becaufe the Surface o f  the W ater in the Veffel 
A B  is no longer preflied by the weight o f  the Atmofphere. In the upper part 
therefore o f  the Belly C  above the defcending W ater, there is now formed a 
Torricellium Vacuum. Hence the W ater is there preflTed by nothing, but exifts in 
‘uacuo. A nd by this means the A ir  which is in the W ater in this Bottle, pro
duces a vaft number o f  Bubbles; all which make their way through the Wa
ter in the N eck and the Belly, towards chac upper vacuum, and chere burfting 
afunder, give you all the A ir  which is colleded out o f the W ater in the Bot
tle CD . I leave every thing now in this ftate till no more Bubbles are formed, nor 
afcend intothe upper part o f the Bottle ; and chen, as you fee, I lec the Air into the 
B ell, which immediately prefling upon che Surface o f  th eW ater, in the Veffel AB, 
forces up che W ater thro* the Mouth D  into the Belly C  ; and now you perceive, tha! 
tho* there is a free communication with che external Atmofphere, yet theWater 
does not quite fill the whole Belly C , as ic did before, buc there remains in the 
upper part an aerial Bubble, confifting o f  true elaftic A ir , which was forced 
out o f  the W ater in the former operation, in thofe little Bubbles, which were 
then produced, and there burft afunder. N or were thofe Bubbles generated 
there, till the greateft part o f  the A ir  had been exhaufted out o f the Bell. Nor 
indeed do thefe little Bubbles ever arife from this W ater, ’ tilj it appears by thc 
M ercury in the Barometer, chac the weight o f the Atmofphere under the Bell is 
diminiflbed more than one tench o f  the whole. Since, cherefore, che greateft va* 
riation o f  the weight o f the Atmofphere with us never exceeds one tenth parr, 
hence there v/ill never be any danger o f  W ater’s difcharging the Air thac is 
contained in ic. But W ater, likewile, made ninety degrees hot, and then freed 
in the Air-pum p from a tenth part o f  the weight o f  the Atmofphere, does not 
even then fend out its A ir  by B ubbles; and hence the A ir  likewife in the Fluids 
of our Bodies will never be feparated from our Blood, or Humours, by the 
greateft lightnefs o f  the Atmofphere that ever is obferved amongft us, as by a 
particular Experiinent too 1 fliall demonftrate hereafter. Ic happens, indeed, 
looner in this hot W ater, than it does in colder ; but yec even here it is not ob- 
fervable, upon a diminution only o f a tenth part o f  che aerial prefliire. Bucyoj



will be apt to ask me now, Gentlemen, and that very ju ftly , how I know that 
the great Bubble in the upper part o f the Belly is true elaftic A ir?  T his, I con- 
feis indeed, it is abfolutely neceiTary that I fhould demonftrate. T h e  reafon 
then that I look upon this to be crue elaftic A ir  is, firft, becaufe, as you faw 
yourfelves, it expands and contraéis icfelf in proportion to the comprefling 
weight j and in the fecond place, becaufe if  Heac is applied to it, it expands 
itfeif into a much larger Space, and i f  Cold ads upon it, it contracts itfeif 
inco a far lefs : But that thefe are the peculiar and moft certain marks o f  
Air, who will go about to difpute ? But there is another Thing ftill that mufl: 
be cleared up, and chac is, whether the A ir  produced in this manner be really ex
haufted ouc o f  che W ater -, or whecher ic only comes from che interftices becween 
the Surfaces o f  the W ater and the G lafs; for this indeed feems to be evidenc 
to theEye, as T obferved to you but very lately.

But if  la m  noc very much miftaken, there are not wanting arguments to wkhinthe 
prove, that it arifes out o f che very Wacer icfelf. This is very evident, if  we confi- Water itfeií. 
der, firft, that a very different quancicy o f chis A ir  is produced from the fame 
quancicy o f different L.iquors ; for M ercury, . W ater, W ine, Spirit o f W ine,
Beer, Alcohol, W ine thac is foul, and thac is fermenting, Beer not duly w ork’d, 
and Muft, differ incredibly in the quanticy o f A ir which they thus generate in 
muo\ whence it plainly appears, that this A ir is feparated, not from the Sur
face only, but from the inmoft receffes o f  W ater, and other Liquors. And i f  
we add to this, that there are fome Fluids, which in this way generate no A ir  
at all, our opinion will be ftill farcher confirmed. T hus, for inftance. O il o f  

per I)eliquiumy tho* it is produced itfeif in the A ir, will fcarcely yield 
any Air, if  it is treated in the fame manner. A nd, which one would hardly 
believe, even the Spirit, which we call the alcaline, volatile Spirit o f  Sal-ammo  ̂
niacy if  it is very ftrong, will afl^ord but an exceeding fmall quantity of A ir , 
in the fame Experiment. But there is another Argum ent, which will ferve as a 
farcher confirmation o f  this truth, o f  which I fl:iall quickly give you ocular 
demonftration ; and thac is, thac the whole quantity o f  that A ir , which was 
produced after this manner, may intirely be abforbed again by the fame W ater 
out o f which ic was drawn, and that no more than that quanticy, e x a d ly , can 
by any art or power be forced into it. A ll which confiderations, i f  you weigh 
them with due attention, will furnifli you with arguments fufiîcient to convince 
you, that far the greateft part o f  that A ir  was really exhaufted from  the very 
Body, or inmoft parts o f  the W ater.

And finally, we may add, that this A ir, by the fame Experiments, has been Andinaii 
drawn likewife out o f Vinegar, Spirits o f  W ine, Urine, Spirits o f Urine, O il,
Wacer and Oil, exprefs’d O il, diftill’d O il, M ilk , Blood, the Serum o f  Blood,
Eggs, the W hite o f  E ggs, nay, and laftly, even from Mercury itfeif. But here 
lec me obferve, that if  this Experirnent is made with boiling W ater, which has 
boiled continually for the fpace o f  an hour, hardly any A ir  at all will be got 
ouc of ic } fo that this dodrine ftands upon a firm foundation.

E x p e r i m e n t  V .

If Water is by boiling accurately deprived o f  all the perfedly elaftic A ir  that is >jr wiiien- 
difperfed through it, and afterwards, being cooled to the temper of the Atmo* 
fphere, is expoied to the common external A ir , then will the elaftic A ir  fponta- ToWofAir.

Q^q 2 neoufly,



neoufly, and pretty quickly, enter into this W ater, which is now void o f Air 
and again lodge itfelf in the fpaces left betv/een the interftices o f  its Elements* 
and that always to a determined quantity. T his wonderful relative property 
between W ater and elaftic A ir, is demonftrated to the eye in the following man
ner. T ak e rhe whole Apparatus o f  VeiTeJs, made ufe o f  in the fecond part of 
the 4th Experiment, juft now exhibited, where the elaftic A ir  was colleâedat 
the top o f the Belly o f the inverted Bottle. If, then, that aerial Bubble is com
prefled with the machine ufed for condenfing o f  A ir , the Bubble will not by 
that means intermix with the W ater: But if  I expofe this whole Apparatus to the 
external A ir, then this Bubble will in a little time begin to diminifli, and at laft 
will fo perfedly vaniih, that there will not be rhe leaft A ir left at the top, but 
the Belly o f the Veflel will be again quite ñlled with W ater only. And this Ex
periment is conftantly obferved to proceed in this manner, namely, that in the 
beginning, a great portion o f this colleded A ir  enters pretty quickly into that 
W ater, deprived o f  A ir, but that the little quantity that then remains makes 
its way in but very flowly. Hence, therefore, it follows, that W ater will always 
imbibe again ex a d ly  the fame quantity o f A ir  as has been drawn outofit 
before.

But not into * T he event, now, o f  this Experiment is pretty extraordinary, when it is
W ater, which is already naturally faturated with Air. If there-

Air. fore, inftead o f  drawing the A ir  out o f  the Receiver, and thus forming a Bubble 
at the top o f  the Bottle, I take the fame Bottle, and not filling it quite full, 
with my finger upon the M outh, invert it into the other VeflTel, then a Bubble 
will retire to the top of the W ater in the Bottle, and if  I then fet by thc Vef- 
fcl in this manner, for the fpace o f a year, the aerial Bubble I let in will never 
enter into the W ater, but will always remain at the top, without being mixed 
with it. N ay farther, in what manner foever I lhake thefe Vefliels, I ihall never 
be able to make that A ir  infinuate itfelf into this Water. T his Bubble indeed 
would be divided into other fmall ones, but do what I could, it would never be 
mixed and diftributed through the W ater, in fuch a manner as to become in« 
vifible. I  have tried what could be done by preflîng, heating, cooling, ihaking, 
and laying it up for fome time ; and yet ftill that Air conftantly remained at 
top in the fame quantity j nor was it poflible to intermix any more with the 
W ater, than what it had fpontaneoufly taken in from the common Air.

*  T h is  Do£):rine o f  our A uthor, that A ir  w ill  not be abforb’d b y  W ater that is already faturated, does 
not appear conftantly to be agreeable to E xperim ent, as upon trial, at the hint o f  the learned J)x.Jurin,

I  obferved in the fo llow in g manner. I  took  a  comm on Florence F lask , and filled it  almoft full of Wa- 
and after letting it  ftand fome tim e, w ith  m y  F in ger upon the M outh o f  it  I  inverted it, and 

b y  this means procured a Bubble o f  A ir  at the top. I  then, w ith  m y  F inger ftill applied to it, immerg'd 
the N e c k  o f  the F la sk  into a  wide-m outh’d Square, full o f  W ater, upon w h ich , draw ing out m y Finger, I 
left the F la sk  ftanding in  the M outh o f  the Square. I n  this m anner I  put it out o f  the w ay, and ex
am ining it from tim e to tim e, found the Bubble gradually leiTen, till it  a t laft intirely difappeared. This
I  repeated feveral tim es, w ith the fame Succefs. W hen the Bubble was fm all, it w as taken in iü a 
few  days, and as near as I  could judge, fàfter in proportion than the large ones. T h e  Diminution too 
o f  the large ones, at the beginning, w as more fenfible than afterwards, as I  faw  evidently in one of an 
inch and three quarters in diam eter, fet the 4th  d a y  o f  w h ich , though it  w a s  confiderably dinu-
nirtied dve firft m onth, yet is not this l o t h o f  December reduced to an inch. W hether this, therefore, 
w ill  be totally imbibed b y  the W ater, or not, I  cannot y e t determ ine, not having made trial o f  fo large 
a one before, but one o f  about | th s  o f  an  in ch , b y  ftanding in  the fam e m anner, in  time was perféíily 
ftbforb’d.

In



In the profecutions, now, o f thefe Experiments, I could not help being fur- 
prized, when I obferved how fmall a part o f  the Surface o f  the .Water was fp“/  
come at by the A ir, colleded into a Bubble on the upper part o f ic ; and yet 
faw, at the fame cime, thac all that A ir  infinuated itfelf by fo fmall a part o f  the wi
the Surface throughout the whole body o f W ater, out o f  which it had be- 
fore been drawn. And doubtlefs, ic had then diftributed itfelf equally, through- 
ouc all the interftices o f  the whole Water. There muit neceifarily, therefore, 
be in Water, a certain attrading, imbibing power, in refped o f that A ir , thus 
drawn from fo little Space, through all its parts; for this A ir  ftands in no need 
of concuifion to forcc it into the W a te r; lec it but alone, and it will make its 
way in o f its own accord.

The illuftrious in his very elaborate Philofophical W orks, was induced Thefe Bû

by many reafons to be o f opinion, thac there never was any true A ir  in W ater, pi«etdfro»i 
and that thofe Bubbles produced from W ater, in the Air-pum p, did not arife Fire, 
from true elaftic A ir \ but that in W ater there always refide little adive Fires, 
which making their way through the W ater, when this is freed from the prelfure 
of tiie Armolphere, and by their levity tending upwards, form thofe little Bub
bles which prefently burft afunder. I am apt to believe, however, if  that worthy 
Gentleman, whofe candour and virtue are every where fpoke well of, had 
fufficiently confidered thefe laft Experimencs, he would have been o f  another opi
nion: For then, in thefe colleded Bubbles, thus produced, he would have 
found all the true charaders o f  pure A ir. See Stair's Philofoph. Experim. p. 572.
Let thefe things fuffice then, touching the firft method o f  feparacing elaftic A ir  
from Wacer, by removing the compreffing weighc.

E x p e r i m e n t  V I.

Ic is very entertaining to fee the manner in which Fire feparates this A ir  from A ir  is fep»- 

Water, and to obferve this Air, when ic is thus feparated, and colleded togecher, 
which is very eafily performed by the following curious Experiment, T a k e  a i»iiing. 
large wide Veifel A B , able co bear the Fire, let the bottom o f  ic be flat and Fig. 3. 

plain, and lec ic be filled with common W ater. Then let there be put in this 
Veifel, a Funnel, fo large, that the broadeft part o f  ic may nearly cover the bot
tom*, and let the N eck o f che Funnel C D  be wholly immerfed under the fur
face o f W ater contained in the Veifel A B . L et there then be provided a litcle 
glafs Bolthead or Vial E F , the mouth o f  which is wide enough to admit the 
Neck o f the Funnel. I now fill this V ial up to the top wich W ater, and hav
ing ftopt the M outh o f ic clofe, with my Finger, I invert it, and thus let ic down 
into the W ater in the Veifel A B , fo that no A ir at all can get up inco i t a n d  
then, as you fee, I put the M outh o f the V ial E  over the neck o f the Funnel 
CD. This done, I put che Veifel A B  wich all \xs. Apparatus upon the Fire, fo 
that the whole may grow hot gradually, and at length the W ater in the Veifel 
AB may boil briskly. A nd when this is the cafe, then the W ater o f  che 
Vefltl boiling under the Funnel, will determine the A ir  o f  the W ater, which 
is now formed into Bubbles and tends upwards, through the Funnel into the 
Neck of the Vial, and thence into its Belly, and fo coiled  ic together in the 
upper part F, This chen being continued for fome time, there will at the 
top F  be contained crue Air thus feparated from the W ater which boiled under 
the Funnel in the Veifel A B . A n d  this A ir, again, will have a perfedly elaftic

quality,



quality, and can be drawn ont o f  the W ater only in a certain and determined 
quantity, beyond which no more A ir  can be procured, how long foever the 
boiling is continued. In this Experiment, now, there occurs a Phænomenon 
that is pretty remarkable ; for when the boiling W ater has thus fent up in Bub
bles all its contained A ir ro F , there neverthelefs, in the courfe o f  the boiling, 
are produced other Bubbles, with a fudden and coniiderable impetus  ̂ which 
burfting wich a great force, ihake the W ater and VeiTels, but do not by this 
means produce any A ir. Thefe Bubbles, therefore, arife not from A ir, but from 
the Fire which ads in the W ater. Thefe therefore continue to the end, tho* you 
boil the W ater ever fo lo n g ; whereas the aerial Bubbles are quickly over: 
Thefe likewife are large \ whereas the Air-ones are but fmall : Thefe burft afun
der with an impetus like th ato f W ind *, whilft the others difcharge themfelves 
very quietly : N or do thefe, as I obferved before, generate any A ir , though fo 
exceeding large. And for this reafon the excellent Mariotte gives to thefeBub- 
bles the name o f  Fulminations. And i f  the famous Stairs, in the Place above 
cited, means thefe Bubbles, he is fo far in the right. Thefe things, then, being 
done, and the A ir  being collefted at F , i f  the whole Apparatus is fet again ia 
the cold, the generated A ir  will return into its proper W ater, out o f  which it 
was exhaufted. H aving gone through this Experiment, with the faccefs I have 
now told you, I had a mind to profecute this inquiry farther. Accordingly I took 
Rain-water, and kept it boiling very briskly, for the fpace o f two hours. This 
W ater I then placed, boiling hot, with the Apparatus o f  the 4th Experiment, 
under the Bell, and drew out the A ir, as carefully as I could ; and at that time, no 
A ir  was produced in the upper part o f  the Belly o f the Bottle. Afterwards, 
however, having thus kept the W ater in this Fæî»«;» for fome days, there arofe 
from it at laft a pretty large quantity o f  A ir. Surprized at this event, I was in 
doubt, whether, perhaps, the very W ater was not tranfmuted into Air, by re
maining fo long in Vacuo? O r whether the A ir  was not fo intimately mixed 
with the W ater, that it could not be intirely expelled by boiling ; though by 
the W ater’s being thus left in vacuo, it m ight, by length of time, have thus 
ilow ly difengaged itfelf from it?

E x p e r i m e n t  V II.
A ir  is fepa- I took fomc Rain-watcr, and put it in a very diverging, conical, glafs Veffel, 
wSer̂ b™ and then expofed it in a hard Froft. Some time after the Particles o f  the Water 
Froft. began to be conftringed by the Cold, though it is not poflible to condenfe it 

by the preflures o f the greateft weights. But when the Particles o f  the frozen 
W ater, thus more clofely contraded, begin to leflien the little Spaces intercepted 
between them, rhe Elements o f  the A ir, which before were lodged in them, be
ing now prefled out o f  *em, become united with one another; and by this 
means, while thefe elaftic Elements, which before exifted feparateiy, come in
to mutual contads, they feem, by their reciprocal repulfive force, to acquire an 
Elafticity, which they had not while they were apart from one another.  ̂Hence 
then, little Bubbles begin to be generated, which grow larger and larger, increafe 
in number, become at length o f  a confiderable fize, and tending upwards, 
and being lock’d up within the hard Ice, remove it by means of their Elaftici
ty, and, notwithftanding its hardnefs, make it fwell o u t  on every fide, and by
this means break afunder the Veflel that contains it. A nd here we obferve,

that



that the harder and longer it freezes, the greater, always, more numerous, and 
f o  much the ftronger, likewife, are thefe aerial, elaftic Bubbles. Hence it comeS 
to pafs, that W ater feems to increafe in magnitude by Cold 5 whereas, in rea
lity, the Ice itfelf is lefs than the W ater was ; but thefe Bubbles o f  A ir , thus 
generated, whilft they form within the Ice pretty large Spaces, where there is 
no Ice at all, muft neceifarily increafe its dimenfions ; and by this means, like
wife, they acquire that prodigious power by which they become capable o f 
fplitting the Veifels in which they are confined. If, therefore, the Froft is very 
Iharp, and o f  a very long continuance, then all the A ir, before diftributed through 
the whole body o f  W ater, extricates itfelf from the pores o f  the Ice, is 
united into thofe icy Bubbles, and difengaged from the W ater. This then is 
another, and new method, by which A ir  is feparated from W ater.

E x p e r i m e n t  VIII.
W hilft 0 \\oïT^YX3iV perDeliquium is prepared from the W ater diffufed through Air is fepa. 

the Air, one would readily believe, that this frothy ponderous Liquor muft bs waLfbTwi’ 
full o f elaftic A ir  ; and yet upon examination in the manner juft defcribed in Alcali, 
the preceding Experiments, it evidently appears, that whether the preflure 
of theAtmofphere is taken o ff o f it, is boiled at the Fire, or conftringed by 
Cold, this Liquor will afford no A ir  at all. Hence therefore we learn, that a 
fixed alcaline Salt, whilft it infinuates itfelf into W ater, expels the Elements o f  
Air which are lodged there, and takes poflefilon itfelf o f  thofe little vacuities, 
and thus conftitutes a Fluid which is the heavieft o f  all we are acquainted with, 
except M ercury, being in weight to W ater, as 7 is to 5. See Boyk*s Mecb*
Exper. p. 26, 27. O r rather, don’ t it fix the A ir?

E x p e r i m e n t  IX .

The following Experiment concerns both the Chemift, Mechanic, and Phy-Airout of a 
fician, and therefore deferves their attention. I took the Urine o f  a very hear- 
tyM an, made in the morning, after he had his full Sleep, and whilft he was 
fafting, and put it into a Glafs Veifel that was warmed to the fame degree o f  
Heat as is obferved in a Man in health. T his Veifel and U rine, the very 
momentit was difcharged from the Body o f the M an, I put upon the Air-pum p, 
under a glafs Bell, and drew out the A ir as faft as I could ; and yet, for a 
long time, I perceived no fign o f  any Bubbles o f  A ir  in this U rine, though it 
was fo warm. I imagined, therefore, that there was no A ir  in Urine that could 
be ihewnby this Experiment. And iince chis Urine was 90 degrees hot, and the 
Air was exhaufted to 26 inches, and yet there did not appear the leaft fign 
of any ebullition, would not any other perfon have been o f  the fame opinion ?
When 1 had drawn the A ir  out however to-27 inches, then fome Bubbles began- 
to arife; and as I proceeded to draw out more, all on a fudden, the Urine in 
this •vacuum began to boil with fo much violence, as ic never boils in a Veifel 
upon the open Fire. A t  the fight o f this I confeis I was very much furpriz
ed: For whence could proceed fo fudden, and fo violent an agitation in a L i 
quor which was before ib quiet ? How comes it to pafs, that the very little portion 
of elaftic A ir, which was exhaufted at laft, ihould (after it had born the A t- 
mofphere’s being removed to 27 inches, without any ebullition) at once produce- 
fuch a prodigious alteration? Did this fudden alteration arife from che A ir  o f

th e .



the Urine, or from the Fire then refiding in ic, or from both together? Many 
other Experiments o f  chis kind I made with various animal Fluids, with very 
i l r o n g o f Sea Sale, Sal.Gem, Sale o f  Nicre, Sal-Ammoniac, 
alcaline Sal-Ammoniac, and wich M ercury. I f  you would do the fame, you 
would noc at all think your time ill fpent. T o  enter into a particular account of 
thefe chings, would be cedious both to you and myfelf.

C  o R o L. I.
Elaftic A ir , therefore, notwithftanding its Particles adhere to one another, 

with fome kind o f  tenacity, diifolves icfelf into its minuteft Elements, that it 
, m ay fpontaneouily infinuate itfeif into the vacuities o f  Liquids that are void of 

A ir , and fo difperfe itfeif throughout their whole mafs. T h at A ir, therefore, is 
drawn into thofe Liquids, and thofe little Spaces.

C  o R o  L .  2 .

And the A ir fo attraded into the Interftices, between the Elements o f Liquids 
void o f  A ir , is in thac very adtion dilfolved into its leaft parts 5 inafmuch as ic 
is diftribuced chrough the large body o f  the whole Liquid.

C  o R o ;l . 3.
Buc che quantity o f  A ir, which after this manner is imbibed by Liquids, and 

diftributed through their whole large Maifes, is very lictle in quancicy, and takes 
Up but a very little room in thofe Liquids,

C o  R o L.  4.
And when thofe Liquids, o f  whatfoever kind chey be, are once faturaced 

wich chac fmall porcion o f  A ir  chac chey have imbibed, chey will then receive 
no more o f  chac A ir  afterwards, whatever art, motion, or compreifing force is 
ufed to effedt i t ; but they rejed the A ir, which is chen fuper-added, repelling 
it from chem in Bubbles or Froch.

C  o R 0 L. 5.
But Liquids alfo, particularly aqueous ones, when they are perfedly faturated 

with cercain Salts, will noc diifolve any A ir  afcer chis manner.

C  o  R o, L ,  6.
One Particle o f  A ir  thus diiTolved, when ic exifts feparately in the Interftices, 

which remain between the contiguous Elements o f  Liquids, does not feem to 
be A ir, as A ir  is defcribed by its phyfical marks. For one fuch intercepted 
parcicle, fo long as ic remains alone, within the Elements o f  W ater which fur- 
round it, and by this means cannot touch fuch another like Particle, does 
not appear to be elaftic for this is not evinced by any Experiment. Nor, be
fides, is fuch a fingle Particle fo eafily dilatable by H eat, inafmuch as it re
quires a pretty confiderable one before it begins to make ics way out of its Li
quid. N ay farther, though the M ercury in the Barometer defcends 25 inches, 
fuch a Parcicle does not extricate icfelf out o f the W ater. A s  therefore one 
M agnet, by itfeif, in refped o f  another M agnet ac a diftance, would noteffedt 
any magnetical Operations, and could hardly in this circumftance be faid to be a

M a g n e t  j



Magnet Î To in the fan:ie manner may we conceive o f  the Particles o f  A ir  : But 
as this Magnet, when it is brought fo near the other, as to be within the fphere 
of ics ad iv ity , immediately difcovers its vertues 5 juft fo again it happens 
with the ultimate Particles o f  elaftic A ir.

C  0  R  O  L .  7 .

But when two fuch ultimate Elements o f  A ir  are by any caufe whatfoever 
forced out o f  their little watery Receptacles, and fo united as perfedly to 
touch one another, they then feem immediately to exert a reciprocal repulfivc 
force, and thus ac laft to form  a Bubble o f  the very fmalleft fize.

C o R O L .  8.

This little Bubble then, which is the leaft poifible one, as it confifts only o f  
two Particles, acquires again all the qualities o f  elaftic A ir  abovementioned.
And this which is generated at the very bottom o f  the L iquid, as it tends up* 
wards, paifes through the Interftices left between its Elements, where meeting 
with other fingle Particles o f  A ir , it unites with them, and by this means forms 
a larger Bubble ; and this Hkewife ftill tending upwards, and joining itfeif in 
like manner to other Particles all the way from the bottom to the top, is al
ways the lefs preifed, the nearer it approaches to the Surface o f  the Liquid.

C o R O L .  9.

From what has been advanced, it feems likewife to follow, that Salts are 
lefs attradive o f  this elaftic A ir , than Liquids are, efpecially aqueous ones.

C  O  R  O  L .  1 0 .

In every L iquid  hitherto known, there feems to be contained one certain de
termined portion o f  A ir  5 always, indeed, a very fmall one> but very different 
indifferent Liquids.

C  O R  O L ,  II .

Hence it may be queftioned, whether that A ir , which in the juices o f  Vegeta^ 
bles produces the mighty efïed  o f  fermentation, is, in reality, that A ir  which 
txifts in fingle Particles in their fmalleft Pores? O r rather, whether that united 
and truly elaftic A ir , is not contained in the Air*pipes difcovered by Malpigbi^ 
and called their W ind-pipes ? O r laftly, whether it is not the external Air* 
which commonly intermixes itfeif with thefe fermentable vegetables, during the 
ftirring and working them about ?

C O R O L .  12.

The elaftic A ir, which is divided into its minuteft parts, and is thus contained 
in the Fluids o f Animals, does not feem to be the caufe o f  the putrefadion 
which they are fpontaneoufly difpofed t o } becaufe, wichout the admifilon o f  
the external A ir, they are hardly brought to putrefadion 5 but when this is 
let in upon them, they putrefy immediately.

Rr ËXPERÎ*



E x p e r i m e n t  X .

Thequan. This elementary elaftic A ir , which is thus divided into its fmalleft parts, and 
5nViti'h difperfed through W ater, feems there to take up but a very little
greater than Toom, which docs not fall undcF the obfervation o f  our Senfes: And yet, 

when it is drawn out o f the W ater, and colleded into one fpace, it then takes 
pf.viii. up a larger compafs, than all the W ater does out o f which it was exhaufttd.

4' T he truth o f  this paradox is exhibited to the Eye by the following very ele«* 
gant Experiment. T a k e  a parallellopipedal V eflel A B  made o f  Copper. At 
the bottom let there be made a very little impreffiôn or cavity C , big enough 
only to hold a drop or two o f Wacer j let there be provided likewife a very 
fmall conoidal glafs VeiTel D , open.at the bafe, like a common Thimble ; by 
■which name I fhall here call its Lec then the VeiTel A B  be filled fo high 
with very pure expreflTed O il, that the Thim ble D. ftanding ac the bottom 
o f  the VeiTel A B , may be quite covered.. This done, let the Thimble be 
laid upon its fide as in F , fo that there may be no A ir at all in ic, but that 
b y  this pofition, it may be quite full o f  O il. Thefe things being thus dif- 
pofed, let the Vefliel with the O il and Thim ble be fet on the Fire, chac theOil 
in che VeiTel,. and confequently in the Thim ble, may boil ; and let the boiling 
be continued, till the crackling noife o f  the O il is quire over; By chis mcany, 
then, the A ir, and W ater, which happened to be in the O il, or about the 
fides o f the VeiTel, or the Thim ble, will be intirely expelled, and che Oil will 
be totally freed boch from W ater and A ir. T h is done, take che VeiTel oiFoi 
theFire,. and let every thing in this fituation ftand to cool ; and then,- let a 
drop o f  W ater, by means o f  a little gjafs Pipe, be convey’d through the Oil in
to che little cavity C , which by means o f its own weighc, will be kepc there un
der che O il. Then let the little glafs VeiTel D , keeping it always under the 
G il, left any. A ir  ihould get into it, be placed with due caucion ered over thé 
little cavicy C , fo chac che middle o f  ics open Bafe may be very exadly over 
the drop. By chis means then, as very evidendy appears, the Thimble will be ■ 
quite full o f  O il, all A ir  and W ater being excluded. T h is duly perform-. 
cd, lec the VeiTel AB', with its apparatus  ̂ be ib placed upon - a ftand, that the 
Flam e o f  a Candle may be commodioufly applied to the little convex* 
ity , at the botcom o f  che VeiTel, in che hollow o f  which is lodg’d the drop of 
W ater. L et then the Flame be applied to that part, but in fuch a manner, 
that the drop of W ater may not be made hoc at once, buc very gradually. 
T h e  drop chen heated in this manner, and at lengch boiling, will produce a 
wonderful crackling noife, and being under che Thim ble, , or little glafs Veffel, 
and kepc down by the O il, will difcharge icfelf o f  its A ir  into the upper part 
o f  the 7'himble, where it will cake up a very large fpace while the Heat is 
continued, and will proportionably drive out che Oil i  and the mo t i o n  of this 
litcle.crackling drop, will- often be fo great, as to life up the whole Thimble. 
When at length, by this mechod, all the A ir is  expelled out o f chis little drop 
o f  W ater, let the whole ftand and cool. T h e  A ir then in the litcle glais Vel- 
fel growing cool, will be preiTed into a Bubble, colleded at the top of it, and 
appear o f  a greater bulk than the drop o f  W ater out o f  which ic was thus 
drawn. When you are perfedly fatisfy’d o f  chis, l e t  t h e  w h o l e  be put
ondcr a glafs Bell on the Air-pum p,' and let the A ir  be exhaufted ; and you



will then fee how that Bubble o f  A ir in the upper part o f  the Glafs will 
expand itfeif, and drive ouc the O il, and thus evidently demonftrate a true 
aerial elafticity upon the removal o f  che compreifing Atmofphere, as ic did 
before upon the augmentation o f  che H eat: Buc as foon as ever you let in the 
Air again, the Bubble will be reduced to its former fize j fo chac you cannoc 
doubt, buc that the A ir, which is generated by this Experiment, is crue elaftic 
Air.

From this Experiment, therefore, we learn with the greateft certainty, Air, whiift 
that Air, whilft it is diiTolved in W ater, is by no means fuch a Liquid, now “
its Elements are thus divided, as the fame A ir  conftitutes, when it is drawn ouc 
of the Wacer, colleded, and has ics elaftic Particles united into one Bubble.

And it is farcher certain, that the A ir which lies concealed in Liquids, has Nordoesit 
not, there, thofe phyfical vertues, which it poiTeiTes, when it is uniced ouc 
them: So thac it will never perform the fame Operations in both chefe circum- 
ilances. Thofe Gentlemen, therefore, appear not to reafon fo ju ftly, who, 
after they knew that A ir  might be procured from Liquids, have concluded, 
that the A ir, whilft it remained in thofe Liquids, had there all the ad ive  force, 
which it difcovered when it was drawn out o f  them. But in this affair indeed, 
almoft all Authors, even Men o f  greac penetration, have been deceived. O f  
this let the great BorAli be an inftance, in his very exceilenc Treatife o f  Animal 
Motion, where he talks o f  a vital ofcillation o f elaftic A ir  in the Blood. W arn’d 
therefore by thefe Examples, let us learn to reafon cautioufly, and prudently, 
left at any time we fhould be refuted by our own Experiments. But here again, 
we difcover another wonderful Paradox, and that is, thac the elaftic Particles 
of che A ir, while they exift feparately, and apart from one another, take up a 
lefs fpace, than the whole o f  them poiTefs, when they are colleded inco one 
Body.

The power therefore which the A ir  has o f  expanding itfeif into larger fpa- Theeiaftici- 
ces, arifes from the a-pproach o f its Particles nearer to one anocher. Do they 
then, when they are very nearly united, repel and fly b.ick from one anocher? owing to the 

This was the opinion o f the inconiparable Newton, and the continual advances 
that are made in experimental i^hilofophy, make ic every day more and more 
probable.

Now, from our D odrine o fth e  nature o f the elafticicy o f the Air, we learn, T h eeia ftic  

thac Air, when it exifts in fingle diftind Elements, can make its ifray through 
very fmall paifages: For Wacer, which always o f itfeif concains a certain por-tiog. 
tion of divided A ir, will pafs, together wich its own A ir, through every thing, 
through which it can icfelf naturally make its way. This appears evident from the 
Experiments upon Animals, Vegetables, and even upon F offils; fince in the W a
ter drawn ouc o f  all chefe, there is always elemental elaftic Air. F or this rea
fon, therefore, fuch A ir  cannot be excluded thofe places, into which the L i 
quids which conceal ic can enter: And hence elaftic A ir, in this fenfe,difperfe» 
itfeif through Bodies very extenfively.

Buc now, when thefe aerial Elements are united, and conftitute a part o f the 
common Air, they will not then make their way through chofe Meatuses into neuating, 

which they could eafily infinuate themfelves, when they were intermixed with 
Liquids. Nor v;ill the fmalleft bubble o f  A ir  be able to pafs through thofe 
places through which a Liquid with its A ir  would be admitted. And farther,
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thefe Elements o f  A ir can hardly by any means be made to  pafs through Li- 
quids, which are already faturated with A ir , tho’ at the fame time theywilf 
fpontaneoufly, and very quickly infinuate themfelves into thofe that are void 
o f  it.

For thefe reafons, then, at length, we may perhaps fairly'conclude, that it 
is nearly true in general, thac A ir, whilft ic is diftributed through, and in
termix’d with Liquids, does not aél in thofe Liquids, with any power which 
is ordinarily afcribed to the common A ir. F or it appears from Hydroftaticks, 
thac when a very deep Veifel is filled with any Liquid, the preftures o f  the Li
quid at different depths, areas thofe depths, or the diftances from the upper 
Surface. A c the bottom, therefore, in this cafe,, the preifure will be greateft of 
all-, at the top very inconfiderable : And yet the A ir  in that Liquid, fo long 
as it remains divided into ics Elements, gives no manner o f indication o f this 
diverfity o f  preifure ; fince it neicher appears below in a greater quanticy, nor 
above in a lefs; nor does ic fponcaneoufly pafs out at cop ; nor in 
the Bubbles appear to be generated in che upper pare. But as foon as the Air, 
by the means abovementioned, begins to b̂e feparated from the Liquid in which 
it is concained, ic immediacely puts on the nature o f  true A ir, and acquires ail 
its properties. In the Chyle, cherefore, the M ilk , Blood, Sérum-, Saliva., Bile, 
Pancreatic Juice, and Urine o f Animals, there isnacurally A ir ;  buc Air that 
is diffolved afcer chis manner into ics diftind Elements, and therefore in that 
ftate, does noc a d  as A ir. And as ic has already appeared from fome former 
Experimencs, thac this A ir, whilft it is divided into its Elements in the Pores 
o f  Liquids, is not able to difengage itfelf thence by the afllftance o f  any altera
tion o f  the Atmofphere,. which naturally happens, even tho* the Liquids are 
heated top2 degrees, which is the greateft H eat o f  a healthy Perfon: Hence 

; ' it  follows, chat che A ir  which is diftribuced through the Humours o f  a living
human Body, cannot naturally extricate itfelffrom  them in fuch a manner, as 
to co lled  itfelf within our Veifels in form  o f  aerial Bubbles, and thus produce 
there the eifeds o f crue A ir. A nd it at any time this Ihould be the cafe, as 
the Ruyfch makes mention, who found the Heart in a dead. Body di
ftended with an aerial Flatus  ̂ and as Hippocrates in his Treatife i)#
Flatihus, where he fuppofes fuch flatulencies to happen in the Blood-Veifels, 
it prefendy becomes facal ; as has long ago appeared to be true by fome anato
mical accounts o f  Injedions. Szt Harderi Apiarium^ p. 114. and many other 
Authors, who have made che fame Experiments, and always wich die fame 
fuccefs. From thefe Obfervacions, therefore, which are undeniably true, we 
may fee what we ought co think o f  that Doftrine which has been laid down by 
very famous M en, concerning the mixture o f the A ir  with the Blood and other 
Fluids, and the continual recurn o f  it from them again.

It now remains in the laft place, that by a few other Experiments which I fliall 
eyeran*dvi- make before you, we examine into fome other Methods, by which elaftic Air 

may be produced from .Bodies, in which it before lay concealed. For this 
purpofe, I have fo prepared my Air-pum p, as to be able at pleafure, to mix. 
Bodies together in vacuo, which by proper contrivances, you will fee, I fhall be 
able to do very conveniently. Y ou  fee here then, the whole Machine duly fit
ted up. Under chis glafs Bell, there is as perfed a Boftean Vacuum, as' by 
pyiTipina. I  was able co procure. Iq the barometrical T u b e  aiKx’d to the
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Fumpi to ferve as an Inàea to the Vacuum produced, the M ercury ftands at 
the height o f  twenty-eight inches and a half. In the little glafs Veflel under 
the Bell, there is a drachm and a h alf o f whole Crabs-eyes. On thefe now I 
pour in vacuo an ounce and a half o f  diftillM Vinegar, which being warm, the 
greateft part o f  its A ir  is thereby drawn out, as che A ir  is out o f  the whole 
Bell : And you fee now, as foon as I have poured in the Vinegar, there arifes an 
incredible ebullition in che glafs Veflel •, and immediately the Mercury in rhe 
barometrical Index defcends, and that at fuch a rate, thac in the fpace o f half 
an hour, it finks twelve inches. T his Receiver, ouc o f which the A ir  is drawn, 
and under which this Experiment is performed, will hold feven pounds and two 
ounces o f  W a te rj and the Thermometer ac this time ftands at the degree 52.
Hence, therefore, it follows, that there is here produced a quantity o f A ir  
which fills a fpace capable o f  holding 1 14 ounces o f W ater, which A ir  is in 
denfity to the common A ir, as 12 to 28 or as 24 to 57-, and confequently, 
if the A ir here generated was reduced into a fpace capable o f  containing but 
48 ounces o f W ater, which is 81 cubic inches, fuppofing a cubic foot o f W a 
ter to weigh 64 pounds, then this A ir  thus contraded, would be in equilibrio 
with che whole Atmofphere. And by the way, in this Experiment you have 
obferved in the firft place, that this ebullition is much brifker in vacuo., than 
under the weighc o f  the whole open A ir  i and that therefore, the preifure o f 
the Vinegar upon the Grabs-eyes is noc requifite to this agitation : In the fe
cond place, that fo much elaftic A ir  is produced from thefe Bodies thus 
mix’d together, as fills up the fpace o f 81 cubic inches ; and fuch A ir  too, 
as by its elaftic power is able to refift the preifure o f the whole Atmofphere ;
In the third place, that this furprizing quantity o f  A ir  can lie concealed 
in thefe Bodies, fo as not to difcover itfeif in any manner, till this effervefcence 
has difengaged it from its confinement : In the fourth place, that hence it is 
exceeding probable, that the elaftic A ir  thus produced here, has no weight, as 
the common A ir  has which is filled with Vapours. In che fifth place, we hence 
difcover, whac would be the confequence, ihould an Abforbent like Crabs-eyes, 
an Acid like Spirit o f Vinegar, and a Vacuum ever happen to meet together in 
the Veffels o f  a human Body : For which reafon alone, we begin to fufped, that - 
Effervefcencies o f  this kind cannot be brought about in our Veflels, fince they 
would hereby produce fuch a quanticy o f  A ir ;  whereas a little A ir  in the 
Veins becomes fatal. And in the laft place, it hence appears, that a Vacuum : 
within us would be o f  vaftly dangerous confequence.

After I had made this Experiment, I took a drachm o f  Chalk, and poured From vine- 
upon it in this vacuo two ounces o f  diftilled Vinegar \ upon which there arofe cLIk. - 
a.more violent Effervefcence, nay an exceeding violent one, much ftronger 
than in the open A ir. T h e  whole Apparatus being the fame, the Mercury in 
the Index fell from 28 4-, to 6 inches : So that the generated A ir reduced to the . 
denfity o f the external, would fill up a fpace capable o f  containing 90 ounces o f  :
Water i and confequently, the fpace o f 151 cubic inches.

But again obferve, if you pleafe, this Experiment, while I pour, invaiUO,^romm ^ 
Oil of Tartar^ir deliquium upon diftilled Vinegar i what a fudden and violent 
ebullition is hence produced ! and yec when we mix chefe two Liquids in the andVinigar. 
common A ir, there is ac firft hardly any agitation difcernible by our fenfes 
«  you yourfelves have fo often feen, whilft I - have prepared before you the
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purging Sale o f Sennertus. This, therefore, you will again take notice of, 
with reo-ard to the difference o f an Effervefcence produced in vacuo  ̂ or in the 
common Air. But whata large quantity o f  A ir  is here fuddenly generated? 
and yet you remember, that upon examination o f  O il o f Tartar per deliquiuni, 
ic did not difcover a n y : Arid you know likewife, from the Obfervations o f Mr. 
Homherg, that Vinegar is faturated with a very fmall quantity o f  the Alcali of 
Tartar \ namely, with one 14th part. Hifl. de V Acad. Roy. des Scien. T . I. p. 
52. Notwithftanding which, however, they are capable o f  producing fo much 
A ir. W hat mifchief therefore woiild follow in a human Body, if  fuch a Va- 
cuum ihould ever happen there, with the likeEffervefcencies in it! But inpU  ̂
no, as is evident, thefeEffervefcencies would be far lefs dangerous. H ow  plain
ly , likewife, do we difcover, thac the preiTure o f  the Atmofphere, in order to 
apply and force thefe Bodies to one another, is noc at all requifite to the pro
ducing thefe Effervefcencies 5 fince we fee by Experiment, that on the contrary, 
they are more impeded and reftrained by it. T h ey rather arife, therefore, from 
fome peculiar innate power in thefe efi^ervefcent Bodies, which is the caufe of 
all this their motion even in vacuo. A nd here, farther, we obferve, that by 
means o f  fuch Effervefcencies, the A ir  which was in the Bodies before the Ef- 
fervefcence, is difengaged, and feparated from them.

Frcm Oil of T he Experiment which I am now going to make, is a very dangerous one, 
oiUfvi- and therefore requires the moft cautious management. V/e will try what will 

be the confequence o f  mixing the beft O il o f  Vitriol, wich the ftrongeft Oil of 
'Yzxxzx per deliquium in vacuo: And fince we learn from che Obfervations of 
M r. Homherg, in the place laft cited, that eight parts o f  the beft dry Salt of 
T artar will be faturated with 5 parts o f  Oil o f Vitriol, I ihall here make 
ufe o f that proportion. W e know very well now, thac in the open Air, an 
incredible ebullition arifes from the.mixture o f  thefe Bodies; and therefore, 
in the firft place, I ihall endeavour, as much as poflible, to draw out all the 
A ir  that is contained in thcfe Liquids, that the aerial expanfion may afterwards 
be fo much the more moderace. And for the fame reafon, likewife, 1 have 
chofen for chis Experiment, a VeiTel twenty times bigger than would be necef
fary to contain thefe Liquors noc expanded 5 for there is danger, left by the 
ebullition that arifes in vacuo, it fhould be burft- afunder. And this VeiTel 
likewife, in which this Effervefcence is to be excited, ihould be fet on a large 
flat glazed Plate, left the acrid Liquor, which would corrode the Brafs, 
ihould run over and damage che Pump. W ith thefe cautions, then, I thus per
form the Experiment. You fee here under the Bell, upon the Air-pump, thefe 
two glafs VeiTels, in one o f  which is the O il o f  V itriol, in the other the Oil of 
Td.nd.vperdeliquium. In the firft place, then, J draw ouc all the A ir  that can 
be exhaufted by che Pump. W hilft chis is doing, you plainly fee, that no 
A ir  at all is come out o f the Oil o f Tartar, nor fo much as one little Bubble is 
produced in ic. But on the other hand, having now exhaufted a great deal of 
A ir , you perceive thac abundance o f  A ir  arifes from che Oil o f  Vitriol, and 
continues to pafs out o f  it for a confiderable tim e; for great numbers o f large 
Bubbles are here generated, which as you hear, make a confiderable noife. i  
leave now this O il o f  Tartar, and Vitriol vacuo, for the whole fpace of fif
teen hours, that I may, as much as poifible, extrad  all their A ir  from them. 
A fter then chey have ftood chus long, I mix this O il o f T artar and Vitriol to
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gether, both, as any one would imagine, void o f  A ir  \ and what is the confequence ?
Why there arifes, in an inftant, the moft violent Effervefcence-, fuch a one as 
e v e r y  way difperfes the confliding Particles through the whole Bell, and throws 
them upwards with an incredible force. But to what a prodigious degree at 
the fame time does the rarefadion o f  thefe Liquors thus m ix’d togecher e x 
tend itfeJf. Certainly, they are expanded to far more then twelve times their 
former bulk, fo that if  we had not been cautious in chufing a large VeiTel, 
they would have run over the Brim o f  it. Here now we made ufe only o f * four  ̂
drachms of Oil o f T artar, and a drachm and a half o f  O il of V itrio l; out 
of thefe too, all the A ir  was exhaufted ; no A ir  appeared ac all, except only in 
the Oil o f Vitriol ; and yet che A ir  produced by this Effervefcence, has depref- 
fed the Mercury from 29 inches co 12 4- Hence, therefore, ic appears very 
clearly, that all the elaftic A ir, which is contained in Fluids, cannot be drawn 
out o f them by means of the Air-pum p, but only fo much o f ic as can extri
cate itielf when it is quite freed from the prelfure o f the Atm ofphere; whilft 
in the mean time another part o f  it, and that much the greateft, is fo clofely 
united with them, that it cannot be feparated in this manner, but may be pro
cured from them by means o f  this Effervefcence. The adion o f  the pneumaiic’ ' 
Machine in this affair, therefore, is very much limited ; and hence any body 
would be deceived, who ihould imagine, that Fluids would be exhaufted o f 
all their A ir, by letting them ftand 24 hours in vacuo. I f  again, we care
fully confider all thefe things together, that have been here propoi^d, we may 
almoil venture to conclude, thac the Effervefcencies, which happen in rhis man
ner, between Acids and Alcali’s, arife principally from rhe prodigious re
ciprocal attradion- which there is between thefe Salts, by which, when they are 
placed at a certain diftance from one another, they rufh together with a mighty 
force, and by this means expel thofe Corpufcles which lie in the middle be
tween them  ̂ and hinder their coming into an intimate union with one another. 
Suppofing this then to be the cafe, then by the violent excuffion o f  chefe aerial : 
Particles effeded in the very a d  o f adunation, the elaftic Particks o f  A ir, 
here diipofed, would be expeli’d, which uniting wich other like Particles, mighc 
produce the ebullition, agitation, and hiifing noife, arifing here from the conti
nual difplofions o f  thefe little crackling Bubbles. And chen all the violenc 
motion chat is produced during the Effervefcence, would not be owing to the 
mutual repulfion o f  chefe Salts, but rather to their reciprocal efforts cowards a 
union. And for this reafon it feems to happen, that all this agitation is intire
ly at an end, asfoon as ever this adunation is perfedly compleated; whereas, 
fo long as there remain any Salts not united, fo long there likewife remains an 
Effervefcence. In this Experiment we fee likewife, that the W ater is forced out - 
of the interftices, which were between the A cid , and the alcaline Salts ; for the 
Oil o f Tartar, and the O il o f  V itrio l, were both o f them liquid before their 
mixture ; but after they had been mixed together, and had undergone a violent . 
ebyllidon, there was produced, by this union o f  their Particles, a white folid 
Salt in themiddie o f  the W ater thac was forced out, and an aqueous Fluid im*- 
pregnated with a little diffolved Salt, fwam at che cop. Ic muit, however, be 
confeffed, that the Salts fo generaced by the union o f  the Acid and A lca li, in

*  T h is  is only in the proportion o f  8 to 3, not 8 to 5 , as is mentioned in the b e g g i n g  o f  the E xp e

riment ; T hefe, however, gwr A uthor ihinks, are the quantities he m ade ufe of.
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this Effervefcence, ilill contain A ir, which is wonderfully elaftic, and difcovers 
itfeif plainly enough in other Experiments. ForSea-Sa!c, Nitre, and vitriolated 
T artar, thus regenerated from their proper acids in the A icali o f Tartar, if 
they are mixed wich Bole again, and diftilled in an open Fire into their proper 
acid Liquids, produce a large quantity o f  a very elaftic Flatus, which fometimes 
burfts afunder very large and ftrong Veffels. And hence, to perfons who have 
frequently refleded upon thefe things, the nature o f  that violent and irreftrain- 
^ble Halitus, or Vapour, which 'Helmont the Elder called, the Gas Sylvejire, has 
always appeared very wonderful •, and it has fometimes been doubted, whether 
all that might be thus generated, would be fo far o f the fame nature, as 
thac it ought to be called by the fame name o f elaftic A ir  ? O r on che other 
hand, whether Bodies being refolved afcer a certain manner into their minuteft 
parts, might not have their nature alcered, and, by a real tranfmutation, be 
changed inco this elaftic A ir, which afterwards, being again concreted with 
other things, m ight produce new folid Bodies ? And confequently, whether, 
befides rhe common elaftic A ir, there was not in nature fomething elfe very 
much refembling it, and yet not perfedly the fame.

NLtreS Tcturn to out Experiments. Plcaie to obferve, then, I put under the Bell,
iron. with tiie fame caution as before, a Glafs, with very ftrong Spirit o f Nitre, and 

’then exhauft the A ir  as carefully as poflible, and you fee now, which is furprizing, 
that this Spirit o f  N itre, though all the A ir  is exhaufted, fcarcely caufes any 
ebullition in vacuo, neither did it whilft the A ir was drawing o u t; whereas, ia 
the former Experiment, Oil o f V itriol, which is more acid than Spirit o f Nitre, 
yielded, from the fame caufe, a large quantity o f  A ir. There feems, therefore, 
fomething extraordinary to obtain in this cafe, which appears to be ftill fo muci 
^nore wonderful, as Spirit o f  N itre, as foon as ever the Vefl“cl is open, and the 
A ir  comes at it, emits very volatile Fumes, and thofe pretty ad ive  ones coo} 
whereas pure Oil o f  Vitriol, in the open A ir  remains without any fuch altera
tion. L e t che caufe, however, o f this Phanomenott be what it w ill, let us fee 

'now what will be the confequence o f  throwing into this Spirit o f  Nitre, thus 
i» Jvacuo, a grain or two o f  the Filings o f  Iron. Y ou  fee, then, what an 
enormous ebullition is hence produced, and what a quantity o f  very red, denfe 
Fumes diffufe themfelves through the whole Receiver. And at the fame time 
obferve, what an incredible fwelling and puffing up there is o f  fo fmall a matter, 
now it is thus rarefied, together with an explofive Fulminatlon, fo ftrong, as 
to make one afraid, that the Veffels would burft afunder. But what is moft of all 
remarkable in this Experiment is this, that there is indeed anelaftic A ir  immediately 
generated, but yet not with that powerof depreffmg the M ercury, nor confequently 
in fuch plenty, as feems to anfwer to fo  great an ebullicion, fo violent a fulmina- 
tion, and to fuch denfe, red, and agitated Fumes. But you obferve, now, every 
thing grows quiet the very inftant I let in the A ir, and the mafs is no longer 
inflated, but reduced alm oil to nothing. Thus then, Gentlemen, you have feen 
two Experiments, by which ic has appeared, that the greateft and moft violent 
explofions o f  Bodies may happen, withouc a proportional concourfe or pro* 
dudion o f  elaftic A ir ;  namely, the Experiment where the W ater boiled in
the inverted V ial, and this, where Spirit o f  N itre fulminates with Iron: A  cir
cumftance certainly worth the matureft confideration.

But



Bat give me leave to mention yet one more Experiment, which was 
merly made, nor is to be attempted again withouc a greac deal o f  caution. Y ou  oiuf car- 
have an account o f  it in the Philofoph. TranfaCl. No. 213. p. 212. and it was*'̂ '̂ ®y** 
thus performed : Upon the Air-pum p was placed a glafs Bell, 6 inches wide and 8 
inches high. Under this was fet half a drachm o f Spiric o f Nitre, in a little Veffel, and 
a drachm o f diilill’d O il o f  Caraway-feeds in anocher, and then as much A ir as 
poifible was exhaufted. Thefe Liquors were then mixed togecher in vacuo \ and in 
an inftant the whole Bell was thrown up into the A ir, and the mixture was fet on 
fire. From a drachm and a half, therefore, o f  Liquids, an A ir  was here pro
duced, which forced up 468 pound weight, with a very great force. N or did ic 
by this means appear accurately, how much more weighc ic might have raifed ; 
lìnee it tofs’d up che whole Bel! with fo violenc a motion. And yet all theA ir 
which was boch in the Spirit o f  N itre, and the Oil o f  Carraway-feeds, was 
drawn out by means o f the Air-pum p. But this power, or i f  you will, elaftic 
Air, was produced in an inftant, without any fucceflion o f time : And iince the 
whole Receiver thac very moment was filled with Flame \ hence the A ir, by 
virtue o f this Fire, being fo much the more expanded, acquired fo much the 
greater force, and thus aéted boch by its fpring, and the rarefadion from the 
Heat, together. T his force cherefore could hardly by any method be broughc 
to a calculation, unlefs, perhaps, by gradually increafing the fize o f  the R e
ceiver, till the column o f  che Atmofphere prefiìng upon its furface, Ihould at 
laft be greater than the force o f  the expiofion fliould be able to elevace \ for 
then in the laft elevation, you would have che weight, which the effervefcenc 
matter would but juft be able co raife, or be preccy nearly equal co. And co 
prevent the Bell’s being broke by its rifing and falling down again, chere may 
be fatten’d a cord co che top o f  ic, which running over a Pulley, may be kept 
nearly upon the ftretch, by means o f  a fniall weight hanging at che other 
end.

I ihould now inquire inCo the laft mechod b y  which A rt and Nature produce Eiaftic A ir  

an incredible quantity o f  very elaftic A ir, called by Van Helmont the Gas 
SjlveJlre •, namely, by combuftion, or an agitation caufed folely by Fire. T his by Fire, 
ufually obtains in fermencacion, putrefadion, diftillation, and combuftion. But 
this is a very fruitful fubjed , and o f  a vaft excenc. T h e  wonderful expanfive 
force o f a fermencing Vegecable appears co every one’s obfervation, in M alt 
Liquor put up into Bottles before it has done working. T h at putrefyingSub- 
ftances generate a greac deal o f  fuch A ir, che illuftrious Boyle has exprefly 
demonftrated. Van Helmont coo, before this, had informed che W orld, chac in che 
diftillacion o f  crude T artar inVeifelsaccuracely luted, cheVeflTels, tho* very ftrong 
and capacious, were burft co pieces. And in the diftillacion o f  Fleih, Bones» 
orche Humours o f Animals, managed with che utmoft caucion, unlefs chere be 
fome crack open, or the Receiver is very large, do not che Veflels burft afun
der? Noc to mention the diftillation o f  N itre, Salt, Vitriol and A lu m , in 
which are produced an incredible quantity o f elaftic Vapours, which by their 
violence often caufe the lofs o f the Veflfels, contencs, and labour, and frequently 
prove very dangerous to che Operacor. In thefe different ways chen, which, 
however, all agree in chis, chac chey a d  by che affiftance o f  Fire, ic evident
ly appears, that this elaftic A ir  concurs, as a preccy confiderable and remark
able conftituenc part in the compoficion o f  almoft all kinds oi Bodies. O r i f
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any one yet doubts of it, this certainly he muft readily acknowledge, that by 
the adion of Fire there is fomewhat feparated from every known Body, which 
after fuch feparation, is fluid, elaftic, compreifible by  W eight, and contrafti- 
ble by Cold, and again expanding itfelf by H eat, and when it is freed from the 
caufe thac compreifes it. But as for that ¡Dart o f  the A ir , now, which when fepa- 
rated from all the reft that are mixed with it, we call the elaftic part of the 
A ir, we know nothing o f  it befides the properties ju ft enumerated. By Fire, 
cherefore, at leaft, elaftic A ir  is always feparated from thofe Bodies; and con- 
fequently, fuch a matter was in them before, though whilft it was lock’d up 
there, it did not produce the eflfeds o f  A i r ; but as foon as ever any o f its Par
ticles are feparated from them, and united with others, then it immediately re
turns to its former genius o f  elaftic A ir , and remains fuch, till it is fome how 
or other again divided into its diftind Elements, and united with other non- 
aerial Particles, with which it may for a time be concealed, grow  together, and 
form one m afs: Tho* even in this ftate, it ftill fo far retains its priftin na
ture, that it will again become perfed A ir  as foon as ever it is difengaged 
from  this entanglement, and the aerial Elements come into union with one 
another. In all thefe cafes, therefore, A ir is  im m utable; becoming, after its 
feparation from Bodies, what it was before it was united to them ; and being 
able, when ’ tis freed by refolution, to return again, by concretion, into the 
fame Body, from which it was feparated. T his refolution and compofition 
appears by no A rt more clearly, than the chemical one. I fliould now there
fore give you fome inftances o f  both kinds, as I have formerly in this Ela- 
boratory made a great many Experiments to this purpofe: But having feen, and 
to my advantage perufed, a very elaborate treatife, publiihed about two years 
ago by the famous Yiv.Steph. Hales, called Vegetable Statics, in the fixth chap
ter o f  which he has, with very great labour and accuracy, given an elegant 
account o f  his Experiments, which illuftrate this A ifair, and in fhort quite com- 
pleat it, I chufe rather to refer you to that work, which will give you a 
plain View o f  Nature, as difcovered by A rt.

Permit me now, then, Gentlemen, to put an end to this Difcourfe upon Air; 
in which I  have principally endeavoured to ihew, how neceflliry the knowledge 
o f  Naturai-Philofophy is to a perfon who would make himfelf mafter of the 
chemical A r t ;  and confequently, how neceifary it is likewife to be acquainted 
with all the A rts by which Naturai-Philofophy is promoted. Without thefe 
helps the Chemift is continually falling inco errors himfelf, as well as deceiving 
others, whilft- he miftakes the true caufes o f things, and afligns falfe ones in 
their room ; whereas i f  he is fufficiently furniflied with thefe, he has paved a way 
by which he may readily arrive at the true knowledge o f  Nature.

SiMnííg  ̂ therefore, the few following Corollaries, and fo conclude.
Ihe Air, for In cvcry chemical operation we are engaged in, the Bodies to be examined

chenuai under their various changes, are expofed to this A ir , o f which we have been
treating. A ll  thofe Bodies therefore, and all thofe Operations, whilft they are
direded by the Chemift, according to the rules o f  his A rt, muft at the fame
time undergo whatever the A ir , by being applied to them, is capable of
eifeding upon them. W hen thc Chemift therefore goes about to compute the
effeds o f his A rt, he muft always likewife have a very particular regard to the
adion o f  che A ir, and whac íhare that has had in the Operation ; which how-
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ever is but very feldom, and very flighcly attended to. I have fubjoined there
fore to every property o f  the A ir, which we have been confidering, the pecu
liar effeds which properly depend upon it. I fhall now, with your leave, re
peat, in a very few words, thofe things which the A ir  performs by the concur
rence o f all ics powers together. In the firft place, then, it encompaffes, is in 
contad with, confines, and compreifes all Bodies, infinuates icfelf into their 
penetrable paifages, and being received into them, it there exerts all its power, 
as well upon folid Bodies, as fluid ones. In the fecond place, being by its gra
vity determined upon thofe Bodies, and being at the fame time divifible by its 
fluidicy, whilft it thus infinuates itfeif by its minuteft Elements, it meets with 
Bodies there, to a union wich which it has a natural tendency, and hence unites its 
Elements with them, lofes its Fluidity and its fluid Elafticity, and remains there 
clofely confined, till by Effervefcence, Fermentation, Putrefadion, or Fire, ic 
is again fee at liberty. In the mean time, however, by virtue o f the other Par
ticles which it contains in it, it brings about an infinite number o f  effeds. In 
the third place, it performs particularly the office o f  intermixing Bodies very 
intimately wich one another, whilft by fuch weighc, and fuch perpecual velocity 
of motion, like the mechanical Peftil, it puts them in motion, and rubs, and 
mingles them togecher, producing after this manner very fingular effeds, noc 
eafily accompliihed by any other means : This the ancient Alchemifts, Fan Helmont, 
in particular, was well apprized o f, and made ufe o f  ic to very valuable pur
pofes; as you will fee, i f  you confulc him p. 151. § 45. 334. §. 84. and in a 
great many other places. And indeed i f  we exp ed  to meet with the fame fuc
cefs in a place void o f  A ir , or where the A ir, by reafon o f  the height o f  the 
place from che Earch, is preccy lighc, or rare, our labour will be all in vain.
How evidently does this appear in che combination of diftilled O il o f  Turpen
tine with Salt o f  T artar ? H ow  eafily is this performed in an open, heavy A ir, 
whilft in very high places it is noc to be effeded? And in the defæcation o f  Sale 
of Tartar by the A ir, the fame thing appears as clearly. O f  confequence, 
thersi^re, in the fourth place, it determines and applies the adion o f  one Body 
CO anocher. For all things which are heavier than the A ir, are compreffed b y  
the Air, which refts upon them, and, as we obferved in the laft article, are 
moved by its mocion, and intimately mixed together. Hence, therefore, if 
among thefe Bodies there are any which acquire fome particular vertues by com 
ing into eontad with one another, then thefe vertues will by this means be ex- 
dced by che A ir, and difcover chemfelves by cheir effeds. And hence ic comes 
to pafs, that there are many diffolvents, which in the vacuum o f  M r. Boyle hard
ly difcover any corroding qualicy ; though if the A ir  is lec in upon chem, it 
becomes manifeft immediately. T his M r. Boyle himfelf remarks in che Filings 
of Copper mixed wich che alcaline Spirit o f  Sal-Ammoniac, and in Vinegar 
applied Co Copper and Iron, in vacuo. But it appears likewife, in almoft eve
ry inftance, thac, by che preffure o f Bodies upon one another, mechanical 
powers are brought inco adion ; and that they ceafe again, as foon as ever this 
preffure is removed. A  Diamond will not cut Glafs, unlefs it be preffed 
againft, and moved upon it. Atcricion begecs no Heac, i f  Bodies are not forci
bly compreffed together. This appears no where more evident, than in Papin*s 
Digefter. Here che Bones o f  an old O x , for inftance, with fome W ater and 
Air, are fo clofely included in a Copper Cylinder, thac no A ir  or W ater can
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by any means poflible make its way out. Fire is then applied till the Water 
boils. I]he A ir  therefore acquires a power o f  expanding itfelf proportional to 
the applied H eati and fo likewife does the W ater. Hence the preflTure of the 
A ir  and Water upon the Bones, muft beexceeding great. In the mean time too, 
the A ir  and W ater, within this Veflel, are moved againft one another, and up. 
on the Bones with an incredible velocity ; and by this means, within a few mi
nutes, the Bones are foftned, and converted into a vifcid L iquid, or into a fofc, 
tender Mafs, very readily yielding to the knife. In the Fahrenheitian Experi. 
ments, formerly mentioned, it appeared, that when the Atmofphere was made 
but one tenth part heavier, the W ater immediately took in more Fire before it 
would boil. W hat, now, could be the caufe o f  this, but the Atmofpherc’s 
prefllng the parts o f  che W ater more clofely togecher ? In the fifth place, thc 
A ir , confidered all together, is the occafion that hardly any Body continues ac 
reft 5 becaufe this, by the fmalleft alteration o f  H eat, is immediately expand
ed or contraded, and, confequently, fuffers a reciprocal ofcillation : But thefe 
changes o f  Heac and Cold are perpetually happening ; and hence there muft of 
confequence be a perpetual agitation in the A ir, T his appears likewife evident, 
from the continual variation o f  ics weight ; for Barometers fet in a very oblique 
pofition, and thus, upon the leaft difference in theweight o f  the A ir  running through 
a large Space, have been obferved to be almoft always in motion. But fince two 
inches o f  M ercury are equal to 23,800 inches o f  common A ir  ; hence, upon the 
fmalleft variation in the Barometer, the A ir  immediately runs through * 23,800 
times the fame fpace. A s therefore the M ercury in this refped never refts ac 
the fame Alcicude, we difcover how much lefs the Atmofphere remains of the 
fame weight. And fince this A ir  infinuates itfelf between Bodies, and into their 
Pores, it feems certainly, with regard to thefe, to have che nature and power 
o f  a perpetual mover. Hence, perhaps, ic comes to pafs, that all che principal 
Operacions o f  Nacure are brought abouc in che common A ir, but will not proceed, 
in an exhaufted Receiver. Fermentable pafts, duly prepared, and difpofed 
in the vacuum o f  M r. Boyle  ̂ will not ferment chere chough they are aded upon 
by  a proper H eat, but difcharging their A ir, remain unchanged. The parts 
o f  Animals, which very readily putrefy, being fliut up in the like vacuum, and 
freed from their exhaling A ir, do noc afterwards putrefy, cho’ they are kepcwarm. 
T h e  fame ching is likewife true in your SummerFruics, which being (tiinvam^ 
puff, Flatus i and then remain at reft. So chac che parts o f  Animals, Vegetables 
and Foffils, being here included withouc A ir, feem co undergo very little alceration. 
In the fixth place, this A ir feems always to contain in ic fuch Parcicles as are fit, 
by  their applicacion and motion, to perform the office of a Menftruutn upon all 
Bodies whatever; F or as it contains and carries along wich ic almoft ail kinds 
o f  Bodies, in a ftace o f  folucion, it can fcarce pofiibly happen, buc chat by the 
fucceflive application o f  fuch a variecy, cercain parcicles will be fometimes ap
plied, which arc proper, 2. Menßruum^ co diffolve every kind o f Body. And 
in this refped ic may be faid to perform the office o f  an univerfal Menßruum.

*  T h is  in  the origin al is 13 ,8 0 0 . w h ich  our author fays lliould be 2 3 ,8 0 0 ; but it ftill does not 
appear to me to be right j for fìnce the fpecific g ra v ity  o f  M ercu ry to A ir  is as 11 ,9 0 0  to i . fuppofog 
W ater to A ir  as 850 to i ,  and M ercu ry to W a te r as 1 4  to i ,  hence the A ir ,  I  th ink, will run only 
1 1,90 0  times the iam e fpace as the M ercu ry does. T h is  I  could not mention to the l e a r n e d  author, 
when I  wrote to him  firft, becaufe I  did not kn ow  how  he would alter the original ; nor did I take 
notice o f  it  afterwards, till it was too late to w rite  to  him  again . ^
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It is very certain, there is neither M etal, nor Semi-Metal, which may not, fooner 
or later, be diflblved in the A ir, and by the A ir, and converted into its proper 
Calx. Gold, indeed, Silver and Antim ony, are lefs diifoluble there, and with 
more diíHculty, becaufe they are hardly diifolved, except by M ercury, Spiric 
of Salt, or Spirit o f  Nitre ; but thefe rarely float about in the open A ir ;  and 
hence it comes to pafs, that thefe Foifils are not often diifolved there. I f  Gold 
and Silver Vefl“els, however, are for a confiderable time expofed to the A ir in 
a chemical Elaboratory, where Spirit o f  Salt, or Nitre, or Aqua Regies are 
preparing, thefe volatile A cids, very eafily, fo affeét the poliihM Surfaces of the 
Metals, as to corrode them, and turn them into a Flos  ̂ or M ould, peculiar to 
each, and then into a Calx. In all other Bodies this diiTolution happens much 
more frequently, as being much eafier. But not only thefe, but an infinice 
number o f other things may be effected, by thofe Corpufcles, which the A ir  
always, or fometimes, at leail, carries along with it. For by this means ic 
difcovers Bodies that before lay concealed, and conceals others that before were 
manifeil ; it makes acrid the foft, and foftens the acrid ; it fixes che volatile, 
and renders volacile the fixed ; and it produces colours, and deilroys them : But o f  
thefe things there is noend. In ihort, therefore, you may learn from hence, thac it 
often happens that the very fame objefl, treated exaélly in the fame manner, Ihall 
have very different effeils, if  it is managed in a different Air. In every account, there
fore, o f chemical operations, a particular regard muil be had to the Atmofphere» 
in which they are performed 5 fince otherwife the event may very much deceivc 
the operator, without his being in the leail aware o f  it. In any chemical pro
cefs it is impoifible the iifue ihould be the fame in a different A ir, where it 
happens, that the A ir has any coniiderable influence upon it. And finally, how 
greac the effed o f  che A ir  is, whilil it has free power o f concurring with F ire 
towards the changing o f  Bodies, we have already obferved in the hiftory o f 
Fire. Camphire melted in a Veifel upon the Fire, and fo inclofed, rhat the 
Air cannot come at it, afcends, is purged o f ics impurities, and remains per- 
feft Camphire, purer than it was before: But i f  while che Fire thus ads upon 
ic, there is a free admiflion o f  the A ir to it, it is confumed, producing a Flam e, 
which burns even in W ater, and fends forth thick, black Vapours, convertible 
into a very black Soot. Sulphur fublim’d by the Fire, remains always Sul
phur, i f  the free A ir  cannot enter the Veflels in which the Sublimation is made:
Buc if the A ir  once comes to it, ic is immediately converted into Flame, and 
an acid Liquor. T hus then we may finifh what we had to offer concerning the 
Air, for the fervice and advancement o f  the Chemical Arc.

O f  W a t e r .

As o f all Bodies that lie continually before us, W ater is the commoneil, The Nature 
falling perpetually under the obfervation o f our fenfes, and being made ufe of 
for moft o f the purpofes o f  Life, hence it comes to pafs, that every one is be under-* 
ready to imagine, that he perfedly underftands its nature. Thofe perfons, how- 
ever, who have enquired into it, with the greateft care, have fcarcely found, 
any thing among nacural Bodies which it is more difHculc to form a right no
tion of. And the caufe o f  chis difHcuky lies chiefly in this, that ic is fo ex
ceeding hard a matter to feparate W ater from other Bodies, or ocher Bodies 
from Water. For this Element mixes icfelf wich all the Subftances chac com^
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under the examination o f  the Chemifts, and refides in fuch a manner in the 
A ir, in which ali chemical Operations are performed, thac it is fcarce poifible 
to fecure any thing from it. Hartihorn, after it has been kept for half a Centu
ry, and is grown fo d ry, that a Stone itfeif is not dryer, and fohard, that it 
refifts a File more than Iron, i f  it is diftilled with a ftrong Fire in a dry Glafs 
will yield a S p ir it; and if, according to A rt, you accurately feparate from 
this, both the O il, and che Salr, you will procure a good deal o f  Water. Stones 
too, and Bricks, i f  they are reduced to powder, and expofed to the Fire, in 
the drieft Veflels, always afford fome W a ter; nay, to the W ater, as a Ghkn 
by which they are held together, they even owe their being what they are. 
W h at can be more evident than this ? I f  tat Potters Earth is expofed a good 
while to che fcorching H eat o f  the Sun, it is converted into troublefome vola
tile D uft; which is eafily blown abouc with the leaft W ind, and never grows 
together again, fo long as ic is kepc dry ; and yeC if you w ork it with Wa- 
ter, it becomes a duftile Pafte, and when ic is burnt, becomes a hard, fto- 
ney Subftance. O f  the A ir ’s always containing W acer, and applying it to 
the Bodies that are placed in it, I  have treated already. T h e  A ir  without 
all difpute is always full o f  W ater in motion, as one may fee evidently, in
deed, in che following pretty Experiment. I f  in the fummer cime, when the 
A ir  is exceeding hot and d ry, you expofe to it a piece o f  Ice, ju ft taken out 
o f  an Ice-houfe, there will prefently appear a Vapour abouc its  and if you 
hold your hand very near it, you will then perceive a Steam becwixt that 
and your hand \ thus both inftances evidently demonftrating that the Water, 
which before being equally difperfed through the A ir , did noc appear, does 
now, being condenfed by the Cold, difcover itfeif in a vifible form. If in 
the fummer time you pour W ater into a large Glafs VeflTel, thac is perfedly 
dry on the oucfide, it will ftill continue fo ; buc if  you take f  o f  its weight 
o f  SaUAmmoniaCy reduced to Powder, and very dry, and mix it with the 
W ater the whole external Surface o f  the Glafs will be immediately covered with 
a Dew , which will foon run down in drops. T his you underftand, to be 
fure, arifes from  the W ater, which before was by the fummer Heat diffufed 
through che A ir , buc is now by the fudden Cold forced to unite, and form a 
V apour, Dew , and W a te rj ju ft in the fame manner as ones Breath, which 
does not appear in the Summer, difcovers itfeif in the W inter in form of a 
Vapour. By thefe then, and infinite number o f  ocher inftances, it is certainly 
demonftrated, thac the A ir  has always W ater in it, and therefore that it is im- 
pofiible to keep Bodies chat are placed in it free from W ater. But now, if 
W ater, is feparated with fo much difficulty from A ir  •, fo on the ocher hand, 
many ocher Bodies are not feparated with lefs, from W ater, fo as to leave one 
fure thac one has pure, fimple, elementary W ater. W h o then v/ill venture to 
affirm, that he is pcfiefl'ed o f  pure W ater? O r who can pretend to fliow it 
perfedly unmixed with any thing elfe? Every body knows, that there are 
infinite numbers o f Bodies, and that as well compound as fimple, which may 
be diffolved fo intimately in W ater, thac they ftiall noc difcover the leaft fign 
o f  their being there, Cuftom, indeed, which fixes the meaning o f Words, 
calls the Liquor thus adulterated. W a te r ; but certainly, in a philofophical 
fenfe, ic is very far from being fo. Buc farcher, if  we examine its peculiar 
nature yet more nicely, we ihall find, thac moft o f  ics properties, and that its 
principal ones too, it poffeffes in common wich other Fluids, and hence again
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ic will be fo much the more difficult to find out fuch a charader o f  W ater 
as fiiall perfedly diftinguiih it from every other Fhiid whatever.

If a Perfon, however, would in a philofophical manner inquire into the na- iw Charac- 

tureof Water, he muft have fome cercain charader by which he may define muft 
that Water, concerning whofe genius he is making his inquiry : For this, for befoundout. 
the prefent, will ferve to diftinguiih it from all other Bodies \ and when af- 
terwardsall its properties are difcovered, they muft then be referred to the thing 
thus diñinguiíhed.

Following this method, therefore, by W ater we mean a L iquor, very fluid, 
inodorous, infipid, pellucid, and colourlefs, which in a certain degree o f  Cold, 
freezes into a brittle, hard, glaffy Ice ; for thefe marks every body knows 
point out Water. If, therefore, fuch a fluid as this could be readily procured 
perfedly free o f  every ocher Body, then the examination o f W ater Chemically, 
Hydroftatically, H ydraulically, M echanically, and Philofophically, would be 
very eafy j for in this cafe we Ihould be abfolutely fure, that whatever we dif
covered by thefe helps, would belong truly co the nature o f  W ater, as upon 
fuppofition there would be no Body in it to which it could be referred ; where
as, if there are other Bodies mixed with it, we ihall be always in doubt, to 

v̂hich o f thofe any property we obferve belongs, and ought to be attributed.
But it is abfolutely impoifible ever to have W ater quite b^ itfelf, becaufe, 

fo long as it fubfifts in the form o f  W ater, it has always Fire in it, which can bSt'aiwâ i'* 
never leave it, nay, and is always in it in a large quantity ; for as loon as ever 
the Fire in ic is fo diminiihed, thac it comes to the degree 32 in Fahrenheit' 
Thermometer, the W ater continues W ater no longer, but becomes a very dif
ferent Body from what it was before, that is to fay, Ice. But in that degree o f  
Cold, there remain a great many Bodies ftill fluid, which will congeal in a 
greater. N ay, i f  the Heat is decreafed 73 degrees below this freezing poinc, 
even in that intenfe Cold, neither A lcohol, nor M ercury, lofe their fluidity.
From thefe Obfervations, therefore, it evidently appears, that a great deal o f 
Fire is neceifary to prevent its being converted into Ice. Certainly, between 
the ftate o f W ater juft beginning to freeze, and the fame made as warm as 
the Blood of a Man in health, there is a lefs number o f  degrees, than between 
the fame ftate, and the greateft obferved Cold ; as in che former cafe there is 
only 58, in the latter 73.

But all W ater is conftantly expofed ro the A ir , which enters into ic in a cer- And is«n- 
tain quantity, as has already appeared. A n d  there, likewife, it was obferved, 
that the A ir abounds with the Particles of, perhaps, all volatile Bodies. It*ndits «n- 
is impofllble, therefore, but that the A ir  ihould continually mix boch itfelf, and 
its contents, with the W ater, which by this means will be rendered impure, and 
be conftantly receiving from it different Particles. T his, perhaps, appears by 
no Experiment more evident, than by the examination o f  Rain W ater, which 
comes from the upper regions, when after a long drought there happens Thun
der, with very large Showers ; for i f  the Rain-water is catch’d at fuch a time, 
it is found to abound with greac variety o f  Bodies, as the Chemifts have often 
taken nocice.

But this Air, when ic is once got into W ater, cannot eafily be difengaged And aimoft 
from it again -, for i f  it is placed under a Receiver upon an Air-pum p, you 
muft remove almoit the whole weight o f  thc Atm ofphere, before the A ir  will

make



make its way out in 32 degrees o f  H eat. And i f  in a middle Atmofphere, 
veil would feparate from W ater the A ir  that is mixed with it, you muft in! 
creafe your Heat to 150 degrees. Hence, therefore, the greateft Heac that is 
naturally produced, and the lighteft Atmofphere that was ever obferved, tho’ 
they confpire together, are not able to fetch A ir  out o f common W ater. Fix’d 
alcaline Salts, indeed, when chey faturate W ater, feem, perhaps, to diflodge 
the A ir tiiat was in it ; but then, at the fame time, chey fill it with Salt; 
and i f  afterwards you attempt to draw the W ater from them,< by ics paffing 
through the A ir, it is filled with ic again. In the mean time, however, there 
is agreat deal o f  room to believe, that the reafon why Oil of Tartar 
quium don’ t difcover any A ir  in vacuo  ̂ is only, becaufe by a very ftrong at- 
tradion peculiar to its nature, ic retains it very tenaciouily. For in boiling the 
ftrongeft fix’d alcalious Lixiviums, in any open Veflel, I have often obferved, 
that when they became fo infpiflated as to be ju ft ready to grow dry, then at 
laft, there diluting W ater being carried o ff byth e excefllve Heac, they began 
to rife into a very large frothy coiiedion o f  Bubbles, which unlefs properly 
provided againft, would run over the fides o f  the Vefliel in fuch a manner, as 
perhaps one flian’ t fee in any other Liquors. This remarkable 'Phcenomenon, 
now, feemed to me plainly to evince, that a large quantity o f  true Air is very 
ftrongly attraded by a fix’d, pure, dry A lcali, as foon as ever it comes out 
o f  the intenfe Fire, in which alone it is made, and that it unites it with itfelf fo 
very powerful, that ic will not afterwards fufi êr it to be feparated from it, ex
cept, by the adion o f  a very ftrong Fire, or by its attradion o f  fomething elfe 
to which it has a greater tendency, as an A cid , upon its Effervefcence with 
which it lets go its A ir. Hence again, then, it appears, how feldom there ex
ifts any W ater, without being impregnated with A ir, and its contents. The 
confideration, therefore, o f  thefe things, puts us in mind, before we pretend 
to reafon from Experiments concerning the nature o f  Water, to treat diftinftly 
o f  the Methods by which it may be obtained in its greateft purity, that when 
we have got fome o f this fort, and have examined it by every kind o f Experi
ment, we may be able to come the nearer to the nature of the pureft. To 
this purpofe, therefore, let us carefully take a view o f  all thofe properties, 
which can by any means be obferved in W ater fo long as it continues to be fo. 
And as we proceed to examine all thefe in order, we muft particularly take 
notice how any difcovered property appears in that W ater which is moft fim
ple and freeft from every heterogeneous Body ; for this, I conceive, is the on
ly  method by which we can come at a true knowledge o f  it.

The proper In the firft p kcc, then, the particular and proper weighc o f  W ater offers 
Water°dffi. confidcration. But to perfons acquainted with thefe things, how
c u l t  5  f in d  * difficult does it appear to find this exad ly? For there are naturally in Water 

many things that are lighter than pure W ater itfelf. This appears particularly 
in Rain-water, and that which in a chemical diftillation in clofe Veflels rifes 
into the Receiver. W hatever there is o f  fermented A lcohol mixed wich eicher 
o f  thefe, it wil* moft certainly render them lighter than i f  they were pure. 
A nd the Spirits likewife produced from putrify’d Vegetables or Animals, dif
perfed in the A ir , and mixed with thefe W aters, will have the very fameef- 
fed . In the mean time, however, there are many more Bodies found difperfed 
through W ater, that are really heavier than fimple W ater, and which, confe

quently,



quently, by their admixture, render it much heavier than it is naturally. Hence 
Fountain, River, and W ell-water, have by this means their fpecific gravity 
increafed; as faline, faponaceous, and vitriolic fubftances are frequently 
mixed with them in very large quantities.

Well-water, is properly that which comes from that fubterraneousßratum, wdi-Water.' 
which is called a {Sahuletum fiaturiens) fpringing Gravel. For i f  you dig through 
the upper cruft o f the Earth where it is not rocky, at a certain depth you will 
zomt 10 Sißratum o f  very pure Gravel j and i f  you then proceed to dig any 
deeper, you lofe your labour, for after you have removed a quantity o f Gravel, 
there will in a little time as much be brought again from the neighbouring 
parts; and hence they have called this place a fpringing Gravel. In this 
Gravel, now, the W ater always rifes from the bottom, and runs down from 
the places about it. Hence this collection o f  W ater is called fpringing W ater, 
or a Living-fpring, and the W ater itfeif {Aqua Viva) Living*water. I f  you 
take care now that no W ater ihall come into this W ell, but what paffes through 
this Gravel, then in that place the W ater will be exceeding pure. F or the 
Sand is nothing but a colledion o f  very fmall clean Flints, whofe figure, and 
fize, are fo various, thac they can never be fo difpofed among one another, as not 
to leave little empty fpaces among them : Hence the W ater is always able to in
finuate itfeif between them, tho* they intercept almoft every thing elfe ; and 
by this means, when it has been fo filtered for a confiderable time, it lofes ics 
impurities, and becomes very limpid. I f  there are no Salts therefore about this 
Gravel, this W ell-water will be pure and pellucid. But if  on the ocher hand 
there are any Salts, faline, or faponaceous Subftances near che Spring, then thefe 
being intimately united wich the W ater, cannot be feparated from it, by this 
ics paffage through the Gravel, but will communicate cheir weighc to it as well 
as their other properties. And this, in reality, is found to be the cafe almoft 
all the W orld o v e r : For the Earch is che grand Chaos from which all things 
arife, and to  which they all return again. Since, therefore, this W ater by 
running through the Earch, becomes a Lixivium  o f  all chofe Bodies which ic 
meets wich, and is capable o f  diffolving, ic appears evident, how feldom this 
can be pure, and chat ic muft be very different according to the place in which' 
it is found. I f  you take, however, that W ater that is drawn from the pureft 
Weil, and therefore is the moft fimple o f the fort, and compare ic with the 
pureft Gold which is always exad ly  o f the fame fpecific gravity, chen its weight 
to that o f Gold, is found co be as 250 co 4909, or as i to 1 9 -HI- This you 

PhilofiphicalTranßiäions.of tht Engliß)-, which they have confirmed 
by repeated Experiments. T h e fame W ater is found to b e  850 times heavier 
than the common A i r ; And an EngUfi cubic inch, examined with che utmoft 
care by the great weighed 252. 256. 260 grains. Boß. Med. Hydroßai,

n o . A 5i. Leipf. 91. 196. Thac there ihould here now be this difference 
of 8 grains, that is near a 3 2d part o f the whole, is noc fo much to be wondered 
at, fince heat eafily renders W ater lighter. T o  foffil chryftal W ater was in 
Weight as I to 2 4  j to M arble as i  to 2 In g ivin g an account, however, 
of the comparative gravities o f  Bodies, we ihould take notice o f  che degree o f  
Heat in which the Experiments were made : For as the expanfion o f Bodies 
of the fame kind arifing from the fame H eat, are in a reciprocal proportion 
to their denfities, Fluids, however, being more expanded than Solids j hence
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Metals are vaftly lefs expanded by the fame Heat chan W ater. For this rea, 
fon, therefore, i f  the weight o f  W ater is compared with that o f  Gold, or any 
other MecaJ in different degrees o fH e a t, the Obfervations will never be found 
to agree : But i f  two quantities o f  different W ater are examined and compared 
with Gold in the fame degree, then chat which is found to be the heavieft, will 
always have diffolved in ic fome other Bodies which are heavier than che Wa- 
ter itfelf. Hence the heavier W aters are, the more they are always to be fuf, 
peded o f having fomething heterogeneous in them i and for this reafon, the 
Phyficians always condemn fuch Waters, as moft prejudicial to health, on ac
count o f  the foreign Bodies mixed with them, which are often very pernicious. 
There have been fooie W ell-waters, however, found to be lighter than inchepro- 
porcion abovementionM : And thefe are always fo much the purer, and more 
wholfome j except this ihould happen from any Spirits being mix’d with them. 
Hippocrates  ̂ in his Book De Aere, Aquis ^  Locis §. X V I. fpeaks o f  Waters that 
hoil eajieft and pafs quickefl. And again, §. X V I. he fays, that Rain̂ water̂  
which is the lighteft■) fweeteft, andcleareji^ is beft for medicinal purpofes. Andiïi. 
rodotus has this paffage, L . III. c. 125. The Echiopians live to the age of 120 
years, and fome o f them more. Their food is boiled Flefh, and their drink Milt 
They have a Water upon which nothing will fwim, neither Wood, nor things that 
are lighter, hut in it all Bodies fink to the bottom ; and hy means of this, they ar
rive to juch agreat agê  But where is there any fuch W ater to be found now- 
a-days ? Certainly no Where : I f  there was, we might then compare our Water 
wich it. But neither Nature or A r t  affords us any fuch thing, no not bythe 
moft careful and repeated diftillation. W hen I formerly, therefore, read this 
Paffage o f w h i c h  I abfolutely believe to be true, I was induced to 
fuppofe, that the W ood in that part o f Ethiopia was exceeding heavy, and at 
the fame time the Water^ in comparifon o f ours, very lighc. And, indeed, we 
know, that in Afia, Africa^ and America, efpecially in the hotteft parts of thefe 
Countries, there grow fome fores o f  W ood, which in hardnefs are equal to 
iron, and in weight almoft to Scone, and are hence called (Sideroxyla) Iron- 
Woods. N ay , how folid and heavy is our own B ox, i f  ic is buc old and found? 
N oc co mencion that fort o f  O ak  called generally che Iron-Oak, and Guaiacum̂  
i f  ic is but good. A nd if we will but refîefb upon that W ood in America-̂  of 
which the Inhabitants make their weapons, we fliall have no room ac all to 
doubc, but chat there were exceeding heavy W oods in thofe places which He
rodotus makes mention of. A nd, indeed, modern Obfervations confirm almoft 
every thing, which thac great M an has afferced, nocwichftanding fome perfons 
who have but Jictle learning, and are unacquainted with Natural Philofophy» 
look upon many o f  chem to be fabulous, and falfe. T h e  lighteft W a ce r, how
ever, thac we are now-a-days acquainced wich, eicher nacural, or rendered pure 
by A rt, is always heavier than any W ine or Beer, prepared wich Wacer from 
Vegecables by Fermentation.

Fluidity of . A  fecond property o f  W ater, which it has in common with other Liquors,
Wiicer. is its F lu id ity; which in this is very remarkable. F o r  ic is here fo great, that 

the ultimate Particles o f  Wacer, by a gentle H eat, or fmall d e g r e e  o f  motion, 
will recede from one anocher ; So that Experiments made carefully, and on pur* 
pofe, have determined how much W ater in a certain degree o f  H eat, and a gi
ven time, will exhale from a known Surface not agitated by the W i n d ,  in

which



which examination, this is particularly obferved, that, e£terhparibmy W ater 
exhales fo much the more, as it is more pure ; andfo much the lefs, as it is the 
more faturated wich Salt. I f ic  is pure, therefore, it has fcarcely any tenacity 
in its parts, which upon being drawn, do not run out in long cohering Spirals, 
but are divided rather into dewy Particles. A nd when in diftillation in any 
clean glafs VeiTels, a warm watery Vapour arifes with a gentle H eat, and fticks 
againft the cooler Tides o f  che glafs head, it never runs down, and forms tena
cious like Oils and Spirics, but difcovers ics diiTipated Particles in appear
ance of a fine Dew. But very fait W ater, on account o f  the Salt and Bitumen 
mix’d with ic, does noc fuffer its Particles to be feparated fo eafily as fweet.
Hence Founcains, Brooks, Rivers, Lakes and Ponds, fend up more W acer, 
in proportion, than the fait Sea. T h e  exhalation o f  this, however, which is 
very confiderable, has been calculated by the ingenious D r . .* F or after, 
wich pure Water, he had mix’d -̂ t̂h part o f Sea-Salc, and thus brought ic to 
the Salcnefs o f che Sea, he put it into a cylindrical VeiTel 7^^ inches wide, and 
4 deep, and then expofing ic to a degree o f  H eat equal to that o f  the hotteft 
Summer, in a ftill place where there was no W ind, it exhaled 6 ounces in 
24 hours; and confequently, in that fpace o f  time, ic had evaporated to the 
chicknefs o f -|ths o f an inch ; tho* the W ater in that degree o f  H eat is fcarcc 
fenfibly warm, ahd by no means emitsany vifible Vapour. P hil. Tranf. N . 189. 
p. 366. If W ater, however, is fet in a clofe place, where the Sun never 
Ihines, nor any W ind blows through, and is kepc there for a whole year, ic then 
exhales only to the depth o f  8inches. Halle' .̂ Ibid, p. 185. N . 212. But I have 
experienced myfelf, as I formerly rook notice, that W ater being expofed to thc 
Wind, in a cylindrical Veifel, was in a ihort time, by the motion o f  ic, diiTipa
ted into the Air. T h is I learned, by fetting a brafs Veifel 8 inches high, in 
which there was fome W ater at bottom , in the open A ir , and between two 
Walls when the W ind was very high. T h e  ingenious Kruquius has obferved, 
that the Rain, Snow, H ail and Dew, colleded in the fpace o f  one year, con- 
lidered as W ater, rofe to the height o f near 30 inches, and that in the fame 
time the fame quantity exhaled from Veifels chac were placed in- a ftill ihady 
place, but in the open A ir : Hence then it appears, that by the Heat o f  che 
Sun, and the W inds, W ater is perpetually carried off, difperfed, and render
ed volatile, and preferved from ftagnation and infpiifaiion j and hence we fee 
thevaft fervice, and necelfity o f  W inds. And again, which makes it as much 
as poifible to our prefent purpofe, hence we learn the greac mobility o f  the 
Elements o f  the W ater among one another, when by fo light a caufe, ic fuffers 
itfelf to be totally divided and refolv'd in its ultimate Particles.

This very great fluidity o f  Wacer, however, depends intirely, and folely up- Depending 
on Fire, which ading upon ic in a certain degree, gives it chis fluidity. For 
if the pureft W ater we are acquainted wich, is fo expofed to che A ir, that it 
may be perfedly reduced to its temperature, ic then lofes its fluidity, when 

Thermometer is fallen to the degree 32. Three and thirty degrees, 
therefore, o f H eat, or Fire, ferve to keep Water in a ftate o f  fluidity. And 
fo long as W ater has this degree o f  warmth, fo long ic retains a motion in it
felf, nay and exhales too, and confequently keeps fluid by means o f  this Fire 
prefenc in ic.
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Andthata But thc natural coIcl o f a very fevere W inter, was obferved at Gedanum to 
decreafe to the firft degree in the fim e Thermometer, asw e formerly mention
ed in our H iftory o f Fire ; and in a natural way, the Heat o f  the A ir feldom 
increafes from that degree to the degree 80 j whence it appears, which is 
pretty furprizing, that W ater, tho* expofed to more than 4 o f  the greateft 
natural H eat, becomes and continues Ice, whilft in the remaining part only, 
ic becomes and continues W ater. This certainly, was it not demonftrated by 
indifputable arguments, had never been believed. In Nature, therefore, there 
muft be fome weighty reafon, that makes it neceiTary, that W ater lliould be 
W ater only in that degree o f  H eat, and ihould harden inco the form o f Ice, as 
foon as ever that is diminiflied.

Nor canits W hcfi the fluidity o f  W ater, now, is once produced by this determined de- 
o f  H eat, it then continues exa<5tly the fame in every farther increafe of it.

maftd. jsjor has it been poiTible, by any means whatever, to render W ater ftill more 
iiuid, tho* you make your Fire ever fo ftrong. W ater, therefore, always ex
ifts in its moft fluid ftate, or becomes immediately Ice, and confequently, the 
Fire cannot by any aftion divide its Elements any farther, but only removes 
them from one another, which being accompliihed, ic at once becomes as fluid 
as its nature permits. This again, which otherwife would have been incredi
ble, the incomparable Newton has made appear by a famous Experim ent; for 
Pendulums ofcillating in the very coldeft, and hotteft W ater, difcovered that 
they met in both cafes with equal refiftances. Opt. p. 312.

This, however, muft be underftood, to regard thofe changes o f  Bodies only, 
which our fenfes are capable o f  perceiving •, and here we muft- confider only the 
lubricity of the Particles o f  W ater, which we fuppoie affed: one another with 
fo fmall a cohefion, that it cannot, by Fire, be fsnfibly leffen’d : For other
wife, we know very well, that from the 33d degree o f  Heat, tothe 212th, Wa
ter grows continually lighter and rarer, and confequently lefs refifting to the 
motion o f the fame Body, fuppofing it to continue o f  the fame fpecific gravi
ty . This increafed rarity o f  W ater we have determined already in our Hiftory 
o f  Fire. I f  we fuppofe then, that boiling W ater takes up -^th  more fpace than 
it did before, how little difference can that make in the ofcillation o f  a Pendu' 
lum, with regard to our fenfes ? But then, beiides, as the Body o f  the Pendu
lum too will grow  hot in boiling W ater, it will hence make this fmall difference 
ftill lefs fenfible. A n d , indeed, i f  chis was not the cafe, it is certain, firft, that the 
refiftance yielded by Fluids to the Bodies moved through them, depends upon 
the corporeal Mafs o f  thefe Fluids, which is beft exprefs*d by their denficies. 
Secondly, this refiftance arifes from the force with which the Particles o f the Fluids, 
when they are at reft cohere with one another : T hus W a x , when it is coldand 
hard, will not tranfmit any Body through it, as it will when it is rendered 
fluid by H eat: M any exprefs’d Oils, likewife, harden in the C o ld ;  and even 
W ater icfelf, when by its proper degree o f  C old, it is frozen, lofes for the fu
ture its power o f  letting Bodies pafs through it. And thirdly, the quantity of 
this refiftance depends likewife upon the magnitude, or fmallnefs o f thofe Par
ticles, which together make up the Fluids, and into which they are at laft 
refolved.

T h e  E i e -  But if  we farther examine the ultimate Elements o f  W ater, we find, that
feparately confidered, chey are exceeding fmall;



and that to fuch a degree, that it has hitherto been impolîible to difcover 
t h e i r  true fmallnefs, fo as to compare ic wich any known meafure. For one 
of thefe Elements, when ic is by icfelf, cannot, by any helps whatever, be ren
dered fenfible i nor does it difcover its fize by concretion with other Bodies.

If we compare, however, the ultimate Particles o f W ater wich thofe o f <̂3 
true elaftic A ir, the former feem to be much more penetrating than the latter, 
and difpofed to infinuate themfelves into fmaller Pores than thefe are capa
ble of entering ; as we have feen already in our hiftory o f  A ir. Does not 
Water pafs through the. invifible Pores and Interftices o f  W ood, which never 
tranfmit the leaft elaftic A ir  ? And in the Apparatus for pneumatical Experi
ments does not the W ater foak through the Leather, under the edge of the 
Receiver ; which perfeélly intercepts the paifage o f  the A ir  ? It muft be con- 
feifed, however, that this does not demonftrate the true fmallnefs o f the 
corporeal M afs which every fuch Particle contains \ for here we argue 
only from its penetrability, which depends more upon the figure o f a 
Particle, than its true quancity o f  M atter. And i f  this conflderation is noc 
properly attended to, we may fall perpetually into M iftakes, by reafoning 
from the penetrability o f ultimate Elements to their true magnitude. N or 
will it in this cafe be o f  greater fervice to us to know the weight o f  thefe 
Particles ; for from this, likewife, we cannot pretend to conclude certainly o f 
their fize. A  grain o f  Gold, for inftance, i f  it is formed into a perfed Sphere, 
will produce a Particle that will pafs through a fmall meatus \ but if  you beat 
it out into a very thin plate, and then roll it up together, wich how much dif
ficulty will it pafs through a great one ? But what particularly gives me reafon 
to doubt whether the ultimate Particles o f A ir  are not in realicy lefs, with re
fped to their corporeal bulk, than thofe o f  W^ater, is this, that the Elements 
of Air may be placed in thefe Interftices that are lefc betwixt the conciguous 
Element o f  W ater, without making the W ater at the fame time condenfable ; 
which you remember I demonftrated before in our H iftory o f  Air.

Tho* we cannot however certainly determine the fmallnefs o f the Parcicles o f  certainiy 
Water, yet this, in the mean time, we are fure of, that there is no known Fluid, morepene- 
whofe parts are more penetrating than thofe o f  W ater ; except Fire, which pe- 
necrates every thing 5 Magnetifm, i f  you fuppofe that to a d  like a Fluid upon 
Magnets and Iron ; and L ig h t, if  you will have that to be diiferent from Fire, 
and at the fame time to have the nature o f  a Fluid. Setting thefe afide, then,
I ask the Philofophers, i f  they can produce any Liquor, cisterisparihus 
will pafs through any paffages that are impervious to Wacer ? I am very fenfi
ble, indeed, thac Oils will fometimes foak through wooden Veifels, in which 
Water might be contained-, but then the O il diifolves the O il, and Refin o f the 
Wood, and fo they both run ouc together •, whereas the W ater, noc being able to 
diifolve che refinous oily Subftances, is very well fecured, juft in the fame manner 
as we fee W ater won’ t run through Paper chat is well foaked in O il, though’O il 
itfelf drops through it readily. And hence it happens, that Syrup o f Sugar, 
though a pretty thick Liquid, will penetrate through wooden Casks that will 
hold W ater; for Sugar diluted wich W ater is a Lixivium^ which by its fapo
nacious quality diifolves the tenacious Subftances o f  the W ood, which the 
Water cannot. Hence, too, faline Lixiviums, efpecially from fixed Alcali.^s, 
can fcarcely be concained in wooden Veifels, which ferve very well for pure

W ater.



W ater. W ater, then, am ong all fimple Liquors, thac we are liitKerto ac
quainted wich, is the mofl: penetrating, and mofl: fluid.

Tho’ there A ll Metals, howcver, though they are beat out into thin Plates, and then 
-EiiS'thro’ formed into Veflfels, will hold W ater, nor fufl̂ er ic to pafs through cheir Pores; 
whkh they A ll Gems exclude it, both the more precious and the lefs; N o known Flints 
cannot pafs. j , - .  Stones that are naturally hard, and hard, heavy, rocky Subftan

ces, perfedly reflfl: its paflage though them : Sulphurs are not penetrable by 
ic ; nor any Glafs hitherto known, whether made from Flint, and an Alcali, or 
from Mecals, i f  ic is but well united, and has no Cracks in i t : Some denfe, 
hard, heavy, refinous W oods abfolutely prevent its penetracing through them i 
though che lax, fofc, light, watery, faline ones, are noc capable o f contain
ing ic, buc fuffer ic co run through chem ; as do likewife Pumice-Stones, 
and other porous, fpongy Stones: Our earthen Veflels made o f  Clay, and 
burnt Bricks, common M ortar made o f Sand and Lim e, and chac made of the 
h a p i Tophaus, which vitrifies by drying, will hold WaCer likewife. Glafs, 
however, which neicher makes any alceration in W ater, nor fuffers any from 
it, afibrds us che beft VeflTels for keeping ic. Clavius, the Mathematician, 
poured fome W ater into a Bolchead, and then fealed the mouth o f its long 
neck hermetically, and marked with a Diamond che place to which the Wa
ter rofe at thac cim e; he then hung it up, and 80 years afcer, ic was found 
in Kercher's, Study, juft as full as ic was ac firft ; and perhaps ic is fo ftill, 
cho’ ic is now, fince che W acer was firft puc into ic, 120 year?.

Tho'agttat- If Waccr is contained in a Veflel perfedly clofe, chac will not melt when 
cd by Heat, jj; comcs CO be hoc, and che W ater cannot pafs chrough when it is cold purely 

on account o f the fmallnefs o f  the Pores o f  the Veffel j then, i f  ic is agitated 
by Fire, ic will ftill remain incapable o f  making ics way ouc. This we fee 
evidencly in all our diftillations made in proper VeflTeJs: T h is che Experi
ment o f  Chriftopher Clavius, ju ft mencioned, plainly evinces : This we fee 
clearly in Papin's Digefter, and in the jiEolipile, which being thrown into the 
Fire when full o f  W ater, confines the Vapour o f  che W acer, chough agitated 
with a violenc impetus, and only tranfmics ic chrough che mouth when it’s open’d.
I  know fome greac Mafters in che A rc are o f  another opinion, imagining, that 
the very ultimate Elements o f  W ater are accenuated by Heac*, fo chat after 
a greac number o f  diftillacions, chey acquire fo great a fubclecy as co be able 
to cranfpire chrough the Subftance o f  che Glafs. See the famous Stahl, in 
his Fund. Chem. Dog. 6? Exp. p. 38. § 7. But what he mencions there is upon 
the authoricy o f  ocher perfons 5 and cercainly ic is a very difEculc matter to 
lu ce che VefiTels fo accuracely cogether, that nothing fliall be able to infinuate itfelf 
through the cemenc. Joachim Becher  ̂ indeed, aflTerts, chat W ater, by a great 
number o f  repeaced diftillacions, may be broughc to have a furprizing, corrofive 
faculty. StathU 18. p. 120. § 6. Buc for my own pare, in c h e  g r e a t  number 
o f Experiments I have been engaged in, I don’ t remember ever Co have f«n 
the leaft fign o f  any fuch penecrability or acrimony. In the mean time, how
ever, I have been abundantly convinced, chac there is nothing m o r e  difficult in 
the chemical A rt, chan to repeat a diftillation a great many times in an Ela
boratory that is hot, and full o f  Vapours, without lofing fomething o f what 
you are diftilling, and having fomething foreign mixed with ic.

But



BuC it has been farther obferved, that W ater being contained in a ilrong ‘’y 
Veifel, which it was noc able to penetrate, could not, by being compreifed by a 
vail force and weight, be made to pafs through its Pores, buc remained totally 
included in it. Pleafe to think only what a prodigious compreifure there is 
in Papin*i Digefler, and yet not a drop o f  the W ater is forced through. T h e  
fame thing was tried formerly in the H ydraulic Machine A B C D . T his con- pJ* 
fifted o f a hollow Cylinder A B , made o f  Brafs, and clofely foldered up. A t B  
only ic opened into the T ube B C , which was foldered to it, and at C  was pro
duced upwards at right Angles co the height D  o f  fix  feet, fo that there was a. 
free communication betwixt the Cavity A B , and that o f  the annexed T ube 
BDC. A t A  there was a C ock E , a lictle above the top o f the Cylinder A F ,  
by which you might keep in the Liquor in the Veifel A B , or let ic out at plea« 
fure. This then being open, che Veifel A B , by pouring W ater in at D , was 
perfedly iilled j after which, the Cock being turned, more W ater was poured 
into the T u be B C , which, according to the laws o f  H ydroilatics, preifed the 
Water in A B  fo forcibly, that the Veifel was diftended, and the Copper Plate 
AF was forced outwards, and raifed up, though there was a great weight fee 
upon it, and yec not one drop of W ater fweated through. Buc when the W a
ter came to be raifed almoft as high as D , chen by the prodigious preifure, 
the foldering was burft, and the W ater run out at the Cracks. From  thefe 
inftances then. Gentlemen, it plainly appears, that W ater, though it is com- 
preifed by the greateft force, will not pafs through thofe Pores, through which, 
by the iinenefs o f  its parts, it would noc have infmuaced itfeif fpontaneoufly.

There is a plaufible Experiment indeed mentioned by the Academy delCimen- 
to, in their H iftory o f  Experiments, p. 203, 204. which feems to make againft 
this aifercion. For a hollow metal Sphere, being perfedly filled wich W acer, 
and then accurately clofed, they put it into a ftrong prefs, and upon compreifing 
ic very ftrongly, they obferved the Wacer to ooze through the Pores o f  the 
Metal. But here, as a Sphere is the moft capacious o f  all Bodies, that are ifope- 
rimetrical, it cannoc, by the force o f  the prefs, be changed into any other 
figure, upon the incondenfable W ater, wichout the cohering parts o f  the M e
tal receding from one another, and ics fubftance being rendered thinner; and 
as the W ater at the fame time being compreffed, ads as it were like an 
Augre upon the Pores o f  the attenuated Plates, it is poifible, that the metalline, 
elaftic hamina may be fo diftended upon the W ater which is not condenfable 
by any force, and confequently o f  infinice refiftance, that the W ater may be 
preiTed through che Pores o f  che Mecal, which when che preifure is over, may 
by ics contractile force reftore itfeif, and clofe up the Pores again.

We are perfuaded, therefore, thac as on the one hand che fingle Elements 
Water cannot be increafed by any caufe, except Fire alone, which feems to become kL 
exert this power univerfally upon all Bodies ; fo on che other, chac chey 
cannot be kifened but by che abfence o f  Fire, or Cold, or which is che fame 
ching, by being lefc to themfelves, or freed from Fire. Buc this fenfible dimi- . 
nation, now, o f  the Elements o f  W ater, coniidered as they conftitute W ater, 
does not extend itfeif lower than to 32 degrees o f  H e a t, for then W ater con
tinues Water no longer, but is converted into Ice. And that contradion o f  the 
Elements o f W ater, which happens after chey come to be Ice, cannoc be ob- 
ierved any longer, becaufe the A ir , being expelled by the clofer adunacion o f
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thofe Elements, begins to form itfelf into elaftic bubbles, which then by their 
elafticity expand thc Ice, more than the Cold contrails it. Hence, however, 
wc underftand a Paradox, which the Mafons affirm they have often obferved, 
viz. that cold W ater foaks through walls more eafily than hoc. For when 
we were treating o f  the dilating power o f  Fire, it appeared, that W ater is 
more condenfed by Cold than Stones; fo that the Pores o f  Stones are lefs con- 
traéled by the fame Cold than the Elements of W ater, whence it may happen, 
thac W ater, in its greateft degree o f  Cold, may pafs through thofe Meatm\ 
which were too fmall for its Elements, when ic was hot.

being conftantly obferved to be the cafe, we conclude, that Fire, 
rirc let its force be applied and continued in what manner you will, can never 

divide the Elements o f  W ater into fmaller Parcicles, but can only with its uc
moft effort extend them into a larger Bulk, and then ftrongly agitate them 
among one another ; which feems to be the limits of the efficacy o fF ire  upon 
W ater. Rain-water, which was catched upon the Obfervatory o f  our Acade
m y, I diftilled in very clean Veifels, and with a gentle Fire, and after having 
kept it fome Years well ftopped, I found ic exaílly  the fame, withouc the leaft 
difference, whether chemically examined, or hydroftatically.

B u t  a l w a y s  Sincc 33 degrees o f  Heat now diflblves W ater in fuch a manner, as to render it 
f^uid, hence we are certain, that the particles o f  W ater are always in mocion, 
fo long as by this Heat it continues to be W ater : For this Heac, in which 
Wacer is curned into Ice, is more than f  o f  the greateft natural H eat \ and rtr- 
tainly a Fire fo great as is able to melt hard Ice, muft neceifarily be capable 
afterwards o f  keeping its Particles in motion. Hence, therefore, we fuppofe, 
that W ater, though confidered together as at reft, has ics Particles kept in a 
conftant agitation. N ay, and the folution o f  Salts, too, in W ater, feems to 
evince, that its Elements are in continual motion ; though this folution, indeed, 
appears rather to be attributed to attradion, than repulfion : In the mean time, 
however, it don’c feem likely chat the whole Mafs would be diifolved, unlefs 
the agitated Elements o f  the W ater were kept conftantly moving from one 
place to another, and by this means were fucceífivcly applied to the folvend 
Salt. By the help o f  Microfcopes, likewife, we are able to perceive a motion 
in che Particles o f  W ater. A n d  laftly, it is plain, W ater muft be rarely at 
reft, in any Veifei whatever, as every thing almoft on which it can ftand, is 
continually aifefled with a tremulous motion.

therefore, are not the ultimate Elements o f W ater perfedly immu- 
table? Certainly they feem fo firm and conftant to the Figure, which once they 
are formed with, that no power o f A rt or Nature has yec appeared capable 
o f  altering it. And this will always hold equally true, whether you confider 
them fingly and feparately, or as they are colleded together, and compofe one 
Body. For iince from every Operation it returns conftantly the fame as when 
it was applied, neither becoming denfer or rarer, heavier or lighter, thicker 
or thinner, it plainly demonftrates, that both the bulk and figure o f  ics Par
ticles have remained the fam e: F or i f  by the force that aded upon them, their 
figure had been changed, then the contad o f  the Elements had been changed 
likewife, and confequently, there muft have been fome alteration produced in 
the interftices between thefe Elem.ents, whence would arife fome difference in 
the denfity and gravity o f  the whole Body. Suppofe, for inftance, the Ele

ments



ments o f a Body to be fpherical, and that thefe afterwards, by being comprefled 
together, are changed into Cubes, then the Interftices between the fpherical 
Elements, in the firfl: cafe, being the greatefl: pofllble, would produce 
the greatefl: lighcnefs, and rarity, which being quite filled up by the Cubes, in the 
laft, the Body would acquire its greatefl: denfity and gravity : But notliing ot 
this nature is ever obferved in W ater. In the iEolipile expofed to a very 
ftrong Fire, the W ater, by the violence o f  the H eat, che refiltance o f  the 
VeiTel, and the ftraitnefs o f  the paffage through which it is let out, is prodi
gioufly agitated, divided, and rarified j and yet the Vapour received into a 
Veifcl gives you always the very fame W ater that was put into it.

Thefe Elements, therefore, ought by no means to be looked upon as a kind Nor flexible, 
of little flexible Eels, moving about in finuous convolutions, as the fabtil 
Defcartes, and the famous Stairs  ̂ have imagined: But on the contrary, the 
ultimate Particles o f  W ater feem to be exceeding rigid, perfe<5tly inflexible, 
and of an adamantine hardnefs. A re  they therefore perfedlly folid Spheres ?
This feems fufliciently probable. I f  the A ir , therefore, that is intercepted be
twixt thefe Elements fliould refide there in a fpherical form too, then the 
Space taken up by the W ater, would be to that taken up by the Air, as l o o  

to 7, nearly as 14 to i ,  according to the computation o f the ingenious 
Qmqmus.

But again, by various, and unexceptionable Experiments o f  the Academy 
MCimentOi it has been made evident, that the Elements o f  W ater are not com- ‘ **• 
preflible by any force whatever, p . 197 to 207. Du Hamel likewife informs 
us, that a Sphere o f  G old, when it was perfeftly filled with W ater, could not 
becompreffed. T h a t a Leaden Sphere, indeed, full o f  W ater was comprefli- 
ble by the Hammer, Colbertus tells us, Ph-jftc. General. Part I. p. 4. L ord  
Verulam relates too, that a T in  Sphere, being filled with W ater, and then 
ftrongly compreflTed, upon making a hole in it, made the W ater fly out. Boyle 
alfercs, that it threw it to the difl:ance o f  three feet. Exper. 20. and Stairs 
aiBrms the fame, p. 396. Thefe lafl: Experiments therefore feem to invali
date the Opinion o f  the Academ y above mentioned : But here there are tv;o 
things that ought to be carefully confidered. In the firfl: place, in the filling 
of thefe VefiTels, the A ir  may eafily infinuate itfelf, and lie concealed betwixc 
the Sides o f  the Vefl'el and the Surface oi the contained L iq u o r; and i f  this 
is the Cafe, then when it afterwards comes to be compreflTed, it will prefs ouc 
the Water wherever there is a vent, till it is reduced to the common denfity o f  
the Atmofphere. And fecondly, as I hinted before, the Particles o f the M e
tal being diftended upon the W ater, and endeavouring to contra6b themfelves, 
muft, upon any H ole being made in the VeflTel, immediately force out the 
Water. Thefe inftances, therefore, are not fuflicient to prove any comprefli- 
bility, or elaftic Spring, in the W ater, which the Experiments feem
incirely to deftroy. Hence, then, W ater, in refpedt to comprefllon, and the 
denfity that arifes from it, appears to fuffer noching at all from the different 
weight of the Atmofphere, let the variation be ever fo great. A nd here cer
tainly the W orks o f  the Author o f Nature appear very wonderful, whilft we 
fee one Element:, as A ir, formed wich almoft an infinite Elafticity, whilft ano
ther, as Water, is not elaftic at all. In making all thefe Experiments, how- 
ever, what a prodigious deal of caution is neceflary ? F or i f  chere is but the
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leaft common A ir, befides what is in the W ater itfeif, intercepted and' des 
tained between the concave Surface o f  the VeiTel and the convex one o f the 
W ater, which may eafily be the cafe, as we fee by the Bubbles formed upon 
the pollih’d Surfaces o f  fmooth Bodies immerged in W aterj I fay, i f  there are 
any fuch Bubbles as thefe, though they are firft exceeding fmall,' yet afterwards 
by being united together, they may form there a confiderable*quantity o f Air*. 
which, upon being comprefl^ed,. will exert a very great expanfive force, which 
one may be eafily led to afcribe to the W ater itfeif. But we muft be very care
ful, likewife, that, during the time that the Experiments are making, the Heat 
o f  the W ater is neither increafed nor diminifhed ; for as the expanfion o f Wa
ter upon H eat, and its contradion upon Cold, is very confiderable, by this 
means, likewife, the event may prove fallacious. But in the third place, we 
may here take notice farther, that though the A ir  which is lodged in the inter
ftices left between the Elements o f  W ater, has there no a<5lual elafticity, yet, 
when it is expanded by a certain degree o f  H eat, is forced out thence by a 
hydroftatical force, and becomes united together, it then acquires an elaftic 
power, in the fame manner as it does in the A ir-pum p, when it is abfolutely 
drawn out o f  it if  this then ftiould happen to prove the cafe here, the Air 
which before being difperfed through the W ater, did not appear elaftic, now 
it is feparated, and not immediately abforb’d again into the W ater out of 
which it was exprefs’d, will exert a true elaftic force. Except therefore all 
thefc cautions are carefully attended to at once, an error may eafily happen 
in thefe Experim ents: F or which reafon it always ought nicely to be examined, 
whether there are any fuch Bubbles in thefe Veflels, or no.

W a t e r  ex- T h e fourth property which the order o f  our Subjed leads us to take notice 
d̂iEg fim -of in W ater, is its exceeding great fim plicity: For i f  it is pure elementary 

W ater, it does not difcover the leaft diverfity in its parts, fo that icis eve
ry  where found to be exad ly  the fam e; and by what has been already laid 
down, it appears to be immutable in ics bulk, figure, denfity, weight, and 
other Properties. T h e  Alchemifts now obferving this conftant fimplicity of 
W ater, fell into an opinion, that all Bodies, in particular the more fimple ones, 
were produced'from W ater alone, as their original Matter^ by means of a fe
minal faculty in their Seed, and a quickening Fire. Hence Paracelfus Archil x. 
c, 3. W ater is the proper Element or Sea, that is, the true Mother of all 
M etals. And Helmont throughout his whole W orks endeavours to advance and 
inculcate this D odrine. And for this reafon they afierted farcher, that all Bo- 
dies, when they are perfedly and radically diflblved, by the univerfal Solvent, 
a*e at laft reduced into a homogeneous, elementary W ater, their particular, 
feminal power being quite deftroyed. Confult Helmont in every part of his 
W ritings. T his Opinion, however, feems rather foimded irpon Hiftory and 
Difputacion, than any Experiments which have been related in fuch a mannerj 
thac a fober man can fairly give credit to them. F or after Mofes-, the moft an
cient W riter, had delived a tradition, that the Spirit o f  God, brooding upon 
the face o f  the W aters, had communicated to them a prolific virtue, the 
wifeft of the ancient Perjians looked upon W ater as the principle o f Bodies. 
Hence the fame dodrine came to be in vogue among t\\Q Egyptians, from 
whom -Thales the Milefian carried it into Greece, by which means it at laft 
came amongft- the Chemifts. Hence the followers o f Van acknowledged

only



OQly two fimple, natural Bodies, viz. W ater perfedly  feparated from every 
thing foreign, and heterogeneous, and M ercury freed too from every thing 
heterogeneous, and from the taint o f its own inherent, original Sulphur, whofe 
fimplicity then would be greater than even that o f Gold. M ercury, however, 
itfelf they aiferted to be the offspring o f W ater, from which it originally 
has ics rife, and into which it may at lail be refolved. Hence they fuppofed 
Water to be the univerfal nutriment by which all Bodies are fupported, which 
no Art whatever is capable o f  making any alteration in, but only the innate 
faculty o f  created Seeds.

As a fifth property o f  W ater, we reckon its mildnefs. And this quality it Exceeding 
is endued with to fuch a degree, that if it is reduced to the Heat o f  a heal- 
thy Body, and then applied to any o f irs parts, which have the quickeft Senfe, 
it not only don’ t excite any pain, but it don’ t fo much as raife any other fenfa
tion than what is caufed by the natural humours, and the parts feel when they 
are perfedly found. If, for inftance, ic is applied to the Cornea o f  the E ye, 
than which there is fcarce any part fooner affeded with pain from any thing 
iharp, it does not caufe the leaft uneafinefs. T o  the Membrane of the N ofe, 
which is made up o f  Nerves that lie almoft bare, it is neither troublefome, 
nor affeds it with any new fmell *, nay, if  you apply it foftly to the Nerves, 
when they are ftretched with an inflammation, and from any very light caufe grow  
fo exceeding painful, it produces no manner o f  inconvenience. In a u d e  U l
cers, which can’ t bear the leaft touch o f the fofteft thing without uneafinefs, 
warm W ater caufes no irritation at a ll: N a y , foment even the bare and half* 
deftroyed Nerves o f  an ulcerated Cancer with warm W ater, and inftead o f  
increafing the iharpnefs o f the Pain, you will aflfwage it ; whereas i f  you ap
ply any thing elfe to them, it will make it worfe. T h e  organs o f fmelling ic 
does not affed  with any fmell, thofe o f  taftmg with any tafte, thofe o f  fee
ing with any colour, or the nerves with any fenfation. A m ong all the humours 
of the human Body, it is found to be the mildeft, even the O il itfelf not ex
cepted, which, let it be ever fo foft, by its tenacity gives the Nerves a kind 
of uneafinefs. And among thofe Elements which A rt is capable o f  extrading 
from thefe humours, W ater, when it is pure, is always obferved to be the moit 
mild. And laftly, it demonftrates its excellent mildnefs, by being able to di
lute things acrid, in fuch a manner as to deprive them o f their natural acri
mony, and render them harmlefs, wich refped to the human Body. A  drachm 
of the Liquor drawn from V itriol, for example, by the extreme force o f Fire, 
called by the Artifts the pureft O il o f  V itriol, drank by a perfon with anempty^ 
flomach, would prove a violent poifon, burning up his throat, (sfophagus, and 
ftomach ; and yet i f  che fame is diluted in fix pints o f  W ater, it will do no 
harm, though you drink it all. And in other inftances the fame thing nearly 
holds true.

In refped, therefore, o f  both thefe qualities, warm W ater is efteemed one H«cean 
of the principal Anodynes, and Paregorics in Phyfic, and is hence recommend- 
ed by Hippocrates as the fofteft Fomentation for the fiiarpeft Pains.

The fixth property which we obferve in W ater, is its diifolving power, b y  TbedifloiT- 
which it is able to diifolve certain Bodies in fuch a manner, that when they 
are diiuted in it, you will have a Fluid, in which the diffolved Bodies fhall 
be fo equably diftributed, that in every part of the W ater there ihall be a
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proportional part o f  thefolvend. A s this fpeculation, now, is o f  confiderà- 
ble confequence, fo ic will be moft readily underftood, by examining in or
der thofe Bodies upon which W ater is capable o f a(5ling in the manner defcrib- 
ed ; and thefe are as follows.

Firft upon fimplc, foflìl Salts, whether exifting in a liquid or folid form,
fimple Salts. Hence SaUGem  ̂ Fountain Salt, Sea Salt, Borax, N itre, Sal-Ammoniac, and 

the alcaline Salt ofC halybeat W aters, as it is ju ftly  accounted by the famous 
Hoffman: A s likewife the foflil, acid Salts, which are rarely found in a folid 
form, but being almoft always liquid, are referred co the Acid o f  Sulphur, called 
the O il or Spirit o f  Sulphur^^r Campanam *, to the Acid o f  Alum  forced out by 
an extreme Fire, called O il of A lum  5 to a fimilar Liquor, drawn in the fame 
manner, from V itriol, called Spiric or Oil o f  Vitriol ; all which three forts of 
A cids, being perfeftly depurated, and reduced to their greateft fimplicity, 
ieem hardly at all to differ from one onother. I t  is exceeding difEculc indeed 
to free them intirely from all cheir W ater, and when you have done ic, they 
immediately attrad  more into them ouc o f  the A ir, as greedily as fixed, al
caline Salts do, when they are dried in the ftrongeft Fire. W hen you have 
feparated ic from them, however, very nicely, they may be kept fome time 
in the Cold, in form o f  folid Chryftals ; but as foon as ever they attrad any 
moifture ouc o f  che A ir, they melt again, or if  they are expofed to a fome
what greater degree o fH e a t , for then, like Ice, they perfectly become fluid. 
Hence, however, we fee, that thefe acid Salts, when they are quite freed from 
their W ater, are capable o f  acquiring a folid form, though they retain it 
with a great deal o f  difHculcy. T h e  other fimple, foifil, acid Salts, are thc 
acid Spirits o f  Nitre and Sea Salt ; and thefe are always fluid 5 for they are 
o f  fo volatile a nature, that they themfelves fly o ff with that degree of Heat, 
thac is neceffary to feparate cheir W ater. A ll  chefe foifil Sales, now, maybe 
diffolved in Wacer, according to the L aw  abovementioned. 

inadifFnfnt In the folution, however, eifedled in this manner, there is obferved a very 
mawier, confiderable and manifold diverfity. For in the firfl place acid Salts, thatare 

almoft always liquid, and therefore are already diluted with fuch a quantity of 
W ater, as to render them fluid in a certain degree o f  Hear, may be diffolved 
in any quantity o f W ater whatever, be it ever fo fmall: I f  you take, for in- 
Itance, a pound o f  the ftrongeft Oil o f V itriol, and mix it with only one 
drachm o f W ater, you will fo accurately divide the Elements o f  the Oil of 
V itrio l, that it ihall be all perfectly diffolved in this one drachm o f Water. 
A n d  this is the cafe o f  all ocher acid Sales, that we are hitherto acquainted with. 
But on the contrary, thofe foffil Salts that are o f a folid form, will not fuffer 
themfelves to be diffolved, except you apply to them a certain quantity of 
W ater, i f  you make ufe o f  lefs than is neceffary for this folution, then, fuch a 
part only o f  the Salt will be melted, as that quantity o f  W ater will take up, the 
remainder ftill continuing folid. W hen thefe Salts, however, are once perfeftly 
diffolved in a proper quancicy o f  W ater, chey may afterwards be farther diluted 
in any quantity whatever. T ak e , for inftance, an ounce o f  dry Sal Gem, and 
diffolve it in three ounces o f  Wacer, and you will have a fimple hiìiivium-, to 
which, i f  you add only one fcruple o f  W acer, the Lixivium  will be perfedly 
and equably diluted by it. A nd this property, cercainly is very r e m a r k a b le , 

inafmuch as there is no end to this dilution ; for when a foffil Salt is once
diffolved



diiTolved in W ater, it may afterwards be diluted in the fmalleft or greateft 
quantity o f  W ater, in fuch a manner, that in every portion o f the folvenc 
Water there ihall be a proportional part o f  the diiTolved Sale. But in this 
diiTolving power o f  W ater it is obferved, in the fecond place, that if the W a 
ter poured upon the Salt is fhook about with it, the folution is fooner effeded, 
and more Salt is diiTolved ; whereas, i f  it ftands quiet, it is longer about, and 
the Water takes up lefs. In the third place, hot W ater diíTolves Salt in a great 
deal lefs time than Cold, and takes up, and retains a greac deal more. Hence 
Water that has only 32 degrees o f  heat in ic, performs its office floweft, and 
diflblves leaft Sale o f  all ; whilft boiling W ater, which has 212, does it quick
eft, and diíTolves moft. A n d  this is always obferved to happen in proportion 
to the degree o f  Heat and Cold. F or if  you diíTolve Salt in boiling W ater, ’ till 
the Wacer is perfedly faturated, and then remove the VeiTel from the Fire, you 
will obferve, as the W ater grows gradually colder and colder, it will continual
ly precipitace more and more Salt to the bottom, ’ till at lail, when it is reduced 
to the 3 2d degree o f  H eat, it wili have difcharged a very h rge quantity o f  
Salt in a folid form , and if  then by a ftill greater degree o f Cold, this falc 
Water begins to freeze, there will in that cafe be yet more Salt feparated from 
it, fo that in the iharpeft Cold o f  all ic will be nearly all expelled, and fo long as 
that Cold coiîtinues, will remain wich the Ice, o f  a folid confiftence. But again, 
the falc W ater, which when aded upon by fo iharp a degree o f Cold, difcharged 
the greateft part o f  its Salt, will be much fooner thaw’d again upon the applica
tion of Salt to it, than common W ater will withouc, in the fame degree o f  
Cold : For as Sale, on the one hand, by being mixed with W ater, keeps ic 
from freezing, ’ till the Cold is increafed a good deal below that poinc in which 
pure Water would have froze : So, on the ocher, i f  you apply Salt to Ice in thac 
very fame degree, precifely, in which i f  the Sale had been mixed with che W a 
ter, it would have been ju ft upon freezing, ic will reduce chis Ice to W ater, 
though wichout it, the Ice would have required feveral more degrees o f  Heat Co 
diiTolve ic. B y  this furprizing property, then, we fet:, that Salts have a power 
to prevent che aifociacion o f the parts o f  W ater, and their concretion into Ice  ̂
and that by the application and interpofition o f  their own Particles. Hence the 
Water o f the Sea is a good while longer before it freezes than freíh W ater, 
and requires a much greater degree o f Cold. In the fourth place, the concre
tion of Salt, before diffolved in W ater, called chryftallization, appears from what 
has been faid to arife, firft, from the want o f  a fufficient quantity o f  W ater to 
dilute it ; fecondly, from the L iquor’s being at reft, in which the Salt is dif
folved •, and, thirdly, from Cold ; For thefe three are the inftruments b y  which 
chryftallization is brought about. But in the fifth place, we obferve farther, 
that the diiTolving power o f W ater operates much fooner upon one Sale than 
anocher -, as we fee Sal Gem is fooner diiTolved, in che fame Wacer, than Borax : 
and che fame quantity o f  W ater too will diiTolve more o f  one Salt than ano
ther, as we fee likewife in the fame Salts. And fixthly and laftly, when W ater 
is fo perfedly faturated with one kind of Sale, thac if  you add any more it will 
fall undiifolved to the bottom ; yet evei). then it will be capable o f diifolving 
a good deal o f  another fort, and that without letting go the former. Satu
rate, for inftance. W ater o f a certain degree o f  H eat wich Sal Gem, fo that ic 
won’ t diifolve the leaft grain morcj and ic will, neverchelefsa take up a fmall
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quantity o f  Nitre j and yet the^i?/ Gem will remain perfedly diflblved in the 
Wálfcr as before. N ay, and when it is thus faturated with thefe two Salt? 
it will ftiJl be able to diifolve fomewhat more o f another. I f  the Philofophers 
and Chemifts, therefore, would properly confider xhtft Phesno?nena, ic w ou ld  
open a way to farther inquiries into the nature o f  the Solution that Water ex« 
ercs upon Salts, than have yet been made, 

sacondiy, fecond piacc, pure W ater diifolves chofe Salts chac are called Metalline,
upon com- or Terreftrial Salts j  by which we mean the Chryftals or Vitriols produced from 
poundSaits. jyjecals corroded by Acids ■, and chat, whether thefe Acids are Foifil ones, as 

in Vitriol and Alum  ; or Vegetable ones, as in Verdigreafe. AH thefe Vitriols 
now, it appears by chemical Experiments, are compounded of a folvenc Acid 
a W acer diluting this A cid , and a corroded M etal, united by a certain Law, 
and in a cercain proporcion into one Glebe. W h ilft all thefe Bodies are thus 
diflblved in Wacer, the fame fix condicions juft now mentioned, will hold good 
in thefe likewife.

A nd upon Buc in chc chird and laft place, W ater has a power alfo o f  diifolving the Salts, 
SmaJslnd' Animals and Vegecables, whecher nacive, or produced by Art. Acid,
VegetaMes. R ough, Salt, Alcaüne, Compound, Am moniacal, F ix ’d, Volacile, Semi-fix’d, 

and Simple ones, chofe arifing from a Sale and O il, combined cogecher, and 
thofe produced by Fermencacion, Putrefadion, and Combuftion, are all difib- 
luble to W ater. But here again, there is obferved rhe fame variety in che folu
tion, as we obíérved above. And among all thefe diiferent kinds ofSalc, Tartar 
is diifolved wich the greateft difficulcy.

T hefe things A ll thefc things, now, r i l  demonftrate to you by various Experiments, 
wnfirmedby p irit, then, in this Glafs, I have an ounce o f  pure W ater, into which I drop 
m S"' four drops o f Oil o f Vitriol, and upon ihaking it togecher, the Liquor chrough 

the whole grows equally acid. 2. Here again, I have an ounce o f  Oil o f Vitriol, 
into which 1 drop four drops o f  Wacer, and upon ihaking che VcifcJ, the Li
quor, as before, becomes uniformly acid. Hence chen ic appears, that acid 
Salts, whether mixed wich W^ater in a greater or lefs quantity, are moft equa
bly divided by it, and moft intimately difperfed through it. 3. With an 
ounce o f  W ater, I m ix h alf an ounce o f  dry Sea-Salt, part o f  which diifolves, 
and the remainder lies undiffolved at the bottom. 4. T o  a very ftrong Brine 
o f  Sea-Salt, I add any quantity o f  W ater whatever, and they very equably mix 
wich one another. 5. I f  the fame is performed wich Nitre, Sal Gem, Borax, 
Sal’ AmmoniaCy Salt o f  Tartar, a dry alcaline Sale, a volacile zlcAWnt Sal-Ammo
niac, wich A lum , or Vicriol, the effed will be perfedly the fame, as in the 
third and fourth Experim ents: A ll  which I have here fee before you. 
Thefe Salts, therefore, in order to be perfedly diifolved, require always a cer
tain determined quantity o f  W ater, nor can W ater diifolve folid Salts, but to 
a limited portion o f  them. A ll thefe Salts, now, that I here made ufe of, were 
firft very carefully dried, and reduced to a very fine Powder. I f  we could, by 
any Arc now, perfedly free acid Salts from all the W ater that is mixed wich 
them, it is very probable, that their Particles being then united and concreted 
into a folid form , would in a certain degree o f  H eat require a determined quan
tity  o f W ater to reduce them again to a ftate o f fluidity : F o r i f  the ftrongeft 
O il o f Vicriol is expofed co a greac degree o f  Cold, it requires a certain portion 
o f  W ater to prevent its ihoocing inco folid Chryftals ; nor will thac which is
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diJuteci with W ater thus congeal in the W inter, but only that which is exceed
ing pure. It is noc an eafy matter, however, to give you an inftance o f  ex
hibiting pure acid Salts in a folid form, without the concurring affiftance o f  a 
very great degree o f Cold , and hence Perfons have generally imagined, thac 
theie acid Sales may be always diluted with the leafl: quantity o f  W ater 5 but 
this, you fee, muft be underftood with fome reftriftion, agreeable to what we 
have now obferved. And thus much for the proof o f  the firft propofitions.

Into three ounces o f  the pureft diftill’d W ater, I here put one ounce and onc The*quant!- 

drachm o f Sea-Salt, all which, i f  they ftand at reft, will difiblve in time, 
tho’ flowly i but i f  they are ftiook ftrongly together, it is all difiblved prefent- 
]y. T o  the fame quantity o f  W ater, in each o f  chefe Veflfels, I add the fame 
quantity of Salt, but one o f  chem I keep here in the Cold, whilft I fet the other 
upon the Fire ; and the Salt inthe warm W ater difiolves much fooner than that 
in the Cold. WitJi twelve ounces o f  diftill’d W ater, I here m ix five ounces o f  
Sea-Salt, and upon boiling them together, they are intirely difiblved : I add 
now as much boiling W ater as was loft by boiling, and you fee in this degree 
ofHeat, there is a perfeit Solution. I'cover the VeflTel that nothing may ex
hale, and fet it by to cool, and the Salt concretes again in the Cold, and from 
the degree o f  ebullition, quite down to the degree 32, this Lixivium  o f  Sea-Salt^ 
which was as well faturated as it could be rendered by boiling, forms and de- 
pofites every, moment more and more Salt. Hence then we learn, that the 
fame quancity o f W ater in the Summer time, takes up more Salt than it does 
in the Winter in a hotter Climate difiblves more than it does in a cold 5 and 
confequently, moft o f all in the T orrid  Zone, and leaft about the Poles : Buc 
as putrefadion, cœieris farihus, prevails in proporcion to the degree o f Heat ta  
which Bodies are expofed, we fee it is wifely provided, that in hot Countries 
there Ihould be fo much more Salt difiblved than in cold ones, which beft re
fills it. Boiling W ater, then, will difiblve as much Salt, as W ater can poffibly 
take up: W ater chat is in the very next degree to freezing, leaft o f  all. Buc 
6ven Ice itfelf congealed from  Salt-water in every increafing degree o f  Cold 
down to O  in Fahrenheit*  ̂Thermometer, difcharges continually more and more 
Saltj fo as at laft to retain but an exceeding fmall'quanticy, in the greateft o b 
ferved natural Cold. A ll thefe Obfervations, then, make ic evidenc, that iri 
the Elemencs o f W ater there is a natural difpofition, which, when they are. aded 
upon by Fire, makes them liable to be fo feparated from one another, that the 
Particles o f Salt may be difpofed in the Interftices between them : And thac on 
the other hand, when the Heat is withdrawn, and they are left to themfelves, 
they then fpontaneoufiy attrad one another in fuch a manner, as to lefîèn thefe 
iûtercepted fpaces, fo thac the Particles o f Salt can remain there no longer, buc 
upon the nearer approach o f  the aqueous Elemencs are expelled from becween: 
them. The diiTo.lving power o f Wacer, therefore, with regard to Salt, depends 
pardy upon the Sale and W ater, and partly upon thequancity o f  Fire that is uni
ted with chem both. And hence, tho’ moft o f  the Chemifts, indeed, would have 
itctherwifc, i t is  evident, that ic is impofiible to determine how much Saltt 
may be diffolved in a given quantity o f  Water, unlefs the degree o fH e a t is.firit, 
accurately adjufted in which the Solution is performed. And for this reafon, 
it feems certain, farther, chat W ater, without the afliftance o f  any Heat at all». 
is.not.abJe. to diffolve the. very leaft quantity o f  Salt, that is, that-Salt w illnoc
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be diluted by the very coldeft Ice. And here, again, it is very remarkable, 
that Salt, by being mixed wich rafped Ice fhould make it thaw, and yet by the 
very fame means fhould excite fuch a prodigious degree o f  Cold : This appears 
every where evident, but moft o f all fo in thofe Experiments o f  Fahrenheit  ̂
which we related to you, p. 99, which certainly evince, thac Salt has a power 
o f  heating the coldeft Bodies, and o f expelling Cold from them into che nejoh. 
bouring Bodies and Spaces; which again, is a wonderful Law  of Nature, But 
as I am not treating profeifedly o f  this fubjeft' now, I muft proceed, cho’ I 
have a good many more things that I could add, which, perhaps, I may do here- 
afcer : W hac I have offered, will in the mean cime afford you matter of fpecula- 
tion and farther inquiry. Give me leave, however, to propofe a few more Ex
periments which I have made relating to our prefent bufinefs. When the com
mon A ir  w'as 38 degrees warm, I took o f  the pureft drieft Sea-Salt reduced to a 
fine powder 2 ounces, which fuffered themfelves to be diiTolv’d in 6 ounces 3 
drachms o f  pure diftill’d Rain- w ater; fo that here 4  parts o f  Salt required 13 
parts o f  W ater. One ounce o f  Sal Gem, prepar’d in the fame manner, required 
3 ounces 2 drachms of the fame W ater, the proportion here being the fame as 
the former, viz. 4 to 13. One ounce o f  pure dry powdered Sal-Ammoniac, was 
diiTolved in 3 ounces 2 drachms o f  the fame W ater. Nine drachms of pure 
dry N itre, reduced to Powder, took up 6 ounces o f the fame diftill’d Water; 
fo that there were 3 parts o f  Nitre, to 16 o f  W ater. H a lf  an Ounce of very 
dry Borax, required more than 10 ounces o f  W ater to  diffolve it intirely ; hence 
the proportion, as i to 20. One ounce o f  A lum  was diiTolved in 14 ounces of 
diftiU’d W ater. One ounce o f  Epfom Salt, in i  ounce 2 drachms: One ounce 
ofSalc o f Tarcar, in i  ounce and T hree ounces o f  Wacer, fhook ftrong- 
3y, and for a good while, with 4- an ounce o f  the Arcanum Duplicaium of the 
D uke o f Holface, diiTolved it perfectly. And laftly, by ihaking them togecher 
for fome time, 3 ounces o f W ater diiTolved intirely i drachm and ~ of com
mon green Vitriol. Hence, then, we infer, that different Salts require a very 
different quantity o f W ater to diiTolve them : T h a t fome are diffolved fooner 
than others: T h a t thofe which fpontaneouily melt in the A ir , diffolve fooneft, 
and in a very fmall quantity o f  W ater j which too feem o f  a more adive na* 
ture : A n d  that thefe, when they are expofed to the Fire, part with che Water 
in which they are diffolved, wich fo much the more diiiiculty, fo that Salt of 
T artar, and O il o f  V itriol, cannot be freed from their W ater without a very 
great degree o f  H eat. T o  thefe 3 ounces 2 drachms o f  W ater, now, which 
has diffolved in it i  ounce o f  Sea-Salt, nor is capable o f  taking up any more of 
this Salt, I add 4- a drachm o f Nitre, and this diffolvesin it. Again, with thefe 
6 4  ounces o f  W ater, which contain i ounce o f  diffolved N itre, and are per
fe d ly  faturated, 1 m ix 4 an ounce o f  Sea-Salt, and itdiffolves intirely. Hence, 
therefore. W ater, when it is faturated with one fort o f  Salt, fo that it cannot 
take up any more o f  that, is neverthelefs ftill capable o f diffolving feme more 
o f  another. Fountain-Salt, Sal Gem, Sea-Salt, Sal-Ammoniac, Nitre, and Bo
rax, being reduced co their particular Brine, may be intirely and intirnately 
mix’d with one another. In the Solution, however, o f  a m e t a l l i c  Vitriol by 
W ater, it ought particularly to be taken notice of, that this cannot be perfeit- 
ly  dried before this Solution, but it will be altered in its Nacure ; Nay, and 
whilft it is diffolved in this mannerj it  always lets fall co the bottom a good deal



of indiíTolubíe Ochre 5 and hence by repeated Solution and Chryilallization o f  
Vicriol in W ater, the whole fubftance is at laft converced into Ochre, and a 
pinguious Liquid, that cannot be eafily dried. T iie  eafier, therefore, rKe fooner, and 
with the lefs quantity o f W ater, Saits are diifoiv’d, the more ftrongly they feem 
to retain their W ater when they have once received ic. But in che Solution o f  
Metals, now, by W ater, there are fome Phænojnena that are very fingular, and 
well worth our conflderation. Metals have fome Salts, by which they may be 
diifolved -, and when they are found diifolved by thefe into vitriolic Glebes, 
they then fuffer chemfelves co be diluted in W ater: A nd this Solution is always 
fooneft eifeéted, and is moft perfed, when thefe Glebes abound wich thac Sait, 
which fuch a particular Mecal is principally diifolved by ; for then pure W ater 
will fo perfedly dilute fuch a Glebe, that che metallic Particles will be moft 
equably diftributed through the W ater. But on the other hand, when in V i
triols, part o f  the folvent Salt is wanting, then W ater poured upon chem, will dif- 
folve the Mecal fo much che iefs, fo much flower, and more im perfedly, efpe
cially if  you add too great a quantity \ for then there is always fome part o f  
the Metal precipitated to the bottom. But when Metals are diifolved in a good 
quantity o f their folvenc Salts, and then diluced with W ater, by a gentle ex
halation chey are reduced into folid vitriolic Glebes called Magefteries, Salts,
Vitriols, Sugars, and Chryftals o f  Metals. In all chefe now, che Mecal, its 
folvenc, and pure W ater, are always combined cogecher in a certain proporcion, 
and form pellucid, brittle Maifes, diifoluble in W ater, fufible in the Fire, and 
hence convertible into a fine Calx, which lofe their tranfparency, as foon as 
ever che Wacer is drawn from them. By chis A rc, now, Metals are rendered 
potable, wichout much inconvenience, and with a medicinal effed  thac may 
be pretty certainly decermined, as chey are thus rendered diifoluble in W ater.
For in the firft place, chefe Bodies will a d  by the A cid  which diifolves the Metals, 
and chen adheres co chem. Secondly, by vercue o f  the mecaliine Mafs diifolved by 
chis Acid, and now in che V itrio l; for this mecaliine part will chen a d  b y  the 
properties common to all Metals. A iid thirdly, in which cheir principal eíH- 
cacy confifts, chefe Vicriols will a d  by chat fingular vercue which is proper and 
peculiar co every parcicular M etal, and which is generally inimitable by any 
other. But fourthly, chefe Bodies likewife acquire a farther power, arifing from 
rhe union o f thefe three together, thus all united by the mediación o f W ater, 
inparcicuhr, into one Mafs, which now ads by their whole joint efficacy. O f  
this kind now, thus produced by W ater, are Vitriols o f  G old, M ercury, Lead,
Silver, Copper, Iron, and T in.
. This rule, however, muft not be extended to all Semi-metals, as S e m i - ^  

metalline Parcicles, reducid by their folvenc Acids inro Maifes appearing faline, 
might be afterwards diluted, and diifolved in W ater like Sales, and true Mecals.
The pureft metalline part o f Regulus o f  Antim ony, for inftance, is perfedly 
diifolved in the ftrong Spiric o f Sea-Salc thac adheres to the corrofive iublimace 
ofMercury, in the diftillation of Butter o f  Antim ony; for what elfe is this 
Butter o f Antimony, buc a crue vitriolic Sale o f  Regulus o f  Antimony, made 
by a combination o f  ic with Spirit o f  Sea-Salc ? Hence, therefore, from our 
Hiftory o f mecaliine Sales, a Perfon would be apt to imagine, chac this Butter, 
likewife, mighc be diifolved in W ater ; but how much would he be difappoinc- 
«d, when he came to make the Experiment? For as foon as everihs W ater
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comes to this icy GJebe, the folvent Acid immediately lets go  the diflblved 
Regulus, mixes icfelf with the W ater, and gives you again mtirely the femi-me- 
talline corroded C a h  that lay conceal’d in the Butter. T his rule, therefore 
m ufl not be carried beyond ics proper liniics.

Water dif- W ater diíTolves A lcohol, not fpontaneouily, but if they areihaken together} 
^or i f  W ater is gently poured upon Alcohol, it paíTes through it, and falls to 
the bottom, whilft the Alcohol fwims at top. N a y , it will not readily fodif. 
folve A lcohol, but that after you have íhaken them, the Alcohol will ftiil in 
fome meafure cohere together, and float about in the W ater in pinguious flr'm: 
I f  the concuffion, however, is continued for a good while, it will at laft be 
perfedly diluted, and equably diftributed through the whole W ater. This te
nacity, now, o f the parts o f  the pureft A lcohol, appears no where more ele- 
gandy than in an Experiment I formerly Ihewed you, p. 258, when I took a 
chemical V ial full o f  W ater, and inverting it, immerged the mouth into Al
cohol, for then you faw the Alcohol afcend through the W ater without mixing 
with it, rife into the Belly o f  the Glafs, and co lled  itfeif together at cop. 
Since, therefore, pure Alcohol is a vegetable O il reduced by the efficacy of a 
proper fermentation into thefe Spirits, which burn, and are mifcible wich 
W ater ;

Therefore H encc WC Icam, that even Oils themfelves, after they have firft been chang’d 
in this manner, may be intirely mixed with W ater, let them be ever fo pure, 
tho’ fooner, indeed, and more eafily, i f  they are diluted in fome quantity of 
it  already -, for common Spirit o f  W ine mixes more readily wich Water, than 
the pureft Alcohol.

Water and In the mean time, however, it is particularly remarkable, thac W ater, when 
perfedly faturated with Salt, will by no means mix wich Alcohol j nay, if 

cohoi. you ihake them together ever fo ftrongly, and for ever fo long a time, you 
will never reduce them to one uniform Fluid, but will find on the contrary, 
that they repelí one another much more powerfully than any other two known 
Liquors in Nature. In this Veifel here, I have fome O il o f Tartar per delqui- 
um, in this ocher fome Alcohol, both o f  them pure tranfparent Liquors: Thefe, 
now, I mix together, and you fee they continue perfedly diftind, the Oil of 
T artar fubfiding to the bottom, w hilil all the A lcohol fwims at top. Buc I’ll 
ihake thefe now with all the force I am able, and what is the confequence? 
W h y the O il again colleds icfelf together, and the Alcohol rifes united above 
ic, nor fo much as the leaft drop o f  either o f them remains mixed wich the 
ocher. N ay, farther, I put thefe two Liquors into a tall Bolthead, and made 
them boil, in order to try whether by this means I could noc make chem mix 
together, but I found it was to no purpofe, for boch o f  them concinued per
fe d ly  feparate from the beginning to the end, even in the a d  o f ebullition, 
but the Alcohol being raifed by the ftrength o f  the Fire, was feparated from 
the W ater, which remained at the bottom with its Salt, 

waterfome- ftill fomething farther very extraordinary in this affair, and that
timesat- is, that if  W ater is thoroughly faturated with a Salt chac may be very eafily 

feparated from it, then i f  you mix the pureft Alcohol wich this Lixivium, the 
pofitesSait. A lcohol will unicc with the W ater, and the Salt will be expelled a n d  precipita

ted to the bottom in form o f  a diilblved Salt. In this Glafs I have the ftrong
eft Lixivium  that can be made wich Epfom Salt and W ater, which you fee is

quite



quite clear, nor has the ieail fign o f  any Salt in it. Into this, now, I  pour 
f o m e  Alcohol, and it fwims at top: B u clih a k e  chem as you fee together, and 
now the Liquor grows turbid, opake, and whitiih, and lees fall fome liccle 
Chryftals of Sale, by this means feparaced from ics diflblvenc W acer, which is 
n o w  uniced with the Alcohol. And in the Offa Helmontiana, where there is as 
much volacile alcaline Sale o f  Sal-Ammoniac., difiblved in W acer, as ic can poffibly 
take up, and then an equal quancicy o f  the pureft cold Alcohol is poured upon 
it, the Liquors being ihaken togecher, inftantly coalefce into a white folid 
Glebe, from which in a litcle time there is feparated fome W ater actraded into 
the Alcohol.

But another thing to be obferved i n this difiblving power o f  W ater is this. Water dir- 
thac if ic is mixed wich Aicohoi, chat has a diftilled O il difiblved in it, then Aicohoiout 
the Oil will be feparated from the Alcohol. T his you’ ll fee, if youMl pleafe to ofoiis, Rc- 
atcend Co the following Experiment. I have here fome exceeding pure Alco- 
hoi, in which I have difiblved fome choice O il o f Cinnamon, and you perceive 
how equably clear it is, wichouc the leaft fign o f  any O il fwimming in ic, or 
falling CO the bottom. Inco chis mixcure, I now gently drop fome Wacer ; a n d  

don’t you obferve how che Liquor immediacely grows white, a n d  from a  

tranfparent one, becomes opake Buc you obferve farcher too, that the O il, 
which before was fo perfedly diluted, as to become imperceptible, difcovers it
felf now, and colleds itfelf cogether. Hence, then, it appears evident, thac 
Water, being mixed wich Alcohol, renders ic unfit for the Solution o f  thefe 
Oils: T h at Alcohol unites more eafily, and in a more kindly manner wich W ater 
than with thefe : And that thefe Oils, when they are diluted wich Alcohol, do 
neverchelefs continue real Oils, tho’ they do not, during that time, appear in 
form o f O il, but of Spirics. Refins coo, may be diflblved in Alcohol, foasn o t 
in the leaft co appear; but i f  you mix W ater wich this L iquor, ic inftantly be
comes very white, difcovers again che lacenc Refin in che A lcohol, and yields 
you the very fame quantity of Refin thac was difTolved : T his is crue in every 
kind o f  Refin whatfoever. Thefe refinous Subftances, therefore, may be dif- 
folved in Alcohol, may be recovered from ic again b y  the help o f  W ater, 
may be difiblved again, and precipitated as before, and chis may be repeated as 
long as you pleafe. T his I learned by a great number o f  repetitions o f  chefe 
Operacions in Refin o f  Scammony. But lec us take Camphire a little into 
confideration: W hat kind ofB od y do you look upon this to be ? Y o u ’ll be apt to 
anfwer, a Refin, Shew me then any other Refin in the W orld, thac may be 
fublimed dry, wichouc any refiduum-, or any alteracion in ics pares: In chis par
ticular, cherefore, ic is differenc from all Refins: This, however, may be per- 
fe<3-ly diflblved in Alcohol, and upon the affufion of W ater, exad ly  like ocher 
Refins, will be recovered into crue folid Camphire, incirely the fame as it was 
before. Upon the whole, then, ic appears, chac W ater attrads Salt o f  T artar 
more powerfully than it does A lco h o l: W hilft on the other hand, ic attrads 
Alcohol more ftrongly chan that does Oils, Refins, and Camphire.

But W ater, again, difiblves every compofition that is properly called a Soap, it diffolve« 

or a faponaceous Body, and that, whether it is artificial, or natural : Nor does Sapo’*,and 
ic at all fignify, whether ic is fixed or volacile. F or every Sa-po is compounded sifiSws* 
of an Oil and an alcaline Sale, fo united togecher, chac chey may bediluced in >’y tii'* 
Water in fuch a manners thac there ihan’ t be che leaft appearaftce, either o f
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the O il or the Salt, but the whole mixture Ihall appear homogeneous, Tfij 
particular property now o f fuch a Subftance is this, that if  ic is intimate]» 
mixed with Oils, oily Subftances, Refms, refinous Subftances, Gums, and gurri 
m y Subftances, Gum-Refins, or any ocher tenacious Bodies formed from thefe 
it  will render them mifcible, and diifoluble in W ater, fothat they may by this 
means be wafhed o ff from the Bodies to which they adhere. W ater, therefore 
not only difliblves true Soaps, but by being affifted by them, acquires a power 
o f  diifolving chofe Bodies, which otherwife would have been beyond its effica
c y : T hediflblving Power, therefore, o f  W ater, by the help o f Soap is vaftlv 
increafed.

W ater dif- One would fcarcely have believed, however, that W ater had a power ofdff- 
fo ive sA ir. unlefs this had been abfolutely demonftrated before in our Hiftory

o f  Air. Seep. 299, 300. But this in the mean time is effeded only in a particular 
manner, and to a certain degree, but no farcher ; and indeed, with this cir
cumftance, thac the A ir , whilft it continues thus diflblved, no longer retains 
that elaftic quality which is proper to it. See the places ju ft cited. In this 
refped, therefore. W ater diflblves A ir, as it does Saits, chac is to fay, in fuch 
a manner, that the fmall Particles o f  A ir  difpofe themfelves between the inter- 
ftices left between the Elements o f  W ater, as thofe o f  the Sales do i and when
ever all this A ir is  perfedly feparaced from its diflblvent W ater, by Froft, the 
removing the prelfure o f  the Acmofphere, Fire, the Sun, or the Mixture of 
certain Bodies together, there is then immediately juft fo much A ir  imbibed by 
the W ater as was difengaged from it.

In the laft place, W ater is capable of diflblving many earthy Bodies, when 
prepued/ t^^y are firft prepared s tho’ whilft chey were alone, they could never be dilu

ted, and diflblved by it. Oyfter-fhells, the Claws, and other ihelly parts ci 
Lobfters, and Cray-fiih, the Shells o f  Snails, and River and Sea-fifh, Stones, 
the Calculi, and ftoney concretions in Animals, their Horns, H oofs, Bones, and 
the like, when they are firft perfedly corroded by cheir proper folvenc Acids, 
may be afterwards intirely diifolved in Wacer : N ay, and Chalk, Corals, 
Pearls, M other o f Pearl, calcined Scones and Flincs too; have long been inilan- 
ces o f  the fame thing.

Other Bo- H aving thus then given an account o f  the Bodies thac W ater is capable of 
oSiiffoivf ^^y properly enough inquired, which then are thofe that are

capable o f ftanding ouc againft this diifolving power ? W h y , to chis queition 
we fhall then only be able to anfwer; when we are cercain that we are mafteri 
c f  fome W acer that is abfolutely pure, without che leaft M ixture o f Salt; for 
Bodies are very ofcen diifolved by the vertue o f  latent Salts, and the effed is 
falily afcribed co the Wacer ic fe lf; whereas, was this W ater quite pure, we 
mighc then be able to judge, whecher this vertue belonged to the Water alone. 
In Mecals, in particular, the thing is exceeding diiBculc, inafmuch as Iron, when 
wecced with the pureft Rain-water, is converted inco a R uft, and Copper into a 
Mould. T h e famous Joel Langeiotte, indeed, has in his Wricings aiferted, 
thac Gold may be diifolved by accricion alone: And che ingenious Hombergzi- 
firms, that fimple W acer, by being rubbed for a long time with Mecals, nay, 
even Gold itfelf, is capable o f  perfedly diflblving their Subftance inco a pota
ble, medicinal form. Thefe Experimencs I have read and examined ; buc as 
thefe have been made in che Elaboratories o i Chemifts^ where the A ir  is impreg
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nated with all kinds o f  volatile Salts, i  have always doubted, whether theie So- 
j u t i o n s  ihould not properly be attributed to thefe Salts ; efpecially, confidering 
that the rubbing in thefe cafes was continued for the fpace o f  whole months, 
in which time, tho* but a very fmall quantity o f Salt was applied at once, yet 
the aggregate o f all cogether, maft be pretty confiderable. The m oil ancient, 
indeed, o f the Alchem iils, were o f  opinion, that all things are produced from 
Water, and at lafi: are refolved into i t ; and tell us, that Bodies muil be al
ways refolved by principles confentaneous to their origin j and hence have ac
knowledged W ater to be the univerfal Menßruum: But they have never let us 
into the method o f  pradice that would confirm their Dodrine. Pure Earth, 
however, perfedly free from every kind o f  Salt and Sulphur, W ater will not 
diiTolve i nor will it attenuate and dilute Glafs, Gems, Chryfl;als, or Scones 
that are perfedly fimple. Hence a greac many Bodies o f  this kind, or com
pounded o f  thefe, it leaves intirely untouched. Hence, therefore, we infer, 
that Water is not a univerfal Solvent, but chat itis limited to chofe Bodies which 
we have enumeraced.

Having chus, then, carefully examined the properties o f  W ater, we eafily Watcrinfr- 
perceive, that it will readily infinuate itfelf into the invifible, nay, the fmalleft 
Pores o f a great number o f compound Bodies. F or as it is very heavy, and Poresofst.- 
confifts o f Parcicles that are exceeding fubtii, its very great lubricity, and its 
eafy feparability into its Elements, will difpofe them to penetrate with thfi 
greateft eafe inco the fmalleft interftices. But the very eiiicacious power thac ic 
has of difliblving fuch a vaft number o f  Subftances, very frequently effeds Coo 
the refolution o f the matter that ftops up the Pores of Bodies, and by this 
means, likewife, it procures itfelf a paffage into them ; efpecially, as its ulti
mate Elements are exceeding fiirmand immutable, and hence have a true me
chanical vertue, as well as thac fingular one, which depends upon cheir contrac
tility.

When, therefore, by this power ic has infinuated itfelf into che minute Pores .
of Bodies, and perfedly penetrated through their whole Subftance, it is no 
wonder that by this addition o f  new matter, ic fhould increafe cheir weights*
And this augmentation in many of them, which have a pretty great attradive 
power, with regard to W ater, is very confiderable j as in almoft all 
Salts, the fixed alcaline ones in particular*, moft Soaps we are acquainted with ; 
even pure fermented Spirits; and many Solids. Hence thofe Perfons who fell 
by weight, find a confiderable advantage in difpofing o f  fuch kind o f  Goods in 
damp cold W eather, when they buy them in hot and dry. And by this means 
the Chemifts have been fometimes deceived, who taking notice o f  thefe incre
ments, and decrements o f the weights o f  Bodies, have frequently afcribed 
them to fiditious caufes, when in reality, they depended only upon chis addition 
of Water.

But as it thus increafes the weighc o f Bodies, fo likewife it does frequently AndbuUej. 
their Bulk. Hence, therefore, we perceive, thac it does not only take pofTel- 
fion of cheir vacuicies, buc chac it exerts likewife a power by which it feparates 
the folid Elements from one another. This appears to be true by numberlefs 
Experiments, but never more evidencly than in one made and propofed by the 
Academy D.el Cimenio. Experiment 184. which becaufe the Book is fcarce, you’ll 
give m.e leave to infert here,

A  Cone



ri- IX. A  Cone A B  was made o f  folid Steel, and formed as exaftiy as pofiîbîe, and 
*’ its altitude divided into fome equal parts. There was then another Cone CD 

made o f a piece o f W ood cut longitudinally out o f  a T ree, which was hollowed 
in fuch a manner, that ics internal conical Surface was fitted exad ly  to the Con
vex Steel Cone A B , when the wooden Cone C D  was dry. T his wooden hol
low Cone was then made thoroughly wet, and upon this it was fwelled fo much 
inwards, that it would no longer admit the Cone A B  into its Cavity, which ic 
eafily received before : Buc at the fame time too the Cone C B , which when i{ 
was dry, went into another hollow Cone, was fo fwelled outwards, thaiic 
could not now be thruil into it. Thus then it appeared to ocular demonitra- 
tion, that che fubftance o f  the W ood was expanded by the W ater in all itscii. 
menfions. Hence, therefore, there are often produced very extraordinary and 
furprizing effeds, by Wacer*s infinuating itfeif into dry Bodies, which by this 
means become bigger, and by expanding themfelves, are the caufes o f incredi
ble alterations.

And then After W ater now is thus intimately mixed with Bodies, thac are o f a vaftly 
eoScKc'd clifferent nature from its own, it is then in a wonderful manner capable of being 
with fake concreted with chem into a Mafs, in which one fhould fecretly fufped there 
i5<Kiie*. vvasany W ater. T his we fee evidently to be the cafe, for inflance, in com

mon Sea-Salt, by the following method. T a k e  three pound o f  this Sait, and 
cautioufly decrepitate it with a gentle Fire, till it don’ t crackle any longer. 
T hen put this decrepitated Salt into a clean earthen Veffel, and fetting it upon 
a ilrong Fire, make it ju ft ready to melt, and in this ftate reduce it to a Pow
der, m ix with it three times its weighc o f  Bole, and wich a greac degree of 
HeaC, draw off an acid Spiric o f Sea-Salc i o f  which you will have fome oun
ces. Separate this Spirit, then, according to Homber^s method, into an Acid 
concentrated into a Chalk, and a W ater ; and by this means you will procure 
a true elementary W ater, drawn from Salt, which having pafs’d a calcining 
Fire, one would have fuppofed had parted with all its W ater. Buc the Water 
which is very furprizing, is here fo concreted with thefe faline Elements, 
that the diifolution o f  them is almoft infuperable, nor to be effeded wichout 
this extreme torture o f  the Fire. And the fame is likewife true in Sd-Genii 
Fountain-Salt, and N itre: N ot to mention Alum  and Vitriol, which too, if they 
are firft calcined with a gende Fire, and then reduced to a very dry Powder, 
w ill, i f  they are urged with a ftrong Fire, yield an exceeding acid Spirit, which 
may be afterwards feparated into an A cid , and a good deal o f  Water.

Andsui- W ith  regard to the drieft Sulphur, too, I have often been in doubt, whether 
ih\xT. that likewife in its fubftance don’ t concain a large quantity o f  W ater. Whililit 

burns, certainly, ic affords a Flame and an acid Spirit i bu tth is Spirit, which 
is always in a fluid form , may by A r t  be feparated into a pure Water, andan 
A cid  equal to the moft condenfated Oil o f Vitriol. T h a t A cid , therefore, 
which united with che Vegetable O il compofed the Sulphur, at that very time 
contained W ater in it, and confequently Sulphur, which is an exceeding dry 
Body, and perfedly combuftible, is partly made up of W ater, as a confticu- 
ent Element. I am well appriz’d, indeed, that it may be imagined, and noc 
without reafon, thac the W ater which lies concealed in O il o f  Sulphur per Cam- 
fanam, and is procurable from it, may poffibly arife from the A ir, whilft the 
Sulphur is burning ; for the moiiter, and more cloudy the Weather is, when



this Oil is mac ê, the more there is always o f ic. Buc fuppofing that this is 
true, yet Oil o f Vicriol, and Sulphur, have always W ater in them, whenever 
theyexiftj and hence, as Oil o f  Vitriol enters into the compofition o f Sulphur,
Water muft do fo too. For this reafon, therefore, we conclude, that W ater 
is in reality a conftituent p arto f all Sulphurs and Salts, and there lies concealed, 
tho’ it may be extracted thence by Fire.

Bat it appears much more incredible, that foft fluid W ater fhould enter into 
the compofition o f  the hardeft drieft Bodies, and then adhere to them fo tena- 
cioufly, as not to difcover the leaft fign o f  its being there, nor to be feparated 
from them wichout the extreme force o f  Fire. N ay , and even then, we are not 
abfolutely fure that all their W ater is expelled ouc o f  them. F or the feparate 
Elements o f W ater, which are exceeding folid, no ways compreifible, immuta
ble, and confiderably heavy, when they are once very firmly united with Bodies, 
become at length concreted with them in fuch a manner, as fcarcely to be fe
parable from them afterwards by any A rt, or violence. T his fingular proper
ty of Water, indeed, we have curforily confidered already in the beginning 
of this Chapter, whilft we were mentioning the univerfal concurrence o f 
Wacer in almoft all the works o f Nature. W e ihall now, therefore, by unde
niable inftances make it appear, thac the hardeft, and heavieft Bodies, owe the 
cohefion o f cheir pares, in particular, to W ater alone, which like a kind of ftrong 
QluUn̂  confolidates them with fo indiifoluble a union, and binds the Elements 
with fo firm a concretion, that no glutinous matter whatever is capable o f  do
ing it more efiicacioufly. And the W ater itfelf being here concreted wich thefe, 
and conne<5ling them wich one another, forms together with them one and the 
fame fimple cohering Body, appearing to us to be perfedly fimple. T h is pro
perty o f W ater, now, Ihould, I think, be particularly taken notice o f  by the 
Chemifts, who upon Examination would find, that this conglutinating power 
of Water ought not to be lefs regarded than ics diifolving one ; A nd yet this 
laft is very frequently taken under confideration, and difcourfed of, the for
mer very rarely : In the firft place, then, lec us examine G’̂ pfum : T h is is a 
very foft fine Calx o f  burnt Alabafter, that may be blown away with a breath 5 
and yet if  you mix with this a proper quantity o f  W ater, ic becomes a dudile 
Pafte, which prefently acquires a ftoney hardnefs, nor parts with itsW^ater 
again withouc a great deal o f difficulty. But confider, again, the fat Potter’s 
Clay which we inftanced in formerly : T his, when it is perfedly dried, afibrds 
a Subftance, that may be reduced to an impalpable Powder, thac flies abouc 
upon the leaft breath o f  W^ind ; nor if ic  is kept dry, or burnt only with a 
moderate Fire, will ever become concreted together ; but yet, i f  you w ork 
this wich a proper quantity o f W ater, it will become a pliable Pafte, which 
dried by a gentle H eat, and chen burnt in a proper K iln, yields us Veifels 
that vie with Stones in hardnefs, and are capable o f  holding W ater. Lim e- 
ftones, or the boney Teguments o fF ifti, burnt toa Calx^ produce a loofe P ow 
der, thac by its volatility is troul^lefome to the Lungs, nor ever fpontaneoufly 
grows hard ; and yec work it well wich a due portion o f W ater, you will have 
a Pafte, which expofed to the Fire, burns into a Scone. I f  you mix Sand and 
Lime togecher, will thefe confolidate? Never. A d d W ater to them, and you 
have a Mortar, which will fo faften and cement Bricks together, that the uni
on will continue for ages undiifolvcd. A nd as for the Glues with which we
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join Bodies together, made o f  Starch, Flower, and the glutinous Subftances of 
Animals and Fifli, thefe afl are rendered fit for the purpofe by the mediation of 
W ater. I f  all thefe things, then, are properly confidered, theopinionof thefe 
Chemifts don’ t feem fo abfurd, who afTert that W ater is concreted with the 
very hardeft Bodies. W h o will venture to deny, that W ater helps to pro
duce the folid natural Bodies, who evidently perceives this to be the cafe in 
artificial ones? O r who will be obftinate enough to exclude W ater from com
pound Bodies, who fees this neceffary to the formation o f fome o f  the moft 
firm ones ?

^”ñíbrd laflly, let us take a view o f  the drieft, hardeft, and thofe that appear
partsofAni-the moft folid parts o f  Anim als: I mean their H air, Hoofs, Horns, Teeth, 
»»J«' Bones, Ivory, and the Spines o f  F iih ; ihan’ t you be furprized, now, iflaíTerr, 

that the terreftrial Elements o f  thefe feveral parts coalefce into a proper 
hardnefs, by means o f the conglutination o f  W ater? But this is certainly the 
cafe : For i f  any o f thefe, after they have been laid by for years, and are be
come drier than a Pumice-Stone, are puc into a glafs Retort, and by a 
ftrong Fire feparated into a volatile parr, and a fixed one, the volatile pare 
w ill be found far to exceed the other, And this volatile part, now, will be 
almoft all liquid, except the S a lt; and this liquid part will be refolvable into an 
O il, Salt, and large proportion o f  W ater. Hence therefore it appears, that 
W ater is moft intimately united with thefe hardeft parts, and ferves to confo* 
lidate them together; for when by the extreme force o f  the Fire the Water is all 
expelled, there remains nothing but loofe Afhes, or brittle Fragments, that co
here fo flightly9 that they are very eafily reduceable to Powder. I f  thefe Frag
ments now, which are always black, are afterwards expofed to an open Fire, they 
become white, and moulder away, and upon rubbing fall into Afhes. But 
i f  you calcine a Bone, till it is perfedly white, wich heat quite through, 
and keep ic whole, though exceeding brittle, and cohering very weakly, then, 
i f  you throw it into W ater, you will hear the W ater ruili into it with a hiffing 
noife, as i f  violently attraded into the dry Bone, and it will again rcftore ic 
to  its former weight and hardnefs, the cohefion being by this means reco
vered. Hence, therefore, we infer, that though W ater does noc fupply the ul
timate matter o f  which the folid parts o f  Animals confift, yet, as it performs 
the Office o f  a Gluten to unite the contiguous Particles together, ic fo long 
makes a part o f  che concrete, increafes the bulk, and keeps the parts conneded 
together with a proper union.

» laO iIi, But as for Oils, now, what perfon living could ever have imagined, that 
thefe are not only not free from W ater, buc that they are in a great meafure made 
up o f  it? And yet the famous Homherg has proved by very exad  Experiments, 
that diftilled Oils may, by a chemical Anal-jfis  ̂ be in a greac meafure refolved 
into the pureft W ater. Hift. de I*Ac. roy. des Sc. 1703. p. 37. Du Hamel. Hifi. 
de I*Ac. roy. p. 372. Here, then, we fee, that in a matcer particularly inflamma
ble, and looked upon as a true Pabulum o f  Fire, the greateft pare of the 
compofition in reality is Water.

>indAico. N ay, and alTures us, that the pureft, fimpleft Alcohol itfelf is,
by the attradion o f  Salt o f  Tartar, half converted into elementary Water, 
In burning it, certainly, there is a great deal o f latent W ater difcovers itfelf, 
ÜS we cook notice before in our H iftory of inflammable M a c t e r  p .  1 8 9 .  and
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following. W hoever, then, is thoroughly apprized o f  thefe things, will make 
no doubt o f  the extenfive diftribution o f  W ater, through vaft numbers o f 
Sptcus o f  Bodies, and its moft firm concretion with them.

Hue here again we muft take care and keep within bounds, i f  we would not err Water how- 

from the trurh: For what has been above delivered with fome other confiderations ^J^utrevi 
has given rife to an opinion among the Chemifts, that W ater alone is the Mat- rj-tog''* 
ter from which are produced all fenfible Bodies. For fome o f  the principal o f  
them have laid it down in their writings, that W ater being firft rendered exceed
ing pure by a long continued Froft, and then never thawing again, buc by an 
increafing Cold being condenfed, and rendered heavier, would ac length be con
verted into true mountain chryftal. And this they boldly aiferc Co be confirmed 
by obfervation in the icy Mountains o f  Helvetia, which look northward, where 
the Ice never chawing for ages, is faid to be thus transformed. Upon which 
head you may confulc Paracelfus, and che Academy del Cimento. In che mean 
time, however, this is certain, that W ater 40 degrees colder than che greateft 
obferved natural Cold, thaw’d again immediately. N or can the conftridion 
eifefted by Cold ever fo far condenfe Ice, as to make it come up in weight to 
Chryftal, much lefs to the folidity o f  a Diamond. Ic is not at all probable, 
therefore, that Gems are ever produced from frozen, condenfated W ater, buc 
thac thefe fpring from their proper Seeds, as well as all other Bodies. T he 
great Verulam lays, indeed, that no nutrition is carried on withouc W acer, 
p. 656, and that nothing grows withouc i t : But this is true particularly o f 
Animals and Vegetables. In Metals the cafe appears to be intirely otherwife, 
unlefs by W ater you will underftand M ercury i for the Adepts ufed to call M er
cury the Water o f Metals, nay and fimply, W ater, or their Sea. But who can 
ever believe, that W ater can ever be rendered 14 times heavier than it is, in 
order to be converted into M ercury ? N ay, and in Animals and Vegecables coo, 
though its certainly crue, indeed, that W ater contributes vaftly to the M atter 
of their Nourifhment, and che intimate connexion o f  cheir conftituenc E le
ments, fo thac hence chey partly confift o f crue cransformed W ater ; yetic ne
ver has appeared, by any certain Experiments, thac W ater is capable o f produc
ing all the parts o f  thefe Bodies. I am well apprized o f the Experiment o f 
yo.n Helmont on the W illow  fupported by W ater alone, which he fo carefully 
deicribes, p. 88. 32 ; and the illuftrious Boyle's account o f che Gourd, and 
other Vegetables, fprung from W ater alone, and increafed to a very confiderable 
weight. Orig. Forms, p. 165. Whence chefe great Men have been led to think 

evident that che moft fimple elemencary W ater, being applied to the living 
Seeds o f thefe Bodies, is, by their feminal power, tranfmuted into all the Ele
ments both o f Animals and Vegetables} fo that hence their whole Subftance has 
Its rife from mere fimple Water. But this dodrine Van Helmont advances and 
urges, becaufe all Animals and Vegetables, when they are diffolved and coho- 
bated with the Liquor Alcahefi, are always changed at laft into a mere fimple 
Water, equal in weighc to their former Body. A s for Alcahefi, however, o f 
Van Helmont, I confefs I know nothing o f  che matter, nor have I heard o f  any 
perfon who fince him has pretended to be M after o f this wonderful Liquor, and 
to have performed,the fame Experiments. But be this as it w ill,by  a more accu
rate inquiry into Nature, it is fince evidenc, chat W ater, indeed, is the princi
pal Vehicle to convey the Maccer o f Nourifhment to the Bodies both o f  Ani-
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mals and Vegetables, the W ater at the fame time not being the Matter itfelf 
but being filled with various heterogeneous Particles that are: F or the pureft 
Rain-water always abounds with a great number o f  Corpufcles, very much re
fembling the nature o f Vegecables: A nd the more any W ater contains of a rich 
muddy Matto*, the more weight it will give the fame vegetable growing in 
it for the fame time. But the greateft part o f  the W ater chac enters into plants 
foon exhales ouc o f  them again, which perhaps would not have been carried up 
inco the A ir, i f  ic had noc been received into them ; and farther, the pinguious 
M atter that is mixed with the W ater, is found co be confumed, whilft the Ve
getation o f  the Plant is chus carried on in W ater, Upon this head fee the cu
rious Experiments o f  the famous D r. Woodward, Phil. Tranf. N o. 253. p. ipj. 
which were afterwards repeated in úit Royal Academy of Sciences at We 
cannot, however, deny, but that W ater is fometimes intimately united wich the 
folid parts o f  Bodies, fo far as it becomes concreted with them into the fame 
Mafs fo thac in realicy ic noc only performs the office o f a Vehicle, buc like
wife concurs in the compofition o f  fome parts both o f  Vegetables and Animals. 
A n d  hence the ancient Chemifts aiferted, that W ater is the univerfal Wine 
which all Plants, Animals, and Foifils drink. In this fenfe therefore we may 
venture to fay, that W ater is che Matter from  whence all things arife, and from 
which, by the incubation o f  a pregnant Spiric, chey are all produced.

Arepuifive Buc there are fome Bodies which refufe any conjunction wich Water, and if 
íwíiaWater IS brought in contad with them, repel ic, but yet without any motion in 
and fomeLi-their proper Subftance. Oils, for inftance, fo ftrongly refift any union with 
quids, W ater, that i f  you forcibly m ix them togecher, they will difengage them

felves again, co lled  themfelves into orbicular or fpheroidal Bodies, and repel 
the W ater from Cheir Mafs thus united under the fmalleft poifible Surface. 
Balfams, Colophonies, and Refins melted with a gentle H eat, have likewife the 
fame property. In thefe, as I remember at prefenc, there is only this difference, 
that the more fubcil Oils grow, the lefs they are averfe to this union, the thicker 
they are, the more: A nd hence, when they come to be rendered exceeding thin, 
they at laft become eafily mifcible with W ater, and then will remain mixed 
with it for a long time, and that, though the Oils are exceeding pure. This, 
however, muft be underftood o f  W ater that does not fpontaneoufly lie concealed 
in O ils ; for concerning chis W ater we have treated already.

AndSoWs. But fome folid Bodies, likewife, repel W ater, thofe efpecially that are exceeding 
folid, or have a very fmooth ihining Surface. T hus we obferve this property 
in the Furr o f  Beafts, the Feathers o f  Birds, Webbs o f  Spiders, and Bags, and 
Silk o f  Caterpillers, and Silk-w orm s; particularly i f  the Animals are in health, 
I confeis, indeed, in all chefe there is an unduous matter difpofed all over 
their Surface, that has fomething-of the nature o f  an O il, and on this account 
repels the W ater, for which reafon, when they are boiled wich a iharp Lye, 
and this is fcour*d off, they repel ic lefs than they did before: But ftill it is ob
ferved, that a very fmooth furface will have the fame effed . Examine plates 
o f  Metal, for inftance, when they are perfedly poliihed, and you will find, that 
W ater will not only noc adhere to them, buc that it will fly from them, where
as they would eafily retain it if  they were rough. D ry Ivory and 'fj' 
bibe W ater with their rough Surface, but when they are very nicely pohih a, 
they repel ic. This, you’ ll fay, perhaps, is owing to the Pores being ftopped



up by the Polifh, nor do I deny, but this may help, but even to the very ex
terna Surface it won’ t adhere, now ic is poliihed, to which it would when it 
was fcabrous. Is this, therefore, the reafon thac the Bodies o f  Fiih, which are 
fo foft, and diflblve fo eafily, are every where covered with fmooth ihining Scales, 
and a pinguious fubcucaneous Membrane, that thus they may be able to 
withftand the efFedts o f  the W ater, in which they are to live, and in which they ;
fo foon diflblve ? A nd does it hence happen, that as foon as ever Fiih are 
dead, their Scales are relaxed, and this oily  Subftance dccays, the W ater foon 
macerates their Bodies, which, had chey lived, would have continued firm for 
a long time? Lipf, 87. p. i6o. Perault. Eff. T .  III. p. 297.

Having thus, then, examined the general properties o f  W ater, we muft now The nature 
add a few things concerning the different forts o f  it, for the fervice o f  che of 
Chemift. In the firft place, then, let us begin with Rain-water; and this cer- 
tainly one may properly call the Lixivium  o f  the Atmofphere, in which are 
contained all the Species o f  Corpufcles, that were floating about in ic. O f  
what kind, now, thefe are, and what greac variety there is o f  them, we have 
already treated particularly in our H iftory o f  A i r : L et thefe things, therefore, 
be confulted from p. 282 to 292. There ic appears, that in this A ir  is 
difperfed every kind of volatile Bodies. Buc Bodies are eicher fpontaneoufly 
volatile, or become fo by Fire, Fermentation, Putrefadion, M ixture, Se
paration, or Effervefcence : And hence Salts, Spirits, Oils, Sapó ŝ, Earths, 
and even Metals themfelves, are found there. Thefe, however, will be diftri
buted there in various manners, according to the diverfity o f  the exciting caufe, 
which for the moft part is the Fire of the Sun, fubterraneous, culinary Fires, 
or mechanical ones, made ufe o f  by Artificers. Buc chis variety thac is ob
ferved in Rain-water won’ t depend only upon the exciting caufe, but upon 
die diverfity o f the Soil too, from which the Fire raifes the Parcicles, and m ix
es them wich ic. N or will the difference in the feafons o f  the year produce a 
lefs alceration in this W ater: For we find, that the Vernal, Summer, Autum 
nal, and W inter Rains differ very much, both in the Macter they contain, and 
the Effeds they produce. Vernal Rain-water, for inftance, is particularly dif
pofed to Fermentation : F or this is replete with thofe Bodies which the W in 
ter Cold had locked up in the Earth, and the fucceeding warmth now refolves, 
diflipates into the A ir, and mixes with the Rain. But the various alterations 
of che W eather, likewife, make a very confiderable difference too in the Rain 
that falls at different times. Thus that which comes down afcer a very long 
Drought, appears by every charader to be quite o f  another nature from thac 
which falls after the weather has been rainy for a confiderable while. T o  thefe 
caufes add the Meteors that are frequently obferved in the Heavens. T h e  
Water that falls with Thunder differs from the reft : N ot co mencion the 
Winds chat carry che Wacer o f the Air from one place to anocher j by which 
means it happens, thac when Rain fucceds high W inds that have blown for a 
good while from one quarter, this is full o f the Exhalations proper to places aC 
a very greac diftance, and brought from chence by the W inds. Thefe various 
Corpufcles, now, che W inds put in agitation, bring together from oppofite places, 
mix with the Rain, and thus bring about a wonderful M ixture, greatly benefi
cial often to the Corn and Ground. And hence, as frequent obfervacion tea
ches us, if  the Rain that falls in very hoc weather is catched in clean Velfels, 
and kepc in them for fome time, it will fpontaneoufiy putrify into a fetid, pu-
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trid Liquor*, though, as far as I remember, no body has ever obferved Rain, 
water co grow acid. For my own part, at leaft, after a great number o f trials 
made in the examination o f Water, I have never, I confefs, difcovered any 
fuch thing. But when this W ater has thus fpontaneoufly grown putrid, jt 
rnay be eafily rendered wholefome again, and may be drank wichout beine 
oifenfive \ for i f  you give it only one boil on the Fire, the Animals that are 
in ic will be deftroyed, which, with the reft o f  the impurities, will fubfide to 
the bottom, and then i f  you make it moderately acid, by adding to it a fmall 
quantity o f  an A cid  that is very ftrong, it will be fit for ufe. This is found to 
be o f  excellent Service under che Equator, and between the Tropics, where 
the W aters putrify fo horribly, and breed fuch quantities o f  Infefts, and yec 
muft be drank. And for the lame reafon, a fmall quantity o f  Spiric of Vi- 
triol mixed wich W ater will prevent its growing putrid, and breeding any 
Animals, and at the fame time it will continue wholefome and good. But again 
by all the Experiments I have made, I have never been able to raife Rain
water inco a fermentation, and fo convert it into inflammable Spirits. I have 
found, however, that in Rain-W ater catched in a high, pure place, in clean 
Veifels, there fwim about little pregnant Seeds o f  a very fine, green, river-v\?eed; 
for upon keeping this W ater in very pure GlafiTes, there firft appeared fome 
very fmall Corpufcles, difcovering themfelves by their green colour, whichgra
dually increafing, at laft extended themfelves to a confiderable breadth, and 
upon examining them with a M icrofcope, I found them to be perfed little 
Plants. I f  you rather believe, that in this cafe the Seeds fell ouc o f  the Air into 
this W ater, the thing will be the fame i for then as the Rain falls through the 
A ir , they may come down with ir. T h e invifible Seeds, likewife, o f  a great 
many kinds o f  Moífes being interfperfed in the Rain, occafion abundanceof 
little Plants too o f  this kind fpringing up in this Water. But much the moft 
numerous, that thus grow in Rain-water, iht Funguli, which upon examina
tion with a M icrofcope are found to be much the fineft o f  all, and in the 
greateft abundance *, but the colledion o f  thefe to the naked Eye appears 
difagreeably, and looks like a Slime. Thefe then are the principal Vegeta
bles that properly belong to Rain-water, and which by no caution, hardly, 
can be kept out o f  ic. In one part o f  the Year, however,, they are in grea
ter plenty than they are in others, and hence, in this refped, they produce 
fome variety. Buc farther, Rain-water catched in the Spring and Summer 
Seafon, has been found tainted, likewife, with the impregnated little Eggs of 
Jnfeds, and has difcovered to the Microfcope little Animals produced in ic, 
efpecially when it has been cherifhed for a good while by the heat of the 
Sun, and being openly expofed to the A ir. In a little drop o f  Water, thus 
circumftantiaced, what numberlefs Animals have often appeared, as we karn 
from the induftrious Lewenhoek? Y ou  begin, therefore, to be fenfible, with 
how little reafon Rain-water is looked upon to be pure. But in Rain-water 
there is nothing more furprizing, than that i f  the very pureft o f  it is perfectly 
Ihut up in a Veflel, it in a fliort time begins to form fmall, white Clouds, 
which increafing in number, and magnitude, grow continually more and more 
opake, and ac laft degenerate into a fine, tenacious Mucus, and change the 
W ater into a fiimy Fluid. Hence, therefore, ic comes to pais, that when it 
ftands quiet a good while, it is obferved to form itfeif into numerous fila
ments, to depofue a feculcnt M atter, and alter in Colourj Smell, and Tafte»
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and afcer having paiTed thefe changes, to acquire at lail the rancid fmell, 
and naufeous, nay fometimes intolerabJe tafte o f a vapid, mucilaginous W ater.
This, chen, O  ye Chemifts, is the true Nature o f  Rain-water, fo far diftant 
from a pure iimplicity, and fo tainted with various impurities ! And yet 
this is the lighteft fort o f  all that we have amongft u s; whilft at the fame 
time all others, in almoft every place, are fomewhat heavier. And, in
deed, this is W ater truly diftilled by nature ; for ic is raifed from the Sur
face of the Earth, by the gentle warmth o f  the A ir, and carried to fuch a 
heighc as no chemical diftillation can poiTibly imicatej and ic returns out o f 
the fame A ir, without being in the leaft rendered impure by any VeiTel. On 
this account, therefore, the Chemifts can fcarcely by diftillation prepare any 
Water purer than that which Nature thus yields us : This appears very evi
dent, if we will but carefully confider the Wacer which the Chemift diftills ; 
the VeiTel in which he performs his Operation *, the Fire he makes ufe o f  ; the 
fmall height to which he raifes the W ater ; and the A ir  through which he car
ries on his diftillation : I fay, i f  we will buc confider thefe things, and com 
pare the natural diftillation with this artificial chemical one, we ihall not won
der, that diftilled Rain-water is not lighter than the natural, but hydroftati- 
cally the fame, as I have learned by undoubted Experiments. Am ong all the 
varieties, now, o f  Rain-water, that o f  Snow is found to be che lighteft. Boyl.
Med. Hydroft. p. 134. And this Snow-water, the higher the place it is catch
ed in, as it comes down, the purer and freer ic will be from the groiTer and 
heavier Parcicles, inafmuch as it won’ t be mixed wich thefe as it falls. And 
again, if after it has been for a long time very cold and dry, theW ater alofc is 
formed into fnowy Flakes by a iharp Froft, then this Snow will be the pureit 
of all, efpecially if  at the fame time too the weather has been very calm, ib 
thac the purity o f the A ir has not been difturbed by the admixture o f  a variety 
of volacile Corpufcles. When the Snow, therefore, has fallen upon a fandy, 
barren Mountain, a great way diftant from any commerce o f  mankind, and 
has perfedtly covereci the Surface, and is rifen to a confiderable height, then i f  
you very gently take off only the upper pare, this Snow will be as pure as ic 
is poffible, eicher artificially or naturally, to procure it: For in this there will be 
fcarcely any Salt, A ir , Oil, or other Bodies. Hence this Snow, when it is melt
ed, yields a Wacer differenc from all ocher. T h e W a te r, indeed, o f this Snow 
is the pureft o f all we are acquainted with, is exceeding immutable, capable o f  
being kepc for many years, and is a fingular remedy for iniiammations of the 
Eyes. From fuch pure Snow as this the Alchemifts long ago ailèrted mighc 
be extraéled, by a fecret method, a very red Body, which lies buried and con
cealed,by an igneous power, in its inmoft recefl"es. And that this Snow, when ic 
falls upon the fame place for fome ages together, leaves every time a very 
fine Cruft, which in a feries o f  years rifes to a conficlerable Stratum  ̂ and renders- 
the Soil chere extremely fruitful, the famous Olaiis Rudheklus by abun
dance o f arguments, in that infinitely laborious W o rk , his Atalanth. p. 128.,
Thus much, then, for the method o f  obtaining the very pureft Rain-water.
Buc farther, this Rain-water being digefted for a confiderable time, putrifies, 
ftinks, and if  it is then diftilled, yields oily Spirits, that are in fome meafure 
inflammable. And being digeited, putrified, diftilled, and concentrated, ic has 
afforded a very fragrant Spirit, which very gently diflblves the Body o f  G old, 
v/iihout any eiFerveftence, A 5Ì, A n . go,, p. 86-„ When it is pu-: into Cafks^
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and by the heat o f  the weather has putrified between the Tropics, it afterwards 
Jofes its ftink and putridnefs, fettles, and grows very clear. 'Phil. Tranf. Ahr. 
V ol. II. p. 326. T h e moft impure Rain-water, now, o f  all, is that which falls in 
very hot and windy weather, and is catched in places about cities that are low 
and fetid, where Animals, Vegetables, and other Subftances, by the vaft num. 
ber o f  people are perpetually di/Tipated into the A ir  *, efpecially i f  at the fame 
time that A ir  is fo g g y, thick, and ftinking, fo as to affed  the Nofe with a 
very difagreeable Smell, and the Lungs with a noxious Vapour j which Stink, 
as it often comes without any vifible caufe, fo ic difappears again in the fame 
manner, without leaving the leaft mark behind it, and perhaps afterwards re- 
torns again as it went. W e  have likewife obferved, that when it has been ex
ceeding hot and dry for a long time, and there fucceeds great Thunders, 
with large ihowers o f  Rain, the W ater that then falls, i f  it is colleded in pure 
Veflels, produces a Froth, which feems truly to contain fomething o f a very 
fine kind o f  nitrous Sale. And Rain that has come down with terrible Whirl- 
winds, has been fometimes found to be fetid, and if  it fell upon any garment, 
in the fpace o f  four and twenty hours, filled it full o f  Animals Phil. Tranf, 
N o . 127. p. 652. Abrid. V . p. 17 1 . Hence, then, we may eafily fee therea- 
fon why this W ater is fo greatly conducive to the fertility o f  the Earth, boih 
as it contains a very fubtii M atter, which furniihes Particles both for the 
folid and liquid Pabulum oi Plants, and at the fame time is the moft proper 
Vehicle to carry to them all thofe Subftances which are neceiTary to their nou- 
rifhment. I f  the W ater, now, colleded from melted Snow, and mentioned 
before as the pureft, is diftilled once wich a gentle, clear Fire, in tall, clean 
VeiTels, this may be looked upon as the very pureft o f  all, efpecially if this 
diftillation is performed in a place that is free from Smells and Vapours. 
A fter having tried a great many different methods, I have not found any 
one by which I could render W ater more pure than by this. I know, in
deed, that fome chemifts, when they wanted W ater exceeding pure, havediftilled 
it very gently o fF o f fixed alcaline Salts ; and by this means, it is true, they 
have fixed all the Acids in the A lcali, and eafily retained in it both the oily 
and the terreftrial Particles, but then, at the fame time, there is fomewhat of a 
lixivious quality communicated to fhe W ater. Others, therefore, havediftilled 
thefe W aters oiF o f  Sal Gem, Sea Salt, Nitre, and the like ; but the Water 
they obtained by this means was always more impregnated wich heterogene* 
ous Particles. N ay , though you diftill ic fucceiTively with different forts, 
you won’ t make it at all purer, as I learned by performing the diftillation 
alternately, with alcalious, acid, and compound Salts. T his pureft Water, 
now, when it boils on the Fire, has that iulminating quality which we for
merly defcribed, and concerning which we took nocice, thac it did not depend 
upon the A ir, nor does ic ever lofe ic, though ic be ever fo pure, and has been 
diftilled fome number o f  times. Buc ic remains farther, that we lay before 
you chofe M arks, which in fuch a  manner belong to chis p u r e f t  R a in -w a te r , that 
they ferve to diitinguiih it from  every other fort. In che firft p la c e  then, 
i f  this pure diftilled W ater is mixed wich ocher Waters lefs pure, chere imnae- 
diacely appears a whitenefs upon che mixcure, chough they both w e r e  very 
clear before. I f  the beft common, or Venice Soap is diilblved in this Water, 
the folucion is perfedly equable, without any fmall foapy Fragments i whereas,



if you diflblve it in W ater lefs pure, you will obferve fuch little Maifes appear
ing half diiTolved, like M ilii that is h alf curdled. I f  it is poured upon wax, 
that is to be expoied to the Sun, or thrown upon Linnen that is to be whiten’d, 
it gives them an exquiiics, whitenefs, whereas that which is impurer leaves them 
not fo clear. O f  all W aters, this grows hoc and cold again the fooneft: But 
by boiling, it never becomes better. I f  into this W ater, when it is cold, you 
throw the pureft Gold or Silver, when they are perfedly melted, either fepa- 
rately, or cogether, they pafs quietly through it, and fall to the bottom, di
vided into little grains: T his the Aifayerscall Granulation, and it is o f  ex
cellent fervice in a great many chemical Operations. Iron, T in , and ,Lead, 
in fufion thrown into this W ater, in the fame manner, fly from it with a ve
r y  violent motion, and a great noife, fo that the mixing thefe with it is much 
more dangerous. But whac a furprizing quality has W ater, with refped to 
melted Copper ? Certainly, i f  you throw this into W ater, the Copper, W a 
ter and Veifel will be agitated with an incredible noife and fury not to 
be reitrained, to the imminent danger o f  all around ic. N a y , it has been con
firmed by very fatal inftances, thac upon a fmall quantity o f  W ater’ s being 
poured upon this metal, when it was in fufion, every thing about it has 
been torn to pieces, wich an impetus almoft quicker than that o f  Gun-powder,
This furprizing property, now, I am o f  Opinion, cannoc be underftood, or 
explained, from any common principle o f  Bodies, In the laft place, Rain
water, when it is fimple and pure, may be looked upon as the M ercury 
of Animals, and Vegetables ; for then in poinc o f iimplicity it is not in
feriour to the M ercury o f  Metals. Then, according to Van Helmont, it is 
the firft Element, out o f  which all things are produced, and the laft into 
which they are all refolved. But this dodrine, as we took notice before, muft 
be allowed oniy wich proper reilridions.

All Spring-water owes ics origin incirely co Rain-water. F or the H eat Spmg 
raifes the Wacer from the Surface o f  the Earth, and che W aters, into the A ir  5 
and then the A ir , when it is thus replete wich watery Vapours, being ftopt 
againft the cold, broad tops o f  high mouncains, applies ic to them, by which 
means it is there colleded inco drops, exad ly  in the fame manner as in our 
diftillations. Thefe drops afterwards uniting togecher, run down the fides of 
the mountains, either in lictle ftreams on the furface o f  the ground, or elfe 
finking down inco fome fubterraneous paifage, there form a kind o f  refer- 
voir, and defcend from thence. When chefe places, now, are higher than 
thofe where chefe Waters find an ouc-let, there che Fountain plays up fo much 
higher in proportion, as thefe colledions c f  Wacer are higher than the mouths 
where they burft ouc. Hence, chen, we fee the reafons why there are no 
Springs, except in the neighbourhood o f  mountains ? W h y there are moft 
Springs where the Mountains are moft in number, higheft, and moft folid :
And why in Vallies fituated between Mountains, Springs are moil frequent, 
and rife higheft. Hence, likewife, we underftand, that Spring-water can ne
ver be more pure than Rain-water, fince the purity o f the former depends in
tirely upon the latter. And how, indeed, is ic poQible ic fhould be more 
limpid chan thac Vapour from which, when it was aloft, it took its origin ?
For, certainly. W ater can by no method be purified more than by being carried 
to fuch a height in the A ir, This Rain-water, however, thus colleded inta
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Spring-water, i f  ic happens to fall inco places that are full o f Flints, then 
being detained in their Interftices, and running through them, ic there depo. 
fites all the heterogeneous Particles ic was before tainted with, and at laft 
havhig been purified through thefe Meanders, ic becomes pure Wacer, dearer 
than Amber. This then is che method which Nature makes ufe o f  to brino 
W ater to its greateft clearnefs, and fimplicity ; and chis is the W ater mention” 
cd by Virgil as esercitata cut j%  and defcribed by him as purer chan Amber : 
N or do I know any other contrivance whatever, by which ic can be render
ed more pure. Buc we know, likewife, that our common Sand or Gravelis 
■nothing buc a colledion o f very pure Chryftals, or lictle Flincs. And the fi. 
gure o f  thefe, now, is fo vaftly irregular, that it is fcarce poffible to find any 
two thac are perfedly alike. Hence chey can never be fo placed among one 
another, as not co leave fome empty Spaces between them •, and for this 
reafon, i f  the W ater that diftills from the Mountains happens to light upon 
thefe fandy Gravels, it chen running chrough the fmall Interftices o f the Sand, 
becomes a good deal more pure chan ic was before. And hence, Coo, even Rain 
itfelf, falling upon the Surface o f fandy Mountains, and chen ftrained through 
very clear Sand, runs down in form o f  very pure Wacer. T his Spring-water, 
however, when ic runs through fuch places as contain Subftances that are 
eafily diifoluble in W ater, it then in its paifage diifolves fuch Bodies, and carries 
them along with it. N or does it at all fignify, then, whether ic runs througli 
R ocks, Sand, Plills, or Mountains, for it will ftill retain chefe diifolved Par
ticles. And hence ic comes to pafs, that Brooks, Rivers, and Springs acquire 
the Nature o f  thac Macter, which lies in the Channels through which the Wa
ters pafs. For this reafon, therefore, nothing can be aiferted concerning rhe 
particular difpofition o f Spring-water, till we are acquainted with the nature 
o f  the fubterraneous Paifages through which ic runs. A  reflexion upon 
Alum s, Sales, Sapo's  ̂ and Vicriols, makes this fufficiently evident. Thusfome- 
times ic comes ouc under che name o f  Chalybeace W aters, called the Aiduk, 
though the egregious Hoffman has made ic plainly appear, chat thefe are of anal- 
calefcent, volatile Nature, and are replete with an embryonated Spirit. And often, 
youfee, itappearsin fulphureous Baths, vaftly diiferent from the former, though 
they both owe their origin to che fame Spring-wacer. Some Springs again are whole
fome, and have a medicinal vertue \ whilft othersare pernicious and poifonous. Nay, 
there are fome which are endued wich a petrifying quality, as is obferved in the 
petrifying Cave in Burgundy, abouc a mile diftant from ^ingey, where the 
W acer, as ic drops down, pecrifies into ftacues o f  all kinds o f  figures, Journal 
des Scav. 1688. p. 432. And yec whac is parcicularly furprizing, thefe petri
fying Waters don’ t generace Stones in the human Body. Mem. de l*Jc. royJss 
Sc. 9 1 ,9 2 . From all thefe initances, then, it evidently appears, that nothing 
can be aiferted o f  the clearnefs, weighc, and vertues o f Spring-water, that 
will hold univerfally true ; buc we muft examine every one particularly, 
i f  we would rightly underftand its nature. And indeed there is no confiderà- 
tion makes this plainer, than this, that if  you boil any fort o f  Spring-water 
whatever, for fome time, and then lec it ftand to cool, it will always depofite 
fome Fisces, But whilft we are chus examining all che circumftances of Spring- 
wacer, chere is nothing more particular and extraordinary than that you ihall 
have none o f  chis W ater in fome places, chough you dig to a prodigious depth.
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A  furprizing inftance o f  this we have given us by  che famous D r. Plott^ in his 
defcription o f  Staffordjhire, where he tells us o f  a W ell thac appeared by  let
ting down a Line to be 2600 feet deep, tho’ ic did noc then touch the bottom ; 
and yet in all that depth, there was no W ater to be met with. H ow  prodigi
ous folid mufl the bottom o f  that W ell be, to prevent any W ater’s bubbling 
up through it? And how very ilrong and folid muft the fides o f this W ell be 
fro m  che Surface o f  the Earth to the depth o f two thoufand fix hundred feet?
Confult the famous Author, and Journ. des Scav. 1680. p. 14.

River-water fhould come next under our confideration : But as all Rivers R¡ver.w&' 
thac run wich a conflanc courfe, owe their origin intirely to W ater colleded ter. 
from the A ir by Mountains, as we have juft now mentioned to be the cafe o f  
Springs, hence the matter o f  them boch originally will be perfeólly che fame.
In this refpe<5l ,  cherefore, every ching thac has been faid o f Spring-water, 
may be applied to River-water. And the principal difference, indeed, that 
there is between them, is this, that Spring-water almoft always runs under
ground, whereas RiVer-water being generated on the Mountains, trickles down 
the fides o f them, colleéls itfeif into little ftreams, which gradually uniting to
gether, form Rivulets, and at laft cerminace in large rapid Rivers, always ex
pofed CO che open A ir. Hence, cherefore, whacever falls from above, w hat
ever is brought by the W ind, whacever is added by Vegetables that fall into 
them, whatever is brought thither by Animals, ordepofued chere by Fiflies, or 
amphibious Animals, all chefe things are colleéled in Rivers, mixed wich cheir 
Wacer, and lodged in chem, and there may be macerated, putrified, and at 
laft diifolved. River-water, therefore, befides containing every thing which we 
mentioned before o f  Spring-water, may have all thefe Bodies mixed with ic 
likewife. I f  you pleafe now to confider, that chefe Rivers thus coming from che 
Mouncains, lec chem run ever fo far, ac laft difcharge chemfelves incoa Sea chac 
is lower chan chofe Mouncains, chen you will eafily perceive che reafon why 
they never ftand ftill, buc conftancly keep on cheir courfe towards che Sea.
Hence, likewife, we underftand, that Rivers, whilft they are continually run
ning through fo many different places, as W oods, populous Cities, i^c. their 
Water muft in every one o f  chefe become perpetually o f a different nature. For 
this reafon, then, again, we muft not pretend to pronounce abfolutely concern
ing the particular nacure o f  River-water, buc confider here, likewife, whac al
teration ic continually receives by this addition o f new Bodies. T he Rain-wa
ter, certainly, that comes down from the Clouds, mixes itfeif with chis River- 
water: As we fee likewife Animals, Vegetables, and Foifils, in different places, 
and times, are difperfed through it likewife. W hat wonder, therefore, is ft, 
thac fome W ater caken in by the Englijh ac Sc. lago, and puc into Hogiheads, 
ihould be fo altered, that when they were about the Ifland Borneo., it fliould, by 
the Heat o f the Weather, emit a Vapour, which upon a Candle’s being apply’d 
to it, catch’d into a bright Flam e? I ’he W ater at chat time was exceeding fe
tid, but after ic came to iettle, it grew very fweet again. Philof Tranf. Ahridgm.
T. V. p. 271. Thames W ater, puc inco Cafks, ftinks, and comes to icfelf again,
And New London W ater ftank prodigioufly in eight days rime, but being carried 
0̂ Virginia, ic again became fweec. Phil. Tranf.t:^. 127. p. 652. And again, 

the fame Thames W ater being puc up inco Hogilie.ids, and carried into hot 
Couotries, within the fpace o f 8 Months, was chanoed into a Liquor abounding
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with inflammable Spirits, fo that the Vapour o f  it took Fire like Spirit of 
Wine. A t  that time too it ftank ; but upon the admiffion o f  the frelh Air to 
it on opening the VeiTels, the ftink was all gone in four and twenty hours; but 
i f  the Veflels with their W ater were well ihook about, it went o ff in five hours 
in fuch a manner, that it was not at all troubiefome: And yet this ftinking 
W ater when it is drank, is born by the human Body without any inconvenience. 
^ranf, N . 268. p. 838. ‘Tranf. Abridg, T .  III. p. 547. Mem. de I* Ac. Roy. des 
Scav. T .  I. p. 404. I f  Sea-water, now, is drawn off by diftillation, and is 
then mixed with River-water, it ufes to prevent this putrefadion, as appears by 
the Experiments o f  Du Hamel upon Menftruums., p. 412. But again, in the 
Kingdom  o f  Congo, there is found a W ater, the froth o f which, if  it lights up- 
on Straw, and is then expofed upon the Shore, concretes into a tenacious mat« 
ter, which when it comes to the Fire, grows hard like Iron. AU. Lipf. 1687. 
p. 650. And the W ater o f the Rhone, i f  it is firft fuffered to ftand and fettle, 
and is then put up into earthen VeiTels, will not putrefy by Heat, the’ it 
will very much i f  it is put into'wooden ones. A 51. L ip f  1683. But farther, 
upon a careful Examination by Experiments, it has been obferved, that Rain, 
Snow, Spring, and River-water, hydroftatically compared, fcarce differ one 
thoufandth part o f  their w eight} and that, tho* fome W ater from the Ganies 
was tried among the reft. Boyl. Med. Hydr. p. 104. Hence we can fcarcely un* 
derftand, or think credible, what is told us by another Author, viz. that there 
is a W ater in fome part o f Africa, which upon an accurate hydroftatical Exa
mination, appeared in the Bulk o f  one pound to be four ounces lighter than the 
W ater in England, Boyl. Ufeful. o f Phil. Experim. Part II. p. 114 . I wiih this 
furprizing Experiment had been more ex a d ly  defcribed, and confirmed by pro
per authority: T h e thing certainly is of confequence enough to deferve ic: For 
if this was found to be always the cafe, then what Herodotus tells us o f the Wa
ter o f  the long-lived Ethiopians, would appear to be perfedly true. But not 
to grow  too prolix, I think what I have faid fufficient to let us into the nature 
o f  River-w ater: For it appears to me very evident, that the impurities of fuch 
a vaft number o f  Bodies as are mixed with this W ater, fupply that matter 
which caufes it, when expofed to a great Heat in wooden VeiTels, to fuffer and 
undergo all thofe alterations o f Fermentation, and Putrefadion, which we have 
juft now mentioned \ which, therefore, are to be afcribed to the contencs of 
thofe Waters, and not to the Waters themfelves.

Standing- But we muft ftill add a few things concerning the W aters which ftagnate in 
water. Lakes, Ponds, and Ditches about Tow ns 5 for thefe likewife are frequently 

made ufe o f  by the Chemifts. I f  we confider chis fort about our City of Leykn, 
we find it to be a Lixivium  o f  all the Privies and Common-ihores that are con
tinually difcharging chemfelves into thefe publick Ditches. A t  the fame time 
too, vaft quantities o f  materials r»ade ufe o f  in dying our W o ol, Hair, and Silk, 
are here diffolved likewife; by which means whac a furprizing and confufed Mix
ture muft hence arife ? Certainly, A lum , Tartar, Vitriols, the Subftances chat
give the Colours, zvidAqua Fortis, are perpetually running in great abundance
from the D yer’s Coppers into this Wacer. And yec all chis W ater, now, is either 
difcharged inco Harlemer M eer,ox  only gencly flows b a c k w a r d s  and forwards. 
W 'h jr  therefore, ihould ic feem at all ftrange, that a good many Articles in 
dyi;.g il:ould be brought to greacer perfedion here by che help o f  chefe Waters,
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than in other places, where they are attempted in the fame manner wichout 
diem ? That this is the cafe, abundance o f  Experiments confirm. This ftag- 
n a c i n g  Water, now, is a good deal heavier than pure natural W a ter: F or 12 
ounces o f this W ater being put into a glafs Bafon, and expofed to a gentle 
Heat, when the W ater was exhakd, difcoverM at the bottom a great many little 
Infeits o f various kinds, and befides, a large quantity o f  earthy M atter, yel- 
lowiih, and o f a limy nature, together wich M ud j which being mixed wich 
Aqua Fortis, produced a very ftrong Effervefcence. Various kinds o f  thefe 
Waters, now, being examined hydroftatically b y  a glafs Index immerged into 
them, there appeared to be a confiderable difference in their weights, which 
reduced to a T able was as follows. F irft, pure Rain-water, catched as it fell, 
was found by this Inftrumenc co be lighteft o f  all, and therefore this was made 
ufe of as a ftandard for the reft. Secondly, W ater Caken ouc of che river Saley 
was one Line heavier than the former. T h ird ly , the medicinal Waters azHall, 
were two Lines heavier. Fourthly, the Spring-water there was four Lines hea
vier. Fifthly, the Spring-water in che Houfes was fix Lines heavier. Sixthly, 
that Wacer being put into an open Vefiel, and lec ftand a good while in a 
Cellar, was fix Lines and a h alf heavier. And Seventhly, the W ater chac ftagnated 
thereabouts in the Ditches and Lakes, was found to be heavieft o f all, viz. to 
befeven Lines heavier than the firft Rain-water. A l l  thefe Experiments made 
wich a great deal o f  caution, and accuracy, are faithfully related by the egre
gious Hoffmany in his Exercitationes Phifico-ChemiccBy which can be never fuffici- 
encly recommended. H ow  careful, therefore, oughc we to be in making E x 
periments with W ater, which appears to be fo various; iince every fort o f  
ic, in regard o f  its different contents, muft fo far conftantly produce different 
effefts? W e  ought, therefore, to be acquainted wich che methods by which 
its puricy may be difcovered, before we make ufe o f  icfor thefe purpofes. One 
of the beft ways then o f  trying whether W ater is pure, is by a Solution o f 
Silver made in Aqua Fortis  ̂ and then diluted wich the pureft W ater we can pro
cure : For i f  you then drop fome of this Solution of Silver into any W ater you 
want to examine, if  ic don’ t thereupon grow turbid, opake, or white, you may 
fafely enough depend upon its being very pure, except, chac it may concain 
fome Spiric o f  Nicre, or Aqua lortis in ic. In the fame manner the beft Oil o f 
Tartar deliquium, diluted in a good deal o f  pure W ater, fuiEciently demon
ftrates the puricy o f  the W ater under Examination, i f  upon being mixed wich 
ir, it produces no alteration in it •, for if  there is any thing elfe in it befides al
caline Bodies, it immediacely difcovers ic by a fudden change o f  ics Colour. But 
there isnothing in this cafe more eafily affedled than a Solution o f Sugar o f Lead 
in the pureft W ater you can get i for i f  any heterogeneous W ater is dropped 
into this, its impuricy appears in an inftant. Confulc che Acad, del Cimento, p.
237, where you will find various valuable Experimencs. Such M arks, now, as 
thefe, chac chus ferve for che Examination o f Wacers, are o f  infinice fervice in 
chemical Inquiries, where chere is an incredible nicety required, fince che very 
leaft admixcure o f  any foreign Macter will often render the whole Operation 
inefie£tual. H ow  often have the Chemifts, to their greac difappoincment, ex
perienced the truth o f this, when they have bten engaged in raifing the Arhor 
Dianes, or in che chemical Produdion, and variation o f Colours ?
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Tce,thcna- Upon an Examination, now, o f what has been faid, we are obliged to con- 
r̂aî ñate of ^eive o f W ater as a kind o f  Species o f  Glafs which melts in a Heat o f 33 de

grees, and grows hard in a Cold that is a fmail matter greater : For ic chen 
!)ecomes a hard, elaftic, brittle, pellucid, inodorous, and infipid Mafs, that 

may be poliflied into durable and Menifci, for Microfcopes, and Burn-
ing-glaíTes. This Glafs, ic’s true, is volatile i but in other refpeéts, is che fjme 
as the common. And if  we regard it now with proper attention, ic is precty 
furprizing, that from fo foft and fluid a Body as W ater, there ihould in a 
Ihorc time be produced fo hard and folid a one as Ice : And that from Cor- 
pufcles, which whilft they were in a ftate o f Fluidicy, had no figns o f elafticity, 
there fhould, now they are conftringed together, arife a Mafs that is exceedino- 
elaftic, and which being formed into a Ball, rebounds like Glafs, or an elaf
tic Metal. A nd this hardnefs, now, and elafticity, thus produced in Ice, 
increafes continually in the fame proportion as the Cold increafes, fo that 
when at laft that comes to be very intenfe. W ater becomes hard like true 
Glafs, and acquires a prodigious elafticity. But this Glafs arifing from Wacer, 
diifolves again in 33 degrees o f  Hear, and then becomes immediately volacile. 
Some ingenious M en, indeed, have aiferted, that by a ft^rong and lafting Cold, 
the Particles o fW a te r m a y b e  fo united together, as to be converted into 
Chryftals and Gems, that would not melt in a common Glafs-houfe Furnace; 
But that this opinion is noc fufficiently confirmed by proper Experimencj, we 
have taken notice already. I f  you fuppofe, however, that this may be true, 
then W ater, by this transformation, would be capable o f  receiving fuch a 
quantity o fF ire  into it, as to make it red hot, and Ihine in the dark like Me
tals, Stones, and other folid Bodies. But fo far as we are hitherto acquainted 
with W ater, it is found impoftible, by any aififtance o f  A rt or Nature, to in- 
creijfe the Heat o f i t  to more than 214 degrees, unlefs at the fame time you 
comprefs it wich a greater power than common. If, indeed, we could com- 
prefs A ir  a thoufand times more than it is compreifed by a common Armo* 
fphere, in this cafe, poifibly, one might l^at it nine thoufand degrees farcher 5 
which Heat would then be much greater than that o f  melted Iron. But in the 
laft place, as foon as ever frozen W ater is diifolved by the warmth o f the Atr, 
all ics hardnefs, elafticicy, and brittlenefs, are at once perfedly deftroy’d.

When it fooner is Ice aded upon by the very leaft degree o f  a Heat thtc is
thaws, Ube-able to thaw it, b u tit  immediately becomes a Menjiruums a moving caufe, 
i^̂ ” *̂ °̂ ’ and the moft univerfal Vehicle, which difiblves, in particular, the moreaftive 

Bodies, mixes chem together, applies them to one another, by uniting icfelf 
wich many Bodies thac are too acrid, renders them more mild, puts all Bo
dies in agitation, and fo produces the moft remarkable phyfical changes, and 
operations.

inAnimais- Animals, certainly, all Nutrition is carried on intirely by the help of Wa- 
the Vehicle tcr. N ot, indeed, that the Elements o f W ater are converced inco the very Ele-
0 AHments, animal Body, for this is not fo univerfally agreed on, but with

out the aififtance o f W ater, the true nutritious Particles can fcarcely be con
vey ’d to thofe parts o f  the Body that wane a fupply o f  Nourifliment ftom 
them. A s W ater, therefore, alone, is a proper Vehicle for this purpofe, 
htnce, o f confeqiience, Nucrition cannot be brought abouc without it.

But



Butneicher is there any fuch thing as Life itfelf in Animals, without the concur- Theinftrg. 
j-ence of Water ; for this is the fofceft, moft fluid, and fineO: part o f  all our 
Humours, and penetrates moft effedually into all, even the minuteft Veflels o f 
the Body. If this is too much diminiihed. L ife itfelf is foon at an end, the 
Blood and other Fluids being by no means capable o f  carrying on the Circula
tion : Nor is there any known Liquor in Nature that will by any means be able 
to fupply its defedt. Hence, therefore, every vital adion depends upon W a 
ter, as it is this thac renders the other Humours fit to circulate through their pro
per Veilels. W hoever by a very gentle Heat has feparated the W ater from any 
animal Juices, either the thickeft, or the moft diluted, has always found, thac 
this conftituted much the greateft part, and difpofed the remainder to pafs 
through the Veflels defigned for them. And again, i f  you examine any folid 
part of the Body, you will find, that likewife owes almoft all its aptitude to 
the adions o f  L ife , to W ater alone, which being once removed, it becomes 
incapable o f  them immediately.

Nay, and Health itfelf, which is the greaceft perfedion o f L ife , and the e xe r-A n d H e alcb , 

cife of all the adions neceflary to it, depend upon, and are efieded by W ater, 
more th:in any thing elfe. T h e increafe o f  the Body is brought about princi
pally by Water. W ater is the caufe o f a great many difeafes, and a great ma
ny are removed by it. Death itfelf is often occafioned by an excefs o f  W ater, 
but much more frequently by the defed o f  it. And laftly, W ater performs 
the moft happy Cures.

And that W ater is equally ferviceable to the L ife, Health, Nutrition, Increafe, As air« 5« 
and other A dions o f Vegetables themfelves, is very evident from what the fa- Vegetables, 
mousDr. Woodward has given us upon this fubjed, in the Philofopbical Tranja5t~ 
m s which has been fince confirmed by the ingenious Dr. Hales in his Vegetable 
Statics. The whole fruitfulnefs, certainly, o f  the Earth, arifes from Rain and 
Snow, by which a fertile Cruft is gradually fpread over the moft barren Sands, 
and there produces a very black and fruitful Earth: This we learn from the 
elegant Obfervations o f  Olaus Rulekius-, whom we have mention’d already. Buc 
m Egypt, and Lyhia  ̂ where the ground is not much moiftened by Dew, or 
Rain, nor any Rivers arifing from Mountains, there, when the Sands are once 
barren, they always continue fo ; particularly, becaufe the Storms o f W ind 
there raife up the Sands in vaft Clouds, and tihus deftroy the firft Rudiments o f 
this fruitful Cruft. Verulam. p. 655, 656.

And laftly, Fofliis themfelves, fo long as they remain in the metallic Veins, And in Fofs 
in appearance o f a liquid Juice ; nay, and Mecals, whilft they continue in form 
ofa thick, pinguious, ponderous Fluid, and go by the name o f a metallic Gwr, 
fo long they exift in form o f  a faline unduous Fluid, and they may then be 
diffolved in W ater, nay, and adually contain in them a diluent W ater. U p 
on this head you may confuk the Writers upon Metals, and particularly Agri
cola., who is far the chief o f  them. Certainly, all faline, vitriolic, metallic, 
concreted Juices confirm che truth o f  th is; for ail thefe make it evident, thac 
Water is the principal A gent among them, that dilutes, moves, changes, and 
increafes them, and mixes them one amongft another.

From whac has been faid, chen, ic evidently appears, how furprizingly and The «fes of 

univerfally W ater is ufeful. T h e  moft tender, and beauciful Colours o f B o - _ 
dies, certainly, are formed by the concurrence o f  W ater, v/icnefs the fineft Co-fes.°^
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lours o f Flowers, not to mention nutnberiefs other inftances. T h e particular 
fcencs o f Bodies are chiefly mixed, preferved, and perfeiled by the admixture 
a n d  temperament o f  W ater: For in this Vehicle, which is much thc propereft 
for this purpofe, they are moft gratefully diftributed. And as for the elegant 
variety of Taftes, what does this depend upon but W ater, which by a duein- 
terpofition, applies them to the T ongue, and the Palate.? T h e  fingular, the 
nutritive, medicinal, medicated, and poifonous qualities o f  Bodies too, by the 
concurrence o f  Wacer, are rendered adive, tho* chey were noc fo before. But 
again, that the very great hardnefs and firmnefs o f  Bodies depends ofcen upon 
the interpoficion o f an aqueous Gluten, we have already demonftrated. Cer- 
tainly, Bricks, Tiles, Stones, Bones, H orn, H air, and H oofs, wereitnotfor 
the W ater thac is in them, would foon be difperfed inco a very fofc Powder. 
N ay, and moft o f  the phyfical adions thac Bodies exert one amongft another* 
are performed by means o f  W ater, and would ceafe withouc it. And as this is 
true o f  Operations thac are excellent in themfelves, and are the origins of a 
great many other adions \ hence thofe o f  courfe muft depend principally upon 
Wacer. A n  inftance will make chis plain: T h e  Effervefcences produced between 
Salts and Salts, Sales and Oils, and Salts and iolid Bodies, happen then only, 
when thefe Salts are fo diluced wich W ater, as to be reduced to a ftate of 
fluidity, and fo brought inco adion : F or when chey are perfedly freed from all 
their Wacer, and left quite folid, chey chen generally are but lictle adive. Buc 
we know what a vaft many changes and operacions arife purely from EfFervef- 
cences*, which cherefore all neceffarily require the concurrence o f W ater, in order 
to  their being effeded. Buc i f  we confider Fermentation, too, the fruicful Spring 
o f  fo many, and fo greac phyfical produdions, chis certainly, can by nomeans 
be brought abouc wichouc Wacer. N ay, on che contrary, i f  Vegecables are 
deprived o f  cheir own W ater, chey can never poifibly be raifed coa Fermen
tation, buc will concinue unaltered for a long cime: But as foon as ever apro* 
per quanticy o f  W ater is added to chem, and they are expofed to a fuitable de
gree o f H eat, and che A ir  has free admiflion co chem, a fermencacion fponra- 
neouily fucceeds and produces all ics effeds, which are fo very confiderable. 
T h e  putrefadion o f  Animals, Fiih, and Vegetables, never happens neither in 
Bodies chac are dry: F or thefe likewife, i f  they are intirely freed from their 
W ater, and thus rendered perfedly dry, may be kept for a vaft while in a dry 
A ir  wichout corrupting, whereas, i f  they are moiftened with W ater, they are 
foon converted into an intolerable putrid M atter. There are numberlefs other 
feparations o f  various Bodies, which are brought about by W ater very eafily, 
but can be no ways effeded wichout it : T hus the feparacion o f  Sales from 
Earch and Oils, and che excradion o f  Alcohol from Refins, and refinous Sub
ftances are performed by Wacer. A nd on the other hand, the union ofa 
greac many Bodies coô  depends intirely upon Wacer, and cannoc be obcained 
withouc ic 5 o f  which we have given you a greac number o f  evident in
ftances already. Precipitation, again, which among the chemical Operations 
is fo confiderable a one, is performed principally by the mediation o f  Water. 
T h e Sublimation, too, o f  the precious O il, procured by diftillation from Aro- 
matics, Balfams, Barks, Flowers, Leaves, and Seeds, depends intirely upon 
che aftiftance o f W ater alone : For take away this, and there is no phyfical or 
phemical Contrivance by which this beauciful Oil can be obcained pure, and
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without an empyreumatical Taint. Buc again. W ater is the medium by 
which we can certainly diftinguiih and diredt the degrees o f  Heat from rhe de
gree 32, to the degree 212, which it is very difficult to do by any other method.
I don’t deny, indeed, but that Oil will do che fame, nay, and farther too, quice 
to 600; but in thefe cafes, W ater continues always the fame, whereas O il 
growing continually thicker and thicker, does not afterwards retain the equable 
increments o f the afcending Heat. This now is o f  vaft ufe in the chemical A r t , 
nor was this known to the ancient Chemifts *, i f  it had, they would not have 
taken fuch a vaft deal o f  Pains to find a method o f  raifing and keeping upan 
equable degree o f H eat, equal to the vivifying W arm th o f  a brooding Hen ; 
for this now-a-days may be eafily come ac, direfled, and continued by the help 
of Water, and a Thermometer. Concerning all thefe effedls o f  W ater, how
ever, that have been mentioned, this is to be remarked, that they will be ve
ry different, according to the various degrees o f  Heat that are applied to it, 
fo that upon every increafe o fH e a t, the effedt o f  W accr will conftantly vary r 
But as this is fufficiently evident, I ihall not take up your time in explain
ing ic.

But W ater now is never obferved to be more aétive, than when by boiling, The vapow 
it is raifed into Vapours in a clofe p lace; for if  Bodies are expofed to fuch a ofhot Wa- 
floating Vapour, andaré perfedly moiftened by it, they are thence furprizingly 
penetrated, altered, corrupted, and diíTolved. By Experiments, however, thac 
have been made on purpofe in this affair, it is certain, that Vapours exhaling 
from Water by means o f  a gentle H eat, have this different eifed  upon Bodies 
expofed to them, that thofe that rife from Salt-water make them putrify lefs, 
than thofe from freih, which deftroy them a vaft deal fooner ; fo that hence 
the putrifying power o f  the Vapour o f freih W ater, by the aíTiftance o f H ear, 
was very evident. T h e  ancient Phyficians, therefore, very juftly remarked, 
that a moift and hot A ir  has a peftilential Q uality, and foon difiblves hu
man Bodies. And by the Moderns it has been obferved, thac the Europeans- 
who firft fettled in almoft all died o f a malignant diftemper, which
inform o f  a putrid Fever, very foon refolved their Bodies. And this happened 
particularly to thofe Perfons who lived in the places which were woody \ for 
there the A ir  is always exceeding moift, and abounds with warm Vapoura 
exhaled by the Trees, and other Vegetables, in incredible quantities. For if 
you compute, according to the calculation o f  the ingenious D r. Hales, in his 
Vegetable Statics  ̂ the Surface that all the Leaves o f  a pretty large T ree make 
up in the Summer time, it will be evident, that there muit be a prodigious deal 
ofWater continually exhaling from the W oods in fo hot a Climate. And hence, 
when thefe W oods were fet on fire and deftroy’d, and the Country was laid open 
to the Air, the fame places became very healthy. See upon this head the cu
rious Obfervations of that famous Phyfician Ludovic. Tefti, concerning the 
wholfomenefs o f  the A ir  o f  Venice. A 5f. Lipf. Sup. PI. III. p. 167.

That W ater rarifies when itis  by Froft congealed into Ice, was firft obferv’d ice raw 
by the famous Galilao, and confequently, that Ice is rarer and lighter than the 
fame quantity o f fluid W ater. Hence ic comes to pafs, that Ice always fwiins 
upon Water, the fpecific gravity o f  W ater being to that o f  Ice, as 9 to 8.
Experim, o f  the Acad, del Cimento, 25. 28.



From aerial This Tarity, howcver, o f  Ice, is owing to Spaces full o f  Air-Babbles, which 
Bubbles. (-[le  Water is freezing, are formed in ic, and being confiderably large in

comparifon o f the Wacer, are the caufe that the Body ofthe Ice appears lighter. 
For in our H iftory o f  A ir  and W ater ic has been abundantly demonftrated 
thac in cold W ater chere is a pretty large quantity o f A ir  lodg’d in the Vacu- 
kies left between its Elements j which A ir, however, not coming at any other 
aerial Particles, is noc collefled and united together, nor has any elaftic force. 
But when the W ater comes to be conftringed by the Cold, by reducing itfeif 
in toa  narrower compafs, and leflening its Interftices, ic prefles ouc the Ele
ments o f A ir, unices them together, and hence forms elaftic Bubbles, thac ex
pand themfelves, and become lighter. And as the ftrengch o f  the Cold grows 
gradually greater and greater by the afTociacion o f new ones, thefe Bubbles 
grow continually bigger and bigger, and thus increafe the proportion o f Air, 
to the bulk o f  the Ice.

Vef Thefe now at laft being rendered very great, the A ir  acquires fuch a prodi- 
feTs! * '"'gious expanfive power, that ic burfts almoft all Veflels, let them be ever fo 

ftrong in which ic is confined 5 even fuch as ic could fcarcely have broken, if it 
had been dilaced by the H eat o f boiling W ater. Some o f  che moft ingenious 
among the Philofophers, indeed, have imagined, that this accident happens 
from the folid parts o f  the M etal’ s concradling chemfelves upon the Ice that is 
formed within, and confequently, not from the expanfion o f  the Ice outwards, 
but from this contradion inwards, the Veflel, and the Ice, being in the mean 
time both condenfed by the Cold. But to this ingenious conjedure, the Gen
tlemen o f  the learned Academy del Cimento-, oppofe the following evident Ex
periment, T h ey took anew hollow Sphere o f  pure Gold, and filled it perfeilly 
full o f  W ater, and having clofed it, expofed it to a freezing Cold. At the 
fame time too, having fixed the Sphere, they fitted upon ic an exad metal 
R ing, a liccle lefs chan a great Circle o f the Sphere \ which being placed loofe 
upon the Sphere, encompafl!ed ic round almoft aC ics center. T h ey  chen mark’d 
the place exad ly  in the Sphere where the edge o f  the Ring refted ; and after
wards, when the W ater was frozen, they found, upon examination, that the 
Surface o f  the Sphere was fo remov’d from the center, and grown fo much 
larger, thac the Ring was confiderably raifed from the great horizontal Circle 
o f  the Sphere towards its Vertex, the expanfion o f the Sphere being much 
greater than the contradion o f  the R ing, as a p p e a r e d  by comparing it with 
another R ing that was o f  the fame fize, and was noc expofed co che Cold.

Ice formed Buc Wacer, now, from melced Snow, or thac which has been a good while 
freezes more flow ly, and at the fame time becomes much more folid»

° ratifies lefs, and forms much fewer Bubbles whilft ic is freezing. Acad, dd 
Cimento., p. 163. And very pure W ater, kept a good while in che Air-pump, 
and expofed to a freezing Cold in Vacuo, freezes there much fooner than ic 
would have done wTili its A ir  in ic, and ftanding in the open A ir  in the fame 
degree o f  Cold. T h e  Ice too from W ater thus deprived o f its A ir, has been 
found to be much harder, heavier, more equable, and more p e l lu c id ,  than 
vommon Ice : So thac hence it is certainly evident, thac ic is the A ir which is 
lodged in the W ater, and is colleded by the freezing Cold, that produces this 
rarity and lightnefs. N ay, upon making fome Experiments very carefully 
ill fhis manner, there was Ice produced, due would noc fwim upon Water.



Jl'iJ. l y i '  exceeding cold "Weather, you pour a fine Powder o f Sea-
Salc, Sal-Gem, Fountain-Salt, or Sal-Ammoniac^ that is equally cold, upon 
rafped ice or Snow, and then rub them together, the very moment they are 
mix’d, the Salt will begin to difiblve, and at the iame time there will arife a 
greater Cold than was in eicher o f  them before, and that always to a certain 
degree, let the degree o f  Cold in them before they are mixed be what it wi)!:
At leaft, as far as we have been hitherto able to difcover. And this artificial 
Gold, by a repetition o f  rhe fame Experiment, may be increafed at pleafure.
Alcohol o f W ine, in the fame manner, being poured upon, and mix’d with 
Ice, increafes the Cold. I f  the pure faline acid Spirits o f Sea-Salt, Nitre, Aqua 
Forlis, or Aqua Regia  ̂ are rubb’d too with Ice, they generate Cold likewife, 
which will be always fo much the intenfer, as they are ftronger. But o f this 
we treated largely in our Hiftory o f  Fire, whilft we were relating Fahrenheit's 
Experiments for produciiig the greateft Cold that has hitherto been known.

If a Perfon, therefore, ihould in the coldeft W eather take the moft pure T h e  m o f t  

Water, and in the carefuleft manner deprive it o f  all irs A ir in the moft perfeót 
Vücuum, and lec it freeze there, and afterwards by this contrivance o f Fahrenheit's 
cool the Ice as much as poiTible \ then one might procure the hardeft, denfeft, 
pureft, moft pellucid, and heavieft Ice, and. by this means the phyfical cha- 
rafler of Ice might be determined evidently to the Senfes. In the mean time, 
however, as far as we can judge from what has been experienced, iuch Ice 
would difiblve again with a H eat o f  32 degrees.

Herice it evidently follows, that che greateft degree o f  known Cold does not 
convert pure W ater into any-kind o f Stone, Chryftal, or Gem, tho’ this ar- toa Body"' 
tificial Cold is 40 degrees more intenfe than the natural one in thofe places, 
where ic is aflierted, chat frozen W ater is changed into mountain Chryftal. Fiie.*"' * 
With us, certainly, no increafe o f Cold in Ice has made ic melt with more dif
ficulty, when it has been expofed again to the ufual degree o f  tie a t  that dif- 
folves it.

The pureft W ater, now, being poured into a very clean VeiTel, and herme- Water not 
’ tically fealed up in fuch a manner, that it had noc che leaft communication 

with the external A ir, continued a whole age without any fenfible alteration: 
Sothatinall that time, it neither hardened into a folid form, nor generated Earch, 
or any thing elfe in it, tho* this was tried in the A ir at Rome  ̂ which is pretty 
warm. Bojl. V . I. p. 62. Du Hamel. T .  IV . p. 109.

Again, if  by the help o f  che Air-pum p, you deprive W^ater as m uchas poi- 
fiblc of its A ir , and then whilft it remains io, ihake it about in a VeiTel, it will m̂ refubdi 
emit an infinite number o f  very fmall Bubbles, that fpring up like fparks o f 
Fire, and have not much the appearance o f A ir  rifing out o f the W ater. D o 
thefe very fmall Bubbles, therefore, when they are united together, form thofe 
fulminating non-aerial Bubbles, which appear in W ater whilft it boils upon the 
Fire, after all the A ir  by long boiling has been expelled ouc o f  it? Du Ha
mel Demonjir. p. 395.

Buc there isnothing now that is more apt to impofe upon us, than the quan- 
tity of Water in the A ir :  For the Particles o f  W ater being ranged in a certain roncSed  ̂
pofition, with regard to one another, are capable o f  producing very thick 
black Clouds ; and yet the fame W ater, in greater quanticy, and more denfe, 
buE difpofed in a different manner, Ihall be fo pellucid, that there fidali noe be
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the leaft appearance o f  it. T h u s, i f  we ihut our lips pretty clofe, and blow 
our breath out very ftrong, it will fcarcely appear ; but i f  with an open mouth 
we breath it out gently, it forms a very vifible little Cloud, i f  it meets with 
the cold A ir. In the fame manner, ones moift Breath, in the Summer-time is 
noc difcernible, though you fee it very plainly in the W inter. But o f this we 
treated fully in our H iftory  o f  Fogs and Clouds. H ere, therefore, we only 
give this hint to the Chemifts, that, fince it fo much concerns them, they 
would learn to make the moft accurate Hydrofcopes pofilble, and ftudy, by 
the help o f  them, to find out a method o f  difcovering the quantity of Wa. 
ter in the A ir , whenever they have a mind. T h e  ufefulnefs o f  fuch a know
ledge, not to mention any thing elfe, appears evident from the neceifity of 
knowing what temperature o f  the A ir  is moft convenient, if  you would pre
pare O il o f  Sulphur per Campanam  ̂ or O il o f T artar per Deliquium, in the beft 
manner.

A  Wave of I f  ftanding W ater is not at all ruffled with W in d , it forms a Surface, that
W ater. difpofes it parallel to that o f  the Earth. I f  you then throw a heavy Body upon 

the Surface o f  this W ater, whether it be a great one, o ra  fmall one, or whe
ther it falls upon it gently, or with force, this Body, by thus falling into rhe 
W ater, will with fome impetus drive out fo much o f  it upon its ftagnating 
Surface, as is equal to the bulk o f  the Body. T his expulfion, therefore, of 
the W ater will fuccefiively continue fo long as any part of the Body conti
nues above the Surface o f  the W ater, but when once it is quite covered, it then 
defcends equably, nor is afterwards taken notice of. T h e  W ater, now, that 
was raifed by the Body immediately returns i>ack again into the place that 
is left by it as it fubfides, by which means there is formed an undulatofy 
Circle upon the Surface of the W ater. A nd this, from the point where the 
Body falls as a Center, is propagated in greater and greater Waves, always 
concentric to one another, to  a confiderable diftance. And thefe Waves arc 
always formed by this L aw , that in the fpace o f  §4- féconds, they run chrough 
a radius o f  1 1  feet from the Centre o f  their motion ; whereas found runs 1080 
feet in one fecond in the Air*, fo that a W ave o f  A ir  is to a Wave of Wa
ter formed in the fame time, as 765 is to i ,  which is pretty near the propor
tion o f  their fpecific gravities, according to the computation o f the famous 
D e la Hire. T hough fuch circular W aves, now, arifing from different caufes 
and centers, happen to interfed one another» yet each o f  them ftill continues 
on concencrical to its proper center -, nor are they confounded wich one another. 
A nd i f  they happen to meet with a refifting and refleding obftacle, after their 
reflexion they proceed on with the fame celerity as i f  they had met with no 
refiftance at all. A nd, which is ftill a much greater Paradox, and really fur- 
prizing, whecher the W ind is with or againft them, it makes no difference at 
all in the propagation o f  the Waves. See by all means on this head the 
Memoirs de Phyfi^iue, & c. Ann. 1693, p. 133. Thefe things I thought worth 
while to take notice of, that they might afford matter o f  fpeculation to our 
Chemifts, who are continually forming notions abouc the harmony of the 
univerfe.

Cm Water I f  you diftill the pureft W ater with a gentle Fire, and in a very clean 
 ̂ perfed drynefs, it will leave a flight fpot at the bottom of the 

‘ Glafs. A u d  this w ill always happen, repeat the Operation ever fo- often,.



the fame Water, but in freih Veffels. N ay , and if  you pour it back again in
to the fame Veffe], and then diftill it again, upon every fuch diftillacion the 
Cruft will grow a fmall matter bigger, till at laft ic becomes pretty confider- 
able. This Experiment, by the indefatigable induftry o f  the great Robert Boyle  ̂
was carried on to the two hundredth time, and he tells us in his laborious T rea
tife of Oriiinal Forms, that when W ater had been thus cauciouily diftilled 
200 times in a glafs VeiTel with an Alem bic, an ounce o f ic at laft produced 
fix drachms o f  a white, light, infipid Earth, thac was fixed, heavy, and indif- 
foluble in W ater, Orig. Formsy p. 259. to 273. U pon the authority o f  this 
account, the greateft Philofophers have laid ic down as certain, that W ater, 
by fimple repeated diftillation, may be abfolutely tranfmuced into true Earth.
And hence the illuftrious Newton deduced, that W ater chus converted into 
Earth, might at laft be made red hot. Opt. ha t. p. 319. Q¿_22. W ich proper 
deference, however, to thefe great M en, give me leave to tell you, whac I 
have been able to difcover upon a careful examination into this matter. I took 
fome Rain-water that was catched upon our obfervacory, in Veffels that were 
very clean, and fo placed, thac no Rain could be beat into them that firft fell 
any where elfe: A  great quancity o f  this I put into a large Cucurbit, and wich 
a very gencle Fire o f  an Athanor, to avoid any Smoke, I diftilled it inco a very 
clean Receiver to a perfeft drynefs. There remained then a white fpot at the 
bottom o f the Glafs, buc incredibly fmall in proporcion to the quancity o f  
Water; And ac the fame time, though I had with the utmoft care luted the 
Veffels cogether with a L ute made o f  Linfeed-flower and W ater, I found that in 
this diftillation there was a good deal o f  the W ater loft. Hence I confefs I can 
no ways pofllbly underftand how thofe famous Gentlemen could by any means 
prevent all the W ater’s perfpiring through the luting o f  the Veffels, before 
the fame could be diftilled two hundred times. But fuppofing this, whilft 
we are repeating chefe diftillations, at the fame time that the W ater paffes in 
form of Vapour ouc o f  the Cucurbit through the Alem bic into the Receiver, 
the empty part o f  the Cucurbit, the A lem bic, and the Receiver are full o f  the 
common A ir  o f  the Elaboratory where this Experiment is made ; Buc this A ir  
is always full o f  D uft floating about in it, occafioned by the Fires, the draughts 
of Air, W ind, and people’s moving backwards and forwards. T h a t this is the 
cafe appears plain from any glafs Veffel difpofed in the very uppermoft parts 
of fuch a place, which will be foon covered with D u ft, I f  we confider this 
carefully, therefore, ic will be very evidenc, that in every diftillation chere 
muft by this means be a fmall quancicy o f  Duft added to what was colleded 
before. And i f  this Operation is repeated too hundred times, there muft, on 
account o f the W ater’s being poured back again, be four hundred fuch colledions 
of Duft. I don’ t at all deny, therefore, buc that fome o f  the powder fo pro
duced is owing to the feculent Corpufcles themfelves in the W ater, though the 
greateft part o f  it I think ought to be afcribed to the Duft in the A ir. Anci 
when, upon a ju ft calculation, founded on experiment, I compute the quantity 
both of the Duft arifing from the impurity o f  the W ater, and that colleded 
f̂ rom the A ir, I confefs I cannot cercainly fee that any Earch was really gene- 
raced from che fimple Body o f  the elementary W ater in thefe Operations. A n d, 
indeed, there is ftill fo much the more reafon to doubt o f  it, as M r. Boyle re
peaced the Operation himfelf buc three times, and afterwards took it upon the
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authority o f a Chemift, that by two hundred diftillations, an ounce o f W a te r  
had yielded iix drachms o f  Earth. I don’ t at all queftion, therefore, but 
every body that is pleafed with this kind o f inquiries will think that there is 
fomewhat o f  confequence in the opinion, which I here candidly fubmic to the 
examination and correction o f  the publick. T h at W ater may be concreted 
with other Subftances into a folid Body, arifing from this union, I am obliged 
to believe, for reafons I have given already : But that the Elements o f W a te r , 
by mere diftillation, have ever, without the interpofition o f a chird Body, been 
fo united as to be converted into mere Earth, I have not yet feen fufficiently 
demonftrated by Experiment, and have learnt by frequent inconveniencies, 
that we are too apt to negled in our chemical proceifes, thofe hecerogeneous 
Bodies thac fecretly infinuate themfelves, during the Operation. Thus then. 
Gentlemen, I have laid before you all thofe things which the modern doftrine 
furniihes, with certainty, concerning the third univerfal, chemical inftrument, 
W ater. W hether, now, that W ater info v^hich ihç. Âlcaheft faid ulcimately 
to refolve all Bodies, is the very fame wich that which we have been treating 
of, I am not yet, I confefs frankly, able to determine. This doubt thofe per
fons only are capable o f  refolving, who are fo happy as to be let into fuch 
myfteries, the admiration o f which is all thac is lefc for us.

O f  E a r t h .

Definitionof Both the Philofophefs and Chemifts have made ufe o f the term Earth, in 
’ treating o f  the Principles or Elements o f which compound Bodies confift. 

F or by this, woid they defigned to exprefs oné o f  thofe Elements, which in 
conjundlion witli the reft makes up thefe compounds, and qualifies them in 
a good meafure for performing the Operations both o f Nature and Art. And 
i f  we examine very nicely into the proper fignification o f the term, as made 
ufe o f  by them, we ihall find, that by Earth they meant a fimple, hard, 
friable, foffil Body, fixed in the Fire, buc noc melting in it, nor diffolubk in 
W ater, Alcohol, O il, or Air.

ixpiained. T hat the Idèa o f Body is included in that o f Earth, no body, to be fure, 
will deny, as its Mafs is excended into the three dimenfions o f  Body, is perfeélly 
impenetr;;bie, and always gravitates with its own proper weight. But it 
feemed a more difficult matter to determine, whether or r o  ic ought to be 
ranked in the clafs o f  Fofllls: Upon a careful examination, however, ofthe 
charaders we formerly laid dowp o f the three nacural Kingdoms, I ihould 
think ic ought principally to be referr’d to-foffil ones ; for more or lels Earth 
is. always intermixed with almoft'-every Foifil that we are acquainted witĥ  
T his I confefs in Metals is demonilrated with more-difficulty ; but in the rft It 
is difcovered very eafily, and that in fuch quantity, that it can fcarcely be fe
paraced from chem, and then, not without à great deal o f trouble, The weight 
o f  it, befides, is fo great,, that it 'exceeds that ò f  W^ater, Salts, Oils, and vege
table and animal Spirits ; and by this means ic infinuates, itfelf into the in- 
nermoft parts o f the Earth, fo that it is found, arid maiy be dug ouc o f ics dcep- 
eft receifes. And laftly, pure Earth never diitovers in its M;\is the inter
mixture o f  any other Elements, or fcarcely any variety. Hence, tiierefore, 
it appears, thac Earth could hardly bt reduced more properly to any kind of 
Bodies, tiiari that o f Foifiis. Suppofing, then, 'E a r th 'to  be a foifil Macter,
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what an exceeding fim plicity do we difcover in ic ? Certainly, fo great a one, 
that you’ ll fcarcely, in the whole compafs ot Nature, find a Body thai is more 
fimple. For pure Earth, or, as ic is called. Virgin Earth, appears fo uniform, 
and homogeneous, thac even Mecals themfelves don’ t feem to be more fo.
And when ic is perfedly feparated from every thing elfe, then, notwithftand- 
ing its exceeding'finenefs, it is hard and confiftent. I confefs, indeed, there 
are harder Bodies \ but chis, neverthelefs, poiTeiTes a confiderable degree o f  
hardnefs. T h e Matter of Earth, in the mean time, appears friable, fo long as 
it continues’under the obfervation o f  our Senfes; as ic always readily fuffers ic 
fclf to be reduced to a finer Powder, in which refped ic differs widely from 
true Mecals and Gems. In this particular, however, confifts its greateft diffe
rence, thac it remains fo fixed and immutable in the moft intenfe Fire, thac 
when ic is incirely alone ic is not poflible co puc ic in fufion.

If a perfon catches pure Rain-wacer, and diftills ic carefully, he will find T h e  moft' 

fome Faces left at the bottom, as we took notice juit now in our laft arti- 
cle upon Water. I f  the fjeculent Matter thus colleded is perfedly d r ie d ,  ftiUation. 

and then thoroughly burnt, ic will yield fome Aihes, which being very ac
curately freed from all the Salt thac is in chem, produce a fine pure Earch, 
which goes by the name o f  Virgin Earth. F or whether this Matter is gene
rated from the W ater icfelf, which is fuppofed to be changed in this manner; 
or whether, which is more probable, it is colleded from the A ir, ic produces 
this very fubtil Powder. For che A ir, as we obferved before, though it is quiet, 
and contained in a clofe place, abounds even then wich a large quancicy o f an earthy, 
and kind o f alhy Duft. This appeared evidently in our H iftory o f A ir, by the con
fideration o f looking obliquely upon the Rays o f Light, in a dark Room , and is con
firmed by laying a piece o f  black Silk open there, which will foon be covered wich 
akind of dufty Cruft ; which confifts chiefly o f  a fine Earch, which was floating 
about in the A ir. A  very confiderable part, therefore, o f this Powder is Earch, 
which, by an infinice number o f  C-iufes, being rendered exceeding fine, and put into 
motion, becomes capable o f  being carried aloft in the A ir, particularly, i f  ic 
happened to be expofed to W ind. There, afterwards, it intimately mixes itfeif 
wich the falling Dews, Fogs, flying Clouds, W ater, Rain, Snow, H ail, H oar- 
Froft, and other things, to which ic is applied, and with which it becomes 
clofely united. N or does the fixed nature o f the Earth, generated in the diftil
lation o f Rain-water, which, as M r. Boyle obferved, would bear che intenfeft:
Fire in a crucible, without being changed, or flying off, make at ail againfl: 
what we have aflerted, though a perfon, indeed, might be apt co think with 
himfelf, how can fuch a quality as this be confiftent with a Powder’s float
ing abouc in che A i r : Buc ic is one ching, ccrcainly, for a Body co be ac reft irx 
a Fire, tho’ a very intenfe one, that is equably applied to ic, on all fides \ ano
ther to be taken away with an unequable mocion o f the A ir, though wichouc a 
Wind. When a very fine Powder o f Earth is placed in a Teft:, and urged up
wards, downwards, and on all fides, and from the center, by the very fame 
Force, it ftagnates, i f  I may fo exprefs myfelf, in a homogeneous Liquid, and 
by this means continues at re it; but i f  the puff o f a Bellows happens to fall up
on this fame Powder, ic inftantly difperfes it a b o u t: And as Clouds replete 
with Water are driven about, and the very W aves o f the Sea are carried up, 
an.d hurried along by the Winds, fo we know likewife, that the Sands o f
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and M w a r e  raifed into the A ir in fuch a manner, that they were fufficient to over
whelm Cambyfes's whole A rm y. Gold-Leaf^ and very thin Plates, o f ocher 
Mecals, b e a r  the greateft force o f  th eF ire, for a coniiderable time, in the Cu
pel ; and yet are blown away by the Breath, or a very gentle W ind, and dif- 
fipated into the A ir. W e  ought to confider, likewife, at the fame time, that 
Bodies chat are perfedly terreftrial, fo long as they are intirely fimple, and 
unmixed, often continue fixed and unmoved by the Fire, though upon their 
being mixed with other Subftances, they become fo volatile, as to fuffer them
felves to be carcied up inco the A ir, by a moderate Heat. There is nothing, 
you know more fixed in the Fire than G o ld ; and yet if  you mix it withiJi^«- 
lus o f  Antimony, and then carefully rub it for a confiderable time with the beft 
Sublimate o f M ercury, you make fuch an Alceration in it, chac it will fly off 
with a gencle Fire. And fo pure Earth, i f  it is perfedly feparaced from every 
thing elfe, will remain fixed in a Crucible, in che ftrongeft F ire ; though if you 
mix ic wich ocher Bodies, you may diffipate it inco its ultimate Ppticles. This 
we need no ocher proof of, than the burning o f  W ood under a high Chimney. 
Does noc the Smoke o f  this fix a black Soot to the very uppermoft part of the 
Chimney, which, being chemically examined by Fire, yields a large quancicy 
o f  Earch, which was carried up fo high b y  the Oil and Salt that were mixed 
with ic ? And yet this Earth, now, when it is purified, and by itfelf, you may 
burn wich the ftrongeft Fire, and it w ill in the midft o f  the Flames remain per
fe d ly  fixed. Thus then you underftand where p d  b y  what method one may 
procurc the moft fimple Earth, viz . by diftillation o f  the pureft Rain-water. 
But yet even in this cafe, the Ftsces that are thus produced, will contain in 
them every thing that was, together with this Earth, floating about in the 
A ir , and at the fame time is not volatile enough to afcend in that degree of 
H eat wich which the diftillation is performed.

Andbycom- Vegetables are burnt in an open Fire, they moulder away into white, fixed, 
buftion,from fine Aflies, which with the leaft p u ff may be blown into a volatile Powder, and 
v«eubiM°̂  be carried by the W ind to a very greac diftance. N or has there ever yet been 

difcovered any one Plant that upon burning would not produce fuch Aihes. If 
you take, now, thefe Afhes, and wafh them a good many times, and very 
carefully, with the pureft Rain-water, you may b y  this means perfedly free 
them from all the fixed Salt that remained in them: And as the Fire before 
had carried o ff all the O il, and volatile Salt, the Earth will at laft remain in che 
W ater by icfelf. Thefe Aihes, then, which w ill not have the leaft Saltnefs m 
them, muft be ihook well together, with fome very pure W ater, and when this 
is become turbid, it muft be poured o ff  into a clean Veflel, and then more 
W ater muft be put upon the Refiduum-, and ftirr’d together, and decanted as 
before, and this muft be repeated till all the Afhes are thus walhed from  the 
little Stones, Sand, bits o f  Glafs, and ocher little, folid, heavy Particles, 
are not capable o f  being diluted in the W ater. A ll  this turbid, decanted Wa* 
ter, then, muft be put into one VeiTel, and fuffered to ftand till all the Alhes 
have fubfided to the bottom j and then you muft very carefully pour off the 
W ater, leaving at the bottom a very fine M ud, which i f  che Salt is perfectly le- 
parated, by being dried with a gencle Fire, will give the true elementary 
Earth, produced from Vegetables by the Chemical A rt. This Earth, now, JS 
found to be p e rfe d ly  inodorous 5 quite infipid 5 o f a white colour 5 very lore.



and fcarcely fonorous;  hardly diflbluble by any means, in A ir , W ater, Fire, A lco 
hol, or Oil i fo fixed in che Fire, that i f  it is pure, it can fcarcely be converted into 
Glafs i capable, like Flower, o f  being work’d with W ater into a Paft that is fo 
dudile, that wich care it may be formed into a Veifel, which is abJe co bear al
moft the very greateft Torture o f  the Fire without any damage, will not v i
trify in any degree o f  common Fire but remains unchanged, and will contain 
in ic all kinds o f  Metals, whilft they are in fufion. T his is that Earth which 
the AiTayers make their Tefts with, for tr'ying their Metals, when they want to 
difcover what quantity o f  G old or Silver is mixed with other foifil Bodies. O f  
this are formed the Cupels, in which the Foifil Glebes are mixed with melted 
Lead, by which means they leave their Gold and Silver fus’d into a globular 
Figure, whilft every thing elfe is difperfed and carried off. O f  this too are 
made the Mufflers under which thefe Cupels are placed, to prevent any D irt’s 
falling into them, and through which there paifes a pure and very ftrong Fire.
This is that Earth which being kept ever fo long with melted Lead in an in
tenfe Fire, is never fufed icfelf, or made Co vicrify with it. And laftly, this is 
the Earth o f  which is formed that Myjiica Vannus o f  Vulcahy not o f  Bacchus  ̂
through the Pores o f  which the crude and imperfeCl Bodies, that vitrify with 
Lead, are ftrained, as it were, and run out, whilft not the leaft Particle o f  G old  
or Silver is admicced chrough chem, which colleft themfelves, and unite into 
a globular Mafs, in the center as it were o f the T eft, though ics whole Concave 
Surface and Body are every where, and equally porous. T his Earth, there
fore, when it is formed into fuch a Veifel, is the true Sieve o f  Metals, when 
they are fufed with Lead. A ll  thefe Charaders, then, belong properly to that 
rery pure Earth, which is procured from the Aihes o f  burnt Vegetables, by the 
Chemical A rt.

The very fame fort o f Earth, likewife, may be obtained from that part o f  As likewife 
Vegecables, which in burning afcends from the Fire, in form o f Flam e, Sparks,
Smoke, and Soot: N or does it at all fignify o f  what kind they are, or whether 
they are green or dry, acrid or mild. For i f  the Smoke that fixes upon the 
very uppermoft cold parts o f  the Chimney, and there forms itfelf into footy 
Flakes, is colleded, and expofed to a very ftrong Fire, in a clean iron Frying- 
pan, ic will fume, take fire, flame, and at laft confume into whice Aihes, 
which being freed from cheir Salt, i f  they contain any, by the method afore
mentioned, yield an Earch, which in every property exaftly refembles the 
former, nor can by any means be diftinguiihed from it. Hence therefore we 
learn how volatile Earth may become, when it is mixed with other Bodies, and. 
rapidly agitated by Flame i to what a great degree o f volatility it may by this 
means arive; to what a height it may be carried, and fo be difperfed and fcat
tered through the A ir. W hen the black Smoke arifes from Vegetables, and 
floats along in form o f  Clouds, the Earth likewife being there rendered volatile,- 
moves together under the fame appearance. But laftly, when Soot is collect
ed, and diftilled in a clean glafs Retort, with various degrees o f  H eat, and 
at different times o f  the diftillation, it yields a Phlegm , Spirits, a volacile 
Salt, and another Salt, that rifes only with the laft degree o f  F ire, and vari
ous forts o f Oils J and in the end there remains at the bottom fome black 
FisceSy which being burnt in an open Fire, produce Aihes, which when by the 
help o f W ater they are perfectly depurated from their Sale, give exactly the
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vdry. fame Earth as-.was procured by the foregoing Methods. Thefe laft Ex- 
pefiinents,’ therefore, evidently demonftrate, that the force o f  Fire agitates the 

K  vecy'Earth with the W ater, O il, and Salt, and carries it aloft; and that 
 ̂ ifiis is perfedly o f the fame Nature wich chat which remains in the fix’d Aihes 

o f  burnt Vegetables. This indeed is very furprizing, and at firft may feem 
hardly credible, buc yec ic is abfolutely certain, and difcovers to us a qualicy 
o f  Earth which before we were not acquainted with. I f  this Earth, no\v 
which in burning is fo volatile in the Soot, as ic was firft in the Smoke, by

* '(iiilillation, or combuftion, is perfedly feparated from all the w;\cery, oily, 
,«'an.d faline parts that are united with ic, it then becomes equally fixed with that 

•which is'procured from the Aihes o f t h e  fame Vegetable when it is burnt. 
“Earth, therefore, when it is perfedly pure, and alone, is exceedingly fixed in 
che Fire, tho’ by being intimately combined wich Oils and Salts, it may be very 
eafily rendered volatile. H ow  full therefore muft the A ir be o f a true terref- 
trial Matter, efpecially about thofe places where greac quantities o f Vegeta
bles are continually burning ?

AndbyDi* Buc again, take any kind o f  Vegetable thac we are hitherto acquainted wich, 
■ftillation. p y c  as Nacure produces it, into a clean glafs Retort^ make a very gentle 

Fire under icac firft, gradually increafe ic to the greateft degree, fo thac every 
thing may come over fuccefiively into the Receiver that will rife by thofe dif- 
ferenc degrees o f  Heac, and then this Vegetable will be divided inco two di
ftin d  parts; one, which will fuffer icfelf to be carried up into the Receiver in 
form o f  a diftilling Subftance, whilft the other remains in the botcom of the 
Retort, and will bear the utmoft force o f  the Fire without afcending, being 
a fix ’d black Coal, which will continue fo for a long time, as Van Helmontvt’  
ry juftly obferved formerly, and D r. Hook has fince confirmed by Experiment. 
T h e  Chemifts, indeed, commonly tell us, chat the W ater, Spirics, Oil, and 
volacile Salts, come over into the Receiver in form o f Liquids, as the volatile 
parts, whilft the Earth, fix’d Salt, and a fmall quancicy o f  fix ’d O il remain ac the 
bottom o f  the Retort. But how far chis is true, we muft: here examine. The volatile, 
firft part, therefore, is always o f  various forts, viz . W acer, Spirits, an Acid 
Salt, an Alcaline one, and different kinds o f  Oils. T hefeall now being mixed 
and united together, produce a Matter very much refembling the Smoke of 
Vegetables, and the Soot that arifes from i t ;  wich this difference, however, 
thac when thefe are raifed by an open Fire, then many more and großer parts 
are carried up, than when the fame Subftance is expofed to the Fire in a clofe 
Veffel. A nd hence it comes to pafs, that the very fame quanticy o f vegeta
ble M atter yields a good deal lefs Afiies, when ic is burnt openly, than ic 
leaves Coal and Aihes procurable from ic, in the bottom o f the Retorc, when 
it has undergone che utmoft force o f the Fire. I f  you take now all the parts 

 ̂ together chac were raifed by diftillation into the Receiver, and diftill chem
again in a clean Veffel, 'till the refiduum at the bottom is perfedly dry, there 
will then always remain a black Coal s for cho* you urge it every fo long wich 
the ftrongeft Fire, you will never be able co render it volatile: Fumes, in
deed, you may conftancly force out o f  ic ; but the C oal itfeif will always con
tinue fix’d in the VeftTel, and exceeding black. W hen you have attempted 
this, therefore, a good while in vain, take ic out, and you will find it light 
and fungous: T hen put it in a clean open Veffel upon a common Fire, and
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it will burn, and flame, and by this means will have all its blacknefs con
fumed, and will chen leave a white Earth, which being perfedly  freed from 
its Salt by the methods before mentioned, will be the very fame virgin Earth, 
as was procured by the former Operations. Hence, therefore, ic appears evi
dendy, again, that in the diftillation o f  Vegetables, the Earth rifes with the 
Wacer, Spirits, Sales, and Oils. If you take now the Oil diftilled in this man
ner, and in a clean Retort, urge it through all the fucceflive degrees o f  H eac, 
gradually increafed, you will have an O il in the Receiver purer than the for
mer, and much more penetrating. I f  you chen repeat this Operation for a- 
great number o f  times, the Oil at length will become fo fine, that it will come 
near to the fubtiJcy o f  A lc o h o l; but in every diftillacion, a greac part o f  ic 
will be diflipated inco the A ir, and ics proper Spiric, which gave it ics pecu
liar fmell and cafte, will incirely difappear. In che mean time, likewiie, in 
every diftillation, there will, at the boctom o f  the Retort, be generated a black 
Coal, which never yields any Salt, or can be rendered volatile : A nd when 
[his again is burnt in an open Fire, it produces white Aihes, and a confiderable 
portion o f Earth, always o f  the fame nature. N or is there any end o f  this  ̂
repeat che diftillation ever fo often, ’ till ac length you may colled  fo large a 
quantity ofic, chac che greateft part o f  che Oil will be converced into a pure 
fimple Earth ; as you may fee in M r. BoyUy O f the Mutability of Principles.

Hence, therefore, ic is certain, thac this Earch may be procur’d from any Coroiiari« 
part of Vegetables whatfoever j and that amongft all the forts thus produc'd, obrSvaSni, 
there is not the leaft difference that our fenfes are capable o f  difcovering.
Hence too, we learn, that all this Earth, when it is abfolutely pure; is fo fix’d 
in che Fire, that ic can bear ics ucmoft efforcs almoft wichouc any alteration i 
but that, neverthelefs, when itis  mix’d with ocher volatile parts o f  Vegetables, 
itis together with them carried up by the Fire, and is in that refped fo long 
volatile: This we fee, both in the Soot that is generated by burning chem in an 
open Fire, and the parts that rife in diftillation in a clofe VeiTel. A nd again, 
we obferve farther, that there is not any volacile part o f Vegetables that ren
ders Earth more volatile, and more eafily fo, than the O il: A nd that among 
the different forts o f  O il, procurable either by A r t  or Nature, there is not any 
one that carries up more Earth with it in diftillation, than that laft thick 
pitchy one, that is forced out by che ultimate adion o f the Fire. A nd to this, 
indeed, ic feems owing, that thefe Oils are fo very heavy, the large quantity 
ofEarth which they contain, thus increafing their weight: And hence arifes 
likewife their very great tenacity. This is particularly confirmed by this O b- 
fervation, that thefe Oils, when the Earth is feparated from them by diftillati
on, grow immediately very thin, lighter, and exceeding volatile.

But we fhall again difcover a wonderful origin o f  pure Earch, i f  we now Earth in fit. 
take carefully into confideration, the other part o f the Aihes o f  burnt Vegeta- 
bles, namely, chat fix’d alcaline Salt, which in che W ater was walhed away 
from the Earth that we juft now examined. A n y body, indeed, would be 
apt to imagine here, thac there was no Earth at all remaining in this Salt 5 
for the Earth we faw in ihe preceding Operation, was left undilTolved, whilft 
the Sale was diffolved in che W ater, and paiTed pure through very thick fil
tering Papers in form o f  a L ixivium : Upon inquiry, however, we ihall find 
to the contrary. T o  this purpofe then, take this Lixivium, and firft o f  all,
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b y fuffering ic to ftand quiet for a long time, let all the terreftrial fm es fub- 
fide to the bottom ; and b y  this means, ic will be fo depurated, as to be
come as limpid as W ater: L e t it then be filtered through Hippocrates'& Sleeve, 
and let this be repeated till it is grown as clear as Chryftal. T his Liquor then, 
i f  you examine ic with a Microfcope everfo  nicely, will not difcover the leaft 
fjo-n o f  any terreftrial matter. T a k e  then this very pure Lixivium^ and put 
it^into a clean Veifel, and in a quiec place as free as poifible from duft, reduce 
it to the confiftence o f  a thick O i l ; and then in a clean iron P ot, evaporate this 
thick L iquor to a drynefs, keeping it continually ftirring with an iron Spatu
la ; and by this means you will procure an exceeding pure fixed alcaline Salt. 
W hen this is done, put this Salt into a good clean Crucible, and with a 
T ile  cover it over as d ole as poffiblcj and in this condition commit it to a 
very ftrong Fire till ic is melced ; Then pour it out into a warm brafs Mor
tar, and with a hot Peftil rub it immediately into a fixed alcaline fait Powder. 
L e t  this Powder then be put into a large glafs Bafon, and be chus expofed to 
the A ir  in a place free from duft, and the Salt in a very ihort time will be in
tirely diffolved into a Liquor perfedly fluid, whilft to the botcom there will 
fall a white terreftrial Powder, which being thoroughly waihed from the 
Salt that adheres to it, will appear to be nothing but mere Earth, fuch 
e x a d ly  as the other, which remained in the Aihes. If you take now this Oil 
o f  T artar deliquium, and dry it, calcine it, and expofe it to the A ir as be
fore, it willdiffolve again, and you will ha.ve a. 0\\ per deliquium, and al- 
w ays fome Earth remaining-, and i f  you repeat the Operation a vaft number of 
times, at length the greateft part o f  the fixed alcaline Salt will be reduced to 
a  mere fimple Earth, that in burning was united with that other Principle, 
which in conjundion with ic, formed the alcaline S a lt ; which faline Prin
ciple being now by many calcinations and folutions feparaced from its Earth, 
and fet at liberty, flies ofl; and is diiTipated into the A ir, and leaves the Earth 
alone. I f  you co lled , however, all this Earth together, and weigh it, you will 
find it a good deal lighter than the Salt was at firft i this decreafe in its weight, 
evidently evincing, that a great part o f  the Sale was rendered volatile, and 
thus carried off. A s  this Experiment, therefore, conftantly fucceeds in this 
manner, we cannot but conclude, that this Earth, thus difcovered, did really 
exift before in the fixed alcaline Salt from which it is by this means procured, 
and that in fo latent a form , that ic fuffered itfelf, during chac cime, to be per
fe d ly  diffolved in W ater, which otherwife is fo repugnant to the nature of 
Earth. A n d  hence, therefore, ic likewife appears, thac the pureft Earth, 
when ic is united with fome other Principle, is totally diffoluble in Water, tho 
it  is by no means fo when it is alone: Unlefs, perhaps, you will rather believe, 
that the very Salt itfelf, not terreftrial before, may, whilft it undergoes thefe 
calcinations and folutions, by an ad ual tranfmutation, be converted int& true 
Earth. T his opinion, however, is not founded upon any Argum ent 
riment that I am acquainted with, and cherefore feems intirely precarious: And 
befides, it feems to me to be inconfiftenc wich che fe c c le d  conftancy or Ma
ture, which for fo many ages has always been obferved co a d  in che lame 
manner, and by  che fame means j inafmuch, ic has never yet appeared, that 
any one Element has prevailed upon another, buc thac being properly adju 
cd togetherj they have all conftantly remained ia the very fame propor^n^



And as for the other Opinion, that Earth, b y  being united with faline P rin
ciples, may be rendered capable ofbeing diffolved by W ater into a L iq uor, 
in which nothing at all earthy Ihall appear, this is every where warranted by 
the chemical A rt. In Glafs, is not Earth intimately concreted with an alcaline 
Salt, and thus produces with it a perfed tranfparent Mafs ? W hich neverthelefs, 
sccording to Van Helmont, may be again refolved into an A lcali, and an Earth 
precipitated from it. D o not all Metals, when united with their proper dif
folvent Acids, appear in W ater in the form o f  a very pellucid Salt? W h ich, 
notwithftanding, may be thence again procured opake, intire, and withouc 
alteration: *Tis needlefs to mention Chalk, Stones, Oyfter-ihells, Earths, and 
other Bodies 5 all which, by being combined with Salts, feem to be converted 
themfelves into very pure Salts, which yet by various methods, may be again 
refolved into their folvent Liquors, and an Earth which is feparated from 
them. H ow  evidently is this evinced b y  chemical Precipitations? From  the 
abovementioned Experiments, therefore, it is certain, i .  T h at the common 
fix’d alcaline Salts, procured from the Aihes o f  burnt Vegetables, do confift in 
a great meafure o f true, fimple, elementary Earth, which whilft they are form
ing, enters into their compofition. 2. T hat this Earth is fo concealed, inter
mixed, and diffolved in thefe Salts, fo long as they exift in a fixed alcaline 
form, that it does not give the leaft indication o f  itfeif by any fign whatever, 
and therefore fo long cannot be difcovered *, as it will by W ater, or the moi
fture o f che A ir, be fo diffolv’d, as to be converted into an exceeding fimple 
limpid Liquor. 3. T hat this Earth ofV egetables can only be fubtil iz’d to 
this degree, by the moft violent adion o f  an open Fire, which whilft it is thus 
confuming Vegetables, fo intimately unites this Earth, attenuated at the fame 
time with another alcaline faline Principle, that from both of them thus con
joined, there is generated an A lcali, which is a proper creature o f  the Fire.
And this, now, as we juft mentioned, will only happen in the open A ir  ; for 
aCoal, made from green W ood, being included in an iron B ox, was in this 
manner expofed for feveral hours to a very ftrong Fire, and neverthelefs con
tinued a very black Coal, nor would yield any fix’d alcaline Salt, tho’ upon 
being afterwards taken out, and burnt to Allies in an open Fire, its Afhesthen 
afforded fome. Hence, therefore, it appears evident, that this Salt does noC 
in reality pre-exift in Vegetables, but is then only introduced into Nature, 
when the P’ire has united Earth to that other Principle, which may be thus 
combined with it in the open A ir, but not in a clofe Veffel. And that this 
fix’d alcaline Salt is generated only in the open A ir, and by the power o f  the 
Fire alone, is not lefs certainly confirmed by this confideration, that i f  any 
Vegetable whatever, is only fo far burnt, either in the open A ir, or a clofe 
Veffel, as to be converted into a black Coal \ then, if  you reduce this black 
Co.d to Powder, and boil it in W ater, it will not, in the Lm vium , afford any 
fixed alcaline Salt: And yet i f  afterwards you take either this Coal, or its 
Powder, and burn it in an open Fire, by boiling its Aihes, you will be able 
from them to procure it. T he Earth o f Vegetables, therefore, being vaftly  
attenuated by the extreme force o f  an open Fire, is after the confumption o f  
the Oil, intimately united with the other faline part, and thus produces a fixed 
Alcali. N or has this Salt ever any ocher origin that we are acquainted with.
4* Fixed alcaline Salts, therefore, are not fimple Bodies, but are compounded
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o f  two perfedly diftind Principles, intimately united together. 5. And it is 
likewife exceeding probable, that this burning o f  Vegetables, after it has atte
nuated the Earch, combines it with thac native Salt, which was naturally in 
the Plant, and exifted there in form o f  a Sapo, made up o f  this Sale and an 
Oil united together. And hence we fuppofe the adion o f  the Fire confumes 
the greateft part o f this O il, and then converts the Salt, the Earth, and a te
nacious black Oi), into a black Coal, in which the faline part lies fo concealed un
der the O il and Earth, that it does noc appear there as a Salt diflblvable in 
W ater, buc remains fecure from the adion o f this Menftruum^ till by a lon
ger continuance, and greater ft:rength o f  Fire, the black Oil o f  the Coal is de- 
itroy’d , and thus this O il, which ferved as a vinculum to bind together the Earth 
and Salt, is removed : A nd thus we imagine, that ac length this faline pare, 
which before was o f  itfelf confiderably volatile, becomes fixed and united wich 
this ultimate, fubtii Earth, being now perfedly  freed from its principle Oil. 
A n d  hence it feems to come to pafs, that this fixed alcaline Salt itfe f, ifit is kept 
for a long time in a very intenfe H eat, will at laft become volacile, and periih 
in theFire, tho’ if it  is mixed in a certain proportion with Allies or Earth, it will 
be converted into Glafs, vŝ hlch is confiderably faxed there, and is very durable. 
6. Hence, therefore, we never find any fimple Salt in Vegetables, which of 
itfelf is naturally fixed, that which is fo, owing its fixity intirely to the 
E arth, with which the Fire has combined it ; for i f  Vegetables are expofed 
for a great length o f nme to the alternate viciifitudes o f  moifture and drynefs in 
the A ir, or if  they firft perfedly putrify, then, if  they are afterwards burnt, 
they won’ t produce any fixed alcaline Sale in their Afhes. 7. And hence thefe 
fixed alcaline Salts, generated in the manner ju ft  explained, m ay, by the con
trivance abovementioned, be again refolved into thofe two Principles, from 
which they were firft formed by che adion o f  the Fire, namely, into a pure, 
fimple, imperceptible, volatile Salt, and a very fubtii, pure, inadive, fixed 
Earth. 8. From  this H iftory, therefore, o f  Earth, it appears vaftly more 
probable, thac thefe Salts are chus generated from this Earch, and a faline Prin
ciple, than that W ater, by being intimately united with the Earth, ihould be con
verted into an Alcali j forcho’ all che contrivanceswithin the compafs o f the che
mical A rt, are made ufe o f  to combine Earth and W ater together, it never 
has appeared, that a fixed alcaline Salt has been thence produced, lec the Fire be 
ever fo intenfe. 9. T his Earch, therefore, which is always, and every where 
the very fame, is excraded from Plants in great quantities with the Water, 
Spirits, volatile and fixed Salts, and Oils, when they come under the manage
ment o f  the Chemift. And as for all thc ocher Principles, the W ater excepted, 
when they come once to be perfedly freed from cheir Earth, they are fo at
tenuated, and become fo a d ive  and volatile, that through this vaft fubtilty, 
they incirely efcape all farcher cognizance o f  our fenfes, and are fcarcely after
wards to be confined in any Veiiels, but return into their former aerial Chaos. 
The Wacer only, and folid Earth at laft remain behind; all the reft quite dif- 
appear. T h e  moft ancient o f  the Chemifts, therefore, were a b f o l u t e l y  in the 
right, when they aflertcd, that che Spirits are held faft, chac they may noc 
fly off, by Oils, or Sulphur; chac it is Earch alone chac recains the Sulphur 
and S alts; and thar, cherefore, their fixity is co be aecribuced to the Earth. 
T hus, chen, Gentlemen, from whac has been faid, we are come co a fufficienc 
certainty about the nature o f  that Earth* which is found in the clafs o f Vege
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tab lesw h ich , as it evidently appears to be perfedly the fame in every kind 
of Vegetable, conftitutes, perhaps, an immutable Element.

Let us now, therefore, proceed to examine this Earth in the Animal King- Eanhinpu- 
dom. It has always been obferved then, that all Animals, o f  what kind 
ever, whether they fly in the A ir, fwim in the W ater, or live upon the Earch, or 
within ic, i f  chey are expofed to a warm moift A ir, prefently putrify after chey 
are dead, in a Heat lefs than that o f  a Man in Health. And by this putrefac
tion, they are in a ihort time fo much altered, thac their whole Bodies are re
folved into a moft fetid putrid matter, which is fo volatile, thac ic is diiTipated 
intothe A ir, there remaining only a fmall portion o f  a firm folid fubftancc 
behind. W hole Elephants lefc dead on the ground in hot Countries, and vaft 
Whales thrown up upon the Shore, are foon confumed, their bare Bones only 
being left behind, whilft all the other parts are carried aloft. As for Camels 
too, Dromedaries, Horfes, and human Bodies left unburied, after the carnage q f  
Battles, it’s furprizing how foon there appears nothing o f  them at all but their 
Bones. Certainly, the W ater, Spirits, O il, and Salt, are difperfed in fuch a 
manner, that there is nothing but a little fimple unadive terreftrial Matter left 
behind : And then this Earth is exceedingly like that which we have juft now 
been examining in Rain-water, and Vegetables. But why fhould we infift upon 
this any further, when we fee it fo evidently in the burying places o f  very po
pulous Cities, where the Bodies that are buried are refolved into fo fmall a 
quantity o f  Earth, that they hardly raife the ground at all A ll the parts, 
therefore, both folid and fluid, o f  which Animals confift, and into which they 
may be again refolved by  the adion o f the A ir  alone, are o f  fo volatile a nature^ 
that they intirely exhale, the Earth being the only part that remains fix’d, 
and is not diflipated with the reft. A n d  this terreftrial part, i f  we examine it 
more nearly, prefents to us only mere Bones, or a litcle Aftics, which are dif
perfed with a flight W ind and difappear.

But the nature o f  our defign leads us to examine this Earth in Animals ftill And ia their 
more nicely. L e t us firft, therefore, take into confideration any o f the H u- 5̂ !*” 
mours o f  any kind o f  Animal whatever, after, by a due circulation, they have 
been quite changed from the crude difpofition they had when they were taken 
into the Body, and by the natural powers o f the Anim al, are aflimilated to its 
peculiar Nature. Thefe then, under this Limitation, being puc into a clean 
Retort accurately fitted, and luted to a Receiver, and expofed co a Fire very 
gradually increafed from a very gentle one to the greateft, will in a H eat raif
ed to 212 degrees yield, firft, an incredible quancity o f  W a te r; fuch a one 
as no-body could ever imagine fliould enter into the compofition o f  the ani
mal Fluids. I f  you concinue this degree o f  H eat for a confiderable time, all 
the Water chat is thus diftiird from thefe Humours, feems in moft o f  ics pro
perties to be almoft the fame with that which is drawn from Vegetables, and 
was before confidered ; indeed, to fuch a degree, that we find but little difl ê- 
rence. There is, it’s true, in this W ater from Animals, fomewhat o f  a fubtil 
rancid Smell, and a difagreeable T afte ; buc chefe, as they don’ t difcover the 
leaft fign o f  any Earch, have noching co do wich our prefent Enquiry. I f  
you proceed then to urge the refiduum with a ftronger Fire, when all the aqueou» 
part has been drawn off by the tJeat o f boiling W ater, then this Mafs, which is 
always dry, and in fome meafure flightly burnt,, will yield a light,, yellow, L i-
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quor, lefs volatile than the firft W ater, which has been called the Spiric of 
thefe animal Humours. This now is fetid, and o f fo faline a nature, that upon 
m ixing wich Acids, it will caufe an Effervefcence. I f  you colled: then, this 
Spirit carefully by itfeif, and diftill it in a clean Veffel, it will produce fome 

faces, which being burnt, and depurated, as before, yield a fmall quantity 
o f  Earth, perfedly o f  the fame nature with the former ; fo that this Earth 
rifes with this Fluid, and may be procured from it. If the Mafs, then, of 
thefe Humours, thus deprived o f  cheir Spirit by its proper degree o f Heat, is 
ftill expofed to a greater H eat, you will have from it diftilled animal Oils in 
great abundance. But i f  you diilill thefe again in a clean Veffel, they likewife 
w ill leave at the bottom o f  the Retort a large quanticy o f fixed Earch, as we 
took  notice in the diftill’d Oils o f  Vegetables. And thus, likewife, will thefe 
Oils, by a reiterated diftillation, be converted into Earth, till at laft there 
w ill remain only an exceeding fubtil O il thus freed from its Earth, which is al- 
moft o f  a fpiricuous nature : So that the thicknefs, tenacity, and fixity of thefe 
Oils too, ought to be attributed, as before in Vegetables, to this very fame 
Earch. And as for the volatile Salt o f  Animals, which partly is forced out of 
them by the Fire together wich thefe Oils, and parcly rifes afterwards, and is 
feparated by itfeif, this always in the beginning o f  its produdion has a large 
quantity o f  O il united wich it, which by its vifcidicy, holds down, fixes, and re
tains it ; for as foon as ever you have, by the chemical Arr, perfedly freed 
this Salt from its O il, it immediately becomes perfedly volatile, and in diftil
lation leaves n o b e h i n d  it. Afcer the fublimation, indeed, is made with a 
very moderate Fire, there remains at the bottom an unadive Water, which, 
let the Salt appear ever fo dry, adheres to it fo clofely, that in a gentle Subli
mation, it always difcovers itfeif in this manner, nor can fcarcely be perfedly 
feparated from by any contrivance whatfoever. A ll the fixity, therefore, of 
the native animal Salts, feems to be owing intirely to an O il which is natural
ly  in them, and ferves to retain che faline p a rts ; but chis very Oil owes all its 
fixity and tenacicy co the Earch wich which ic is united *, and confequently, the 
Earch is, in realicy, the Vinculum by which che volatile Salt is fecured, and held 
down, which would otherwife be o f  too volatile a nature : When the former 
O ils are chus drawn off, i f  you ftill proceed to increafe your Fire, you will 
then have a very black, thick, plcchy, tenacious O il, which will often pufF up, 
and fill che whole neck of che Retort, and thus in form o f  an inflated Pitch, 
pafs into the Receiver, being heavier than any o f  che Liquors thac were 
drawn from the Vegetable in the former diftillations. I f  you take now this 
laft O il, and diftill ic carefully, and according to A rt, the greaceft part ofic 
will remain an Earch at the bottom o f  the Retort, tho’ you urge ic with ever 
fo ftrong a Fire. And i f  you repeat this diftillation again, and again, che 
O il will every time become more and more limpid, and there will always a 
large quantity o f  Earth be left behind. B y fuch a tedious redificacion of chis,
I  reduc’d, formerly, fome pounds o f  a chick O il o f  Hartihorn, inco a very 
thin, pellucid, volatile O il, and a large quantity o f  a black oily Earth, which 
being burnt in an open Fire, yielded the very fame Earth, which we have al
ready fo often mentioned. By this means, then, I became certain, that when 
this laft O il, very tenacioufly adhering to the Earth, was raifed by the moft 
yiolenc adion o f  the Fire, ic carried likewife this Earth along wich it ■, and
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confequently, that though we call this Subftance OiJ, yet, in reality, a great 
part o f it is only mere Earth. Hence, then, we learn, that Fire, when it is 
applied to Oils united with Earth, is fo far capable o f rendering the Earch 
volatile; And again, that the properties peculiar to this O il that rifes only 
wich this intenfe degree o f H eat, almoft all depend upon the Earch, and not 
upon che Oil itfelf. Hence, for inftance, arifes its very great degree o f  fix ity, 
thicknefs, tenacicy, and w eight; all which it lofes, as foon as ever it is per
fedly feparated from its_ large quantity o f  Earth. A nd hence, likewife, we 
difcover farcher, the intimate, and almoft infeparable union o f  this E arth, 
with all che animal Oils, and the conftant efFeft produced by this union, viz. 
the prevention o f their being volatile ; for as on the one hand, the Oils, 
by being united wich the Earth, render ic, in fome meafure, volatile in the 
Fire; fo chis, on the ocher, by chis fame union, prevencs their being rendered 
too volatile, by a fmall degree o f  H eat. A nd as the very volatile Spirics 
are incangled, and held down by che O ils ; fo the Oils, which would other
wife rife too eafily, are retained by the fixity o f  the Earth. But laftly, i f  
the fixed, black Feces, that remain at the bottom, after all the O il is ex
pelled by the former degree o f  Fire, applied for a good while, are urged 
wich the greateft degree o f  Heat, and this is kept up for a long time, they 
will at length emit fome blue, ihining, denfe Fumes, and throw out, at the 
fame time, fome fparkling Corpufcles, which, being received into pure cold 
Water, will be condenfed, and by their weight fink to the bottom , where 
being collected in little MaflTes, they produce the Phofphorus, now called 
the Solid, as the former, whilft it floated about in che form o f  a Fum e, 
may be called che Fluid. T his Phofphorus, now, i f  it  is expofed to the 
Air, takes fire, confumes in appearance o f  a liccle lucid Flam e, and fiies off 
with a fecid Smell *, buc even then it leaves behind it a very acid, chick W a 
ter, in which there is always fomething o f  terreftrial Fceces, O f  chis won
derful Subftance, now, we may very reafonably inquire, whether it is, in reali
ty, o f the animal or vegetable kind? O r whether ic is properly a Creature 
of the Fire ? O r whether ic don’ t owe ics origin to all three togecher ? T his 
is cercain, it burns perfedly, it will keep for years in W ater without being 
diflblved, and at the bottom of W ater it will by Heat be melted like W ax.
It rather, therefore, feems to be o f  an oily nacure, than a faline, or terreftrial 
one; and yet it is perfedly different from every thing that has hitherto been 
ranked among the Oils or oily Subftances, and contains but a fmall quantity 
of Earth.

If we examine, now, the ultimate that remain after all the different
parts above-mentioned are drawn off, we find them ftill to continue black ; between 
but if the Mafs is taken ouc gently, and burnt in an open Fire, it becomes 
white, o f an earthy nature, retaining its former figure.) T his H iftory, 
then, o f Animals and Vegetables, given with a view particularly o f  coming 
at the true nature of Earth, Jets us fee, at the fame time, that thefe two 
kinds o f Bodies appear to be vaftly near a-kin in all their properties, and in a 
greac many o f chem to agree intirely. Hence, therefore, it is no wonder, 
that Animals, by means o f cheir concodive faculties, can fubfift incirely up
on Vegecables, with the fimple addition o f  W ater. And as this appears to 
be every where the cafe, the bodies o f  Animals feem almoft, in m m y in- 
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ftinces, to be nothing but tranfmuted Vegecables. T h e  chief difference, indeed, 
between them feems to lie in their Salts ; for thefe, when thoroughly concoét- 
ed, and fo become proper to particular Vegetables, are in many o f  them acid, 
or auftere \ whereas 1 have never been able to difcover any acid ones, much 
lefs auftere ones, in the native humours o f  Animals. L e t me caution you, 
however, that this muft noc be underftood o f  crude Juices, ju ft taken into the 
Body, and ftill retaining their own proper qualities j but o f  fuch as by the 
natural vertue o f  the animal Body, have been truly affimilated to the animal 
Nature. But again, the Salts o f  moft Vegecables, procured from them by 
burning, are found co be fixed ; whereas there was never any fixed alcaline Sale 
difcovered in Animals, when treated after the fame manner j though, as I ihall 
demonftrate hereafter, there are Vegetables that have a volatile, alcaline Salt, 
like that o f  Animals, as appears in the Scurvy-grafs, M uftard, and others. 
But the Earth itfelf, or the Oils, as chey contain a large quancity o f  Earth in 
them, feem, by their admixture, to caufe the chief difference thac there is in 
the fixity of the animal and vegetable Salts: And hence it feems lifeewife to 
follow , that the Earth in Animals exifls in lefs quantity, and is lefs intimately 
united with their Oils and Salts, than it is in Vegetables.

L et us, however, confider, in the mean time, that the perfed putrefadion 
o f  Vegecables makes fuch an alteration in their proper difpofition, that the 
Earch being, by this means, more difengaged, recedes, both from their oily 
and faline parts, and thus effeds, that Vegetables, which before putrefadion 
yielded, in burning, a large quanticy o f  a fixed, alcaline Salt, being burntaf- 
terwards, aiford none at all, but then give out all their Salt, o f a volatile na
ture, as Animals do. T h e  union, therefore, o f  elementary Earth, with all che 
other Elements o f  Vegetables, is diflblved by no adion more eafily than it is 

Theputre- by mcans o f  putrefadion, which very powerfully divides and feparates their 
v̂ etabî« Elements from one another, and thus deftroys their former particular form, by 
feparates which mcans, thofe both o f Animals and Vegetables become nearly the fame, 
femfheml -A-od hencc it comes to pafs, that this very putrefadion renders the Bodies of 

Animals and Vegecables exceeding fit to produce fuch a maccer in che Air, Wa
ter, and Earth, as ihall be rightly difpofed to yield a kindly nouriihment to 
new Vegetables, and fo again, through their means, to Animals. On this ac
count, therefore, all putrefied Subftances are parcicularly ferviceable in frudi- 
fying the Earth*, and for chis reafon, all Animals whatever, are, by the grand 
L aw  of Nature, fubjed  to putrefadion, fooner or later, arid thus aiford freih 
matter for impregnating cheir Mocher Earth, and repleniihing it with new 
fruitfulnefs.

fermenta- Sincc, therefore, the putrefadion o f  Animals and Vegetables thus feparates 
ftparaw'üS Earth from che other Elements, and by this means renders them fo volatile; 

suth. hence, perhaps, fome perfons may be ready to infer, chat fermentation, like
wife, will 'do the fame. Buc this happens quice ocherwife : For though fer
mentation agitates Vegecables fo powerfully, and for fo long a cime, yet it is 
never able thus to free the elementary Earth from its Salt and Oil. And for 
this reafon it does noc fo aflimilace Vegecables co Animals as purefadion does; 
nor prevencs cheir yielding a fixed Sale in cheir Aihes, i f  chey are afterwards 
burnt ; as evidencly appears in Tarcar. One fore, indeed, o f  the vegecable

•Oils it converts into a volacile A lcali, but is noc able to change all the oily
parts



parts of it in the fame manner. From fuch a number o f  Experiments, then, 
we underitand the nature o f  that elementary Earth which enters into the com
pofition o f Animals and Vegetables, as a true principle. A nd in both thefe, 
this Earth feems to be perfedly o f  the fame nature, there being very little 
difference obferved in it. This no where appears more evident than in the 
Cupels, which are made equally good from the Aihes ofV egetables, or the pure 
Earth o f Anim als; and that, whether it is procured from F îihes, Birds, Beafts, 
their Bones, Hoofs, Fleih, or Juices, provided rhe Earth is but pure. See 
taz. Esker, where he treats o f  this fubjed. This Earth, therefore, ferves in 
the fame capacity, both in Animals and Vegetables, gives a firm make to 
their Bodies, and affords a íoWá Bafis for the reft o f  the Elem ents; for thefe 
muft all be united with this Earth, that by this means they may be fixed, and held 
together, and thus reduced into the ihape o f  any particular folid Body. T his 
Earth alone gives to them all their proper form ; and when this is feparated 
from them, they all fink down into an irregular Mafs, or being refolved, 
and fet at liberty, become volatile, and are difperfed from one another. T h is 
Earth, by its fixity and tenacity, proves a proper Vinculum to bind, aifociate, 
and properly difpofe all the other parts with one another, and fo hardens the 
Body that arifes from this conjundion, that by this means it becomes capa
ble of refifting the A ir, W ater, Sun, and fome degree o f Fire itfeif, without 
fuifering any inconvenience. But then, likewife, on the ocher hand, pure, 
dry, elementary Earth ftands in need o f the aififtance o f  W ater, or O il, as 
a kind o f Cement, to hold together its feparate Elements, and thus to form 
them into one Mafs.

If whole Animals are burnt in an open Fire, till they are intirely The Ear* 
confumed, there then remains nothing but white Aihes, which being pound- 
ed, exhibit again an Earth exceedingly like the former, and free from all on.
Oil or Salt. T his can no ways be diftinguifhed from the Earth procured 
from Animals, by the former operations, and ferves abfolutely for the very 
fame purpofe in every kind o f  Experiment.

But it is time, now, that we take a view o f the foifil Kingdom , and fee Earth in 
what Earth we are capable o f difcovering there. And here the native Salts, fnsStlí/* 
Nicre, Sal-Gem, Fountain Salt, and Sea Salt, firft offer themfelves to our ob- folution. 
iervation. T a k e  thefe, then, as pure as they can poifibly be procured, dif
folve them in very clean W ater, and digeft them for a long fpace ot time in 
Veifels accurately clofed, and they w ill yield an Earth at the bottom, preci- 
picated from them, which will not be diffolved in the W ater. W hen the 
Liquor is thus depurated, and grown exceeding ckar, let it exhale in a place 
free from Duft, till you obferve a Pellicle on ics Surface ; then remove ic 
inco a low, cool, quiet place, and ic will fhoot into little faline Glebes, o f a 
particular figure, pellucid, and pure, which the Artifts call Chryftals, and 
thefe, if they are thus carefully prepared, produce a parcicular o f  Sale
perfedly diftind from every other. I f the l.iq u or then that remains after the 
Salts are thus formed, is gently poured from them, it may be again infpiifat- 
ed to a pellicle, and by the fame method as above it will generate freih faline 
Chryftals, buc not fo tranfparent, or pure, as the former. I f  you, then, as 
before, feparate the remaining Liquor, and proceed in the fame manner, after the 
Wt chryftallization, there will be left a fat faline L iq uor, that will not be dried
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without a great deal o f  difficulcy, buc then will produce fome Earth: And 
this Mafs, when you have rendered it dry by the Fire, will again fpontanecuf- 
ly  diffolve in the A ir, and be o f  an acrid auftere nature. I f  you take then 
the Chryftals thus procur’d , and diffolve them, and proceed as before, you 
will every Operation have fome more pure Earch, which being colleded to
gether, will produce a large quantity thus generated from the pure foifil Salt. 
And at laft, after this Chryftallization and Solution has been repeated a g reac  
number o f  times, all che Salt will become volatile, be diffipated into the Air, 
and efcape any farther notice o f  our Senfes ; and o f  the whole Mafs o f Salt, 
which has thus paífed under Examination, the Operator will have noching left 
buc mere Earth ; for all the other parts, which in conjundion with chis Earth, 
made up before the Body o f  the Sale, being by thefe Operations feparated from 
ir, grow fo fubtii, as not to fall under our Obfervation, and fo volatile, that 
they cannot remain at reft, but fly away. Thefe Experiments concerning the 
nacure o f  Earch in Fofliis, were known and defcrib’d by che ancient Chemifts, 
and have been fince performed and confirmed by the Moderns. See D« Hamel 
Hifi. de VAc. Roy. des Sc. 1701. p. 16, 17.

By Diftil- But again, if you take any one o f  the abovementioned Salts pure, and very dry, 
lation, reduce ic co Powder, and accurately mix it wich chree times its weighc or very 

dry Clay, Bole, Brick-duft, or pure Earth, and then urge it with che greateft 
degree o fF ire , it will by this means be refolved inco a liquid part, which will 
be volatile, acid, and corrofive, and a fixed one, which will remain at the bot
tom o f the Vefliel in che Earch wich which ic was mixed. This fixed parr, 
now, if, by boiling ic in W acer, and leccing che Wacer fettle, and afterwards 
filtering it, you perfedly depurate it, and chen reduce it to Chryftals, will 
yield a Sale pretty much refembling thac which was made ufe o f  in the diflilla- 
tion, except, that that from the Nitre will be in fome meafure alcalefcent. And 
i f  che Salt thus generated, is again diffolved, infpiifated, and chryftalliz’d ac
cording to A rt, it will likewife produce a great deal ofE arth  o f  che fame nature 
with chat which was procured from che original Sale. T h e  acid Liquor, too, 
thus drawn from che Salt by diftillation, being again diftilled in a clean Veflel, 
will leave fome yellow faces  ac the bottom, which when they are dried, are 
found likewife to contain fomething o f  Earch. And thefe acid Sales, now, 
thus prepared, are fo volacile, when chey are accuracely freed from all their 
Earth, that being impatient o f  reft, they are continually difperfed into vola
tile Fumes, which can fcarcely be contained within their VeiTels, and fly off as 
foon as ever they come to have a free communication wich che A ir ; asajD- 
pears evidencly in che diftillacion o f  Aqua Fortis  ̂ Spiric o f  Nicre, Glauber's Spi
ric o f Sale, and Spirit ofSea-Salc*, for in chefe che pure Volacile acid Salcfpon- 
taneoufly refolves icfelf into whiee or red Fumes, and wichouc che affiftance of 
any excernal caufe, immediately flies o ff inco the A ir. I f  you thoroughly now 
confider thefe Phammena, perhaps you will chink it not very abfurd to fup- 
pofe, that all thefe acid Salts hitherto defcribed, would not o f  themfelves be at 
reft in our A ir , but that they owe this reft, or as the Artifts call ic, fixity, 
principally co che lacenc elemencary Earch, which fecrecly unieing wich them, 
fixes their volatility, and thus holds them dow n: And on the other hand, that 
whenever they are difengaged from their confinement, and get free, they then 
fpontaneoufly regain their former and proper volatility. Suppofing, therefore.



this to be the cafe, then both the fimple A cid , and alcaline Salts, would, as 
has appeared by the former Experiments, from the purity o f their fim plicity, be 
always volatile, and then only become fixed when they were intimately united 
with Earth. In this D odrine, however, there are two things that ought to be 
taken notice o f; firil, that the A cid  o f  Vitriol, and burnt Sulphur, remains 
fixed in a Fire o f 560 degrees, tho* it is purified by repeated diilillation, and 
has depofited its fcEces at the bottom o f  the Veflel. This, I confefs, indeed, 
may poflibly be owing to fome non-acid that is intimately mix'd with ir, 
whether you fuppofe it o f  a metalline or terreflrrial Nature, that cannot eafily 
be feparated from it ; for during the diftillation, the Receiver is filled with ve
ry volatile Fumes, which, i f  there unfortunately happens to be any crack 
through which they can make their way, burfl: out in a deadly Vapour : Se
condly, chat the moft volatile acid Salts, by being united with a very volatile 
alcaline one, are converted, without the affiftance o f  any Earth to fix them, 
into a compound SaUAmmoniac^ which is femi-fixed. But to proceed, i f  Fof- 
fil Alum is diflTolved, chryftallized, and treated in the fame manner as the 
Salts abovementioned, from this likewife may be procured a great quantity o f 
Earth, which being perfedly feparated, this Salt too becomes volatile. This 
likewife in diftillation fends forth a very volatile and pernicious Vapour, and 
leaves a great deal o f a  kind o f  Lim e-Earth at the bottom o f  the Retort. Buc 
profecuting thefe inquiries ftill farther, I diflblved fome Vitriol in W ater, and 
digefted it, and by this means procured from it a large quantity o f  Earth, called 
Ochre : And whilft I patiently repeated the former work o f folution, and chry- 
ftallization, and in the fame mannerremoved the f(BceSy all the V itriol was con
verced into a yellowifli Calx^ which was the greateft part o f it, a volatile pare 
that was diflipated into the A ir , and a thick L iquid, which was pinguious, 
and very auftere. Thefe Fcsces, now, I am very well apprized, indeed, can
not properly be referred to elementary Earth, buc are rather the o f  the 
corroded Iron : In the other particulars, however, this Analyfis o i  y\ix\o\ re
fembles the former Operations. T h e Calx now thus procured, m ay, by a ve
ry ftrong Fire, be converted either into Copper or Iron, according to the 
different fort o f Vitriol you make ufe of*, and hence we evidently fee. what 
judgment we ought to make o f  that opinion, which fome Perfons have fallen 
into, who upon feeing the feparation o f  fuch a from a metalline V itriol, 
have hence inferred, thac Earth icfelf enters into the compofition o f  Metals.
For my own part, I confefs, I don’ t remember, that by any one Experimenc
I have ever difcovered a true Earth in M etals: A s for that which is offered 
for it, ic is capable o f  being melced inco Glafs, and by this very property fhews, 
that ic is noc o f  a cerreftrial nature, and gives ftrong fufpicion chat ic is o f  a 
metalline one.

If we examine farcher, the foffil liquid Sulphurs, and the fubftances produced Andini^ 
from them, as che Afpbaltus  ̂ Bitumens, Naptha^ Petroleum^ and Oleum Terns, 
thefe, if they are expofed to an open Fire, burn in Flames, produce Soot, 
emit black acid Fumes, and when they are quite confumed, have fomething o f 
Earth ac the b o tto m -, and from this, if  by farther burning you reduce it to a 
Cak, you will always be able to obtain a pure Earth, exceedingly like thac 
from Animals, Vegetables, and Foflil-Saks.
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And Solids. And as for true Sulphur, if  you fublime it into flowers in a clofe VefTel it 
will always the firft time leave fome Earth ac che bottom ; tho* the Flowers 
indeed, thus produc’d, in a fecond fublimation fcarcely yield any. Buc if  with 
the pureil Sulphur, you incimately mix over the Fire an equal quancicy of a 
very pure alcaline fixed Salt ; then the compound that arifes hence, being put 
inco a clean glafs Bafon, and expofed to the A ir  in a place free from Duft. 
will very foon diffolve into a Liquor, to the bottom o f  which will fubfide a 
great deal o f Earth. This Earth you may poifibly attribute co che Alcali ; nor 
do I deny but chis may be concerned in ic. Give me leave, however, to aifure 
you, upon undoubted evidence, that the O il, which, in conjundion with thefof- 
lil A cid , produces Sulphur, contains likewife, and will yield a good deal of 
Earth, Hence, therefore, you will be apt to be o f opinion with me, that this 
Earth may in this cafe be regenerated in the refolution o f  the Sulphur, and thus 
difcover itfeif to the Operator.

isthereany T h e  moftanclent o f  the Chemiils who got a knowledge o f  the Laws of Na-
MeuiV" ture purely by the alfiflance o f Experiments, were o f  opinion, that all Metals 

confifl o f M ercury exceedingly homogeneous, and another principle, which 
gives it fixity and dudility under the H am m er: T h a t thefe two Principles 
alone enter into the compofition o f  Gold and Silver ; but that in the other Me
tals, befides thefe two, there is likewife another matter that won’ t bear the 
Fire, is fubpinguious, and in fome meafure inflammable, which being inti
mately mixed with chem in their original formation, becomes very firmly con
creted wich them : A s for any other Principles, they fcarcely make mention 
o f  them in their natural H iilory  o f  Metals. T h e Moderns, however, relying upon 
the evidence o f  their Experiments, every where in the Analyfis  ̂ and compofition of 
Metals, tell us o f  an Earch, and that too, one thac will vitrify, which enters 
into their compofition, and is the firm Bafis o f  them all : Buc chis Earch, 
which chey chus cell us may be procured from Mecals, does not, in realicy, an
fwer to the charader o f  Earth, and therefore in a ftr id  fenfe does not deferve the 
name o f i t .  F or my part, I have taken a greac deal o f  pains in that affair, 
buc have never yet, X confefs, been able to difcover in them any true 
Earth.

Scarcely in M ercuty, when ic is freih brought out o f  the Mines, i f  it is ilrongly preifed
Mercury, through a thick Leather, feems to leave a little Earth behind ic, whilft it 

thus paifes through its Pores. I f  you then, after ic is depurated in this man
ner, diftill it in a clean glafs Veifel, it w ill leave a fmall quantity o f  Faces, of 
no weight hardly, or fcarce worth taking notice of. N or can I, indeed, ven
ture to call this. Earth, which is thus feparated from the M ercury by diftil
lation, fince the diftinguiihing marks, by which we before defined Earth, are 
not found to belong to thtïtFœces. T ak e  then this M ercury, now rendered ex
ceeding pure by diftillation, and putic inco a ftrong glafs Boccle, made o f deep 
green Glafs, and fo thick, thac it may bear the concuifion o f  the Mercury 
wichout any danger o fb e in g  broke : Then ftop the mouth o f  the Botde ex
ceeding clofe with a C ork covered with a H o g ’s-bladder, which drive in 
tight, and then fecure ic al! round wich Picch, chat leC  the agitation be ever 
fo great, none o f  the M ercury may be able ro efcape out o f  the Bottle. This 
being done, let the Bottle wich che included M ercury be mov’d very ftrong- 
Jy abouc, and for a great while together i which w ill be beft eifeded by faf-
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tening it to the Sails o f  a W ind-mill, or fixing ic in feme fwifc carriage chac 
is every day driving abouc: A nd by this means, the M ercury being thus con
tinually agitated vi îthin this narrow compafs, the greaceft part o f ic , wichouc 
the addition o f any ching elfe, will be converced inco a dry, black, heavy, 
fin e  Powder, which is exceedingly efficacious in curing ftubborn Ulcers, and 
asicis imagined, is fcarce diflbluble in any Alenjiruum. This very extraor
dinary Experiment, which has been cried by the egregious Homherg  ̂ and which 
few people are acquainted wich, has given occalion co its being aiferted, thac 
true Earch may be produced from the very Body o f  the M ercury by this 
fimple mechanic motion •, whilft on che ocher hand, others have racher been 
of opinion, that the pure M ercury, by being agicated by this continued con- 
culTion, difengages icfelf from che terreftrial part, which nature had united 
with it in its form ation; and that, therefore, that part o f  the M ercury, which 
remains afcer this feparation, being purified, and freed from  ics unadive 
Earth, become agile and pure, and by this means grows fit for the profound 
Operations of Alchem y, and is, in reality, the fo much wiih’d for Mercurius 
Sofborum. Perhaps you may defire to know what is my Opinion o f this A f 
fair: In ihort then, I  take the liberty to affert, that the Powder thus defcribed 
is not elementary Earth, much lefs an Earth, that as a conftituent Principle, 
enters into the compoficion o f  nacive Mercury. And i f  any Perfon will buc 
cake the pains to examine this Earth by calcination, and nicely obferve the va
rious and wonderful Colours that fucceffively appear in ir, and will in particu
lar, at the fame time confider its wonderful vertues in curing carcinomatous 
Ulcers, I am perfuaded he will hardly be o f  opinion, thac this is che mere 
fimple Earch ofM ercu ry. N ay, but fhould I aifert farcher, that this Powder 
may be diifolved in various Menjiruums ; and that afterwards it may be re
duced again into pure M ercury, ic would not be withouc foundation. Believe 
me. Gentlemen, who have had long experience in thefe things, minds that are: 
always ready to run into hafty conclufions, are noc properly fuiced to thepro- 
fecution o f  the chemical A rt, which difcfofes its fecrets to thofe only who are . 
patient o f  labour, and carefully compare together che events o f  various E xpe
riments, whom it rewards with proper difcoveries. A s  it is exceeding difficult, 
therefore, truly to demonftrate any Earth in M ercury, fo on the other hand ic 
is eafy enough to come at the knowledge o f many various forms o f  this change
able Body, which from its own nature is capable o f  being converted inco a 
thoufand odd and difi^erent appearances, and thus in^pofes upon the unwary, 
tho* at the fame time it remains always one and the fame at the bottom.

And let a M an, now, examine the reft o f  the Metals ever fo accuracely, Nor fions 
where will he be able co difcover any Earch in them? In the C ah  o f  them?
Thefe certainly all continue true M e ta ls: Eoralcho’ che Ĉ /;̂  be infipid, inodo
rous, fine, and fometimes too pulverizable, yet, by the addition of fome re
ducing Powders,as they call them, andother contrivances, they may be broughc 
back again to their original form. W hoever, therefore, looks upon thefe 
Calv’s as true elementary Earth, may fuppofe with equal reafon, that by thefe 
flight methods, too, he is able to tranfmuce Earth into Mecals whenever he 
pleafes. But befides, the Metals calcined in this manner, m ay, by the efficacy 
of the Fire alone, or by  admixture o f  fome other fubftances with them, be 
converted into true Glafs, which every one, who is acquainted with thefe things,
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ó
knows very well, can fcarce]y be affirmed o f  pure fimple Earth. In the rneaa 
time, however, I muil caution you, that the bafer M etals, Iron in particular, when 
they are analyz’d according to A rt, do yield fomething that comes very near 
to the nature o f Earth ; tho’ this, indeed, is buc in fmall quantity, and 
even here does not appear to be perfed Earth. But whilft we are upon this 
head, give me leave to lay before you, what I myfelf, after a greac deal of 
pains in examination o f  Metals, have been able, with certainty, to difcover. If 
Gold, Silver, Copper, T in , and Lead, are firft prepared in a certain 
fimple manner, and then accurately mixed with the pureft M ercury, and by 
this means intimately diifolved, and are afterwards digefted for a long fpace of 
time, and then eicher very patiently rubb’d or ihook about, there will at lal̂  
be produced from this M ixture, a great deal o f  infipid, inodorous, fine black 
Powder, which in all o f  them, will be o f the fame kind, and which being per
fed ly  feparated by W ater and M otion, will leave a pure metallic Mafs. This 
being agitated by farcher ihaking, or rubbing, will generate as before a large 
quantity o f  che like Powder ; and chis will be always the evenc, tho* this Ope
ration ftiould tediouily be continued for years together, as I m yfelf have often 
experienced. I f  thofe Gentlemen, therefore, who in their W ritings fuppofe 
Earth to enter into the compofition o f M etals, had profecuted thefe inquiries 
in the fame manner, they would not cercainly, in order to confirm their opi
nion, have too haftily referr’d us to this Powder. F or my part, who have 
hitherto laboured in vain to bring thefe Experiments to the defired ifiue, I am 
obliged ingenuoufly to confefs, thac che Powder procured by  this Arc, is by 
no means Earth, but a wonderful metalline Produdion, whofe properties I 
have found to be very furprizing. U pon this head, therefore, I may be ex- 
cufed at prefent faying any thing farther, as I think, to the wife, what I 
have offered is fufficient. I f  any Perfon goes about to feek for a true 
Earch in this metalline Powder, he will hardly accompliih his end ; tho’, at 
the fame cime, he will difcover a great many things that he never dreamt 
of. And, indeed, upon the evidence o f  what I have feen, whilft I have been 
clofely engag’d in thefe purfuits, I may almoft venture to affirm, that neither 
Gold, Silver, or M ercury, contain any thing o fE a rth  in their natural Com
pofition ; but that they are formed o f  fuch a nature, that tho* they are divi
ded into their leaft poffible parts, yet they will ftill retain fuch a difpofition, 
as will render them fufible in the Fire, or dudile under the Hammer. Con
cerning G old, lea n  teftify myfelf, that I have reduced it inco a Liquor by the 
aififtance o f  foifil Acids, I have formed it into fofc Paftes, and procured Calx's 
from ic in different manners ic may eafily, likewile, be converted in a volatile 
fcarlet O il ; ic may be chang’d into a Subftance like Butter j it may be corned 
into Glafs *, and ic will fometimes moft ex a d ly  refemble Earth: But ftill, not- 
withftanding its appearing under all thefe different forms, it may always be 
again reduced co G old, perfedly cheilime in all refpeds, its weighc noc in the 
leaft, eicher increafed or diminiihed. And after an incredible number of di
ftillations o f  ic with M ercury, I have always at laft procured my Gold again. 
W ith  Silver too, I have performed the fame tedious Operations, and the evenc 
has been conftantly the fame. Upon the evidence, therefore, o f  thefe Obfer- 
vacions, I could not help again admiring the ancient Alchemifts, who have 
openly told us, that Gold and Silver are generaced from pure Mercury alone,
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fixed by a condenfing Sulphur ; and that the reft o f the Metals too, owe Hieir 
origin to the various combinations o f a Mercury lefs pure, and a Sulphur lefs 
defscated.

From the D odrine, now, that we have thus delivered, we may deduce the 
following Corollaries. Hence then ic appears in the firfl place, that the very 
fame funple elementary Earth, concurs, as a conftituenc Principle in the for
mation o f the particular corporeal fabrick of Animals, Vegetables, and fome 
Foiiils, that are lefs durable, and lefs fim ple: T h a t in all thefe ic ferves as a 
iim Bafts to give them their proper form, and unices all the ocher Principles, 
boch with itfeif, and with one anocher, inco one fingle parcicular Body : Thac 
by this means, ic fixes, retains, and keeps from difllpation the other parts, 
that are o f themfelves too volacile, and thus difpofes and qualifies every Body 
to continue what it is for fome time, and thar, boch with regard 10 the whole 
Body, and every part o f i t :  Thac this is the principal natural caufe, chac the 
whole frame is not too eafily, or too quickly diffolved, either by che A ir, W a
ter, its own proper juices, or even Fire itfe if: And that to the efHcacious con
currence o f the Earch, therefore, in giving to every fingle Body its proper 
and peculiar ftrudure, muft be afcribed in an efpecial manner, rhe power o f 
aifimilacing foreign fubftances into the nature o f  the Body thac is nouriflied^ 
and confequently, in fome meafure, the feminal vertue chat Bodies have o f 
generating their like j for this always perifhes in every particular Body, as 
foon as ever its ftrudure, which depends principally upon the Earth, is de
ftroy’d. 2. Thefe Bodies, therefore, that owe their origin to the very fame 
Earth, muft in this refped, wonderfully agree with one another. N or, in
deed, do they refemble one another only in refped o f  their Earth, but gene
rally likewife, in the very greatafHnity there is between cheir ocher concurring 
Principles. I f  you confider all the different kinds o f  Animal?, in what a vait 
number o f  circumftances are they like one another ? A s Vegetables, we fee all 
agree in many furprizing Properties, T h e Elements o f Animals, we obferve,. 
are continually changing into the Matter o f V egetables; whilft on theother 
hand, the Bodies o f Animals are perpetually fupported and nouriilied by the 
Vegetables which they take in, and affimilace to their nature, and which after
wards adually  enter their very make. T h e  fame thing likewife holds true 
in moft kind o f  Salts, which are partly compofed too o f  chis Earch. W ho 
will pretend to affert, thac Salt o f  Nicre, or Sea-Salt, are fo very remote from 
the difpofition o f  che animal Body.^ Buc in thefe we difcover che fame Earch.
And hence, by the way, it comes to pafs, that alcalious fixed Sales, when 
they are taken in a moderate dofe, are fo eafily affimilaced to the animal N a 
ture: For i f  a ftrong healthy Man takes fmall quantities of thefe, at fuitable 
diftances o f  time, they will lofe their proper qualities in his Body, nor wili 
there any fixed Salt appear in his Urine. 3. Bodies, therefore, thac owe their 
origin to the fame Earth, are eafily cranfmuted into one another. 4. Iron, 
which o f  all the Metals feems to come neareft to the Earth o f Animals and 
Vegetables, muft be allowed likewife co come neareft to Animals and Vegeta
bles in nature, and feems as i f  it might in fome meafure be diifolved in them :
And hence it yields a noble, and very fafe remedy for Difeafes o f  the human 
Body, whilft the reft o f the Metals a d  with more violence. 5. F or thefe, -as 
they do not acknowledge Earth, but M ercury for their BafUi feem to remain
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immutable in all Bodies, nor appear to be capable o f  being digefted by our 
concodive faculties. F or this reafon, therefore, they'always continue foreign 
to our nature, and contrary to it ; and tho’ fometimes in certain exceeding 
ftubborn difeafes they are o f fervice, yet if  you regard them in another view, 
they feem intirely fuperiour to the animal powers. 6. I f  chere was no fuch 
thing, therefore, as Earth or M ercury, would all the Bodies that we are ac
quainted wich be ad ive, volatile, and fo fubcil as not to fall under the cog
nizance o f  our fenfes, and confequently be floating Atom s ? Even the Sulphur of 
Metals itfd f, before it fixes, and is fixed by M ercury, the Alchemifts tell us, 
is o f all Bodies the moft fubcil and volatile. Concerning the reft, the dodrine 
we have above delivered leaves us no room to doubc. 7. Earch, therefore, 
principally furniihes the Chemifts with cheir Inftrumencs and Veffels. A ll kind 
o f  Glafs has a great quancicy o f  cerreftrial macter united wich its fixed aka- 
line S ale; and therefore, in this refped, owes ics origin to Earth. As for the 
Potter’s VeiTels, thefe confift chiefly o f  pure Earth, com paded into a folid 
Mafs, by the incervencion o f Wacer. China-veiTels too muft be referred hither, 
tho* they are o f  a particular kind. And Chalk, on account o f  ics greac like- 
nefs, may be reduced hicher alfo. 8. But again, pure Earth being mixed in a 
proper quancicy wich pure fixed Sale, prevents their running into a Mafs, if 
they are expofed to a ftrong Fire, which would certainly have been the cafe, 
had che Earch been away. A nd as by chis fimple intermixture it thus hinders 
their iluxing, fo likewife, at the fame time, ic renders them volatile, tho* they 
were ever fo fixed. Salt o f  Tarcar may ferve as an inftance o f  this, which, 
i f  it is very good, and has nothing elfe mixed with it, will melt in a ftrong 
HeaC, and i f  it don’ t infinuate icfelf through the Pores o f  the VeiTel, will 
continue fixed there a great while ; and yet, i f  you accurately mix ic with 
three times as much pure Earth, calcin’d Bones, for inftance, and then expofe 
ic to che fame Fir-e, ic will in a ihort time almoft totally fly off, nor will 
ic run as before. In the fame manner, Nicre and Sea Salt, more parcicular- 
ly , i f  they are alone, and urged with a ftrong Fire, will flux, and remain 
fixed ; i f  you mix Earch wich them, chey will not melc, but will be converted 
inco Acids, and become volacile. Pure Earth is, likewiie, o f  excellent fervice 
to the Chemifts, when they want to purify animal or vegetable Sales from 
the O il which tenaciouily adheres to them, and renders them very impure; 
for when thefe are exceeding foul from the empyreumatical O il that is united 
wich chem, b y th e  mixture o f  very pure Earth, they will be difpofed corife 
in a proper H eat o f  an exceeding white colour, depofiting all their Oil in the 
bibulous Earth, and being by this means intirely freed from it, which, with
ouc the addicion o f fuch Earch, would be very difficult to accompliih. And 
here the purer and dryer your Earch is, and the greacer quancity you make ufe 
o f  for this purpofe, the finer and more perfed will you obtain your Salt, efpe
cially, i f  you make ufe o f  a tall Veffel, and expofe it but co a gencle Heart 
W ich thefe circumftances che operation is always performed moft to advan
tage, which was formerly very cauciouily concealed among che Arcana. 10. 
T h is fame Earch, again, by being mixed wich a great many Subftances dif- 
pofes chem to difcharge a flatulent Vapour, which ocherwife, upon che appli
cation o f Fire CO chem, would make chem pu*ff up to fuch a degree, thac 
AQC being able to bear the H eat neceffary for the diftillacion, they would fwell
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and rife in the Retort in fuch a manner as to run over into the Receiver, and 
thus confound every thing together, and prevent the hop’d for effeds o f  the 
operation. I f  a perfon has a mind to diftill H oney, for inftance, or W a x , 
for any valuable purpofes, he will lofe his labour, i f  he makes ufe o f  thefe 
for this operation by themfelves: For by a gentle Heat you won’ t be able to 
bring about the feparation o f  thefe tenacious particles ; and i f  you apply a 
ftrong one, thefe Subftances will fwell and puff up, like a fponge, and by this 
means, in a liquid form will rife through the neck o f  the Retort, altered, in
deed, but not feparated, according to a r t : But when by pradice the Opera
tor has learn’d to m ix a proper proportion o f  Earth with them, then che 
effeft o f the tenacity o f  the Particles being prevented by the interpofition o f 
the Earth, chey will bear a confiderable Fire, withouc any danger o f  chis in
convenience, and che flaculent expanfion being chus reftrained, che feparation 
of the parts by the adion o f  che Fire will be equable and regular. N or is 
this obferved co be che cafe only in fuch kind o f  vifcid Bodies, buc it is found 
Eo hold true, likewife, in others. T ak e , for inftance. Blood, Eggs, or Urine, 
and by very patiently and cautioufly diftilling them, proceed till you have 
drawn off all the volatile pares, and chere remains a fixed Subftance ac che bot
tom of che R etort: I f  then you increafe your Fire to the laft degree, the whole 
Mafs being now grown tenacious, like pitch, will be wonderfully expanded, 
will cohere together, and in this manner will rife into the narrow part o f  the 
neck of the Retort, will fill and ftop ic up, and thus inclofing che M atter, 
which is under it, and which too is equally expanded, has been ofcen the oc
cafion of che Veffel’s being burft in cen thoufand pieces, in a very dangerous, 
and fometimes fatal manner. A ll this violent effed , now, may be prevented, 
by throwing only a terreftrial Powder upon the Matter that you are about to 
urge in this manner; and hence the addition o f  Earth is o f vaft fervice in the 
produdion o f Phofphorus from infpiffated Urine, by the extreme force o f  the 
Fire. I I . A ll that I have hitherto laid down concerning the nature o f  ele
mentary Earth, muft by no means be applied to our common Sand, which 
many perfons very wrongly imagine to be true Earth : F orth is, i f  it is very 
pure, upon examination with a microfcope, difcovers itfelf Co be noching but 
aheap o f fmall, pellucid, multangular chryftals, every one o f which is o f a 
different fize and figure : Thefe, in conjundion with a fix’d A lcali, w ill 
eafily run into Glafs, as has long ago been difcovered : Thefe the wife 
Author o f Nature has difpofed about the W^orld, that the frudifying W ater 
might be always able to infinuate itfelf through the pores o f  the Earth, which 
would otherwife very eafily unite and coalefce inco one Mafs, and by this 
means in a fhort time acquire a perfed ftony hardnefs, to the infinite 
detriment o f Mankind. N or muft we refer the Boles, or medicated Earths, 
commonly called the fcal’d Earths, to this natural clafs o f elementary’
Earth: For who don’ t know, thac thefe are compound Bodies? T h at fome
what pinguious predominates in them, the Writers o f  Natural H iftory have 
long ago taken notice j and hence they have called fome of them, the Axungia 
of the Earth: In others o f  them there is fomewhat o f  a faline aftringency, 
fometimes o f the aluminous, or vitriolick kind, to which cheir parcicular 
virtues are owing j not to mention any more o f them. W hen W ater, how
ever, and Fire have exerted their utmoft force upon chefe Boles, then, I con-
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fefs, they come nearer to true Earth, but then too they lofe at the fame 
time their medicinal vertues. But leaft o f  all, muft wc, in a chemical fenfe 
look upon the earth, as it is commonly called, which we tread upon, and 
which furniihes us with fupplies boch o f  health and life, as fuch an Earth as 
we have been defcribing. For this our Earth evidently contains fat CJays, 
medicated Boles, fterile Sands, lictle Scones, W ater, A ir, Oils, Salts, ail the 
Elements o f  Anim als refolved into their Principles, and all the Principles of 
difiblved Vegetables, blended, and confounded together. T h is, therefore, ap. 
pears to be fo far from a pure Element, that i f  we would confider it in a 
proper view, we muft regard it as a Chaos o f  all the natural Elemencs, and 
the Bodies compounded o f  them. M any things more. Gentlemen, I  could 
offer upon this H ead, but b y  the length o f  my difcourfe, I am fenfible I 
have already grown tedious. W h at things I have delivered, however, I think 
1 could noc length om it, as they are every where o f  fervice, nay, indeed, 
and neceffary to be rightly underftood. Y ou ’ ll be fo good, therefore, to ex- 
cufe my entering fo minutely into thefe inquiries, i f  it was for no other rea
fon than this, that you have by this means had a faithful account, at leaft, 
i f  not a compleat one, o f  thofe four Elements, by the concurrence of which 
the moft ancient o f  the Philofophers fuppofed every kind o f Bodies to be 
formed. T h e  particular opinion too o f  the Alchemifts, upon thefe fubjeds, 
you have here had likewife laid before you. A nd laftly, I may almoft 
venture to doubt, whether you have not here met with fome things which 
were never publiihed before. Y ou  have feen, that what are generally looked 
upon as Elements, are, in reality, mixed wich an incredible quantity of various 
Bodies, and by this means are o f  an exceeding compound nature : Thac thefe, 
however, when they are artfully feparated from every thing elfe, and thus ob
tained perfedly pure, and by themfelves, far excel all ocher Bodies in their 
individual fimplicity. W h at is there in Nature more fimple than pure Fire, 
A ir , W ater and Earth? A nd again, in another fenfe, what is there that is 
more compounded ? I have endeavoured to offer nothing concerning thefe Ele
ments that is not found, and will bear the teft ; and therefore always caution’d 
you where I was at a lofs myfelf, nor have ever been too hafty to come to con- 
cluiions, where the thing was doubtful. W h at I have interfperfed concerning 
Metals, I  formerly did noc think to have added ; but the diligent attendance 
with which you have honoured me has drawn it from me.

O f  C h e m i c a l  M e n s t r u u m  s.

H aving thus, Gentlemen, difpacched thofe four Inftruments both of Kature 
and A rc, Fire, A ir , W ater, and Earth, let us now pafs on to a fifth kind, 
which is look’d upon as almoft proper to Chem iftry, and to which che Maiters 
o f  this A rta flig n  the principal place, valuing themfelves parcicularly upon ir, 
and chiefly afcribing to it the furprizing effeds o f  their A rt  j and this they 
have called a Menjiruum.

Difinition %  this barbarous term, now, they defigned to exprefs a Body, which be- 
•fzMut- ihg applied to another, according co the rules o f  arc, would fo minutely di- 

vide it, that the Particles o f  the Solvent; fhould be*perfedly intermixed with 
thofe o f the Solvend, or Body to be diifolved. This definition I chufe par
ticularly for this reafon, becaufe it accurately diftinguifhes the adion o f a Mcn̂



ßruutn from the other folutions o f  Bodies, which are pirform ed chiefly b y  
the mechanical powers: For in thefe cafes, the Solvent recedes from the Sol- 
vend, nor is reciprocally diflblved by it, but as foon as ever the folution is 
over, they feparate from one another, according to the difpofition o f  their fpe
cific gravitievS.

The reafon o f  a Solvent’s obtaining this name, was this ; as the applica- ThewaTo« 
tion of the Menßruum to its Solvend was promoted particularly by the help 
of a moderate Fire, which was conftantly kept up for forty days, or a philo- 
fophical month, hence the Solvent came to be called the Solvent Menßruum^ 
and at laft by the fimple name Menßruu?n.

From the nature o f  a Menßruum^ then, it will follow, that this itfelf muft of 
be equally diflblved by the Solvend, as the Solvend is divided into its parts 
by the Menßruum. And this circumftance obtains in every kind o f  folucion 
whatfoever, chat is effeded by the help o f  a Menftruumy though, at the fame 
time, ic is true, it may happen, that when the Solurion is perfedly compleated,- 
the Solvent and Solvend may be feparated from one another. A nd, indeed, in 
the Solutions chac are performed by che L iquor, Alcaheft, Van Helmont cells 
us, che Solvent and Solvend are diftinguiflied into two different Strata, lying 
upon one another ; buc fetting afide this, this feparation is rarely obferved in 
thefe folucions. T h e  proper faculcy, therefore, o f  the Solvent confifts in this, 
that it on every fide applies its own particles to thofe o f the Body to be dif
folved. The divided Particles, therefore, o f  the Solvent muft infinuate themfelves 
between chofe o f  the Solvend, and fo interpofe themfelves between their Sur
faces, and thus divide the Body to be difTolved. And at the fame time that 
this happens, you fee, likewife, that the Menßruum muft be feparated into its 
minuteft parts by the divided Particles o f  the Solvend, as well as that is fepa
rated into its Particles by the Menßruum. And hence, likewife, appears the 
truch o f our former afTertion, that this adion o f  a Menßruum is abfolutely 
different from any common mechanical feparation ; for in this cafe, the di
viding Body remains whole and intire, both whilft the divifion is effeding, and 
when it is compleated. This you fee evidencly in the adion o f  a Knife, Wedge^
Sword, A x , Hatchet, Saw, Dagger, A ugre, and Hanger i for thefe all, whilft 
ibey divide, are noc divided, but remain nearly the fame they were before.
In the mean time, however, if we examine inco this Afl^air more nicely, there 
will be room to doubt, whether every fingle Particle o f the Menßruum^ fepa
rateiy confidered, does not, whilft it is diiTolving, a d  in reality, in the fame 
manner as the Inftruments juft mentioned. Certainly, one fuch diiTolving 
Element will have ics proper fize, figure, hardnefs, and weight, and will a d  by 
thefe Powers, which fo far may be called mechanical. A t  the fame time too 
icis conftancly true, evtxy Menßruum, whilft ic is dilToiving, and even in 
thisrelped, chac ic does diffolve, as ic is chen divided into Parcicles that, on 
account of their fubtilicy, become infenfible, muft for this very reafon be a 
Fluid, and in the very point o f  time that the Solution is perfeded, the Sol
vend too itfelf, as fuch, muft likewife be diffolved into a fluid Body. Hence 
therefore, at laft, it follows, thac at the time o f  folucion, the Solvent with its 
Solvend will be converted into one Fluid.

But here it is neceffary we take notice, that mzny Menßruums, before they ' Divifion of 
perform their office o f diffolving Bodies, are themfelves folid, hard and denfej
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though indeed fo long as they continue in chis folid form, they by  no m e a n s 
a<5t as fuch. By ufe, however, it has obtained, that thefe ihould be called 
Menftruums. And hence the Chemifts have always laid down, that fome Men- 
firuums are hard or folid •, others fluid. And this divifion may be allowed of, 
i f  the diftindion juft mentioned is firft properly underftood. 

i.intothofe T o  the hard, dry, and folid Menftruums then may be referr’d the following 
that are dry go^jesj which WC havc Tcduced into their proper claffes. i .  T h e fix -folidMe* 
S i L  * tals, G old, Lead, Silver, Copper, L*on, T in . Thefe, now, when they are 

cold, hard, and folid, have no effed at all upon one another, but when they 
are put in fufion, may be fo intimately mixed together, that to the fenfes the 
M afs will appear homogeneous, nay, and will have this furprizing property, 
that in every fingle Particle of the compound, there will be found the very fame 
proportion o f  che different M etals, as there is in the whole Mafs. For if in a 
ftrong Fire you melt ten ounces o f  Silver with one ounce o f  G old, and thus form 
a Body o f  eleven ounces ; then if  you give but one grain o f  this mixture coa 
perfon well ikilPd in the docimaftic art, he will return you o f  a grain of 
G old , and -r-v-of Silver. Buc another thing here ftill more remarkable is this, 
that it is poflible to divide Gold in this manner as long as ever you pleafe, 
without any limitation hitherto obferved •» for if  with a hundred thoufand 
parts o f  Silver I thus mix one part o f  Gold in the Fire, and then examine but 
one fmall Particle o f  this whole M afs, according to the rules o f the mecallur- 
g ic art, the event will be exad ly  the fame as the former. This furprizing 
Pbanomenon then evidencly demonftrates the very extraordinary power that Me
tals have o f  dividing one another by the foie help o f  fufion. Confider, I 
befeech you, to what an expanfion this fmall Particle o f Gold muft be diftend* 
ed in fo great a Mafs, to  effed , that there Ihall not be the leaft Particle of Silver 
aflignable in thc whole, in which there will not be always a proportionable 
part o f  G o ld ; which neverthelefs continues ftill immutable among other im
mutable Particles, exceeding denfe among other denfe ones, and perfedly fim
ple among other fimple ones. T h in k  o f  thefe things, Gentlemen, attentively, 
for it is well worth your while, and learn hence how wonderfully the Great 
Creator has formed thefe M etals: Certainly you will difcover here fomewhat 
infinitely myfterious, and that furpaflTes all human comprehenfion. Upon the 
contemplation, poffibly, o f this property, the Chemifts have fo often aiTerted, 
that Metals are opened by Mecals alone ; that nothing is intimately admitted, 
or enters into Metals, but Metals themfelves \ and that the Mercury o f Metals 
is o f  infinite fubtilty, and continues always the fame. 2. Solid femi-metals, to 
which may be referr’d Antim ony, Cinnabar, Bifmuth, Merchafite, Zincq. Thefe 
too, like Metals, when they are melted in the Fire, may be mixed together, 
and will divide one another no body can tell how fa r ; and thefe, likewife, may 
be mixed and blended with Metals with the fame fuccefs: Cinnabar, indeed, with 
more difficulcy; the reft eafy enough. But with this admixture with Metals, 
they conftantly deftroy their malleability, and render them fo brittle, that they 
will fuffer themfelves co be reduced to powder, though before they were ever fa 
tough: And chis again holds true in every the leaft Particle of the Metal. Here, 
therefore, likewife you have a wonderful Pbienomenon thac deferves your con- 
iideration. 3. T o  dry Menftruums again muft be referred all perfedly dry 
Salts, A lum , Borax, Nicre, Sal-Ammoniac-, Fountain Salt, Sal-Gem, Sea Salt,
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Vitriols, dry, fixed alcalious Salts, and corrofive Sublimate o f  M ercury. A ll 
thefe, now, when they are ad ed  upon by the f ’ire, or melced, bring about by 
their diffolving powers, very extraordinary effeds, fcarcely imitable in any 
other manner j and they fuffer themfelves, likewife, to be very minutely divided 
by the Fire, and by this means may be intimately mixed, not only with one 
another, but alfo with Metals, Semi-metals, and other Bodies. 4. A m on g 
thefe muft be reckoned all hard, foffil Sulphurs, quick Sulphur itfeif, common 
Sulphur, Arfenic, Orpiment, and Cobalt. In thefe, likewife, when they are 
aififted by the Fire, or melted, and fo mixed with one another, or other 
Bodies, there is a wonderful diffolving power, b y  which they produce fuch 
effefts, as we can fcarcely accompliih by any other caufes. 5. And laftly, under 
this head I reduce all thofe kinds o f Foffils, which the Metallurgifts common
ly call Cements i for thefe confift o f Salts, Sulphurs, and Bricks, reduccd to 
a dry powder, which is then difpofed between plates o f Mecals, either to 
heighten their colour, or to feparate them from one anocher.

But among the various Menjiruums^ we find fome, likewife, that, after * , into Î17 

they have performed their folution, and are lefc to themfelves, coalefce into 
one hard Mafs, which to our fenfes appears fimple, and every where o f one 
uniform nacure. And che apparent fimplicity is here often fo great, thac 
though the Mafs is compounded in this manner o f different Subftances, yec 
ftill ic appears fimple. T o  Lead, whilft it is in fufion in the Fire, pour 
melced T in , and chey will run and mix togecher, like Wacer wich W ater, or 
Mercury wich Mercury ; and chis will always be che cafe, lec che proportion 
of one to the other be what it will. L o o k  at chefe Mecals thus melced in 
the Teft, and you won’ t difcover che leaft fign o f any differenc Subftance *, and 
if you fuffer them to grow cold cogether, chey will form one folid homogene
ous Mafs, chaC appears fimple to the fight, and will afterwards continue fo.
The fame holds true in all Mecals, and in fome Semi-metals beforemencioned.
If to a pound o f melted T in , in the Fire, you add a fcruple o f Regulus o f  
Antimony, when che Mafs is cold, it will appear homogeneous, and be fo 
britle chrough the whole, that take ever fo fmall a- particle ot ic you will not find 
the malleability in it that is natural to T in  ; but on the contrary, you will al
ways find a proportionable part o f che Antimony mixed with it. Does noc 
a fixed Alcali run, likewife, with Sand or Flints into one fimple Mafs? But 
there are an infinice number o f  like inftances, as you yourfelves very well 
know, and therefore thefe we have mentioned are fufficient. In all thefe 
cafes, now, the Particles boch o f  che Solvenc and Solvend are fo minutely 
divided, intermixed, and concreted cogether, that they form a new Body,, 
in which ic is not poflible for any perfon thaC don’c know the compofition to 
difcover the concurring Subftances, excepc by fome ocher contrivance he again 
refolves the Body into its component pares. -Sulphur too and M ercury are 
by rubbing converted into a black, dry powder, and chis being fublimed 
with a ftrong Fire, produces a Cinnabar, o f a beautiful red colour,, and to 
all appearance, exceeding fimple. But in the fecond place, it is likewife ob
ferved, that a great many folvent Fluids perfedly diffolve folid Bodies into 
their ultimate parts, buc when the folution is completed, unite again in one 
hard, and often dry Mafs. N ot to mention again Sulphur and Mercury ; i f  
we examine almoft all the Menftrmms o f  M etals, don’ c we find, thac thefc:
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iinice with their Metals into Vicriolick Mafles that are confiderably firm 
and durable ? The very ftrong A cid  o f  W ine, Vinegar, afcer it has corroded 
Oyiler-Ihells, Scones, or Chalk, feparates from its aqueous part, and wich chefe 
diffolved Subftances hardens into a dry Mafs.

3. Fiuidsbe- But a geat many, and perhaps the greateft number o f  MenfiruumSy do really 
fbrefoiution. exIft in a liquid form , before they perform the office o f  folution 5 o f which

fort, indeed, are alm oitall what the Chemifts ufually call Menjiruums. Vinegars, 
W ater, fermented Spirics, faline, acid Spirits, alcaline and compound, al
calious Oils, as they are called, per Veliquiumi and many other L.iquids, are 
referred hicher : And as all thefe appear in a fluid form, the adion of 
them is much more evident, and eafy to be underftood ; and that the more 
fo, becaufe they are concinually in ufe in che Elaboracories o f  the Chemifts.

4. Fluids af. And laft o f  all, chere are fome Menjiruums, or Solvencs, which before fo- 
terfoJution. Jucion are liquid, and when thac is completed, ftift continue together wich cheir

diifolved Body, in the fame form. This no where appears more evidenc, 
than in the Solution o f the five Mecals by fimple M ercury ; for when chefe 
are throughly mix’d together, according to arc, there arifes hence a fofc 
Pafte, which, by che affufion o f more M ercury, you m aydiluce at pleafure, 
wichouc any limication: Buc fcarcely any body has ever been able co render 
this Subftance hard by the chemical contrivances chat are vulgarly known. 
W hoever can make him felf Mafter o f  this fecret, will be a good, and perhaps 
a rich Operacor ; buc whoever accempcs ic, will find in ic plague enough. 
But again, any acid Liquids, when they have diffolved cheir proper Mecals, 
i f  they are mixed wich them in a large quancicy, will, cogecher wich cheir 
Solvends, continue moift, nor will afterwards be dried very eafily. Hence a 
great many perfons have looked upon thefe diffolved Bodies, wich their Sol
vencs, as fixed, metalline Oils, and idly expeded from them wonderful fecrets; 
whereas in reality chefe are nothing more chan a large quancicy o f  acid Sales, 
colleded abouc Mecals. There are befides vaft numbers o f ocher Menjiruums  ̂
which wich che Bodies diffolved ftill concinue in a liquid form, fo chat we 
need not detain you any longer upon this head.^

Theaftion From  the confideration, now, o f  the feveral kinds o f  Menjiruums 
»f Menjiru- tioned, we eafily perceive, thac many o f them unite Bodies cogether, as well 

as feparace chem into their minuceft pares. For ic is a common obfervacion, 
chac when the Parcicles o f  fome Menjiruums have by cheir proper adion 
diffolved their Solvends, they then fo unice themfelves to the Parcicles o f che 
Body diffolved, that by this concretion they become togecher formed inco a 
new compound Body, ofcencimes very differenc in nature from the fimple, 
diffolved one. And here it is likewife cercainly crue, chac che Parcicles of 
the Solvenc do noc any longer concinue in mucual contad, buc are feparated 
from one anocher, by means o f  che Particles o f  che diifolved Body thac are 
now incerpofed between chem : And again, thac the Particles which before, 
by cheir union, compofed che Solvend, are now kept too a c  a  d i f t a n c e  from 
each ocher, by the incerpoficion o f che Particles o f  che'Solvenc. From thisdivi- 
fion, feparation, and concretion, cherefore, o f hecerogeneous Parcicles ihiJS 
broughc abouc by the help o f  Menjiruums^ there arifes a vail variecy of new Bodies. 
Buc chis now becomes parcicularly remarkable, when only fome of the Par
ticles o f  the Solvent and Solvend are united togecher into one Mafs, whilfi*
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at the fame tim e, others are not admitted to this new concretion, b ut appear
in a different form.

Hence, therefore, it evidently follows, that the Particles o f  the Menjlruum Confiderrf 
apply themfelves to thofe o f  the Body to be diffolved, and become chiefly 
united with them, at the very inftant o f  time that the folution is effeding. Here, 
therefore, fome certain caufe is neceffary to occafion the Particles ofthe Menftrmmh 
receding from one another, and applying themfelves rather to thofe o f  the Solvend, 
than remaining in the fituation they were in before. And when the Particles o f  
the Body diíTolved are by the power o f  the feparated from one another,
is chere not a fimilar caufe requifite, that thefe Particles fnould continue united 
wich thofe o f the Menjiruum, and not rather, that after the folution is compleated, 
the Particles o f  both o f  them ihould, by an affinity o f  nature, colled  themfelves 
inCo iiomogeneous Bodies? This, Gentlemen, I would defire you to cake 
parcicular notice o f ;  for it highly deferves your obfervation.

But again, pleafe to confider, that this caufe, be it what it will, muft for Both in the 
the very fame reafon be iought for in the Solvent, as in the Solvend ; And solvent and. 
hence it will be common and reciprocal in both. For when Gold is diíTolvedi 
in three times its weight o f Aqua Regia into a yellow Liquor, the Particles 
of Gold remain fo united with thofe o f the Aqua Regia, that, chough thofe 
of the former are eighteen times heavier than the iaccer, yet they keep fufpend
ed in this Fluid, nor fink to the bottom.' Is it not plain, therefore, thac 
between every Particle o f the Gold and Aqua Regia there is fome reciprocal 
vertue, by which they attrad , and come into a clofe union with one another?
If this was not thc cafe, the Particles o f  the diffolved Gold would certainly 
iubfide to the bottom ; the faline parts in a different Stratum would lie next 
above chem 5 whilft the W ater would fwim feparately and diftindly at top *, 
whereas, on the contrary, we fee thac all thefe three, though fo very difi^erent 
in their natures, appear in the form o f  one fimple, uniform Liquor.

If we may be allowed, therefore, to reafon from analogy, the adion o f  dif- Mo« fwin 
folving, fo far as we are hitherto acquainted with it, feems rather to be per- «pSifi- 
formed by a certain power, by which the Parcicles of the Menjlruum endea- on. 
vour to affbciate to themfelves thofe o f the Body to be diíTolved, than by one 
which makes chem fiy from, or repel one another. Here, therefore, we are 
not to conceive o f  any mechanical adions, violent propulfions, or natural 
difagreement, but there feems, on the contrary, to be a fociabie attradion 
and tendency towards an intimate union. T h is I confcfs, indeed, appears a 
paradox: But confider, if you pleafe, what you yourfelves have obferved in 
any violent folution} certainly, the agication, noife, and confufion continue 
no longer than till all the Particles of the Solvent have united themfelves 
with all thofe o f  the Solvend, and the very moment that this is compleated, 
there appears among them buc an intire and perfed reft. A san  inftance o f chis, 
pleafe to take notice o f  this VeiTel, which contains fome diluted Spirit o f Nitre.
The Liquor, you perceive, at prefent does not difcover che leaft fign o f  mo- 
iion. In this now I immerge this piece o f  Iron, and what a multitude o f  
Bubbles are by this means produced fpreading themfelves even to the brims 
of chis large Veffel? W hac a violenc agitation, ebullition, noife, and almoft 
fiery Smoak ! But how long do all thefe laft ? Certainly no longer than whilft 
there are ftill left fome faline Particles o f  the N itre, which are not come 
into contad with thofe o f  the Iron  ̂ for as foon as ever- this adunation is to-
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tally and perfedly completed, then the whole mixture is immediately quiet, 
and all the Acid becomes fo clofely united with the Iron, that ic can fcarce
ly  afterwards be feparated from it.

Is performed N or muft WC here negled to rake notice, thac the whole Solvent never a¿ls 
always fuc- oncc upon the whole Body o f the Solvend \ for this, as I know of, has been 
teffiveiy. known to happen: Buc on the contrary, the Particles o f the Solvent a6t

only upon thofe of the Solvend, which they firft come into contad with, and 
having diiTolved thefe, and feparated them from the whole Mafs, then ocher 
freih Particles of the Menjiruum apply themfelves to chofe o f  the Solvend that 
ftill cohere together, and fo proceed, till the folution is quite completed.

Part o f  the Menjiruum, therefore, ads upon that part o f  che Body which 
ic adually  diflblves and feparates from it. Buc whilft this feparacion happens 
among thefe parts, from the conflid thac arifes becween them, there necefla. 
rily follows an agitación through the whole, by which means the other Parti
cles o f the Menjiruum which were at a diftance are puc in mocion, and thus in 
their turn are brought more eafily to the remaining part o f  the Body that 
is noc diflblved.

Anáincreaf- Buc as the agitation thus excited proves an efficacious caufe in thefe foluti* 
«dbyFire' ons, fo there is another chac promotes chem likewife, and that is Fire. What 

the confequence would be, fhould chis be totally abfent, ic is noC poifible for 
any mortal to determine, as it has formerly appeared, thac ic is impoíTible 
intirely to exclude it from any part of fpace. T h is, however, in the 
mean time, we are abfolutely cercain of, that if  Fire is applied to a Menjiruum, 
ic excites, fupports, and increafes the vigour o f its adion. And on the ocher 
hand, when the Fire that is every where diftribuced, in extreme Cold becomes 
lefs efficacious, we find that thefe folutions will not be effeded, or at leaft 
will proceed more flowly, though they will immediately be promoted again if 
this is augmented.

Various in But here again fome Menjiruums ftand in need o f  a great degree o f Heat, 
to make them capable o f  diifolving Bodies, as appears evidently in the folution 
o f Metals by Mercury \ whilft others require a very gentle one, as we fee Sal- 
Ammoniac, Sal-Gem, and Salt o f  Tartar, diifolve in W ater very quickly. Some 
again diiTolve by the afllftance o f  a moderate H eat, whereas i f  it is much 
increafed, they lofe this vertue, nay, and acquire a contrary power of coa
gulation ; witnefs W ater, which, when it is warm, will diiTolve the Whice of 
an E gg , but when it boils, will coagulate it after it is diflblved.

How does But i f  WC examine more nicely into the manner in which Fire thus alTifts 
've eafily conceive, that it muft do this, in the firft place, as it 

puts in motion, impelís, and agitates their ultimate Particles. Some farcher 
efficacy, likewife, in this cafe, muft be afcrib’d to ics dilating the dimenfions 
o f  all kind o f  Bodies. And laftly, as ic often divides and carries off rhe Par- 
cicles o f  Bodies, and thus diiíolves many icfelf, ic by this means unices its power 
with that o f  the Menjiruum, and fo operates jointly with it. In all thefe re- 
fpeds, therefore, ile a c  promotes the proper adion o f  Menjiruums, and makes 
them proceed, more fuccefsfully, and hence, as a concurring caufe, becomes 
neceiTary to them. A nd, indeed, in moft cafes, in the very a d  o f folution, 
though, at firft-, perhaps, ic is flow, the H eat fucceifively increafes, whilft 
ihe folution is eifeding, which then always goes on mor¿ eificaciouily, and
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hence is commonly pretcy evidently obferved to have ics ad ivity  more and 
more augmented, as the Body is diiTolving. N ay , and the adion o f  thoie 
Menftruums too is likewife increafed by H eat, which whilft they are diffolving, 
produce an intenfe degree o f  C o ld : T his you have taken notice o f  in the folu- 
tion of Sal'Ammoniac in W ater, which, i f  the W ater is warmed, will be diffolv
ed fooner in it than i f  it is cold.

The changes, therefore, that are obferved to be produced in Bodies by the The aOi« 
diffolving adion o f  Menjiruums^ feem chiefly to depend upon the very clofe 
union thac arifes between the ultimate Parcicles o f the Menftruum, and thofe 
of che Body diffolved, and noc to any real alteration induced by the Menftru- 
um upon thefe feparaced Particles themfelves. I am fenfible, fome Authors 
of the firft rank in the Chemical A rc are o f  a different opinion ; buc the thing 
itfelf, I think, favours this dodrine. For i f  we confider the m oft perfed M e
tals, Gold, Silver, and M ercury, when they are thoroughly corroded by their 
folvent Acids into a pure Liquor, how mightily altered do they appear in all 
their parts? and yet i f  chey are again accurately feparated from their Sol
vents, which may be eafily effeded, you may procure from them again the 
very fame mecallic Particles they were combined with, which being 'melted 
together, will give you the true M etal, without the leaft alteration. Hence, 
then, it evidencly appears, that the Menftruum did no ways affed the intimate 
nature o f che Parcicles o f  the Mecal, buc only feparated them afunder, and 
then adhered to their excernal Surfaces. * This, likewife, when it is diffolved 
by Vinegar, or other Salts, may be again regenerated from chem, without any 
alteration. But again, i f  you mix Metals with one another ever fo incimacely, 
in the Fire, and in whacever proporcion you will, chey will return again in che 
Cupel, perfedly pure and fimple. I formerly diftilled Gold and Silver wich 
Mercury above fifty times, and yet when the Mercury was again feparated from 
them, chere conftancly remained the very fame Gold.or Silver that there was in 
the Amalgaina. Diifolve Salts, in whac quancicy you pleafe, in Wacer, and 
by a proper infpiffation you may procure tnem again, without any alteracion.
If by melting Salts together, you mix chem ever fo incimacely over the Fire, 
by diluting chem afterwards in W ater, and infpiffacing them according to art, 
they will be found again perfedly che fame as before. And farcher, if  you 
diffolve Salts in O il, when they are recovered again they will be very nearly 
the fame. N ay, even fixed A lcali’s, when, with Earch that will vitrify, they 
are converced into Glafs, may, even in this circumftance, by a chemical manage
ment, be refolved into their former Principals. Sulphurs diffolved with Salts, or 
united wich Mecals, confirm che fame thing ; as well as Alcohol mixed wich Oils,
Refins, and other Subftances. Thefe inftances, then, are fufficient to evince, 
that che adion o f  Menftruums is really the fame as we have afcribed to them.

To this you will in all probabilicy reply, that by means o f  thefe folutions, veryfeUom 
perforn>ed by Menftruums alone, there are very often produced new Bodies, alters the 
which were never obferved before. This, you’ ll fay, is the cafe o f Sugar o f 
Lead, made by boiling a Cö/;v o f  Lead with the ftrongeft diftilled V inegar; 
for this will confift o f  ihe Acid o f the Vinegar attraded into the Elements o f  
the Lead, and yet if  you diftill this Salt o f  Lead in a very ftrong Fire, ic 
will not yield back again a Spiric o f  Vinegar, buc a parcicular Liquor that 
is inflammable. T o  this I anfwer: T his obfervation is really juft, and there
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m^y be brought many inftances o f the like nature i but then, at the fame time 
we muft carefuJly confider, that the Particles o f Menfiruum, when they once 
ftrongly adhere to the Surfaces of che diflblved Corpufcles, are not always again 
very eafily feparated from them, but are often fo clofely united, that they are 
capable o f  being moved about with them, and continue a long while in this 
union. And hence it comes to pafs, that the Operator frequently imagines, 
that the nature o f  the Body is deftroyed, when, in reality, the new appear- 
ance. arifes only from this fimple conjunction o f their Particles, which continue 
fiill perfedly thc fame. T his is eafily conceived o f  by an example. If one 
has a very iharp Lancet, by itfelf, its power of dividing appears evident to 
every body. I f  this is afterwards put into a Cafe, ic perfedly lofes, fo long as 
it remains there, irs power o f  hurting, though ic ftill continues in ali refpeâs 
the fame as ic was before. Examine chis Lancet again bare, and it immediate- 
jy  difcovers its former nature. Hence, therefoi'e, you fee, che more eafily 
the iheath comes off, the fooner will the Lancet recover ics firft appearance*, 
and if  ic was almoft infeparably faften’d to it, every body would be ready to 
afferCj thac the Lancet was alter’d. But lec us confider again a little 
Cylinder o f  choice Silver, g ilt over thick with Gold, and immerfed in pure 
Aqua Forth: In this cafe all the Silver will be intirely diflblved by this i/« . 

ftruum, and there will remain in the Aqua Fortis a hollow Cafe o f Gold, of 
a difagreeable, black colour, and perfedly intire. In the inftance mentioned, 
therefore, ic may happen, thac the acid Particles o f  the Vinegar may be united 
wich the Particles o f  the Lead, in fuch a manner, that they will not be fepa
rated by diftillation, but will rather rife along with them. And hence any 
perfon would be deceived, who ihould imagine, thac the A cid , by its union 
wich the Lead, was converted into a new kind o f  inflammable Liquor. 
A nd, indeed, it feems exceeding probable, that this alteration that is here ob
ferved arifes much more frequently from fuch an adunation, than from any 
change in the real Subftance. And in feparation, the fame thing muft be fup> 
pofed to hold good ; for ic very often happens, that the Body to be diffolved 
confifts of very different parts, fome o f which will be intirely diffolved by the 
Menfiruum made ufe of, whilft others will not be affeded by it, but will be 
divided from the former, and appear feparately by themfelves. I f  afterwards 
therefore the Menjiruum is draw n̂ from that part which it had diffolved, the 
matter that remains will be very different from whac was made ufe of for the 
ibiution: And hence an unwary perfon would be ready to infer, that this Body, 
which he would look upon as a new one, was produced by the tranfmunng 
vertue o f  the Menjlruum 5 whereas it had in reality effeded nothing more than 
a mere feparation o f  its parts.

AftfoWyby From all now that has been hitherto delivered upon this head, it evidently 
nwtwn. follows, that all known Menftruums, whilft they perform their office, ad  folely 

by motion, notwithftanding, the Chemifts have fuppofed their adion to be fo 
abftrufe and myfterious i for i f  a Menftruum did not put in motion the parts 
upon which it aded, chen thofe parts would remain the very fame they were 
before*, which is contrary to the fuppofition.

Butonethat In the mean time, however, though chis is undeniably true, yet it is not fo 
comprehend che phyfical caufe, by which this mocion is exciced in the 

cauie. Menftruum, For fo long as ihQ Menftruum is alone, it remains perfedly at reft ;
nor



nor is the Solvend in motion till it begins to be moved by the Menftruttm \ and 
yet as foon as ever they are brought to one another, within a certain diftance, 
and in a determin’d degree o f  Heat, there arifes a new, and frequently a very 
crreac motion, which was in neither o f  chem before, but is now in both o f 
them. Upon a careful confideration, now, o f  this matter, we cannot fafeJy 
attribute this effed to any o f  the common origins o f  mocion. In PropiilÎîon» 
Gravitation, Elafticity, Magnetifm, or any other general caufe, i f  chere is any 
ocher, we ihall in vain feek for che Principal o f  this Agitation*, for chis rs pe
culiar to che Solvent and Solvend, and not common to Bodies in general. Each 
of thefe, however, deferve a particular and accurate Examination ; as a per- 
fon who is thoroughly acquainted with the powers of Menjiruums, wili under
ftand the principal part o f  che Chemical Arc, and be capable o f  performing its 
moft beautiful Operations- A nd, indeed, whilft we are upon this head, this 
taik is abfolutely neceifary, on account o f  che auchoricy o f  fome very great 
Men, who are o f  opinion, thac che adions o f  all Bodies whacfoever m ay, and 
oughc co be explain’d folely by mechanical Laws. Lec us therefore examine 
the matter fairly, and fee what will be the iifue.

Firft, chen, I fay, that whenever any folvenc diifolves ics Solvend
by whac the Machemacicians call a pure mechanical motion, then che ParcicleS’Spt «reiV 
of thac Solvenc muft- be agicaced by fome caufe, which, though they were at 
reil before, wiil puc them in motion j and this caufe, for che moft part, is Fire, nkeiy «xa- 
The Particles, chen, o f  che Menjiruum, being thus moved by chis caufe, muft 
ftrike upon che Corpufcles o f  che Solvend, which as yec cohere cogecher, 
muft iniprefs cheir motion upon chem, and by chis means abrade and feparace 
them from che folid Body, and thac, either by exerting this effed upon che 
external Surface o f  the whole Body, or by iníínuacing themfelves within its 
pores, and ad in g  there, likewife, in che fame manner. This, now, I am o f 
opinion, every body will agree can be in chis cafe the only mechanical manner 
erf' ading 5 which, as I will allow to have fome effed, fo, at the fame time,
I think ic neceifary to caution you, that it is a greac deal lefs chan perfons ge
nerally imagine. Fluid Bodies, indeed, furround, prefs, and penecrace the 
Subilances chac are immerfed in chem -, buc chen they afterwards make very 
lictle alceration in them, by their bulk, hardnefs, figure, and weight. I con
fefs, indeed, that, by a motion communicaced to them by the grand mover 
Fire, they are carried againft che extreme Surfaces o f cheSolvends; buc how 
lictle efficacious muft chis pówer be, which ad s equally boch upon the Fluid, 
and upon che hard Body, and cherefore cannoc exerc an applying and impreífmg 
force upon ic : Thefe, certainly, muft be foughc for fomewhere elfe. Can you 
imagine, chaca mechanical Inftrument, a W edge, for inftance, fuppofe ic ever 
fo perfed, could ever divide a piece o f W ood , only by being placed clofe to ic, 
or by fwimming gently abouc it? Certainly, chere is here fomeching more ne
ceifary: It muft firft be fixed fait inco che Body to be divided, and chen, 
by an external force, ic muft be ftruck and driven forwards, and thac without 
its being able to flip ouc whilft ic is thus in motion. T r y ,  now, i f  you can 
find all thefe requifices in particles quietly difpofed, and freely fwimming about 
in a foft Fluid, and wanting incirely a propelling power. Buc we’ ll fuppofe, 
for once, boch che parts o f  the Solvenc, and thofe o f the Solvend, to be divid
ed by a mere mechanical force, and thac chey are now ju ft fwimming among
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onc another \ then, certainly, i f  there was not at the fame time fome other power 
likewife, the very moment they arc thus feparated, and become fluid, they would 
difpofe themfelves according to their fpecific Gravities, that is to fay, the heavieft 
would fink to the botcom, and fo che reft, in order, wou’d fettle in diftinft 
ftrata, nor would thc heavy continue mixed with the light, nor the Solvenc 
with the Body diffolved. When Metals, Scones, or other hard Bodies are 
worn away by the fall o f  W ater from on high, or by the force o f  a rapid 
ftream, you know very well, that the W ater then aéts only by a mechanical 
power, and is able indeed in this manner to divide the very hardeft Bodies into 
their fmalleft Particles; buc chen che impalpable Powder thus produced does 
noc m ix with the W ater, or is uniced wich ic, buc finks, and is colleded ac the 
bottom j and though it is agicaced very frequently, yet as foon as ever it comes 
to be at reft again, it prefently fubfides. And the fame thing you have obferv. 
ed, likewife, in the folution o f Bodies confifting o f  terreftrial and oily parts, 
in boiling W ater i for as foon as ever the heat o f  the W ater has meked che 
O il, it prefently afcends and fwims at top, whilft the earthy part falls to che 
bottom. Thefe folutions, therefore, may fo far be looked upon as mechanical.. 
In this manner a d , likewife, the Currents o f  Rivers, rapid Winds, the Sounds 
o f  great Cannon, and Thunder *, and here always, as foon as ever the repa
ration is made, and the concufiion is over, the Solvent and Solvend recede from 
one another, as their gravities varioufly determine them. And thus in the 
fufing o f  Semi-metallinc Glebes, Antim ony, for inftance, with Salts and Me
tals, the whole Mafs, whilft you urge it with a violent Fire, appears in the 
Crucible to be intimately mixed together; and yec when you remove ic from 
the adion o f the Fire, pour it into a melting Cone, and fuffer it to ftand quiet, 
the Scork foon rife to the top, and form themfelves inco a Cruft, whillt the 
pure mecalline part by its weight fubfides to the bottom. But a repulfive 
force alfo is fometimes a caufe, thac Bodies, which are mixed cogether, fepa
race again from one another. T his we fee evidently in a very ftrong, alcalious 
Lixivium  A lcohol, and in Oil and W ater; where noc only their gravity, 
but this repulfion, likewife, makes chofe parts, that are o f  the fame nature, 
co lled  themfelves together. Metals too fometimes do the fame, when they are 
in fufion ; as appears very remarkably in M r. Homber¿& method o f purifying 
Silver. W e  are perfuaded, therefore, that thofe Menftruums alone ad purely 
by  a mechanical power, which after they have by a mechanical motion arifing 
from their fize, hardnefs, figure, weight, and impulfe, divided Bodies into 
their fmall Parcicles, recede from thefe Particles, either upwards or down
wards, according to. the determination o f  their fpecific gravities, nor after
wards produce any confiderable alteration by fuch divifion. By this mark, 
then, 1 chink, one may be able to determine whether the adion o f  any given 
Menftruum IS mechanical*, and fuch a Solution, if  any fuch is obferved,
may by this means be eafily diftinguiihed from all others.

W h a t Soiu* W henever, therefore, we fee any folution performed by means o f a Menßru- 
iKch '̂aV where the Particles of the Solvend, after they are feparated from one another,, 

cohere with thofe o f  the Menftruum, and remain equably intermixed wich them,, 
though there is a confiderable difference in their comparative gravities, we then 
ought to conclude, that this Solution was effeded partly by a univerfal, me
chanical power, which almoft always concurs, buc chiefly by fome ocher caufe
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arifing from the particular relative difpofition o f  the Solvent and Solvend to 
one another, by which power we fuppofe the Elements o f one attrad  thofe of 
the other from their former concrete, and being combined together after the Solu
tion is compleat, compofe num.beriefs new Species o f  Bodies.

Give me leave to explain this whole affair by one Example. I f  a Ball o f fofc An inftanee 
Clay is thrown into W ater, and this is fet over che Fire, and made to boil j ñícai &ÎÎ5" 
then the Particles o f  W ater, being put in motion by the adion o f  the Fire, t*®”* 
will divide the Ball o f  Clay into its leaft Corpufcles, which will be intermix
ed through the whole W ater fo long as it is kept boiling; but as foon as ever 
the impelling force o f the Fire ceafes to a d , and the W ater is fuffered to be 
at reft, and cool, then all the Clay foon fubfides to the bottom. This, then,
I ihould chufe to call a mere mechanical Solution, becaufe the Particles o f  W a 
ter impelí thofe o f  the C lay, by the motion they receive from the Fire, and 
when they are deprived o f  this, they continue to a d  no longer.

On the other hand, i f  a Ball of Sal-Gem, whofe fpecific gravity is greater Ahexampre 
than that o f W ater, is put into 4 times its weight o f boiling W ater, the heaü "
of the W ater will prefently diíTolve it ; but then, too, when the Solution is mechanical, 
compleated, and the W ater fuíTered to ftand quiet and grow cold, all 
the Salt, though it is heavier, will ftill continue diftributed through the whole 
bulk o f Water. Hence therefore it evidently appears, that there is fome qua
lity in the W ater, by which it unites itfelf with the Elements o f  the Salt in 
fuch a manner, that they are not capable o f  difengaging themfelves by their 
weight, but are forced to remain fufpended. Here, then, you will no doubt 
begin to fufped, that there are fewer Menftruums that perform their office, 
by a pure mechanical power, than perfons generally imagine. In this manner, 
indeed, W ater diíTolves Ice, W ater W arer, Alcohol Alcohol, and other fuch 
Liquids one another. But there is obferved, likewife, a great deal o f  diíTerence 
in the cohefion o f  different Menftruums wich the Elements o f  the Body difiblv- 
ed i fome o f them cohering much more firmly than others: And hence the 
Corpufcles thac are produced by Menftruums become very various j for among 
thefe, fome are found to be fo immutable, that they refufe to be refolved again 
into the fimples from which they were compounded -, whilft others very eafily 
part again, and become what they were before the Solution. Buc o f thefe there 
is no End.

According to the diftindions, therefore, thus laid down, I  could venture al-DMfionof 
moft to diftribute all the Menftruums Í am acquainted wich inco four diftind 
ClalTes. T o  the firft o f  thefe I wou’d reduce all thofe which a d  only by â  fim- manner of 
pie mechanical power ; which, therefore, may be explained, and underftood 
by thofe mechanical principles which confider the powers that are common to 
ali known Bodies in general. O f  thefe, now, there are buc few, and thofe ge
nerally very fimple. T h e fecond Clafs ihould concain chofe Menftruums., which, 
though they do in fome meafure a d  by a mechanical, impulfe, yec, ac the fame 
time, perform their office chiefly by a power o f  repulfion. T o  the third fliould 
be referred thofe which a d  principally by a mutual attradion between the Par
ticles o f the Solvent and the Solvend -, which very frequently occur, and arc 
vaftly numerous. W hilft the fourth and. laft fhould comprehend all thofe which 
operate by the concurrence o f  all thc former together: And this will be much 
the greateft o f all ; as in almoft all the a.dions o f Menftruums a mechanical, re-
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pulfive, and artraflive power are united together. I f  it was poflible, now, toaccom- 
plifli, i\\zt Menjiruums ibould be reduced into order, according tothe difference of 
their manner o f ading, and then be diftributed into inferiour claifes, then the doc
trine of Chemiftry might be brought to the certainty o f  aScience j and confequently, 
it might always be foretold,what would happen in a particular Operation 5 and thus 
chemical experiments might be made vafty ufeful to che other branches o f Natural 
Philofophy.

An example O f  cach o f  thefc folutions, now, r i l  give you an ocular proof, that you may 
mechScai ^6 the better prepared to underftand whac follows. F or an Example, chen, of 
Menftruum. a mere mchanical one, befides thofe mentioned above, let us take the feparation 

o f  melced Silver into liccle Parcicles, when ic is poured into cold W ater. This 
the Metallurgifts call Granulation, and ic is performed in the following man
ner. I take an ounce o f  the beft Silver, and puc ic into a ftrong, clean Cru
cible, and cover ic fo clofe wich a clean T ile , that noching from wichouc can 
fall inco it. I chen heat che Crucible gradually, till ic is almoft red hoc, and 
then puc it into a ftrong Fire, which is kepc blowing till the Silver is melted 
and runs like W ater. The Silver then being thus thoroughly fus*d, holding it 
up pretty high, I pour it, as you fee, a little at a time, into che cold Wa
ter, thac is at leaft a fooc deep in chis V e fle l; and at che fame time you 
hear the Particles o f  the melced Silver pafling through the W ater, with a 
gentle, hifling noife, and perceive, that as foon as ever it comes to the 
W ater, it flies afunder into little Grains, and in chis form fmks to the botcom, 
both che Wacer and che Silver concinuing exactly the fame chey were before. 
In chis example, then, you fee, that the Silver, when it comes melced from the 
Fire, and is thrown into cold W ater, both divides the W ater, and is divided 
by it, and thac when the divifion is over, they recede unaltered from one 
another, and difpofe themfelves according to cneir refpe<5tive gravicies. If 
you have a mind co perform this operation yourfelves, all the circumftances 
that I have mentioned muft be carefully attended to, ocherwife che Experi- 
menc will not fucceed, as you have here obferved it. T h e  fame may be per
formed wich Gold.

An example If̂  Copper, now, had been melced in che fame manner, and chen dropped 
ofarepeiiing jnto cold W ater, as foon as ever ic came co the Surface o f  che Wacer, ic would 

have been repelled wich an incredible impetus, and the whole fubftance o f che 
Copper would have been fo minutely divided, that fcarce two Particles o f the 
M etal would have remained united togecher. By this inftance, then, it appears, 
thac there are Menjiruums, as in this cafe W ater, which, by means o f a repel
ling force, very furprizingly diiTolve ocher Bodies, as we fee here in melted 
Copper. And the event had been che fame, i f  Gold or Silver had been mixed 
wich the Copper, for i f  the mixture had been thus melted and thrown into Wa
ter, ic would have flown about in the fame manner. But here lec me caution you 
not to venture too rafhly to make this Experiment, which can’ t eafily be per
formed without great danger to the Operator.

An example In the third p lice, now, I ’ l l  give you an example, where different Subftances 
brought into contadl, divide one another, and then unite pretty ftrongly 

togecher. Into this earthen pan, then, which is not g la z ’d, I have puc four 
ounces of Flowers o f  Sulphur, and covered ic carefully with a T ile, that when 
the Sulphur is melced, ic may noc cake Fire. This, now, I ice upon fuch a 
Fire, as is ju ft fufficient to meic it, and co keep it in thac condition, and no
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more. In this B<ig, which is made o f very thick Cloth, and is very clean, I 
have put fix ounces o f  the pureft M ercury, and tied the back very faft at top ; 
a n d  the M ercury, you perceive, does not pafs through the Bag, except it is 
comprefs’d. I now take o ff che T ile , and fqueeze the M ercury very gently 
inro the melted Sulphur, fo that ic falls into ic gradually, in very fmall 
drops, and a very little at a time, and all the while chis is doing, the Sulphur 
is kept conftantly ftirring with a warm fpatula, which is continu’d till all the 
Mercury is perfeftly mixed with che Sulphur. Y ou  perceive, now, chere re
mains but one Mafs, which is black, drawn out as ic were into ftrings, and 
very britcle, and which, i f  it is examined wich a microfcope, glicrers, and 
difcovers fome appearance o f  M ercury. Here, chen, you have an inftance o fa  
fluid Menßruum, indeed, but a dry one, and a hard, dry, iolvend Body, 
which, when they come co have their fmalleft Parcicles in contadt wich onc 
another, attraft and retain onc another fo ftrongly, chat upon che application 
of Fire to them afterwards, they do not quit their hold, but rife united co
gether, and are converted into a Cinnabar. T h e  principles, now, that are here 
conjoined, how different were they, as to their origin, weighc, kind, and vo
lacilicy, and how diftant from a combination with one anocher ? And yec 
when they are brought chus clofe together, how cenacioufly do chey cohere to
gecher ? W hat now were the caufes chac broughc about this adunation? W h y, 
firft, theFire, which melted the Sulphur into ics diftind elements. Secondly, 
the divifion o f  the M ercury whilft it was made to pafs through the Bag, as 
through a very fine fieve, by a very fmall quanticy ac a time. T hirdly, the 
continual agitation o f the mclced Sulphur, and the M ercury that fell into ir, 
by which means they were accurately mixed together. But all thefe, now, 
did noching more than barely apply the Sulphur to the M ercury; and there
fore, fourthly, there is fome other power in the Sulphur and M ercury, by 
which, when they thus touch one another in fuch a vaft number o f Surfaces, 
they attrad each other into fo ftrong a cohefion, that chey require fome great 
force, or fome ocher power actrading one o f  them more ftrongly, to fepa
rate them from one another. And this reciprocal attradion ad s here as che 
principal caufe. And hence, fifthly, arifes chis conftanc combination, as che 
ultimate eifed , which is fo great, that if  you iublime this compofition in a 
clofe Veflel, it will not be divided into Mercury and Sulphur, but they 
will boch afcend ac once in very fmall particles o f  Cinnabar, in every one 
of which chey are both always found to be united together. N ay, though 
after you have once performed this operation, you repeat it again in the 
lame manner, you will noc, even chen, be able co feparate them afunder, buc 
on the contrary, will force them by, this means inco a more intimate union,.
It’s true, indeed, chat the Cinnabar, after it is once made, will not rife fo 
eafily as ic did the firft time, but will, upon every frefli attempt, grow ftill 
more and more fixed in the Fire, ’till ic at laft becomes o f  an exceeding fixed 
nature i buc even in thac cafe, the volatile, mercurial part will not divide 
from it, buc will remain fo entangled in the Sulphur, thac it will noc be able 
to difengage icfelf, chough ic is ac laft expofed co an exceeding ftrong Fire.
It is no wonder, therefore, that fome novices in the art ihould, upon the fight 
of this Experiment, be led to imagine, that they could in this manner produce 
even Metals themfelves, by the adunation o f  thefe two Principles, Sulphur and
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M ercury, thus effefted by the Fire, o f which the Adepts unanimouily agree, 
thac Mecals are compounded. T h ey  found, however, upon better examination, 
thac chey had only laboured in vain, the Sulphur in every operation ftill re
maining Sulphur, and the M ercury under a proper management, ftill return
ing crue M ercury ; buc as he fays in toiiiX'cgfwi, never wifer. T h ecru th of 
this appears evidenc, by making ufe only o f  a very dry Menfiruum, thac will 
accrad the Sulphur more ftrongly than the Mercury does. T ak e , forinftance
12 ounces o f  Cinnabar thac by Sublimation is rendered exceeding fixed, re
duce ic into Powder in an iron M ortar, and then add to ic the fame quanticy of 
Filings o f  fofc native Iron, not Steel, which too muft be freih filed, notruftyj 
rub thefe chen accurately together for a confiderable time, and then, as before, 
fublime chem in a Cucurbic with a ftrong Fire : And what then will be che 
confequence? W hy the M ercury, to che quancity o f  fix ounces, will rife pure, 
and fall in ics original form, inco the Wacer in che Receiver, and ac che boc
tom o f  the Retort, there will remain a fixed Mafs compofed o f  Sulphur and 
iron i for Iron being thus expofed to che Fire, moft greedily unices itfelf with 
the Sulphur as its Menfiruum, and repells the M ercury from ics cohefion wich 
it, which Chen flies off feparacely, and laughs ac the too credulous Alchemiib. 
T he fame thing may be effected byufing a fixed alcaline Salt, inftead o f Iron} 
for as foon as ever the Salt comes to be melced by the Fire, it diffblves theSuI- 
phur, unices icfclf incimacely wich it, and by this means diilodges the Mercu
ry. Q uick L im e too, will do the fame. Another inftance o f  a merely at
trading Menftruum, we have in the follow ing Experiment. T ak e  2 drachms 
o f  Flowers o f  Sulphur, add co them in a glafs M ortar 3 drachms ofMercury, 
and with a glafs Peftil rub them together, the longer the betcer ; and by this 
means, the Mercury will gradually difappear, and become uniced wich che 
Sulphur, and when they are incimacely mixed cogecher, they will produce a 
very black Powder, which was continually changing its appearance during the 
rubbing : And che blacknefs of this Powder will be fo much the greater, as 
they are longer rubbed, and more clofely united cogecher. Hence, if  you con» 
tinue rubbing it a good while, it will at laft become exceeding black and very 
fine, and i f  it is lefc to itfelf, in a fhort time it naturally hardens into a black 
M afs. T his Subftance, now, very intimately contains a latent Mercury, and 
fixes and retains it, in fuch a manner, that if  ic is taken by Animals in greac 
quancities, it does noc a<5t with the efficacy o f  M ercury, which cannot be re
covered from ic again, except by the contrivances abovemencioned; This may 
be fublimed too inco a very red Cinnabar. This fome o f  the avaricious Al
chemifts obferved likewife, and rejoiced over their black Powder. They ima
gined it to be the head o f  the Crow, which che Adepts had told them appears 
in the beginning o f  the grand Operation, when the Principles, Sulphur, and 
M ercury, are properly uniced togecher. Thus again, you have an inftance of 
a dry fluid Menfiruum, and a folvenc Body, divided only by a fimple mecha
nical Accricion, and then by the power of A ttradion remaining clofely con
joined with one another.

An inftance I have here now fome very good common Antimony reduced to Powder.
 ̂ ‘ *̂̂ 0 this clean Crucible, which I cover clofe with a T ile, and when 

pcUingiiiir»-ic is gradually heaced, fet it upon this Fire that on every fide furrounds ic. 
jiruum. Y ou  fee now, the Antimony begins to fume a lictle, and whilft 1 keep it on the
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F ire’cill it melts, and runs like W ater, it emits a great quantity o f  a whidfh 
Smoke. T he Crucible I then take o ff o f  the Fire, and lec it iland quiet ''till 
it is perfedly cold. I f  you examine, now, the furface o f  the Antim ony, which 
is now condenfed b y  the Cold, it  looks rough, unequal, and full -of holes, 
ril now break the Crucible ; and you fee the Mafs o f Antimony towards the 
lower pare is folid, and ihines with a metalline caft, whilfi: at top ic is fpongy, 
whitiih, and yellowiih, intermix’d with a lead Colour. Here, cherefore, you 
fee that the Fire, by melting the Antim ony, has refolved ic into ics metalline, 
and fulphureous parts : T h at hence, thefe being fee at liberty, have afibciaced 
themfelves together, che metalline with the metalline, and che fulphureous 
wich the fulphureous, whilft the metalline parts have driven from them the 
fulphureous ones, and thefe have done the fame by the metalline. A nd here, 
whilil this Solution was brought about by the Fire, Fufion, A ttradion , Re- 
pulfion, and G ravity, all joined their concurring efficacy to produce thiseifed.
If you imagine that this Experiment don’ t fo properly belong to the nature 
é Menjiruums  ̂ this at leaft you will allow me, that, b y  the help o f i t ,  we 
come co the knowledge o f  many things which adually  happen in their ope
ration.

Buc that I may ftill exhibit to you fome farther inftances o f  the adion o f  of dry ones« 
Menjiruums, and thus lead you to a proper conception o f  thofe which a d  by the 
concurrence o f  different caufes, I here again take an ounce o f  Sale o f  Tartar, 
and' half an ounce o f  Flowers o f  Sulphur, rubb’d very brifkly in hot mortars, 
in a hot dry A ir, and ftill continuing very hot, and put them into a Crucible 
upon the Fire, and cover them. Y ou  perceive, now, how foon they are both 
melted togecher, tho* che fix’d Sale melts with fo much difficulty when it is 
by itfeif. This diifolved Maccer, now, I pour out o f  the Crucible upon a 
clean Scone, and you fee we have a homogeneous Mafs, chaa which nothing 
meks more eafily in the A ir, efpecially, i f  ic is reduced to Powder j for as 
you perceive, it immediately runs inco a very red O il. Hence then you learn, 
what a very ftrong adunation there is brought about between this ávy Men- 
Jimm, and the dry Body o f  the Sulphur, which is fo incapable o f  ever be
ing difiblv’d by W ater, and yet now by the efficacy o f  the Menjiruum, melts 
fooner chan any ching with che Wacer o f  che A ir, which ic ieems to attrad  into 
it with a vaft deal o f  greedinefs. Buc pleafe co cake notice o f  the following 
Experiment, which is more exCraordinary, aná whac one would lefs exped .
1 have here four ounces o f  che choiceft Antim ony levigated to a very fine 
Powder, and rubb’d wich 2 ounces o f  hot dry Sale o f Tarcar, in a hoc dry 
Air, and wich a hot Peftil and Morcar. This M ixcure, now, I put into a Cru
cible, and mek wich a very ftrong Fire ’ till ic is perfedly fluid, and then pour 
icinto a melting Cone. And now ic is cold, I ftrike ic ouc, and you fee ie is 
become one homogeneous Mais, very equably diffolved through che whole 
Body, which flowed in the Fire ju ft like W ater. Icis farcher, as you obferve, 
of an afh Colour, and it in fome meafare refembles Glafs, is o f  a cauftic cafte, 
diifolves in the A ir , and chen changes ics Colour to a brighc red : Here chen 
the fixed Alcali, che Sulphur o f  the Aneimony, and ics mecalline pare, are ve
ry minutely divided by che adion o f the Fire, and united into one kind o f  Bo
dy, which does noc happen in chefe very ofcen. But give me leave to add one 
fnore Example to che fame purpofe. I have here an ounce o f the pureft Sil-
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ver, and three ounces o f the beft Copper. Thefe I  put into a Crucible, and 
melt in this Coal Fire, and now they are perfedly fufed, pour them out into 
this little iron M ould, where we have a homogeneous Mafs o f  Metal very 
equably mixed together, and fcarcely feparable again, except by the help of 
Lead in the Cupel. In this Operation, now, one Mecal is the Menßruum of 
the other, as foon as ever they come to be both melted. And then it is plain 
the Particles o f  each o f them unite racher wich thofe o f  the other Metal, than 
they do wich one another, as betwixc all che Particles o f  the Silver, there is an 
equal diftribution o f  Copper, and as notwithftanding their different Gravities 
chey don’ t feparate from one another. N or can this arife only from the action 
o f  the Fire, which may melc chem indeed, and blend chem together, but can 
never pofTibly mix chem together in fuch an equal proportion. This operati
on, too, farther teaches us, chac che mercurial pare o f  che Silver unices itfelf 
fo ftrongly wich chaC o f  the Copper, chac ic will not afterwards pare with ic; 
for otherwife, the melted Silver would fink to the bottom o f  the Crucible, 
and che melted Copper fwim at top o f it, and after chey came to beat reft, 
they would feparate inco cwo diftind Strata, as we fee Oil o f  Tartar per delh 
quium, and Alcohol, when chey are mixed and ihook together in a VeiTel, 
foon return into cwo perfedly diftind Bodies, which by no Arc whatever can 
be mixed together. And here, which particularly deferves our confideration, 
both when they are in fufion in the Fire, and afterwards concreted in che Cold, 
they continue throughout mixed exad ly  in th efam e proportion. Thefe Ex
amples, then. Gentlemen, are fufHcient to give you a notion o f the various 
manners in which dry Menßruums a d  upon one another.

The caufes I f  you pleafe, then, carefully to examine che inftances we have given, and 
confider maturely what we have faid, you will have an idea o f the Solution of 

in Min~ Bodies by Menßruums, very differenc from chac which che Chemifts and Phi- 
ftruum, lofophers commonly have, who by che crue Principles o f chings, have endea

voured CO explain chemical Operations. F or chey have always imagined here fome 
mechanical Acrim ony, corroding by a univerfal mechanical Power ; and when 
they have obferved thac a Menßruum thac corroded one Body, would noc often 
corrode one that was fofter, they have racked their Brains a thoufand diiferenE 
ways, to reconcile thefe contrary appearances. V^e, inveftigating Nature by the 
help o f  Experiments alone, proceed in che following manner.

FirflFire. Upon the moft careful examination, then, into the concurring caufes ofSo- 
iution in Menßruums^ Fire nrft offers itfelf to our Obfervacion. And chis, if 
we confider it in all the various degrees which Experience has difcovered 
to us, will be found to be almoft a univerfal Solvenc, inafmuch as it difiblves 
almoft all Bodies, if  it is applied to them in a proper ftrength. For if we 
procced gradually from the warmth o f  a Man in health, to the utmoft vio
lence o f ‘Tfihirnhaufen'*s Focus, and make Experiments upon different kinds of 
Bodies through the whole compafs, we fhall fcarcely find any that will not 
melr, or be divided inco their leaft Particles, by one degree o f H e a t  o r  anocher. 
For if fome of them grow  hard, as Bricks, in a certain degree o f Heat, yet in a 
greater they will melc and vitrify, as is evidenc in che Furnaces made ufe of for 
tüfing Metals. And cho’ fome few, indeed, will not be melted at all in the 
moft intenfe Heac that we are at prefent acquainced with ; who knows, if this 
was ilill farther incrcafed, buc chefe ac laft would diifolve likewife. We mult
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by all means acknowledge, therefore, that the power o f  Fire muft always be 
very ftridly attended to in che proper adion o f  Menfiruums. W ithouc che af- 
iiftance o f  this Element, certainly, the mercurial parts o f  Metals could never 
be fo furprizingly united inco one Mafs.

In che fecond place, in order to underftand the adion of zny Menfiruum^ NextAtui- 
we muft confider likewife, whether there did noc concur a ftrong and conti- 
nued mechanical attrition j for this may ofcen fupply the place o f Fire, and 
effed in fome meafure what Fire would have done, had chac been prefent.
For whilft Accricion attenuaces, and divides Bodies, and reduces them inco 
very minute parcicles, ic gives chem an opportunity o f  ading upon one ano
ther by chefe very fmall corpufcles, and thus mighcily favours a very intimace 
Mixture. T his appeared evident in che Grinding-M ill o f  Monf. Langeloty 
which is faid co have ground Gold inco a potable Liquor ; concerning which, 
the celebrated Author, who has wroce a Treacife upon chis fubjed, deferves to 
beconfulced. And among the Obfervacions o f  M r . w e  are told, chac 
all Mecals, Gold icfelf not excepced, have, by being rubb’d for a long cime 
with pure Rain-wacer, been converced inco a Liquid.

In the third place, it is farcher co be obferved, chat when the Bodies to be Afeparatioa 
difiblved have been melced inco cheir ultimate Particles b y  the Fire, or been 
minucely divided by che Accricion juft explained, or, in particular, have un- means of» 
dergone che whole energy o f  chem boch togecher ; then, i f  cheir Parcicles chus foS«cited 
feparaced are incimacely mixed togecher, it ofcen happens, chac a repulfive bytbefetwo» 
force, which was lacenc before, difcovers itfelf openly co our Obfervacion ; 
which is amongft the greaceft fecrecs o f  che Chemifts. A n  inftance will beft 
explain what I mean. Melc fome very pure Lead in an iron Ladle, and add 
CO ic three cimes its weighc o f  choice M ercury, and mix them cogether, and you 
will have a Compoficion, or Amalgama, o f  a brighc Colour, like thac o f  the 
pureft Silver. Keep this by you for years, and it will remain exad ly  the 
fame, wichouc any alteración. I f  you afterwards rub ic in a glafs Morcar wich 
a glafs Peftil, or in a wooden Bowl with a wooden Peftil, you’ll find co your 
furprize, chac the whole Mafs will grow perfedly black ; and if  you then put 
Water upon it, and concinue co rub ic, and chen pour o ff che WaCer, which 
will be black and curbid, chere will again be a pure Amalgama left behind.
This now will keep ics appearance as before, and remain pure for a long 
time \ and yet if  you repeac che former Operation, ic will again become black ; 
nor will you, as I have learnc by Experience, be able Co come ac the end o f  
your work fo eafily as fome Authors promife you. Here then we fee evident
ly, chac che M ercury thus mixed wich che Lead, does noc ac firft repel chis 
black Macter, eicher from the Lead or icfelf j buc when by chis mechanical 
Attrition, cheaccenuacion, mixture, and application o f  the differenc Particles, 
become greacer, and more intimace, there then arifes fuch a power in che M er
cury and Lead upon one anocher, chac che intimare mercurial pares o f  both 
come into che clofeft union, and by chis means repel from them, or as che 
old Alchemifts called ic, fpues ouc the heterogeneous matter, which could not be 
feparaced from chem by any other method, without a vaft deal o f  difficulty»
If this Amalgama now is diftilled and cohobaced wich M ercury a greac number 
of times, che adion o f  che F ire will have the fame effed , as the rubbing had 
before, and produce the fame black Maccer capable again o f  being diluted
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a n d  fe p a ra te d  b y  W a te r .  H e r e  a g a in ,  th e n , e v id e n t ly  a r ife s  a  r e p e ll in g  power
by the efficacy o f  which, this feparation is obtained very eafily. Whether this 
now can be effeded in any ocher manner, I know not. Silence here is beft; 
A  word to the wife is fufficient.

Or by At* in thefourth place let me obferve, that both the Particles o f  the Solvent, and 
txition. the Solvend, when they are melced, or agitated by the Fire, attenuated by At

trition, and mixed together, ofcen difcover an attradive Power which before 
jay concealed, and by which they are then aflbciated together in a furprizing, 
and frequencly a very efficacious manner, whence afterwards arife great varie. 
ty of new Bodies, which never appeared before, and which can fcarcely be 
produced by any other means. T h e  Operation ju ft mentioned, with the AmaU 
gama, may ferve here too for an E xam ple: F or in this there is effeded, by 
this attradive Power, a wonderful Adunation o f  the mercurial Particles of 
the M etals, which difcovers icfelf to the Operator, after the repelling force has 
feparated the heterogeneous Matter, which prevented the homogeneous Parti
cles coming into a perfed  union. T his, therefore, being expelled in che man« 
ner explained, and the remaining part in both being perfedly depurated, the 
mercurial pares become intimately united together, and produce fomething one 
would not exped.

Henceth« In the fifth place, i f  a Menjiruum, after it has diifolved a Body, lec the 
Planner in which it effeds this be what it w ill, I fay, if  chis Menjiruum, afcel* 
the Solution is over, can be totally feparated from the diifolved Maccer, fo 
thac they may both again exifl d iflind ly, then the Body diifolved appears by 
icfelf in a new form, and is for the moft part converted into a Calx, or into 
fome other kind o f  new Body.

Hence folid From  chc whole, chen, we fee, thac almoft all Menjiruums, whether folid 
aS«Fidds. fli-iid, at che very time when they are in adion, are reduced to the nature 

o f  Fluids, Attrition, perhaps, alone excepted, which often, wirhouc any af
fiftance, renders Bodies fit for Solution: Buc even in this cafe, that the Solu
tion may be compleat, the Attenuation muft b efo  fubtil, that the Bodies rubb’d, 
puc on almoft the form o f  Fluids.

I ’ll now, then, give you an Example, in tvhícH all chefe caufes. Fire, Attri
tion, a repelling force, an atcrading one, ind a mechanical one, a d  cdgethel" 
in dry Menjiruums, and all their effedsj viz . Attenuation, Concretion, Tranf* 
mutation, and Separation, are produced at the fame time j and in this Experi
ment I fiiall proceed in fuch a manner, that it may ferve you as a pattern 
for any o f  the like nature. I have here, then, 16 ounces o f  common Anti
mony purified only by fufion, and then being fuffered to fettle as I fhéwed 
you before, which I have taken care ihould be pounded and rubbed in an iron 
M ortar, till it is reduced to a very fine Powder. T h is Powder, now, you 
know confifts o f  a common Sulphur, intimately intermixed with another part 
which is called the metalline, or mercurial part o f  che Antimony, tho’ there 
does not appear in it the leafl fign o f  thefe two different llibftances, even tho* 
you examine it with a Microfcope. I take then o fth e  pureft ftony concretions 
of Rheniih W ine, commonly called T artar, 12 ounces, reduced likewife to a 
fubtil white Powder \ and o f very pure Nicre 6 ounces, which, now it is 
finely powdered, you fee is as whice as Snow. A l l  thefe Powders, then,
I dry as thoroughly as poifible, then mix them, and take care they ar^ior
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confiderable time rubbed well together in an iron M ortar, that b y  this means 
they may be indmately incermixed wich one another. T h e  compound Powder 
then weighing 34 ounces, I fee by for farcher ufe. I now again take 6 ounces 
of Tarcar, and 3 o f  Nicre, reduced feparateiy as before into a fine dry 
powder, and accurately mix them togecher, and from the acid Tarcar, and 
fait Nitre, have a very fubtii dry Powder, which flill impreíTes upon the 
Tongue an acid tafte. N ow  then pleafe to obferve. Into this Ladle, which 
I have placed on an opefi Fire where there is no Smoke, and which is now al
moft red hot, I throw in a little o f  this Powder o f  Tarcar and N itre, and 
you fee the very moment that it falls inco it, it puffs up, boils, throws ouc 
fmall fparks, burfts into a Flame, and leaves a white M afs, here and there a 
little greeniih, which is perfeétly fixed and alcaline. On this then, I throw a 
lictle more o f  the Powder, and the fame happen over again ; and
thus I proceed till all the Powder is ufed. Here then we fee, chat when the 
acid vegetable Salt, and the faline terreftrial Sale come co be expofed co the 
Fire, they fume, fparkle, burn, and are fixed inco an acrid A lc a li; and that 
all this is performed, almoft, in a fingle point o f  time. But by an Experi
ment, that I fhewed you before, I madek‘cappear, thac i f  a fixed alcaline Salt 
is rubb’d with Sulphur till they are intimately mix’d , they will fJame inftancly 
in the Fire, and che Sulphur being tótaliy diifolv’d, will be converted into a 
new Body. Hence, then, you readily' perceive, thac i f  Tartar, Nitre, and 
Sulphur, mix’d in a fmall quantity, áre thus thrown into a Veflel heated red 
hoc, there will immediately be'produced'a fixed A lcali, which che Sulphur will 
inftancly lay hold of, diffolve, and con vere in Co a M afs o f  a peculiar nature.
Having a right notion o f  this, therefore, let us now fee whac will become o f 
our Powder o f  Antim ony, Tartar, and Nicre, when chac lik-ewife is expofed 
to the Fire. T o  this purpofe, I have placed a ftrong Crucible'in the Fire, 
which was firft gradually heated, that it might jbear the fudden application o f a 
ftrong Fire without cracking \ and I have chofen one that will at leaft hold 
three times the quantity of the Powder to be thrown in. T h e Crucible, then,
I thus cover with a T ile  to keep th e D irto u t, and increafe the Fire gradually, 
till it is all over red hot. In the mean time too, I take care to have the 
Powder o f Antim ony, Tartar, and Nitre, made pretty hot, but cautioufiy, 
that it don’ c take fire. I now, then, take off the T ile , and with an iron 
Ladle throw in abouc two drachms at once o f this heaced Powder \ and che 
very momenc ic comes to che bottom o f  the Crucible it burfts -into ñames; 
fmokes, fparkles, flames, grows red hot, and lies quiet. I then proceed 
again to fling in the fame quantity, which you fee has che like effed, andfo 
concinue to the end, covering the Crucible every time, till the Ebullition is 
perfeftly over. T he whole Powder, then, being thus thrown in and deflagra
ted, I make the Fire fo ftrong, that all the matcer in che Crucible may be 
melted, and flow like Wacer i and afcer chac by putting in a Tobacco-pipe,
I have found this co be che cafe, I keep ic fome cime in this degree o f 
Heat. In the mean time, I have by me a conical brafs Veffel, which I 
make very hot, and then rub over on the infide wich a piece o f  T allow  Can
dle, fo that the whole Surface may be covered with this pinguious Matter,
And this I have found by Experience to be fafer, than making ufe o f Oil ; 
becaufe i f  there happens to be ever fo licUe W ater in ic, it may produce a ter-
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ribleeffecV. The M atter then ftill continuing perfedly  fluid, and the Crucj. 
ble red hot, I take it out with a pair o f  T ongs, the Claws o f  which are fuited 
to the figure o f the Crucible, thac there may be no danger o f  its flipping, 
and gently pour the melted Powder into the Cone, upon which you fee, a 
Flam e inftanily burils ouc like Lightning. T his proceeds from the Tallow 
wich which the infide was fmeer’ d over, which now takes fire, and by its 
Flame prevents the melced fubfl:ance*s concreting with the VeiTel. I now let it 
iland till ic is cold, and then turning up che Cone, and ftriking ic, the whole 
Mafs is difcharged, as you fee, into this Bowl, and is now divided into two 
parts that are perfedly d iftind: T h e upper pare o f  which, or that towards the 
Bafe o f  che Cone, is o f  a dark brown colour, weighs 14 ounces, and is what 
the W orkm en call the Scoria : Thefe are brittle, o f a cauftic tafte, and brown 
colour, melc in the A ir, and then become red, and confift of a fix’d alcalinc 
Salt produc’d from the melced T artar and N itre, and the Sulphur o f the An> 
tim ony, reduced by the Fire with that A lcali into one Body 5 which after
wards being fufed with an intenfe H eat, was repelled by the ocher metalline 
part o f the Antim ony, and rofe to the top, whilft that at the fame time by 
its weight fubfided to the bottom. T his too you fee here likewife, which is 
o f  a white brighc colour like Silver, is very ponderous, and on its upper or 
broader parr, has the figure o f  a Star : A nd, indeed, ic would be of a true 
metalline Nature, were it not for ics bricclenefs, which makes it readily fly 
afunder, and renders ic capable o f  being po-wdered. In this one Experiment, 
then, you have had a fpecimen o f  every thing that I have been explaining to 
you in the adion o f  dry folid Menftruums. F or in the firft place, by a me
chanical Attrition, all the three Subftances were redaced into exceeding fmall 
Particles, and hence were rendered capable o f being intimately mixed cogether. 
In the next place, the Fire melced, moved, and blended them all three with 
one another. Then, thirdly, the Salt o f  Tarcar, and the Sulphur o f the An
timony deflagrating together, in an inftant produced a fixed A lcali, which im
mediacely laid hold o f  the Sulphur o f  the Antim ony, and, by an attracting 
force, a d in g  reciprocally between them whilft they were thus intimately 
mixed together, this fixed Alcali and the melced Sulphur were united inro one 
B ody, which was .ftill in a ftace o f  fufion. In the fourth place, from the 
fame Operation, there arofe likewife a repelling power between the metallic 
Reguline part o f  the Antim ony, and che alcaline Sale, which never fuffer 
themfelves to be united in the F ire , buc repel one another, and difpofe them« 
felves into d iftind  Strata, according to their refpedive Gravities. Hence, 
then, we fee plainly, the reafon why the metalline heavier part funk to the bot
tom o f  the Cone, w hilft the alcaline fulphureous one rofe to che top, and thus 
gave rife to two new Bodies, viz. the alcaline fulphureous Scories, and a flarry 
Kegulus o f  Antim ony. A m e r e  mechanical Power, a n  attradive one, anda 
repulfive one, therefore, were che caufe, in this Experiment, o f the Solution 
and Separation. T h e  mechanical Attrition, by reducing the Bodies into very 
fmall Particles, and thus vaftly increafing their Surfaces, was the occa
fion o f  their having cheir points o f  contad greatly increafed. T he Fire pro
ceeded farther to agitate them, and mix them together, excited, augmented, 
and continued their attradive and repulfive Power, diflblved che whole Mats, 
and all the parts o f  it, fet fire to the Salt o f  T artar, Sulphur and Nicrê



and thus very much increafed the ftrength o f  the Fire itfeif. T h e  Tartar and 
Nitre, after the Deflagration was over, produced a true fixed alcaline Subftance, 
the N i t r e  yielding a moft acrid Alcali. This Alcali abforbed all the remaining Sul
phur, and difcharged the metalline part o f  the Antimony from it, which ic had 
no e f f e d  upon. A nd laftly, the whole iVIafs help’d to increafe the force o f  
the firft, whence arofe a more rapid motion and concuifion, and ac the fame 
time, a Smoke, and Soot, by which means 16 ounces and 2 drachms o f  the ori
ginal 34, were diflipated and loft, the Regulus weighing only 3 ounces and 6 
drachms, and the Sccria, as I mentioned before, 14. I f  you have a mind, 
now, Genclemen, to perform this Operation yourfelves, you muft be fure to 
do it with a greac deal o f  caution, if  you would expedt it to fucceed. F or in 
the firft place, if  your Crucible is noc fufficiently large, the Maccer will boil 
up in melcing, and run over the edges. I f  the Matter is not reduced to an 
exceeding fine Powder, ic will crackle and fly about. I f  che Powder is noc 
thoroughly hot, when ic is thrown in, ic will chill the Crucible, and fplic it.
If you don*c wait till the detonation o f  that you have thrown in, is incirely 
over, and the whole is grown perfectly red, nay, and is fluxed too, before 
you procet;d, then the part thac is not melted, will colleft itfeif into a folid 
Cruft upon the Surface, and will confine that which is underneath at the bot
tom of the Crucible, which being refolved in the mean time into an A lcali,
Nitre, and Sulphur, wiil have the vertues o f  a true Pulvis Fulminans, and will 
in a lictle time be difcharged with a moft prodigious noife, and dafh all to pie
ces ; the danger o f which can only be avoided by the cautions abovementioned.
Bucagain, if  the whole Matter is not kept melted, and flowing like Wacer for 
fome time in the Crucible before you pour ic out, the pure Reguhis will never 
be rightly feparated from the Scoria. I f  you don’ t make che Cone pretty hot, 
there will be danger o f its fplitting, when the melced M atter comes inco it.
If you don’c rub ic over wich Tallow , the M atter ofcen concreces with ic, nor 
will fuffer itfeif to be feparated afterwards. I f  there happens to be the leaft: 
drop o f W ater in the Cone, the Operation will prove exceeding dangerous,, 
the Matter all flying about wich a vaft force and noife. If you don’ c pour 
the Matter in whilft it continues perfedlly fluid, neither the nor the
Scoricŝ  will difpofe chemfelves in their proper place: So many cautions are ne
ceifary to this one Operation.

Thefe things, therefore, being premifed, we may now examine a lixtle more Howfarthe- 
nicely the adtionsot both folid and fluid, upon their Solvends, ft>
far as they may be underftood and explained in a pure mechanical manner: a r e  m e r e l y -  

And for the fake o f  thac valuable fet o f Men the Mathematicians, it will be niechanicai. 
worth while to endeavour to fee this Matter once in a proper Light.

And that we may do this moft effcdtually, pleafe co confider in the firft The hardeft 
place, thac in all Nature, there is noc any one Body that falls under che cog- JffohV/me- 
nizance o f our fenfes, whofe pares cohere fo cenacioufly, or rigidly togecher, chankaUy. 
that they may not be feparated from one another by a mere mechanical force, 
withouc the concurrence o f  any ocher cauie. As an inftance o f  this, let us take 
a Diamond, which has been called by this name, on account o f  its excefTive 
hardnefs, which was defcribed by the Ancients as being ini^jperable, and yet 
we fee is forced to fubmic to the Saw o fth e  Lapidaries, who can accurately 
loo fplic it afunder, and at pleaiure grind and polifli it into various Figures:.

But



But to  th is  purpofe y o u  know, the W orkm en make u fe  o f  n o th in g  b u t  pure 
m e c h a n ic a l I n f t r u m e n ts ,  and a  m o tio n  o f  th e  f a m e  n a tu re .

Bythefnft. But again, in this fimple mechanical divifion o f  Bodies, the moft fluid, 
ciiEgdies, coofcquentlv to our fenfcs, the ibfteft, is capable o f  wearing away, and

difTolving, the very hardeft we are acquainted with. Drops o f Water fa]. 
Jing from on high, hollow the moft rigid Stones, wear away Metals, and in 
fhort, diminiih every thing they fall upon. T h e  force indeed o f fmgle 
drops, appears to us as it were, nothing at all, and yet, when ic comes 
ro be conftantly repeated, it produces very confiderable effeds. The 
fofteft Leather, by a continual Attrition, will polifh the hardeft Stones, Me
tals, and even Glafs itfelf. T h e  Surface o f  a wooden W heel will confume 
any Body whatever, applied to it as it runs round, into invifible Particles, 
Hence, therefore, we may fairly conclude, that by a continued repedtion of 
their adion, the fofteft Bodies are capable o f  refolving the moft rigid into 
fuch minute particles, as don*c fall any longer under the notice of our 
Senfes.

vTiofe ^ ill help US HOW to conccive more eafily o f  this furprizing Phcenomemn, if
mentsare we fuppofe, with fome Authors, that the invifible ultimate Particles of all 

Menftruums ought to be looked upon as hard, and almoft immu
table, akho’ the Body they compofe feems exceeding fofc to our Senfes, on 
account o f  their receding very readily from their contad with one another. 
A nd this Opinion, indeed, by an indudion o f  particulars, feems to be very 
much confirmed. T h e  Elements o f Fire overcome the hardnefs o f all Bodies 
whatever ; and yet theyare prodigious fmall, and let their adion be ever fo vio
lenc, never appear to be in the leaft altered. N o-body has ever obferved the 
leaft change induced upon a Particle o f A ir, tho’ this Element often brings 
about fuch various and powerful changes in other Bodies. Water, than which 
nothing is fofter, whilft in a ftate o f  F luidity, confifts o f  Particles fo immenily 
hard, that lec them be comprefs’d by ever io greac weight, or power, they 
have never been found to be altered. And the fame, in the ultimate Particles 
o fE a rth , has appeared abundantly evident. T h e  moft fubtii Spirits o f Alco
hol, how fofc do they appear to the Organs o f  our Senfes -, and yet who, after 
a hundred Diftillations, Digeftions, and Compofitions, has ever difcovered the 
leaft fign o f  any alteracion in their Elements. And as for the Spirits of Salts, 
as they are called, which are chemically drawn from them, and are fo exceed
ing acrid, i f  we examine them, what an incredible immutability do we find in 
them, and confequently, as one may fairly infer, what an extreme hardnefs; 
tho’ the Philofophers imagine them to be fiiarp like Needles, and hence eafily 
mutable. T hat indefatigable Gentleman, however, Monfieur Homherg, having 
digefted them for years with a conftant Fire, and in clofe Veffels, has found 
them at laft the very fame withouc any alteration. D u Hamel. VHift. àeV Ac. 
Roy. p. 497, 498. Thac mild acid Vinegar alone, afcer four years, was 
changed into fomeching o f  a different nature.

HinceFiuids There might other Argum ents be produced to the fam e purpofe, but what 
hardiftBo- offered fufficiently demonftrates, that the ultimate Elements of the
die* mecha- foftcft Fluids, i f  they are confidered feparateiy, are very durable, and therefore 

very hard. And as this is very evident, fo likewife we clearly learn hence, that
the ultimate Particles of Menftruums^ i f  they are ftrongly preifed, and moved

again it



againft the Corpufcles that compofe the Solvend, may produce fuch an attri
tion as is capable, i f  fufficiently repeated, of wearing away, and dividing the 
greatefl and hardeft Bodies into their minute Particles; as we fee in the hollow
ing o f Siones by drops o f  Water.

And this happens particularly when the conflant a£tion o f a flrong Fire syFirc, 
produces fuch a perpetual collifion, and attrition againfl thefe Surfaces. In 
every folution, however, thus fuppofed ro be mechanically performed by  the 
Parcicles o f Menftruums, there is this confiderable objedion, that the Elements 
of the Menftruum being driven againfl: the furface o f  the Solvend, would eafily 
recoil again, and hence could not produce any remarkable effed.

And this, indeed, is in fome meafure true, but then their own proper Gra- And Grañ- 
vity, and the vaft prefTure o f the Atmofphere, taken notice o f  in our H iftory 
of Air, will apply them very powerfully to one another. A t  the fame time, 
however, it is ver^ evident, that where Menftruums a d  only by a fimple, me
chanical power, withoutany other concurring caufe, they in reality effed but 
very little: And on the other hand, we know as certainly, that a flrong ex
ternal application o f  a Fluid to a Solid vaftly increafes ics difTolving power, 
though all ocher circumftances concinue the fame. T h e  Bones o f  an old O x 
will boil a greac while in an open VeiTel, wichout any confiderable alteration ; 
and yec if they are boiled in Boyle's or Papinh Digefter, they grow fofc, and 
diflolve in a fhort time, tho* here there is only this difference, that in the lait 
cafe the particles o f  W ater are prodigioufly comprefs’d againft the Bones, 
and agitated upon them with a violent atcricion.

Thus, then, we intelligibly enough conceive o f the firft mechanical manner At»itiwiup« 
in which iowit Menftruums a d , viz. by wearing away Bodies by attrition 
upon cheir exCernal furface. Buc when the Particles o f  the Solvent do not 
only chus feparace the external Corpufcles o f  the Solvend, but a d  likewife up
on the internal pares, and thus difiblve cheir whole Body 5 then thefe particles 
feem to infinuate themfelves inco the Pores o f thofe Bodies, and there effed 
the very f îme thing upon the internal Surface chac forms thofe cavities, as we 
made ic appear they did before upon the excernal. There is one confiderable 
difficulcy, however, in chis affair, and thac is, rightly to comprehend the man
ner in which che Solvent thus enters inco the Pores o f the Body to be diffolved.
This, I confefs, is noc fo clear as a body could wifh ; becaufe we have but a 
very few Experimencs, where there is nothing but a pure mechanical adion, 
and for chis reafon we are obliged co call in to our afllftance fome o f  thofe, 
where chere is a concurrence o f  a mcchanical, and fome ocher caufes to
gether.

In che firft place, then, there muft be fome proportion betwixt the Pores o f  Thefirfleir- 
the Body to be diffolved, and the particles o f the Menftruum by which the 
folution is to be performed: F or if thefe Pores are large enough to admit 
the Menftruum into chem in a liquid form, then the cafe will be the fame as 
we juft now mentioned ; if  chey are too fmall, then the internal parts will 
fcarcely be diíTolved. And hence it comes to pafs, that when the parcicles of a 
fjmple Menftruum colled themfelves by a mucual affociation inco fomewhac larger 
Corpufcles, chey do not then fo readily difiblve che Bodies expofed co them, as 
being Icarcely able in this form co penetrate into them ; though afterwards, 
jf they are diluted wich W ater, and thus have their parcicles remc^ved from con-

G g g  tad



with one another, they may then be able to enter into thefe Pores from 
which they were before excluded. T his you fee in the following experiment. 
In this Urinal I have an ounce o f  the beft Oil o f  Vitriol, o f  m y own preparing, 
depurated by diftillation from all its Fœces  ̂ and by ebullition, from all 
its Water. This Liquor is fo pure, that in very cold weather it congeals into 
iblid, chryftalline Glebes, and melts again with the warmth o f  a thaw. This 
O il o f  Vitriol I have heated to the degree o f  boiling W ater, by keeping the 
Urinal fome time in W ater that was boiling. Into this O il, now, i  throw 5 
drachms o f  hot Filings o f  Iron, and mix them together by ftiaking the Glafs; 
and you obferve what a prodigious rarefadion is inftantly produced without any 
Fumes or Ebullition, the matter, indeed, which is o f  a grey colour, appearing 
puffed up, but continuing at reft. But pleafe ro take notice o f  this fecond 
Experiment. I have in this other Urinal i ounce o f  the fame hot Oil of 
V itriol, to which I now add three ounces o f  W ater, heated likewife, that they 
may be mixed without danger o f  breaking the Glafs, which would happen, if 
the O il and W ater were put together cold ; for then the fudden heat produced 
would make the Glafs burft afunder. Into thefe 4  ounces o f  Liquor I 
throw 5 drachms o f  Filings o f  Iron ; and there arifes, you fee, a prodigious 
Ebullition, Effervefcence, and a Fume, that has a fmell like Garlick, and the 
whole Body o f  the Iron is perfedly diflblved into a green Liquor. In the fame 
manner the famous Bohn and Boyle tell us, Silver and Lead will not diiTolve 
in the ftrongeft Spirit o f  N itre, though if  it is diluted with W ater, they will 
be corroded by it immediately. But that you may be judges o f  this yourfelves, 
pleafe to attend to the following Experiments. In this VeiTel I have i ounceof 
the ftrongeft Spirit o f  N itre that can be made, into which I put half an ounce 
o f  Minium^ and they remain quiet, without any Effervefcence, and in the cold 
w ill continue fo a confiderable time. Again, I have here i ounce of the fame 
Spirit o f  N itre, but diluted with eight ounces o f  W ater: T o  this I add an 
ounce o f  Minium^ and they remain at reft as before. But again, in this VeiTel 
I m ix I ounce o f  pure Silver with i ounce o f  the fame ftrong Spirit o f Nitre; 
nor do thefe difcover any motion or ebullition. And laftly, in this Glafs there 
is I ounce o f  this Spiric mixed with the fim e quantity o f  Rain-Water, inco 
which I throw i ounce o f  pure Silver ; and thefe you fee, likewife, in this de
gree o f  Cold continue perfedly at reft. But as foon as ever, now, the Fire 
begins to put thefe four mixtures in motion, there is prefentfy brought about 
an agitation, folution, and ebuHition, which appears in the pure Spiric to be 
weaker and flower, in that which is diluted, briflker and more efficacious. See 
Boyle upon this head, in his Philof. EJf. Bohn. Chem. p. 156. L et us now, then, 
Gentlemen, confider what"we can deduce from thefe Experiments to our pre
fent purpole. In the firft place, then, ic hence evidently appears, that acid 
Salts, when they are converted into Spirits, as they are called, may be diluted 
with a greater, or lefs quantity o f  W ater. Secondly, that by the concuifion of 
the Glafs this dilution is fo much promoted, that by this means the Water may 
be very equably mixed with the Salts, though before, the Acid ftagnated at the 
bottom, and the W ater refted quietly at top ; as the pinguious Striæ in one pare 
evidently demonftrate. T hirdly, that between every two faline Particles, as 
many aqueous Particles, as che A rtift pleafes, may be in this manner interpofea, 
i f  he will only add a proper quantity o f  W ater. T h a t hence, therefore, |n



the fourth place, it may be efft<5ted, that thefe Parcicles, thus diluted, ihall 
not any longer be united into faline Glebes, but ihall feparateiy fwim about 
amongft the Particles o f W ater, with which they are intermixed. Hence, 
fifthly, thefe faline Elements, thus fwimming about in the W ater, feem capa
ble oi infinuating themfelves into the very fmall Pores o f the Bodies to be 
diifolved ; inafmuch as they now exift in their fmalleft form. In the laft 
place, it is probable, that thefe acid, faline Particles, when they were not d i
luted with W ater, aifociated wich one another, and thus were in fome meafure 
concreted into coherent, little Maifes, which by this means became too great 
to penetrate into thefe litde vacuities. Thefe things, then, being duly con
fidered, the opinion we juft now oifered feems fufficiently probable.

In the fecond place, i f  we would r ig h tlj underftand the powers o f  thofe The fceond. 
Menftruums that perform their effeds in a mechanical manner, it is neceiTary, 
by all means, to confider the figure o f  che folvenc Particles : F or it appears, 
by the mechanical demonftrations o f  the Geometricians, that mechanical adions 
depend principally upon the figure o f  the ading Bodies. For a Body, remain
ing perfedly ihe fame in all other refpeds, but only changing its figure, be
comes fit to perform a great many things, which it was not capable o f before.
This I generally explain by chis fimple Example. T ak e  an ounce o f  Sceel, 
and form ir inco a Sphere, a Cube, a Knife, a Lancet, a Polygon, a Dagger, 
a Pyramid, an A d z , a Saw, or a File, and will it not in every one o f thefe 
ihapes acquire a new, and very different power from what it had before ?
The fame Body, therefore, being varioufly lhaped, ads always wich a new 
power upon the Body which it is made ufe o f to diifolve. Buc by this means 
it often happens, likewife, that the capacity o f the Pores becorne fit to admit 
Solvents o f certain Figures, racher than any ochers. And hence it feems to 
come to pafs, thac the recipocal vertue betwixc the Solvent and Solvend, is of
ten perfedly changed or deftroyed, when eicher one or both have the . figure 
of their furface altered. This, indeed, it is exceeding difficult to give an 
ocular demonftration o f ;  as neicher the ultimate Parcicles, or Pores of Bo
dies can fcarce pofiibly be rendered vifible: But i f  from what we obferve in 
larger Bodies, we may be allowed by analogy to conclude concerning the 
more minute, we muft infer, that this will likewife hold true in thofe Par
ticles of Bodies which efcape the diftind obfervacion o f our fenfes. Unlefs, 
perhaps, fome perfons may imagine, that the folvent Elements are not chang- 
able in any refped j though this I think does not appear fo probable i as the 
Elements o f Bodies feem to be one thing *, thofe o f Solvents another. In many, 
at leaft, it looks as if chis mutability muft be admitted. In che mean time, 
thac a very efficacious power o f  ad in g arifes between Bodies, from the mere 
figure o f the ingredient, and admittent, the illuftrious Bo'yle formerly evinced 
by the inftance o f  a K ey and a L o ck , in which, folely from the fize and fi
gure, there is produced fuch a particular power o f ad in g , as is peculiar to 
thofe two alone. Hence, therefore, we infer, that the proportion,, like- 
wife, between the figure o f  the folvent Elemencs, and the Pores o f  the 
Body to be difiTolv.ed, is the occafion o f a great number of very particular 
elfcds in chefe merely mechanical folutions 5 and that hcnce, from rhe bulk 
and figure o f  thefe Particles, rhe moft remarkable, corporeal changes arc 
continually brought about. L.aftly, by the figure alone o f a given Body, very 
often are produced very furprizing effeds, depending only upon that parcicular
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conformation. I f  a metal Bell, for inftance, is caft into a proper ftiape, how 
wonderful are its operations? Sufpend it freely in the A ir , and ftrike upon ic 
only gently with a Hammer, and its whole feries o f  Circles, quite from top to 
bottom, will recede from their circular figure, and every one o f  them run 
through an infinite number o f  Ellipfes, till they come to their internal limits 
and will then run out again beyond their firft circular figure into elliptical ones, 
till they come to their external limits, fo that alternately cutting one another 
perpendicularly to their diameters in thefe circles, they defcribe by thefe un
dulations both ellipfes and circles. But thefe excurfions, now, are exceeding 
fwift, and performed reciprocally backwards and forwards, and by this means 
agitating the A ir, produce brilk undulations in this, likewife, to an incredible 
diftance, and thus propagate founds and tremulous concuíTions, by which alone 
very furprizing eííeéls are wrought upon the Bodies o f  Animals, Vegetables, 
and Foifils. And all thefe changes depend intirely upon the formation o f the 
Bell. T h e  following Experiments, likewife, are ufually referr’d hither, in 
which it is fuppofed the figure o f  the Solvent is altered, with refpedt to thac 
o f  its Solvend. T ak e an ounce o f  the choiceft Oil o f  Vitriol, and drop into 
it gradually fix times as much o f  the pureft Alcohol o f  Wine, prepared 
without any Alcali, ihaking the Glafs afcer every drop. Digeft thefe for a 
confiderable time in a tall Veflel accurately clofed, and then very cautioufly 
diftill them till the mixture begins to grow  black. W hen you obferve this, 
fix on another clean Receiver, and patiently and prudently urge it with a very 
foft F ire ; and there w ill rife in this gentle H eat a fuffocating, fulphureous 
Phlegm , that excites coughing moft violently, and with it a fweet, fragrant, 
volatile O il of V itrio l, weighing almoft fix drachms, which muft be carefuJly 
fecured. Hoffman. Ohf. Phyf. Chem. I f  this, now, prepared in this manner, 
is poured upon Iron, it produces very different efí̂ eéts from what we obferve 
from m ixing this M etal with native Oil o f  Vitriol. T h e  fame, likewife, is 
true o f  the ftrongeft Spirit o f  Nitre, made fweet according to art with three 
times as much Alcohol, and then put upon Iron. N ay, and that the pureil 
Spirit o f  Salt, edulcorated in this manner, will not difiblve G old , but will take 
away its colour, was long ago obferved by the great Boyle, T h e  fame fweet 
Spirit o f  Nitre, too, will no longer difiblve Silver, though before it corroded 
it fo greedily. Thefe Phänomenal now. Authors o f note have afcribed to an 
alteration in the figure o f  the corroding E lem ents; for whether you impute 
it to the combination with the A lcohol, or the diftillation, or both toge
ther, the form o f  the corrodents, certainly, will be always changed.

7heThird. But whilft we are confidering thefe merely mechanical folutions, there feems 
to be ftill a third caufe, which may very much concur cowards che adivity of 
the Solvent; and that is, to fuppofe the ultimate Elements o f  the Menftruum 
to be endued with a proper rigidity, and to be able to infinuate themfelves 
in fuch a manner into the Pores o f  the Body to be diffolved, that one part 
may be fixed in it, whilft the other ftands out above the Surface. For if 
we imagine this to happen all over the porous Surface, and thus con
ceive it to be grown rough with thefe Spicula, which are thus inferted 
but are not able to proceed any farther ; then i f  a motion is excited in the 
Menftruum, the agitated particles will ftrike upon the exteriour parts o f theie 
W edges, and that, every moment in various diredions. Hence, then, muft 
neceifarily arife ia thefe particles a power o f cleaving and dividing a f u n d e r  the
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Corpufcles o f the Solvend ; as we fee timber clefc to pieces by the afllftance 
of Wedges. A nd that this, now, is the cafe in Menfiruumsy is certainly 
exceeding probable ; efpecially if  we confider, that in thefe folutions thofe 
furfaces that were fmooth before, almoft always grow rough and unequal.
And indeed in mechanical folutions, this third caufe feems to be the 
moft efficacious •, as we can clearly conceive o f  the ad ive power o f  thofe ^
inferted, and varioufly agitated W edges ; as the ultimate Elements o f  the Sol
vent are infinitely numerous -, and as the Pores o f  the Solvend are diftributed 
through every point o f  its Surface, as appears evidently from the finenefs o f  
the Particles when they come to_ be feparated.

Laftly, a fourth caufe that promotes mechanical Solutions, is Fire, F or this 
it is thac principally agitates, applies, and renews the application o f  the fol
vent Particles, whenever thefe happen to be qualified in the manner above
explained. This it is that, by its concurrence, puts the whole in aflion ; with
out this the three other caufes would be intirely withouc eiFeét. A  W edge 
though ic is fixed into a piece o f O ak, has no manner o f  efficacy towards 
cleaving it afunder, i f  the external percuffion o f  the Beetle is not fuperadded.
And thus, tho* the Elements o f the Solvent, in fize, rigidity, figure, weight, 
and elafticity, are perfedly fuited to the pores, refiftance, and hardnefs o f  
the Body to be diflblved ; though they are brought into contad with it ; tho*' 
they have one o f  their extremities fixed into it, whilft the other part ftands 
out above the Surface ; I fay, though all thefe circumftances concur together, 
they will be able to induce no change upon the Solvend, unlefs the ad ive  
perciiiTion o f  Fire comes in to their afllftance. N or does Fire only a d  thus 
diredly upon thefe Menjiruums^ buc it aftifts them, likewife, as it puts in mo
tion and agitates the A ir, which preffes upon them with a prodigious weight, 
and thus applies their Particles to one another, by which concuifion it pro
duces an attrition upon the furfaces o f  the Bodies to be diiTolved. A nd hence 
the elafticicy, weight, and agitation o f  the A ir  excited by Fire, aiTifts, like
wife, the powers abovementioned j as does alfo concuifion and attrition. This 
then. Gentlemen, is all that pure Mechanics can furnifh us with, that I know 
of towards underftanding the adions o f Menjiruums. This fome Gentlemen, 
of great authority, have thought fufficient to explain all the Phœnomena thac 
have ever been obferved in their Operations. Bur, with fubmifllon, though 
we are ready to acknowledge, that in all the adions o f  every kind o î  Men- 
ftruum whatever, all thefe mechanical powers are prefent, and do aifift and 
co-operate ; yet ftill we cannot for this reafon allow, that they alone, withouc 
the concurrence o f  any other caufe, are capable o f  perfeding the whole Ope
ration.

Nay, on the contrary, we take the liberty to aiTert, that it very feldom hap- Mechamea 
pens, that any whatfoever ads with all its energy, by the afllftance
of thefe caufes alone. And this we think is fo evident to an unprejudiced ent. 
inquirer, that the incomparable Newton was obliged, from the obfervations 
he had made, to add fome others o f a quite different nature. But that the 
Geometricians may not charge us wich alTerting this raihly, and withouc fuffi- 
cienc grounds, let us examine che maccer a little deliberacely. When a Body, then, 
is immerfed, and is at reft in a Fluid, endued only with mere mechanical pro
perties, and this Body has no power, with regard to this L iquid, but a common

mechanical



mechanical one, what mechanical Operation will then naturally follow ? Why 
the fluid Macter being at reft, will, from ics weighc, and the fubtlety o f its 
pares, furround and comprefs both the external furface o f  the Body, anci the 
internal one o f  the Pores, which it is capable o f penetrating into. Änd hence 
according to the laws o f  H ydroftatics, the confequence will be nothing more 
than a bare compreiTion o f  the parts, without: any divifion, or fo much as the 
leaft alteracion o f  its figure-; unlefs the Body fhould happen to be fofc, and 
yield but little refiftance, and at the fame time ihould have its Pores full of 
a Fluid lighter than the furrounding one, and capable o f  being condenfed 
or expell’d ; for then, the Mafs being condenfed, would have ics figure, 
bulk, and fpecific, gravity altered, and by this means would rather come to 
a  more fettled ftate o f  reft, and cohefion, than to one o f  diflblution. But 
fuppofe, now, that by the application o f Fire, the Elements o f  the Menfiru- 
urn were put in agitation, why then, too, i f  boch the Fluid and Body immerfed, 
confidered feparacely, are homogeneous, the eifedl o f  the Menßruum will be 
pretty nearly the fame ; for the Fire a£ting equably upon all the Elemencs of 
the Fluid together, will ftill continue to prefs the Body equally on all fides. 
W hen it is raifed, indeed, to fach a degree, as to make the Fluid boil, and 
produce thofe unequal and explofive morions that are the confequence of ic, 
it may then, by thefe irregular percuifions, rub off fomewhac from the fur- 
face o f  the Body, efpecially i f  any Particles happen to ftand out above the 
reft. But this, now, o f how little confequence ic can be o f  in the Solutions 
we daily fee performed by Menßruums, every body thac knows any thing of 
the matter muft eafily conceive; efpecially if  we confider, that Hartihorn will 
not be fo much diflblved by being boiled for a long time in W ater, in which 
ic is every way furrounded, as it will by being lufpended in fuch a manner, 
as to be expofed co its V a p o u r; as the alchemiftical folution o f Hartihorn 
evinces. Buc then let me caucion you, that if  any Macter contained in che 
Pores o f  the Solvend ihould be dilated by the Fire, difploded in Bubbles, and fo 
break through the inclofures where ic was confined, and thus divide the Body, 
this folucion muft noc be afcribed to the mechanical adion o f the but
to the rarefying force o f the Fire ad in g upon chis elaftic Matcer. WhilftI 
have ferioufly weighed all thefe things, I have frequently doubted with my
felf, whether the A ir  icfelf, in which are Oils, Sales, and Spirics, or any ocher 
Menßruum^ whether fluid or folid, ever operates in their folucions o f Bodics 
by pure mechanical Principles; efpecially confidering chac chey chemfelves are 
fcarcely ever fimple and perfedly pure: A nd upon examinacion I have found, 
thac there are intermixed wich them all various parts o f differenc powers, which 
have their proper and peculiar vertues, by which cheyaccrad, repel, and change 
Bodies afcer various manners. W hoever, cherefore, afcribes more to a mecha
nical power chan the All-wife Creator has allotted to it, is certainly in the wrong: 
This, as every thing elfe has ics proper limits, wichin which if  we keep, we 
ihall a d  wifely, and may fo far fafely tnake ufe o f  chis caufe for explaining the 
Operations o f  the Chemical A rt. Thefe then. Gentlemen, are my fentiments 
upon this head ; which the love o f  truth has drawn from me. How diilant 
thefe are from the charge that has been publickly ̂ fixed upon me, that I pre
tend to explain all chemical Operations by mechanical Principles, y o n  your- 

-felves are judges. This certainly is impofing upon che W orld, and imputing to
me



me what is vaftly different from my way o f  thinking, and what I conftantly 
oppofe, as, I believe, there is no man living lefs pleafed with this opinion than 
myfelf.

Having thus, then, difpatched the D odrine o f  Menfiruums that a d  by aOfAf«/ra-, 
mechanical power, I come now to examine chofe which execute their office 
by fome particular vertue, and do not operate by any o f  thofe qualities with larymuc. ’  
which the A uthor o f  Nature has endued Bodies in general. And thefe, 
iti reality, are fo numerous, that there are fcarce any that do not come under 
this head. It will be neceffary, therefore, to digeft this vaft multitude into 
certain ClaíTes, prefixing to each o f  them fome diftinguifhing charader, to 
which they may be reduced. And this method will have this evident advantage, 
that it will both affift the memory, and give us an opportunity o f  referring 
any new ones, that may be found out, to fome that were known before, and 
thus, from che afHnity o f  their nature, eafily underftanding the force o f their 
aftion.

O f  W a t e r  and W a t e r y  M e n s t r u u m  s .

In the firft place, then, I ihall treat o f  W ater, and watery Menfiruums j which 
will make up the firft Clais.

Water, then, congealed with Cold^ being mixed with dry or fluid Salts, ictzma.* 
volacile or fixed alcalious ones, volacile or fixed acid ones, and compound/«'"»»* 
ones, as alfo wich fermenced vegetable Spirits, boch diflTolves, and is diifolved ; 
and in this fenfe, cherefore, why may it not be referred to folid Menfiruums?
This it does in the moft intenfe cold, and always by this means excite a geater 
degree o f ir. See p. 97. and following, where this affair has been handled 
already, and therefore may be here properly omitted.

The proper diifolving adion o f  W ater, however, ftr id ly  fo called, begins But rather 

then, when chis Element continuing ftill in a ftate o f fluidity, is in the v e r y  »hen u isa 

next degree to freezing. This, therefore, according to our former obfervations 
will be, when FahrenheWs Thermometer ftands at abouc 33 degrees ; for 
then a hoar-froft begins to be formed in the A ir. But that great Mathemati
cian Römer, during che feverity o f the Winter 1709, is faid to have obferved 
at * Gedanum the fame Thermometer, o f  which he himfelf was the firft in
ventor, fall from the freezing point 33 to the degree i  •, and confequently the 
Cold had then increafed 3 2  degrees beyond a freezing one. But as this place 
is in 40 degrees N orth Latitude, and therefore 50 degrees from the N orth 
Pole as the cold always grows greater and greater, the nearer you approach 
to the Pole j and as no body has ever yet been able to get thither, the ex- 
cefTivenefs o f  the Cold proving fatal long before one can come near i t : Hence 
we cercainly know, chat the Cold abouc the P ole muft be greater than any 
that has ever yet been obferved, though to whac degree it rifes chere it is. 
not poifible to determine.

This, however, which is fufficient for our prefent purpofe, we may be a b - its force dif- 
iblucely fure of, thac through the whole extent o f Cold, from the degree 3 2  ferentindif. 

to thofe unknown limits, pure W ater can never perform che office o f a liquid S HeSf*'*

*  I f  our Author means D antzick  here, w h ich  is the only place that I  k n o w  o f  that this word fignifiesj 
that lies in about the latitude 54, and, confequently, but 36 degrees from  the P o le : T h is  does not a t 
^1; however, invalidate the force o f  the argument.

Menfiruum-.



Menjiruum. Buc as W ater, now, by the application o f  Fire to it, may be 
heated to 214 degrees; hence its aftion, as it depends upon Fire, maybefo 
far increafed, but no farther, fo long as it is upon the furface o f our Earth, 
and expofed to the open A i r ; for under thefe circumftances it is not poflible 
to give ic any greater degree o f  Heat. I f  we remember, however, thatWa- 
ter is capable o f  receiving fo much more Fire into it, as ic is compreffed with 
a greater weight of the Atmofphere, then we may clearly conceive, that the 
power o f W ater, when increafed by Fire, in the deepeft receffes o f the Earth, 
may be fo immenily great, that its diffolving force thus augmented may be 
greater than chat o f  any ocher Menjiruum chac we are here acquainted with. 
Buc be this as ic will, this we are fure of, that W ater with us, as Water, 
has its diffolving power confined within 32 and 214 degrees o f  Heat, 

lut limited* T o  the very great happinefs, therefore, o f  the prefenc age, we are able to 
meafure the power o f  Fire upon this firft Menjiruum. And here it is very en
tertaining to take a view o f  the various methods o f Nature’s working ir\ 
thefe different degrees o f  H e a t; for in many folutions performed by Water, 
its diffolving power increafes in proportion to the Heac to which it is expof. 
ed, and remits, and grows lefs again, as that is diminifhed. Thus we find, for 
inftance, thac W ater 33 degrees hot will contain a cercain quantity of Sea Salt 
diffolved in ic, which, thus refiding in. ic, will prevent its being frozen with 
that degree o f Cold, in which pure W ater begins to be congealed ; for the 
interpoled Salt feems to hinder the Surfaces o f the Particles of W ater com
ing into contad wich one another: But i f  the Cold comes co be increafed much 
above the degree in which pure W ater freezes, then the fait Water likewife 
begins to be reduced into a lefs fpace, and the Salt, being preffed out by the 
contraded W ater, begins to colled  icfelf into little chryftalline Grains at the 
bottom o f the Veffel. And if  afterwards the Cold grows gradually iharper 
and Iharper, the W ater will by degrees difcharge more and more S.iit, tillat 
laft, being pretty nearly freed from it, ic will be intirely converted into Ice: 
A nd here, in eyery degree o f  this increafing Cold, there will be more Salt fe
parated from the W ater than there was before. On the contrary, now, if in 
Wacer 33 degrees hot you diffolve as much Salt as ever ic will take up, and 
then increafe the Fire till you make it boil, throwing in a few grains of 
Salt upon every new degree o f H eat, you will then find, that ic will gradually 
diffolve more and more Salt, till the Brine begins to boil, buc then will diffolve 
no more, though you keep it boiling for a confiderable time. In the former 
cafe too it ihould be added, thac Water which difcharges its Sale by means of 
Cold, and then freezes, when afterwards ic comes co be thaw’d, will diflblve 
again the fame Salt that was ieparated from it.

At appea« Buc chac you may have ocular demojiltracion o f  the truth o f  this, pleafe to 
m c S r " ' a t te n d  to the following experiments. In the f i r i l  place, then, I  ta k e  an ounce 

o f  pure dry Sea Salt reduced to powder, which I put into this clean glafs che
mical vial, and then pour 3 ounces o f  clean Wacer gently down the fides of 
the neck, and fee the Veffel by in che degree of Heat which che Thermometer 
at prefent ftands at. In this other V ial i  have exad ly  the fame quanticy of Sale 
and Water as in che former, and hold it in the fame degree o f  Heat, but this 
I ihake very brifkly abouc, adding now and then a fmall quantity o f Silr, till 
jc won’ t diffolve any more. T his third Vial, likewife, is furniilied with Water
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and Salt, as the other two. In this brafs Kettle, now, which is upon the Fire^ 
and has W ater in it, I put the fecond V ial which contains the W acer and Salt 
diflblved by concuflion \ and this third, which was not ihook at all j and by 
gendy increafing the Fire gradually heat the W ater. Y ou  jjerceive, now,, 
evidendy, that as the H eat grows greater and greater, the Salt m the Vial thac 
was not ihaken, begins to be more and more diflblved, and that much fooner, 
and in a much greater quantity than that is in the firft V ial, which I fee by in the 
prefent heat o f  the A ir :  So that now, within a ihort time, the diiTolution of the 
Sale in this vial which is at reft, is equally effeded by the application of-Fire 
to it, as you faw it was before in the fecond cafe by fhaking the VeiTel. But 
inco this Vial, now, which has the Sale diÎTolved by concuiTion, as ehe HeaC 
gradually increafes, I coneinually ehrow in a few grains more o f  Salt, and this I 
concinue to do till the W ater in the copper VeiTel begins to boil j and you fee- 
there is now a confiderable quantity o f Sale dilueed in this W ater, befides whac 
it could diiTolve, when the V ial was Ihaken about, though it was agitated very 
ftrongly. H aving thus, then, thrown into this Vial, ftanding in the boiling.
Water, fo much Salt, that the W ater in it will not, in that degree o f  Hcac, 
diflblve thc laft Grains I put in, I now take out the V ial with its W ater thus- 
faturated with Salt, by means o f  the Heat o f the boiling W ater, and w ipin g, 
it clean, fet it by, that it may gradually cool. A s  the heae o f  ehe W ater, 
now, decreafes, the Liquor which before was pellucid, begins, you perceive,
CO grow opake, and turbid, a  Pellicle forms itfelf upon its Surface, the Sale 
is precipitated to the bottom \ and now ie is reduced to ehe eemperaeure of the- 
furrounding Atmofphere, it has difcharged almoft as much Salt as it had ■ 
diflblved more in the H eat o f  the boiling W ater, than it had in the external A ir.
Having thus, then, obferved thefe Experiments, pleafe now to turn ycRir 
eyes to the firft V ial, which I fet by with 3 ounces o f  W ater, and i o f Salt.
And here you fee part o f the Salt is dilTolved at ehe boeeom, whilft a con
fiderable part o f  ic remains ineire, as before. And that pare which is thus- 
diflblved is not mixed wich the W ater, but continues at che boctom o f  the 
Glafs, in form o f a heavy, pinguious, and, as ic were, tenacious Liquid j and 
if it is not ihook, will continue in thac manner for a long time. I f  you ihake 
it about, however, icdiiTolves in the appearance o f  little Eels, and becomes dif
perfed through the incumbent W ater, nor ever feparates from it again, and fub
fides to the bottom. This, now, being thus ihaken from the boctom, another 
portion o f the Sak is diiTolved, and keeps at the bottom too as the former did, 
till it is agitated and mixed with the W ater that is lefs fak, and fwims at top- 
of it; and the operation will be found to proceed in the fame manner, till al- 
mofl: all the Salt that was put in is diifolved in this quantity of Wacer. In • 
order, now, to make thefe Experiments, you fee 1 have made ufe o f  two glafs 
Vials, whofe necks are fo long, thac nothing could exhale from the Brine in the - 
Wly of them, whilft they ftood in the boiling W ater \ which is neceiTary
10 be obferved : And you took notice, that I heated thefe necks, left being : 
expofed cold to the hot Vapour o f  the W ater, they Ihould fly to pieces.

If you pleafe, now, we will take a view o f  fome o f  the Pbanomena which coroiian» 
oiFer themfelves to our obfervation in thefe fimple Experiments, and which de- 
ferve to be properly confidered. i .  Then ic appears hence, that neither 
tiic Particles of the Salt, or the Water, are any ways changed in this Operation».
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but that they are only fo united together, that the W ater is now come into 
contaél with the Salt, in the fame manner as the Elements o f  the Salt and 
the W ater, feparately confidered, were in contad wich one another *, which kind 
o f  folution is called mere mixture. 2. T h a t the H eat, in proportion to its 
Strength, increafes the mixing power in fuch a manner that both the Solution 
is performed quicker, and a greater quantity o f  Salt is diiTolved in the fame 
quanticy o f  W ater ; and this is conftantly the cafe, fo long as the Water is 
capable o f  admitting any farther degrees o f  Heat. 3. T h a t aqueous Menjlru- 
urns, which are perfedly faturated with Salt, i f  they are afterwards expofed to 
a greater degree o f  Cold, grow turbid, and depofue fome faline Corpufcles ; but 
upon being reftored to their former H eat, recover their tranfparency, and dif
folve again the Salt they had difcharged. 4, T h at the W ater is condenfed 
by  Cold, and the Salt diifolved in ic com paded into chryftals, which melt 
again upon the return o f  the H eat. And this is true, to fuch a degree, 
that even O il o f  V itriol itfeif, that is perfedly dephlegmated, will continue 
fluid in a Veifel accurately ftopp’d, but by an increafe o f  Cold will be con
denfed into a folid Mafs, which in a warm A ir  will diifolve again fpontaneouily. 
5 . T hac boiling W ater, when ic is thoroughly faturated with Salt, is heavier 
than thac which is pure. Hence it comes to pafs, that this Brine, whilil it 
is boiling on the F iie , appears by the Thermometer to be hotter thanfitnplc 
boiling W ater. A n d  hence, i f  a glafs Veifel, with this Brine included, is fcc 
in boiling W ater, the Brine can never be made to boil by the heat of thaï 
W ater, but requires a greater degree o f  H eat before ic will difcover any figns 
o f  ebullition ; tho’ i f  pure W ater was thus put in boiling W ater, rhat likewife 
would boil immediately, as you have had the pleafure o f  feeing. 6. So far, 
therefore, the caufe by which Wacer is a folvent Menftruum^ is Fire, o f which 
being deprived, ic ceafes to a d . T h e  truth o f  this, conglaciation evidently 
evinces; for this beginning at che degree 3 1 , and defcending 72 degrees 
lower (p. 100) the Cold chrough all che degrees o f that decreafing Heat 
more efficacioufly expell’d almoft all kinds o f  Salts diifolved in the Water, and 
that to fuch a degree, that even Spirit o f Nitre itfeif became concreted into 
icy Glebes. Hence, chen, we evidently demonftrate,. that as Cold gradually 
increafes, it in proportion feparates Salt more accurately from W ater, andexpells 
it perfedly when ic comes to be thoroughly frozen. T h e fame cold toodeprives 
W ater o f the power o f  diffolving A lcohol ; for in che W inter o f the Year 
1729, I expofed A le, W ine, Vinegar, and Brine, in large flat VeiTcls, to 
that ievere Cold, and the Froft reduced almoft all the W ater of. thefe Liquors 
inco a fofc, fpongy kind o f  Ice, and uniced the ftrong, generous Spirics into 
one L iq u id ; fo chat piercing che icy Cruft, one m ight pour out a fragrant, 
and very fapid L iq uor, now feparated from the W ater, wich which ic was 
before diluced. A nd the more intenfly the Cold was increafed, this feparation 
was conftantly fo much the greater. Cold, therefore, deprives Water of thas 
property o f  a Menftruum by which ic diflblves A lcohol and acid Salts. 
A n d  it is exceeding probable, that che greateft Cold, poifible in nature, would 
condenfe W ater inco fuch a Body, as would have no diifolving power ac all; 

,buc fuch a Cold-as this we are not acquainced with. 7. Hence wc fee, leventhly, 
that the proper power o f  W ater, by which it is capable o f  diifolving Saits» 
<or any other Bodies, keeping theiti diifolved in ir, and united with ic>
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not of itfelf fufficient for this purpofe, but abfolutely requires the afilfliuice 
of Fire to be able to retain them in a ftate o f  folution. 8 W hat has been de
livered, i f  it is applied to the animal Fluids, the human in particular, will 
beef excellent iervice to us, tho’ it is but very little attended to. F or among 
all che Fluids that are obferved in a found Body, W ater is the principal, and 
much the greateft in quanticy, and is always found intermixed with every one 
of them wichouc exception. In chis, therefore, the Elements o f  all the other 
animal Humours are diflblved, and circulate togecher wich ic, and are kepc 
by ir in a proper ftate o f  fluidity. A nd hence does i fn o t  evidently appear, 
what furprizing alcerations this W ater, which is fo obnoxious to Cold and H eat, 
muft induce upon thefe Humours? Examine the Blood drawn ouc o f  the Veins, 
and how wonderfully do you find it changed from itfelf by only being ex- 
pofed to a gradually increafing C old ? Obferve this Urine, which was made 
but a few hours ago by a healthy man that was fafting, and yet you fee, in 
this cold feafon, ic has already depofited a thick fedimenc at che boccom o f  
the Urinal. But pleafe to attend, now, whilft I gradually heat this W ater 
ov̂ er the F ire ; and you perceive it diflTolves the Fences that were feparated from 
it, and thac in a ihort time it becomes juft the fame as when it was made.
Hence, therefore, Jet us learn, what confiderable alterations may be brought 
about in the living Body, by the variation o f  the heat o f  the W ater con
tained in it. And whilft we are upon this head, I can hardly help abfolutely 
inferring, that the difiTolving Power which W ater has as a ’Menfiruum, always 
increafes ex a d ly  in proporcion to the augmented H eat, cill ic comes co a ftate 
of ebullition : T his all che Obfervations we have propofed confirm the truth of.

But how dangerous is it, to pleafe one’s fe lf  wich generals in Phyficks, toThcppvi-er 
recede ever fo little from Experiment, or too haftily to come to conclufions? water'̂ iaii- 
For there are other Experiments, and thofe not a few, which would induce ous. 
one to believe, thac the diifolving power o f  W ater decreafes in proportion as 
its Heat increafes; an undeniable demonftracion of which I (hall now exhibit 
ro you. In chis Urinal I have fome clean W acer warm’d to the heat o f  thc 
human Body. Into this I throw thefe Balls made o f  wheaten flower, work’d with 
Water into a fofc, tenacious Pafte •, and don’ t you obferve how they melt, 
are diluted, diflblved and mixed with the Wacer, and render it turbid ? Inco 
this other Urinal, now, which ftands over the Fire, and in which the W ater 
boils, I put fome more o f  the fame B a lls; and thefe you perceive do not dif- 
folve, but on the contrary, though they are thrown about by the force o f  
the boiling W ater, grow  hard, nor have any o f  their Corpufcles beaten off. 
Butagain, with this W ater, warm’d as before, I mix the white o f anew-laid E g g  j 
and you fee ic diifolves, and when ic is diluced in che W ater, difappears: Buc 
now as I make che Wacer gradually hoccer and hoccer, it begins, you perceive, 
by the Heat o f  this W ater now in a greater mocion, to be formed into 
fibrous concretions, and at laft grows totally hard. Here, therefore, you have 
an ocular demonftration, thac upon increafing the Heac from one certain 
point, the white o f an E g g  begins to harden, and grows continually harder 
and harder j and yet, from a certain limit o f  Cold, to that degree o f  H eat in 
which the coagulation firft appears, upon every freih addicion o f  H eat, it is 
more and more diluted. T h e  fame thing holds true in D ough, our Blood, and 
that o f other Animals.
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SubftancM Hence, therefore, we muft reduce into ClaíTes thofe Bodies which are always 
wScMn certainly diifolved by Wacer, in every degree o f  Heat thac can be communi- 
every degree çated CO it. O f  this kind, then, atc I . AW Sal-Gems, Fountain Salt, Sea Salt, 
Fir '̂sait. Nitre, s.ï\à. Sal-Ammoniac, Cyrenaican ¡íná Ægyptian, as che faftiti-

ous. 2. A ll pure, volacile, alcaline Sales, whecher fpontaneoufly produced by 
putrefadion, or artificially procured by diftillacion, from Animals, or Vegg. 
tables. 3. Every kind o f  fixed alcaline Sales prepared from Vegecables by 
burning chem. 4. A llio r ts o f  acid Salts that are naturally generaced, either in 
the vegecable, or foifil kingdom. And to thefe we muft add all vegetable Acids, 
procured by a proper fermentation, when by this fermentación there is a pro
dudion o f  Spirics, and parcicularly when by a double fermencacion thofe Spirits 
are prepared, which are commonly called Vinegar. And again, hither mud be 
reduced thofe Acids, which by diftillation are procured from moft kinds of 
W oods, hard and ponderous ones in parcicular, as O ak, Guaiacum, Salfafras, 
and the like •, as likewife all Vinegars, which, by diftillation, have acquired 
the name o f  diftilled Vinegars. T h e  condenfed Vapour, too, of burning Sul
phur belongs properly to this Clafs as well as that Acid which by a very ifrong 
Fire is drawn from Alum , Vitriol, Nicre, Sal Gem, and Common and Fountain 
Salt. 5. Compound Salts, arcificially produced by combining together alcalious 
and acid Salts to a perfed facuracion. And chefe are very numerous, on ac
count of che variecy o f che fixed, volacile A lcali’s, che greac number of vege
table and foifil Acids, and che diverficy even of thofe o f the fame kind. Buc 
though all thefe, now, thus prepared, will diifolve in W ater, yec iet me cau
tion yo u , that among chefe, thac which goes by the name o f  vitriolatedTar
tar is diftblved by ic wich the moft difficulcy, and will very quickly again har
den in it into a folid form. 6. Thofe fingular and furprizing Salts, the Borax’s, 
may likewiie be diluted in Wacer, buc noc eafily, and noc wichouc a large quan
tity o f  Wacer, and a ftrong Heac concinued a good while ; and hence, if either 
che W ater is leffened, or the Heat abates, chey prefencly form themfelves again 

• into folid Maifes. 7. Native, vegetable Salts, produced from their Juices, by 
dilution, filtration, infpiflacion, and then leccing chem ftand a good while quiec, 
as the eifential Salt, as it is called, o f  forrel, and others ; all which are fo eafily 
diifoluble in W ater, chac chey can fcarcely be kepc from melcing o f  themfelves. 
8. A nd laftly, the Salts o f  Vegecables, which are generated from Wine, or 
the Juices o f  Plants perfedly fermented and depuraced, adhere 10 the Calks, 
and go  by che name o f  Tarcars. Thefe, if chey are pure and hard enough, 
will concinue dry in the A ir, nor will difiblve in their own Wines. In Water 
they are diluted wich difficulcy, noc wichouc a greac Heac, and cwency times 
their weighc o f Wacer -, and as foon as ever eicher che quantity o f Water, or 
the Heac neceiTary to keep it boiling is diminiihed, they immediacely run into 
lictle folid Glebes. But except Borax, Nicre, Tartar, and vitriolated Tarcar, 
all the ocher Sales will noc only diflblve in W acer, buc are in cheir nacure fo averfe 
to being kepc dry, chacthey even run wich the W ater they accrad out o f the com
mon A ir ; the pure acid Salts, and the volatile and fixed Alcaline readiell oí 
all. As for the acid ones, cercainly, ic is exceeding difficult to exhibit chem 
pure and dry, nor can ic be done, except when it is vailly  cold. And when you 

■take fixed alcalious Salts ouc o f  a melcing Fire, if chey are expofed even to 
 ̂ dry A ir, as foon as ever their Heat abates a little, chey immediately grow
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damp with the moifture they draw out o f  it. Hence, therefore, it evidently 
appears, that thefe Salts have a fecret power o f  attracting W ater into their 
d r y  a n d  bibulous Subftance. In the action therefore o f W ater, by which it d i
lutes thefe Salts, there are two Powers, which ought carefully to be diftinguifii- 
ed from one another, confpiring together, one o f  which diifolves, the other at- 
trads, and both in conjundion make up the efficacy o f  an aqueoüs Men- 
firuum. Here, however, we muft not om it taking notice, that there are fome 
Salts, which when they are alone, are vaftly greedy o f Water, and yet when 
they are combin’d together form a third, which admits it with a great deal 
of difficulty. W h at, for inftance, attraéls W ater more greedily than O il o f  
Vitriol ; or what parts with its W ater harder than the A lcali o f  Tartar ?
A n d  y e t  if  you accurately mix thefe two together in fuch a proportion, that 
the Compofition ihall by no fign diftinguiih itfeif to be either acid or alca
line, you will then have a dry Salt that will diifolve in W ater but flowly.
The fame thing is obferved to hold true in other faturated Salts, thus pro
duced by combination, tho* perhaps in a fomewhat lefs degree. But farther, 
in order to the perfed Solution o f all thefe Salts, there is required a certain 
proportion of W ater, which i f  you do not keep up to, there will be fome Salt 
remaining undiifolv’d at the bottom. And when W ater, in a certain degree 
of Heat, is fo thoroughly faturated with any particular Sait, that it will not 
diíTüIve any more o f it, yet this Lixiviumt thus impregnated, will in the fame 
temperature take in fome other Salt o f  a diiferent nature. Thus, for inftance, 
if you put Sea*SaIt into W ater that is faturated with Nitre, you will find the 
Water will diifolve a great part o f  it, tho’ it would admit no more o f  the N i
tre. And even then, when it is thus faturated with thefe two, you may af
terwards add Sal-Ammoniac with the fame fuccefs.

In the fecond place W ater, as a Menftruum, diifolves all thofe Bodies, which secondly, 
from the large mixture o f fome Salt in them, are called faline. A ll thefe con- faüneSab- 
tain one o f the Salts abovementioned, which makes up the greateft part 
of them, being intimately united with fome other parts, which are nei
ther Salts, nor o f  a faline nature, but belong to fome other clafs o f  B o 
dies. I 'o  this kind we may reduce *, i .  A ll natural Sapo's o f  Plants, which 
we have before taken notice o f and explain’d. O f  this iort we there told you, 
are the ripe juices o f  all kinds o f fummer fruits whatever ; in all which the 
Water, O il, Salt, and Spirit o f  the Vegetables, are moft accurately mixed 
and concreted together, and all which are readily diifolv’d in W ater. (See p.
39,) 2. Some fingular concreted juices, difi^erent from the former, which are 
generated, and brought to perfeélion in fome particular part o f  the Plant. Pulp 
ofCaffia, Manna, Honies, and Sugars, are referr’d hither. Thefe, indeed, 
may in iorne meafure be reckoned among the former, tho’ they differ in the 
marks juft mention’d, and evidently contain lefs W ater. T h ey are Sapo*St 
however, abounding in an O il and Salt compounded together ; and hence they 
are capable o fb ein g  p erfed ly  diluted with W ater -, even the Gums themfelves 
not excepted. 3. T h e  more liquid juices o f Vegetables, which circulate in 
their proper Veifels through every part o f them. O f  this fort are the Fluids 
that, run from the incifions made in the Birch, W alnut-tree, and Vine in the 
fpring feaibn. A ll  thefe, o f  which iji different Plants there is great variety, 
2>ttSapo*s too diluted with a great  ̂deal o f Water i and hencç arç thoroughly
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difpofed for a farther diiTolution in an aqueous Menfiruum. 4.' A ll the hu. 
mours o f  Animals hicherco obferved, are very eafily diffolved in Water, ex. 
cept the fat alone. None o f  thefe native Humours, however, are more greedy 
o f  Water than the Bile, as I learnt formerly, when I endeavoured, with a gen
tle H eat, to infpifface fome oi it frefh taken out o f  an Anim al, in order to 
form it in Pills, and render ic fit for keeping. BuC whac was the confequence? 
W h y the Mafs fpontaneoufly difiblv’d in che Air. 5. A ll  Soaps made of an 
cxprefs’d vegetable O il, a fix’d vegetable A lcali, and che igneous part of 
Q u ick-L im e, mix’d together by che help o f  boiling W ater, and chen by a 
proper co<5tion infpiflaced inco one Mafs pretty clofely concreted cogecher. As 
likewife chofe Soaps which are prepared from diftilled vegetable Oils, compound
ed wich a very acrid igneous Alcali, very dry, and very hoc, made likewife 
wich che ftjarpeft ftony quick L im e: Thefe are made by fimply mixing thefe 
Subftances cogether, and chen expofing chem in a low place co che open Air. 
T o  chis head, likewife, belong chofe very choice Soaps prepared in a more cu
rious manner, -from che pureft diftilled O il uniced wich a fimple volacile alca
line Sale, without che admixture o f  any W ater, and perfeded by a gentle, 
cautious, fecret, repeated Sublimation, which chen produces a moft excellent 
Medicine. And laftly, chofe artificial Soaps the moft fubtil o f  all, made by 
a proper combination o f  che moft perfed A lcohol, wich an exceeding pure vo- 
iacile alcaline Sale. Thefe, if  chey are manag’d in a proper manner, are chang
ed into a very volatile, faline, faponaceous, fulphureous Snow, which generally, 
tho’ improperly, is called the Offa Hehnontiana, by Raymunà Lully, (Spiritm 
Vini acualus Sale-Ammoniaco }̂ Spirit of Wine fharpened with Sal-Ammoniac. To 
which likewife we may refer one more, which they prepared from Alcohol, 
and Tartar intimately united together, by fome method which was kept a fe
cret. In all thefe Soaps, Chemiftry is continually finding ouc fome new, and 
very efficacious Menfiruums, which are ufed very fafely co excellent purpofe 
in the healing A rt. N ow  this is parcicularly remarkable in chefe, that tho’ 
Oils, when chey are alone, won’c admit o f  a union wich Wacer, yec they will 
bed ifio lv ’d by it when chey are thus combin’d wich Sales. Salts, when they 
are by themfelves, accrad Wacer \ and fo they do Oils. Hence, cherefore, we 
Jearn che mechods by which Oils may be diluted in pure W ater. 6. To thefe 
faline Bodies may be referr’d, fixthly, with regard to an aqueous Menfiruum, 
V itriols as che Chemift calls chem, or Chryftals, which are generaced, when 
the Solvenc Salts, Acids in particular, divide Mecals into their fmalleft Par
ticles, and adhering to them very cenacioufly, become concreted wich chem in
to little Glebes, which are incirely diflbluble in W ater, withouc any re
maining, fo long as chey retain chis crue^vicriolic form. O f  chis kind are the 
Magefteries, Sugars, Sales, and Vitriols, as they are called, o f Gold, Silver, 
L ead , M ercury, Iron, Copper, and T in , whilft chey continue compounded 
o f  che acid Solvent, the Wacer, and che Partidos o f the Metals mixed together 
in fuch a proportion, thac chey remain clear and pellucid, like Glafs, or 
Chryftal. T h e  greater quantity now o f  the folvent A cid  is added to the Me
tal formed into Vicriol, the eafier always will it afterwards be diluted in Wa
ter. But i f  che W ater is difllpaeed from che Vitriol by a gentle Heat, fo as 
to  render the Glebules opake, chen the mecaliine Particles prefently difpofe 
themfelves in fuch a manner, that they will noc be fo eafily diflTolved in Wa
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ter as they were before. N ay , i f  you concinue to dry thefe Chryftals in this 
nianner, they wili at laft noc be capable o f  Solution ac all, tho* they will ftill 
retain a confiderable part o f  their folvenc Acid. A n  evidenc inftance o f all 
this we have Ìi) M ercury. I f  you take an ounce o f  this Fluid, which is abfo- 
lutely indiifoluble in W ater, diifolve ic in an ounce and a half o f  good Spiric 
ofNitre, and then flightly infpiifate it, you will have a Liquor which you 
maydiluce with pure W ater as long as you pleafe. W hen you have lec this 
Liquor ftand quiec for fome time, ic will at the bottom iiioot into Chryftals, 
which are exceeding cauftic, whitifli, and femi-pellucid, and will diffolve, 
inftantly, and totally, in W ater. D ry thefe now inco a whice, yellow, red, 
fcarlec Powder, and then W ater will not intirely diflTolve them. In this refped, 
therefore, W ater difTolves thofe M etals no further than with regard only to 
the Acid chac adheres to the metalline Surfaces ; and for this reafon, the W a 
ter immediacly lets go the Mecals as foon as ever they are by any means de
prived o f their A cid . Hence Metals, when they are difTolved in Acids, and 
then plentifully diluted wich W ater, may be rendered potable, be received into 
thehuman Body, be there mixed with its Fluids, and a d  upon ics Solids, and 
by this means bring about thofe effeds which ic is able to perform upon ei
cher of them. And the effeds, indeed, o f thefe, are frequently obferved to 
be very confiderable j as by their acid and metalline quality they a d  upon boch 
thefe parts very powerfully. T h is efficacy, however, remains no longer than 
whilft chey continue in this fluid form ; but as this depends chiefly upon the adhc- 
ringAcid, when that is remov’d, their potability or mifcibility is deftroy’d likewife, 
and they are converted into a Cah., and Powder. Hence, then, we underftand, 
how long medicinal vitriolic W aters continue efficacious, viz. fo long as a 
folvenc Sale is able to keep the diffolved M etal diluted and fuftain’d in a large 
quancity o f W ater *, for as foon as by the inadivity or poornefs o f  the Salt, 
they come co depofite an Ocre, they immediacely grow flac and good for no
ching. W hat now has been faid o f  the adion o f  an A cid , with regard to 
Water, will hold good likewife in Metals diffolved in alcalious Salts ; as C o p 
per, for inftance, when it isdiffolv’d in a o i Sal-Ammoniac, gives 
a violet T in d u re, but being again deprived o f its Sale, is wonderfully chang’d, 
and turn’d into a dirty Powder. T h e  fame thing, likewife, is obferved in thofe 
Solutions, which are performed upon Mecals by native or compound Salts.
Thus Sal-Ammoniac^ or Sea-Salt, will by certain methods diffolve Metals in 
fuch a manner, that they will afterwards fuffer themfelves to be diluted with 
Water: And fo long thefe likewife are capable o f  producing a great many ei- 
fedls in the human Body., but in fuch a manner, thac here coo their adion is 
limited particularly to their folubility in W ater. Buc as in every other part o f 
Natural Philofophy, fo here likewife, it is very difficult to lay down a gene
ral rule that will in all cafes be found to hold good : F or che Solution o f  
Antimony, made wich the ftrongeft Spirit o f  Sea-Salt which adheres to the 
corrofive Sublimate o f M ercury, called Butcer o f  Antim ony, is thoroughly fa
turated with an Acid ; and hence, according to the Dodrine laid down, one 
would be apt to imagine, that ic mighc be eafily diffolv’d in W ater ; w hereas,. 
we find on che contrary, that if  you pour W ater upon ic, the antimonial part 
twns imiiiediaiely into an exceeding white Calxy which being fufed wich a
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ftrong Fire, produces a very beautiful Regulus o f  Antim ony, which cannot be 
diffolved in W ater by any A rt whatfoever.

Thirdly, But fQ proceed to thofe Bodies which are purely terreftrial. Thefe likewife, 
S i d i f .  i f  they are firft corroded by Acids, may be perfedly diluted in Water, and 
foived in lie there fo concealed, that the whole Liquor ihall appear perfedly pellucid • 

and hence thefe too are capable o f operating in this form. T ak e Chalk, for 
inftance, when it is plentifully corroded by an Acid, and you may dilute it 
in W ater at pleafure. A n d , indeed, I fcarce know any Earth thac may noc 
be difiblved in fome A cid  or other, and under this change impofe upon our 
Senfes. H ence, therefore, we may conclude, how little we can judge of the 
purit)  ̂ o f  Water, wich refped to any Earth that may be contained in it, purely 
from its perfed tranfparency : N ay , the true ultimate Earths, produced from 
the Bones, Flefli, Shells, and other parts o f  Animals, m aybe thus diflblved in 
A c id s ; and therefore, ail thefe too, may, in this fenfe, be fo far diluted in 
W ater itfeif, and afterwards, by various methods, be recovered from it 
again.

jTotAicairs* But tho’ earthy Subilances, when they are thus corroded by Acids become 
by this means diifoluble in W ater, yet we fee on the contrary, that when they 
are intimately united with A lcali’s, they are no ways capable o f  this Solution. 
T h is we fee evidently in Glafs, which is compounded o f  an Earth and an 
Alcali intimately blended together, whofe union the clofer it is, the lefs will 
W ater be able to affect them. W hac a vait difference do we here find then in 
Earch, with regard to its Solution by W ater, as ic is corroded by one of 
thefe Salts, or the other? A lca li’s diiTolve it more fubtily intoa fix’d, pellu
cid, very hard Subftance, which fo powerfully reiifts the diiTolving power
o f  W ater, that there is no Subftance, which in this refped, exceeds it. Ic ap
pears to me, however, ftill more furprizing, that the very fubtil, volatile, al
caline Salts o f  Animals, ihould by their union wich an Earth, form a Mafs 
that will bear the adion o f  boiling W ater without being diiTolved : But the 
Scone chat is generated in Animals is fuch a Body, confifting o f  thefe Princi
ples, and an Oil combined together. T his, to the great unhappinefs of many 
poor creatures, in whatever part of the Body ic happens co be formed, is capa
ble o f  propagating i-tfelf, and increafing in ics magnitude ; for ichas a powerof 
abforbing and uniting to its M afs, a Matter fimilar co itfeif, from chofe animal* 
Humours which are neareft co piicrefadion, as che Bile, and che Udne, in 
which che Sales become almoft alcalious ; and chefe again lay hold of the 
fine Particles o f  Earth that are abraded from the human Body in the courfe 
o f  circulation, and thus by  aiTociacing wich them, produce new ftony Ele
mencs, and thus concinually increafe the terrible monfter.

Hence we W h ilft!  fcrioufly now confider thefe things, I can*c chink buc chere appears- 
team the an evident fcafon, why che All-w ife Author o f  Nature, has made all the Ele- 

mencs o f  Animals, a very few excepced, o f  che acefcenc kind : For che acid- 
enofAoi- Siics, by chis means, predominacing in che Stomach, difpofe the Nutriment- 

to a much happier Solution than the contrary wou’d \ as the hard parts of the 
Food for their cohefion depend principally upon an Earth, and hence wouM 
by alcalious Salts be reduced with more difBculty into a liquid Chyle. But 
as foon as ever now che Chyie is prepared, arui from this there is a maccep to 
be feparated» that is proper for the formation o f  the Solids, then this acefcent
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quality, neceíTary before in the Chyle, is intirely altered, and the Salts become 
of an alcalefcenc nature, which, uniting wich the terreftrial Elements they meet 
with, compofe a Mafs not diifoluble in W ater, but fit to contain and keep 
the Fluids within their proper bounds. Bones, we experience, ifthey are im
mers’d in alcalious Fluids, retain their firmnefs; whereas, i f  they are kept in 
Acids they grow fofc, even fo far as to become flexible, as the great Ruyfib 
told me he had often taken notice o f  in his anatomical Inquiries. This, it is cer
tain, is very evident, that when the power which the human Bodyhas o f  convert
ing Acids into Alcalefcents, comes to fail, then the Bones, Cartilages, and 
Teeth, become lax, weak, foft, and flexible *, as in ric!<etty Children, in par
ticular, falls continually under every ones Obfervacion. Hence may Surgeons 
and Phyficians learn, how imprudent it is to make ufe o f  che íharper Acids 
ibr whitening the T eeth  j for tho’ they i^atter us with a prefent beauty, yec the 
Teeth by this means foon grow infenfible, loofen, and drop ouc. H ow  much 
better, therefore, for this purpofe are the milder Lixiviums oi fix’d A lcali’s well 
diluted, by which the earthy Particles o f  the Teeth will be no ways injured.

After thefe, Sulphurs oifer themfelves next to our Examination, which tho’ 
they are abfolutely indiíToluble in W ater, fo long as chey are alone, yec f u f f e r  Fourthly, 

a perfeft folution in it when they are intimately united wich A lcali’s. And „ S S h ”* 
hence again we may beft underftand the nature o f  fulphureous W aters; for AicaU's. 
what I obferved to you before concerning metalline medicinal Waters, holds 
true here likewife. But volacile alcaline Salts alfo, can fo rcfolve Sulphurs, as 
ro render them capable o f being diluted wich Wacer: And hence ic is evident, 
thac Wacer afilfted by A lcali’s, may be able incirely to diifolve Sulphurs.
And as this happens ofcen in thofe Sulphurs that lie intimately concealed within 
Metals, and Semi-metals, by this means, tho* before they were latent, they 
then come to light, and difcover themfelves openly. And hence it comes to 
pafs, that fuch Preparations, which are trifling to Perfons acquainted with thefe 
things, are fold about for the profoundeft Arcana : And in this manner even 
Princes chemfelves have been impoled upon. Thus we faw a L iquor prepared 
from Antim ony, fold under the grand T itle  o f  a Panacea. A  few drops o f 
this caken in a glafs o f  W ine, was immediately to cure difeafes wichouc any 
fenfible effedt: A nd, indeed, in fome cafes it was o f  fervice. But thefe fecrets, 
when they come to be known, generally lofe all their reputation, and thefe 
monopolizers no longer enjoy the gain of their boafted myfteries. After a pro
per Examination o f  che maccer, I found chis to be the Preparation. Upon na
tive Antimony, reduced by long rubbing to a very fine Powder, pour twice 
the quantity o f  O il o f  T artar per deliquimn, or the Alcaheft o f  Glauber 5 then 
digeft chepi together in a tall Bolthead for a confiderable time, and preccy hot, 
and the liquid Alcali will gradually difiblve the Sulphur that lay concealed in 
the Antimony, and chus will extraá: a red kind o f  a Tinéture, which has an 
igneous tafte, a difpoficion anti-acid, is heating, aperient, diuretic, and diapho
retic. Buc to confefs ingenioufly, one may at once have as good a Medicine, 
by boiling common powder’d Sulphur in a Lixivium  o f  a fixed acrid alcaline S a lt ; 
as chis Sulphur is perfedly o f  the fame nature with that in che Antim ony ; and as 
the mecaliine part ofthe Antimony is no ways affeded by the A lcali. I f  you cake 
powdered Antimony too, and according to arc manage ic wich an alcaline Spirit,

Sal-Ammoniacy you will thence likewife procure a golden fulphu-
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reous T in d u re, as formerly the illuftrious Boyle plainly made appear, that fuch a one 
might be prepared with fimple Sulphur. But to what purpofe is it to difcover 
thefe cheats ? Mankind love to be deceived ; che rich frequently don’ t value things 
except they pay for them •, and as for avarice, and extravagant pretenfions 
there’s no pretending to reftrain them.

F i f t h l y ,  t h e  Thofe Bodics, likewife, that confift o f  fo tenacious a G / ä / i? » ,  that theyabfo- 
lutely refift the power o f  W ater, may neverthelefs, by being intimately 
united with either fixed or volatile A lcali’s, be brought to be intirely dif. 
folved in it } for b y  this means chey lofe their tenacity fo repugnant to 
this Element, which they then admit betwixt their feparated Particles, and fo 
fuffer themfelves to be diluted by it. And hence we obferve, that che putrified 
Urine o f  Animals, ihtFaces o f  burnt W ine, all forts o f  Soaps, Bile, Honey, 
Sugar, and the Y o lk  o f  E ggs, i f  they are mixed wich thefe Bodies, make fuch 
an alceration in them, that they afterwards become diifoluble in W ater; fo 
that the power which Wacer has o f  wafliing and fcouring, depends almoft up
on thefe alone. T o  this head belong Oils, Balfams, Colophonies, Refins, and 
Gum-Refins, all which at lafi; come by this means wichin the reach o f the ef
ficacy o f  W ater, tho* they were perfedly indiifoluble in it before. Thefe 
then, Gentlemen, are the chief things that occur to me concerning the power 
o f  W ater, as a diffolving Menßruum^ that I can honeftly deliver to you as 
matters o f  fa d  ; nor do I know any thing more upon, this head, but whac 
may be referred to what has been delivered. I am well enough acquainted 
with thofe things, which the top Mafters o f this A r t  have advanced in their Wri
tings ; but che love o f  truth, and that integrity which is the diftinguifhing cha
rader o f  a good M an, and which I wou’d endeavour to have a proper regard to, 
won’ t fuffer me to lay them before you as true. F or to deal honeftly with you, I 
am in doubt myfelf, whether they have notattributed more to their inventions, chan 
was really in them» But let that be as it will, for my own part, I confefs inge- 
nioufly, thac I never have been able to difcover thofe fingular Areana, which 
they make fuch a boafting of. I f  you pleafe, however. I’ ll juft mention to you 
the D odrine o f  Van Helmont upon this S u b jed ; and that afl"erts plainly, thac all 
Bodies are by the Akaheß  alone converted into a Salt, that has perfedly the 
W eight o f  the former Body, and may be intirely diifolved in Water. If 
this was the cafe, ic muft neceflfarily follow, that the power o f  W ater muit 
extend univerfally over all Bodies: N o r, indeed, to thofe who fuppofe thac 
all things were produced from W ater, is it fo furprizing, that all Bodies what
ever ihould be refolved into W ater, Fire alone excepted, which, perhaps, for 
that very reafon, they fuppofe not to be corporeal. I obferved to you, in
deed, myfelf, when I was explaining the mechanical power o f  W ater in So
lutions, that this, tho* of fo exceeding fofc a nature, i f  it falls from high, 
will in cime divide every kind o f Body whatever into exceeding fmall Particles 5 
but thac thefe, when thus feparated by the motion o f  the W ater, continued af
terwards mixed wich it, I  cou’d never underftand. I mentioned likewife 
what Monfieur Homherg, a Gentleman o f  uncommon afliduity, and undoubt
ed veracity, has told us concerning W ater’s diifolving all forts o f  Mecals by 
being rubbed wich them : Buc I cautioned you at the fame tirae, that the Air 
had a free communication with them, which aUvays makes an addition of al
moft every kind o f  Salt, efpecially in the Laboratories o f  the Chemifts. For 
my own part, W ater feems to me to furniih only a Vehicle for the Elements

of



of Bodies, by which they may be capabJe o f  entering into Animals and V ege
tables, and there be mixed and applied, and bring about whatever is neceila- 
ry, either for the fupport o f their life, or increafe o f  their magnitude: I f  this 
alone is wanting, the whole remains a dry unaftive Mafs. A nd this feems to 
be the extent o f its power.

The Dodrine, then, o f  Water, as a Solvent, being thus laid down, it will Aqueon» 
be neceifary to fay very little o f  watery Menjiruums ; as it would be almoil 
only repeating the fame things over again. A  few Obfervations, however, 
which perhaps deferve to be taken notice of, I Ihall here fubjoin.

Hail falling in Summer time, after great Heat and Thunder, and catched in H ail, 

a c le a n  Veifel, has a different power from any other W ater whatever ; for this, 
of all Water, is the pureft, as it was carried to a vaft height in the A ir, was 
congealed in the upper Regions o f  the Atmofphere, and thus in a folid form 
defcended to the Earth.

Snow that falls in W inter, when it is exceeding cold, and there’s no W ind, Snow. 
if you colled it in a high fandy defart place, and take it ju ft from the top as 
foon as ever it comes down, produces the pureft W ater next to Hail.

Dew is a confufed mixture o f  a great many things together 5 for in this Dew, 
are aqueous, fpirituous, faline, and oily Vapours, and dry Exhalations o f  every 
kindwhatever. And on this account it differs prodigioufly from every other 
aqueous Menjiruum: For it is generated only after a long continued Heat has 
fcorch’d up the E arth ; and confequently, when the Rays o f  the Sun, by 
their great ftrength, have carried up into the A ir  Particles more fixed than 
thofe of W ater, which afterwards, when the H eat begins to abate, defcend 
again upon the Surface o f  the Earth, W ater, Plants, and Animals," and fill 
the dry and parched ground with a frefti iupply o f  moifture. A nd hence, as I 
told you before, the virtues o f  it can fcarcely be determined, or reduced un- 
êr any head. And indeed it is a colledion o f fuch different Principles, that 

I don’ t wonder many perfons fliould have imagined that there lay concealed 
in Dew, the latent M atter o f  a univerfal Salr, from which might be produced 
a Salt, which they call’d (Congelaius mundi Spiritus) The congealed Spirit of tha 
World. But I  pafs by thefe things, to proceed to the other Species o f  Men- 
JlruumSf adding nothing more than this one caution, that the W ater in the 
Air very often performs the office of a Menjiruum, where perfons unwarily 
imagine, that the effeds are ow ing to the proper efficacy o f the A ir.

O f Oils, and oily Menjiruums.

O f the Charader and Nature o f  Oils, I treated before, in the H iftory o f 
Animals and Vegetables, when I iaid before you the different parts into which 
their compound fabrick might be refolved, p. 38, 43, and again, when I was txa.- 
mining the o fF ire , p. 175, 208, O il then, to be confidered now properly

 ̂Menjiruum, is a fluid Juice, or that may by a gentle Heat t>e rendered fo, 
pinguious, inflammable when it is hot, and by no means mifcible with W ater.
If any one imagines, that Alcohol ought to be ranked among the Oils,
’ tis excepted only by the laft property, as this will readily enough mix 
with W ater: In all the other qualities o f  O il, it perfedly agrees with it.
A ll Oils, now, that have ever fallen under our Obfervation, are either na
tive, as they exift in the Bodies they are generated in ; or are prepared by
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A rt, the chemical one in particular, and then are always changed from th«r 
natural difpofition. N or can we help making thisdiftindtion between them, as on 
account o f their furprizingly differenc efficacy as Menfirmmsy they are abfo
lutely diftind from one another. Oils, then, or native oily Juices, are every 
where difcovered as fuch, boch in the Foflîl, Anim al, and Vegetable Kingdoms; 
•When A rt, which makes fome alteration in them, is called in to feparace them 
from cheir proper repofitories, it effeds chis, firft by boiling pinguious Sub
ftances in W ater, by which means the Fat being melted, and freed from its 
confinement, rifes to the top o f che W ater, and may be there colleded, not a 
greac deal altered from ics proper nature. A  fecond mechod o f  procuring 
them, is by pounding the oily Subftances very well, and then putting them be
tween two hot iron Plates, and wich a Preis prefling out the O il. And in this 
cafe too, i f  you don’ t make the Plates too hoc, che Oils will be very little dif
ferent from the native. Sometimes they are feparated likewife by bare melting 
them Î and chen the Bodies that abound with che oily M atter, are gently tor
rified with a proper Fire, by which means cheir Oils and oily Subftances ar-e 
forced out, and fo colleded. T his, in the Preparation o f  Pitch from the Co
niferous Trees, is fufficiently evident. U pon this head the Treatife of 
deferves to be confulted. L aftly , thefe Oils are drawn from Bodies by Di- 
ftillation, and that either by carrying them up by the help o f  Water, or Fire 
alone j or drawing them off̂  {perîaîus) obliquely, as in the retort j or deter
mining them downwards, which is called per àefcenfum.

'That do not In thefe laft Oils, which for the future wc ihall call diftilled Oils, it is al- 
eoagek. moftconftantly obferved, that they have never been found to have been fro

zen in the greateft degree o f  Cold, but have always retained their fluidity, 
But among, che expreffed O il, fome have been obferved to harden with a iharp 
Cold inco a folid Mafs, compofed of little Spheres united cogether, as.isfuffici- 
ently known in O il o f  Olives, Rape O il, and many more ; whilft others, aj 
we fee in Linfeed-O il, won’ c congeal even in a fevere Froft. W ith regard 
now to this remarkable difference in thefe Oils, I have not, upon the moft care
ful Examinacion, been at all able to difcover what ihould be the caufe of it:
I refer it therefore to fome fecret quality, which we are forced to acknowledge^ 
difcovers itfelt only by Experiments, nor can be reduced to any known Law. 
It is a vaft happinefs, however, to mankind, that fuch a matter ihould have 
this property o f  continuing liquid in a moft intenfe F roft, which at the fame 
time, by means o f  a W ic k  once fet on Fire, is capable o f  fupplying us with 
light. But here we muft farcher obferve, that the proper diftblving adion of 
thofe Oils thac will thus freeze, begins then only, when they are in che very 
next degree to congealing, but ftill appear in their liquid form : A« therefore, 
fome o f  thefe Oils freeze fooner than even W ater itfelf ; hence their diffolving 
power is, with refped to Cold, included within a narrower compafs than that 
o f W ater. Thofe Oils, on the other hand, thac,keep fluid in the greateft na
tural C old , always retain their diffolving faculty. Hence,, therefore, it appears 
at one view, chat it is impoifible co fix any one certain point o f  Heat, from 
which che power o f  Solution o f  all Oils in common ihall begin \ tho’ this in. 
any one Species of Oil may be n-early determined, when once it has been ac
curately obferved. I f  we confider now this property o f  Oils, how furprizingly 

y/e find, chac O il o f  Linfeedi tha’ ic retains its fluidity in che fevereft
ftQÙ.



Froft, has really at that time no more heat in ir, than the hardeft Ice, or 
any other frozen Oil ?

feüt farther, i f  you apply Fire to O il, and increafe it very cautiouily and Admit of a 
gradually, when it comes to a heac o f 212 degrees, which is that o f boiling 
of Water, it is then very far from boiling. Wacer, now, when ic once comes co 
boil, cannot, by the application o f the ftrongeft Fire, have any more heat com
municated to it ;  but O il from the degree 212 grows gradually hotter and hot
ter, and before it boils is found co have admitted 60c degrees. N o wonder, 
therefore, that boiling O il ihould be fo much hotter, and burn more cerribly» 
than boiling W ater. But here, too, we obferve, that all Oils, i f  they are ex
pofed to the fame Fire, don’ c boil equally foon. Thofe, for inftance, that are 
lighter, and more fubtii, boil eafier, and acquire lefs heat; whilft others take 
up more time, and grow  hotter: Thus redtified O il o f  Turpentine boils pretty 
foon ; Linfeed O il wich more difficulty. Hencc, then, we perceive how dif
ficult it is to determine the power o f  Oi‘l as a Menßruum ; for in Oil o f L,in- 
feed, for inftance, this power begins at the greateft degree o f  known Cold, and ; 
increafes to the degree 600, and in every degree o f  increafe it always acquires 
a new adive vertue, and that, whether you apply ic to the fame Body in dif
ferent degrees, or to different Bodies in the fame degree, or different ones. In 
both theie refpeds, therefore, you fee there is an infinite latitude. But co- 
make thefe things evident by ocular demonftration,

In the firft place, then, you fee this brafs Kettle,, which contains fome pure Thisappeaw 
Rain-water. Inco this I fee three Boltheads, as near as poffible o f  che f a m e  one e ï- - 

iize, and figure, and filled nearly to the fame-height, one with Alcohol, ano- 
ther wich diftilled Oil o f Turpentine, and the third with Oil o f  Olives : And 
in the W ater, wich chem, I place one o f Fahrenheit’ s mercurial Thermomecers.
I now apply Fire under the Kettle, and keep the W ater concinually ftirring, 
that ic may be heated as equably as pofllble. T h e  W ater in the Kettle, now, has ac. 
prefent acquired a heat o f  175 degrees ; and now you fee the Alcohol in the 
firft Glafs boils pretty ftrongly ; this, therefore, I  remove. T h e  W ater being 
kept frequently ftirred,. and growing hotter and hotter, has now arrived to the 
degree 2 1 3 ; and that you fee, now, boils likewife 5 nor does the Mercury in 
the Thermometer dilate itfelf any farther, though, as you obferve, I increafe the 
Fire, fo as to make the W ater boil very violently. But the O il o f  Turpentine, 
now, does not give the leaft fign o f  any ebullition in the fecond Glafs ; nor 
the Oil o f  Olives in the third. Here, then, you perceive this furprizing differ
ence: Alcohol, though a vtry fubtii, inflammable O il, boils a great deal fooner- 
ïhan Water ; Oil o f  Turpentine, which is fo much lighter than W ater, and 
pretty fubtii too, is not at all put in motion with the heat of boiling W ater, 
though this O il is inflammable likew ife; nor has the boiling W ater more, 
effed upon the O il o f  Olives: Neither inflammability, therefore, nor levity, 
nor volatility, can be the occafion o f  this difference, fince O il o f Turpentine is-- 
ib volatile, that it rifes in diftillation wich boiiing W ater.

But pleafe to attend to a fecond Experiment. W ith  the very fame Aaotheiy . 
Wus as before, inftead o f  W ater, I have put in the Kettle the ftrongeft' Brine 
of Sea Salt chat can be procured by boiling W ater. T o  this, now> l  apply 
Fire, as in the other cafe, and keep the Brine ftirring, too, in the fame man
ner. Y ou  fee, now, here ag^ain, that as foon as the Brine, comes to be.heat-
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ed to 175 degrees, the Alcohol boils as before ; which therefore I take away. 
T h e  Thermometer is now rifen to the degree 2185 and now the Brine begins 
to boil, likewife; which, therefore, you perceive requires 5 degrees more to 
bring it to this ftate, than pure W ater. T h e  Thermometer, however, in this 
cafe, will ftill continue to afcend gradually a little higher; becaufe in this ftrong 
ebullicion the W ater continually evaporates, and the remaining Liquid o f con
fequence grows denfer, which at laft would be nothing but mere Salt. In this 
Experiment, therefore, when we have once obferved the degree of heat at which 
the Brine begins to boil, it is fufficient. T h e Oil o f  Turpentine, in the mean 
time, and the Oil o f  Olives, difcover, as yet, no figns o f ebullition,

A Third. But to procced to a third, which I ihall perform with a great deal o f caution. 
In this fmall V ial, the Bulb o f  which is o f  an equable capacity, and the neck 
pretty long, I have put fome O il of Turpentine, which fills 4- the Bulb. 
T h e  whole Vial, now, both Bulb and N eck, I heat gradually and equably, 
left otherwife ic ihould fly when it comes near to the Fire. T he Glafs, then, 
an d  O il being thus heated, I hold it over the clear Coals in thh Chaf5ng- 
diih, bringing it continually nearer and nearer to the Fire. A rc not you fur- 
prized, now, that it don’c yet begin to boil? But obferve it, now it juft touches 
the Fire, and you may perceive an ebullition; And you fee, too, li don’ t boil 
gently, but vehemently; and at the fame time makes a confiderable noife. And 
though I have now removed the V ial from the Fire, you 6bfe»-ve the agitation, 
noife, and ebullition, continue a  good while in the O il, tiiough both Alcohol 
and W ater prefently ceafe boiling when they are taken o ff the Fire : But you’ll 
want to know what degree o f  H eat this O il acquired before it began to boil: 
T h is  you may difcover in the following manner. T a k e  fome Linfeed-Oil, in 
a brafs Vefle], place a mercurial Termometer in it, and the Vial with the Oil 
o f  Turpentine, and fet it over the Fire ; you will find, then, that the Oil of 
Turpentine in the Vial will boil a good deal fooner than the Oil o f  Linfeed in the 
Veflel, and at the fame time the Thermometer will indicate the degree, which, 
i f  I remember right, I found to be 560. A s this O il, now, in boiling fends 
o ff  its more volatile parts, the rejiduum, which wiil be thicker, will require 
prefently a greater heat to caufe an ebullition. And this more difficult ebulli
tion, and neceflary communication o f  a greater H eat, will increafe every 
moment, in proportion to the fpiflitude o f  the remaining O il. Hence, there
fore, it will not appear furprizing to the Phyficians, that thefe thick Oils, 
when they are put in agitation, produce fuch a  prodigious H e a t ; which Ob
fervation, if I am not much miftakeoj is both exceeding beautiful and ufe
ful. Buc thefe agreeable fpeculations carry me beyond my purpofe.

A Fourth. B ut to proceed to a fourth Experiment. I have here in this Vial feme 
O il o f  fweec Almonds frefli drawn, which, after all the cautions obferved in 
the former Experiments, i  at laft fet on the open Fire, till the Glafs is ready 
to m e lt ; and now you fee the Oil begins to boil, not before. And rhe mo
tion you perceive o f  this O il, when it boils, is quiet, equable, and without 
noife, and continues fo to the end; and yet the H eat o f  this is more than 600 
degrees.

Tiw quanti- From the confideration, now, o f the Latitude in which Oils will bear the 
application and increafe o f  F ire, which is almofl; three times greater than that 
o f  boiling W ater, we very eafily perceive, that the diflblving power o f Oil,
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con̂ Tidereci as it depends upon Fire, muft be proportionably fo much greater in 
Oil than in W ater. For as moft Oils retain their fluidity at the firft degree o f  
heat in the Thermometer, in which W ater begins to freeze at about 35 ; and 
as the compafs o f  Heac which W ater can pafs through, whilft fluid, is buc 
180 degrees, from its freezing point 33, to thac o f  ics ebullition 213, 
whereas from the firft degree o f  Linfeed O il’s fluidity to thac in which ic 
boils is at leaft 600 : Hence ic evidently appears, chac the poffible power o f  
the Fire in that O il, is to the fame in pure W ater, as 10 is to 3 j which 
whac mortal living could poflibly have difcovered z priori ? But i f  we confi
der farther, that many Oils, when they are infpiflTated, will take in ftill a good 
deal more Fire, we fee, that the power o f  Fire in Oils will be ftill farther 
extended.

In the mean time, however, this is moft certain, chat i f  any o f  che pares, Thepoŵ r 
er che whole Bodies o f Animals or Vegetables are accurately immerfed in O il, ofwarm Oii 
they will keep them without alteration, fecure from diflipation, fermentation, m°i^nd 
or putrefadion \ and they may be preferved in chis manner, though che heat Vegetabies. 
of the A ir ftiould be as greac as has ever been naturally obferved. Infeds, too, 
that are fo very troublefome in this particular, will be kept ofl̂ , likewife, by 
the Oil thac fwims aC top i  fo that by this means chey will remain intire, as 
long as they are chus defended» A n d , indeed, when thefe fubftances have been 
fo long immerfed in O il, that they are perfedly penetrated in all their parts, 
they then feem to have acquired an almoft incorruptible nature, and may be 
preferved a prodigious while. This appears evidencly in Bodies that have been 
thus treated ; upon which principle depends chiefly the arc o f  embalming -, o f 
which by this means we difcover both thc origin and efficacy.

But when Bodies, now, are fuddenly thrown into boiling O il, they prefently Theeffba-. 
acquire a hard, and alm oil ftoney Cruft over them, which is o f  the fame colour foiling 
that they get by being, expofed to the open Fire, viz. yellow, red, and at laft fhcflrae. 
black. T h e  other part, in the mean while, that lies under this Cruft, being 
agitated by the prodigious heat o f  rhe ambient, boiling O il, and having its 
motion at the fame rime repell’d  ̂ ftopp’d, and as it were fuffocated, is fur
prizingly altered, concoded, digefted, and maturated, and ac laft grows con
folidated, and is exceedingly well fitted for keeping a long cime. But when 
the fubftances, thac are thus immerfed in O il boiling hot, are full o f  aqueous 
Juices, as Fleih or Fifh dried on the out-fide, then thefe humours being agi
tated under this Cruft, with more than a boiling heac, the parts grow very 
lender, retain all their juices, and become exceeding well fitted for digeftion 
and nutrition. And Meats thus prepared too, are very durable; for all the 
principles o f Bodies, treated in this manner, being intimately united together, 
and helping to render one another more perfed, produce a fubftance fccure 
againft any inconvenience from external caufes.

From what has been faid, then, we may by the way deduce fome truths, cotdiari» 
which one would fcarcely have expeded. In the firft place, chen, ic appears 
hence, chac thc degree o f  heat which Fire is capable of communicacing to 
Bodies, is noc in proporcion co che denficies o f  che Bodies heated. Secondly, 
that the fame B ody, i f  it is gradually rendered denfer, will admit a greater 
quantity o f  Fire, in proportion, to the increafe o f its fpecific gravity. T h ird ly , 
that a Body’s being capable o f taking in a larger quancity o f  Fire, does noc
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depend upon its combuftibility. A lcohol, when it once comes to boil, adm its 
no more Heat or F ire; nothing in nature is more combuftible than Alcohol; 
and yet there is no Liquor that we know of, which will not receive more Heac 
than this. Here again, then, we fee how difficult it is to come at general 
truths; and that the true properties o f  Bodies muft be determined by an ex
amination o f  the particulars. From  thefe things, then, thus firft demonftrated, 
we may deduce a great many Corollaries, o f  which this is a remarkable one, 
that we may diflblve fome Metals intimately in fome forts o f  Oils, fo that by 
this means there fhali arife a M ixture, which will not eafily again be refolved 
into its principles. By this A rt  there have been fome valuable fecrets found 
out, both in Mechanics and Phyfick, which we could not want, withouc a 
good deal o f  inconvenience. 

soponMe- But to retum to our Experiments. A  fifth, now, I am going to make be- 
fore you, that I never exhibitted in this manner before. Into this V ial I have 
put half an ounce o f Minium^ and now pour on it an ounce and a half of 
O il o f Olives, which» by ihaking, I mix thoroughly together. And you fee
1 have made choice o f  the fame fort o f  Veflel I made ufe o f  and defcribed be* 
fore, and have ufed the fame caution in gradually heating it at a diftance. I 
now hold the Bulb o f  it juft over the Fire, till the O il begins to boil, and you 
perceive, now, the Liquor is boiling hot, the powder o f  the Minium is dif
iblved, mix’d wich ic, and compounded with it, inco one Mafs. But aC the 
fame time, you obferve, likewife, that this M ixture was not effedted till 
the O il was brought to a prodigious degree o f  heat, which the Minium., then, 
was no longer able to refift. Hence, then, we learn how to prepare a Balfam 
o f  Metals, and a Cement, thac will powerfully refift W ater. But a fixch, 
which is a new one, likewife, and more furprizing, I perform in this manner. 
Into this V ial I have put h alf an ounce o f  Shot, and I now pour upon it an 
ounce and a h alf o f Oil o f  Olives ; and, wich the fame caution as before, 
fet it over the Fire. W ho, now, would have believed what we at prefent fee? 
v iz . that the Lead melts and runs, like W ater, at the bottom o f  the Glafs, 
though the Oil don’c boil, nor fo much as emit any Vapour. Hence you 
fee Glafs is melted with more difficulty than Lead. But now, whilft I hold 
it in a ftronger heat, and the O il begins to boil, you obferve, the Mecal be- 
•gins, likewife, to be diflfolved by ic. Glafs, however, you fee, will noc be 
diflblved by O il, let it acquire whatever degree o f  heat it is capable o f  Hence, 
therefore, we fee why melted Lead burns lefs violently than boiling O il; and 
for this reafon it will bear being handled immediately, i f  the perfon’s hands 
are incruftated over wich a very dry Chalk. I f any perfon, here, h a s  a  mind 
to imitate this Experiment, let me^warn him to do it wich a great deal of 
caution, or otherwife ic may prove a very fatal one: For i f  a drop of Water 
ihould any ways come into the V ial, it would all burft to pieces, with a vaft 
impetus, and bring the Operator into imminent danger. L e t me warn you, 
likewife, that the Vapours which arife from boiling Oil are fometimes o f a wa
tery nature, which being collected in the neck o f  the Glafs, and trickling 
•down again in form o f  drops o f  Wacer, would occafion the fame misfortune; 
for Lead in fufion is vaftly impatient o f W ater. A  feventh Experimenc let 
iis make with T in ; o f  which I have here half an ounce, mixed wich an ounce 
and a half o f  O il o f  Olives, which, in the fame manner as before, I fet over
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the Fire. Y ou  fee, now, the T in  runs like W ater at the bottom o f  the Glafs, 
and chough I put it in, in Filings, it is colleded into one Mafs. Y ou  perceive, 
likewife, that it now begins to be diifolved and mixed with the O il. But eighth
ly, and iaftly, I have here a compofition o f  Lead and T in  mixed together in equal 
proportion, whilft they were in fufion. O f  this Mafs I have taken h alf an ounce 
and poured upon it an ounce and a half o f  O il o f  Olives. I keep it now 
upon the Fire, as before, till ic boils. Y ou  fee, then, the metalline Mafs melts 
and runs a great deal before the Oil begins to boil, and fooner than either the 
Tin or Lead would have been melted alone. There arc many more curi
ous chings o f  this nature, buc I muft proceed no farcher upon this head, as I 
have been rather too prolix already.

Give me leave, however, juft to mencion a few things to you, that follow Coroiur:« 
from whac has been faid, and are worch taking notice of. F irft, then, Oils 
are difpofed to receive and retain a great deal o f  Fire in them before they 
thoroughly boil. Secondly, there is not any one known Fluid in Nature, to 
which more heat may be communicated, than to O i l;  for all Z m w a w  and 
Oil of Vicriol boil fooner, and grow lefs h otj M ercury, coo, fooner in fome 
meafure, or perhaps equally. T hirdly, Oils may be urged wich a prodigious 
force o f Fire, before they w ill be difperfed into Vapours, and rife out o f  the 
VeiTel in which they are contained. In the fourch place. Oils are capable o f  
communicating their heat to the Veffels in which they are boiled ; and hence, cho* 
you may boil Wacer in a leaden or a tin Veffel, yet you can’ t boil O il in the 
lame before they w ill melt. F ifthly, Oils communicate their heat to Metals 
thac are put into them. Sixthly, it is not eafy to give O il a greater degree o f  
heat than what it naturally acquires when it is made to boil. I f  any perfon has 
a mind co increafe this colledion o f  Fire in Oils, he muft contrive fome me
thod to comprefs it in ics Veifel, wich a greater force than thac o f  the com 
mon Atmofphere, and then, indeed, the heat wili be augmented proportion- 
ably, as we took notice before in W ater and A ir, And hence we eafily con
ceive, thac i f  O il, when in the deep receifes of the Earth it is compreifed by 
availly increafed Atmofphere, ihould happen there to meet wich any greac Fire, it 
mighc conceive an immenfe heac. And if then, whilft it was thus prodigi. 
ouQy hot, ic ihould chance to have W ater break in upon it, what Earthquakes 
mighc be hence produced ? W ithout doubt vaftly exceeding all imagination:
May any thing now o f  this kind poifibly happen in M ount Mtna^ Vefuvio^
Hecla, and ocher Vulcano*s ? Certainly, amongft other caufes, this deferves 
fome regard with the Philofophers. Seventhly, liquid Oils will not permit a 
greater heat to be communicated to the Veflfels that contain them, than they 
aftually have in chemfelves; and confequently will prevent F ire’s melting any 
Veflel that requires more than 600 degrees o f  heat to eifed it. And eighthly, 
and laftly, here again we obferve, that the wife Author o f  Nature has fet li
mits to Fire, that in O il, a Matter vaftly inflammable, ic mighc noc grow in- 
fuperably violent.

But farcher, in explaining che diflblving power o f  O ils, ic is abfolutely ne- oils aft by 
ceifary we ihould add this confideration, that the expreifed crude Oils o f  Ve- 
getables always contain fome Wacer. T his is evidently feen in exprefs’d Oil 
of Almonds, by boiling it in a Bolchead; for then the watery Vapour that 
arifes, being ftopp’d upon the Sides o f  the long neck, is there plainly colled-
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ed in form o f  drops i and thefe afterwards running down again into the boiling 
O il, produce a pretty extraordinary motion, noife, and crackling within the 
Glafs. Hence, with refped to this latent W ater, O ils a d  differently upon their 
folvend Bodies, in differenc degrees o f  h eat; and the cracklings likewife that 
are produced during the ebullition make fome variation in the fokuion. And 
for this reafon, when by boiling a good while theW ater is expelled, the power 
o f  an oily  Menftruum is confiderably altered, nor diflblves Bodies in the fame 
manner as a crude one.

Änd their But thofc Oils, Hkcwife, befides a W ater, generally contain fome fubtil Salt, 
occult Acid. fQf thg nioft part a volatile, acid one, which in many o f  them almoft difcovers 

itfe lfb y  its Smell, and is o f  an exceeding penetrating nature. Thefe Salts ap. 
pear, and Ihow themfelves in form o f acid Spirits, which colled themfelves to
gether like W ater, feparate from the O il, nor will eafily fuffer themfelves to 
be mixed with it again. It is not fo eafy, however, to difengage this Acid 
from its O i l ; for i f  you take the native Oil that fpontaneoufly oozes out of 
the Firr, Larch-Tree, or Pine, and gradually melt it over the Fire, then, 
from the beginning to the end, boch in a fm all, and the greateft degree of 
heac, this acid Spirit will be feparated from it 5 though ac the beginning, 
indeed, with more eafe, and in greater quanticy. A nd the fame thing holds 
precty nearly, more or lefs, in the others.

Aadbyboth W henever, therefore, the Chemift would accurately determine the diiToIving 
k̂ cther. power o f  thefe Oils, he muft always firft carefully confider, whether theeffeft 

performed by the O il was not owing rather to che W ater, or the Acid, than 
to the proper Oil it fe lf ; for otherwife we may be liable to run into very 
great errors. T h e  Painters inform us, that thofe Paints thac are diflblved in 
boiled O il, are much readier taken in than thoTe that are mixed with crude, 
and that the Paintings with the former dry pretty foon, whereas, thofe Colours 
that are mixed with crude O il, lofe more o f  their native beauty, and area 
great while a drying. And in the fame manner, that particular power, 
which the fofteft Oils are faid to have, o f  diflblving Mecals in a gentle hear, 
feems as i f  ic oughc chiefly to be afcribed to their latent A cid , and by no 
means co their true oily part. T hus, for example, i f  you mix the fofc 
Oil o f  Olives, with a very fine powder o f  Iron, Brafs, or le a d , and chen di
geft them togecher for a good while in a gencle heat, part o f  the Metal will 
be diflblved and mixed with the O il, will give it a colour, and often impregnate 
it  with fome remarkable vertue. But to fuppoie this to be the real diflblving 
power o f  O il, as O il, is to extend it beyond its proper limits*, for when, by a 
continued ebullition, it is thoroughly freed from this adhering A cid , it then 
retains this power no longer. And thus the Polifliers o f  Brafs and Iron have 
long obferved, thac i f  thefe Metals, when they are poliihed, are expofed to 
the A ir , chey can’ t be kept from contrading M ould and R u ft, by only rubbing 
them with crude O il, though they m ay be very well fecured b^ boil’d, 
efpecially if  there is a little Cerufs, or Lead Ore, boil’d in it, by which all its 
acidity is abforb’d, and ic is excellently well fitted to defend the beauty of 
fuch Bodies, A nd that there is in diftilled Oils the fame A cid  the egre
gious Hoffman has demonftrated by an elegant Exam ple, in his valuableP^)i- 

ficO'Chm kal Ohjwvalions. p. 56 .57 . W here, by rubbing diftilled O il o f Lavendtr- 
flowers, and diftilled O il o f  Turpentine, with Salt o f  T artar, he obferves a
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neutral Salt to be hence produced, arifing from chis A lcali, and an Acid 
drawn out o f  the Oils. And laftly, even a gentle diftillation o f thefe Oils, 
will extrad fome Salt from them *, as we fee in O il o f Turpentine and Juniper, 
which being treated in this manner, yield fomething o f  an Acid.

And as for O il diftiH*d from alcalefcent, or putrefied Vegetables, or the a  volatile 
parts o f any Anim al whatever, this abounds fo plentifully wich volatile al- 
ca lin e  Salts, chat thefe are feparated from them, in large quantities, by a gentle 
Fire, and appear in folid litt e Glebes, as white as Snow. I f  you would attempt 
therefore to explain the proper vertues o f Oils, you muft firft carefully free 
them from all their Salts, and then, by examining them when they are 
pure, you may be able to judge o f  cheir vertues withouc danger o f  miftake.

But before we treat o f  Oils as Menßruums, it is ftill much more neceffary simpieou* 
and ufeful, to confider how long Oils do ad ually  continue Oils. And here 
there occur many furprizing Pbemmena; For Oils, either prepared with W a 
ter fer Veficam, or drawn with a dry Fire in a Retort, whether fweec-fcenced, 
or fecid, if  chey are caucioufly diftilled in a Recorc co a drynefs, the Veflels 
being kepc accurately clofed, chey leave an Earth aC the bottom , gradually lofe 
their vifcidity, and grow  more fubcil, fluid, and cranfparenc. And i f  you 
repeat this operation to the fourteenth time, or oftner, you conftancly have 
an Oil different from the former, and every time fome remainder, till at lait 
you thus procure a penetrating anodyne Medicine, mighty efficacious in fome 
grand difeafes : But every repetition, likewife, you have a different Menßru^ 
urn. And htnCQ Van Helmont, che Fächer, in his Aurora Medicince, publiihed 
mDutch, p. 188, by a repeaced diftillation o f human Blood with Spirit o f  
Salt, till no Faces remain, chinks he prepares a diaphoretic M edicine, which 
like a Menßruum diflblves all chofe precernacural vifcidicies in the humiJvi 
Body, which often give rife co fatal obftrudions. T he famous too, con
firms the preparation o f  fuch a Medicine, and highly extols it for its ver
tues. Ohf. P hyf Cbem. p. 59. And another A uthor, tho* lefs indeed to be 
depended upon, was bold enough to afiert, thac in fuch an O il as this you 
have a univerfal Medicine. But thefe things the Chemifts o f former ages 
have given us an account of. And indeed this is certain, that from Oils 
treated in chis manner, fuch Menßruums are procured as have an excellent 
and fcarcely imitable diifolving power. Upon this head, Raimund Lully and 
Ifaac HoUandus have given us whole proceflTes, which are fully enough defcribed, 
and deferve confulcing.

And laftly, every kind o f thefe Oils contains farcher fomething vaftly fub-Anda%w, 
til, and volatile, which refides in them, but ftill may be feparaced from 
them: This we treated o f  formeriy, under the title o f  che Spiritus Re^or, or 
Archaus. This Spiric is adive, odorous, fapid, che Son o f F ire; and is the 
true caufe o f incredible effeds. T his being generaced in che Oils, and held 
down, and retained in them, endues them wich a fingular vertue, very efHca- 
cious, and fcarce to be found any where elfe: And hence, when ic comes to 
be perfedly feparaced from chem, ic leaves them vaftly lefs ad ive, nor 
hardly any longer diftinguifhable from one another. And as from many o f  
them ic fponcaneoufly exhales wich a gencle heat, it foon mixes itfelf with the 
Air, and leaves chem effece, and incapable o f  performing whac chey could 
before. Thus then I have faid enough o f  Oils to enable us co come to a
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ccrtainty about their effeds, confidered as fimple and homogeneous. And 
indeed, the diflblving power o f  pure Oils feems chiefly to confiit in cheir 
being able to admic a prodigious heat into their fubftance, and communicate 
it to other Bodies.

WhattM* place, then. Oils w ill mix with O ils ; moft o f  them with all
oiisdiffoiTe. others. Some, indeed, there are, that will noc mix fo eafily, as appears in 

the diftillation o f  Turpentine and Am ber, where che Oils that rife in differ
ent degrees o f  heat, are found to be different in weight, thicknefs, colour, and 
iituation, nor fuffer themfelves to be readily mixed together. T h e reft mix 
very eafily. Secondly, true refinous Bodies melt, and are then fuiHciendy 
diffolved in Oils. A s , thirdly, are moft fort o f  Gums, efpecially if they 
have any thing o f  Refin mixed wich them. Fourthly, Oils that are thicken’d, 
or, as they are called, Balfams, Tears, and Colophonies, are all diluted in 
Oils. A s , likewife, fifthly. Sulphurs themfelves, whether found naturally 
in the Mines, or produced by Fire, and that both liquid and folid ; for thefe all 
fuffer themfelves to be diffolved by O il, even though they lie concealed in 
other Bodies. Thus Antim ony, i f  ic is reduced to Powder, fublimed into 
Flowers, and then boiled with O il, will in a ihort time yield a thick, red 
Balfam o f Antim ony, arifing only from che Sulphur o f  che Antimony, re
folved in che O il, whilft the reguline pare remains unaffeded, but deprived 
o f  its Sulphur. And the fame ching holds true, likewife, in other femi- 
metals, thac abound with Sulphur.

O f proper fpirituous MenftruumSi or Alcohol.

Alcohol Thofe Alchemifts, who were reckoned among the Adepts, throughout all 
W ritings make mention o f  Spirit o f  W ine. A nd this, when ic was re- 

fifuBms. duced to the greateft fubtlety, they made ufe of, in the preparation o f all their 
other fecret Menjiruums. T his is evident in the Circulatum o f  Paracelfus. 
A nd for this reafon, the indefatigable Weidenfeldius was induced at lafl: to 
believe, that thefe Adepts have plainly enough defcribed all their Arcana., 
excepc cheir philofophical Spiric o f  W ine, which, was ic once come co be 
known, every ching would be fufficiently clear. Whether this, however, be 
really the cafe, I have reafon to doubc ; and, indeed, it is eafy to make it 
appear, that the Spirit o f  W ine, which thefe famous Authors defcribe by its 
proper marks, is the very fame that we have at prefent. T his its fubtlety \ 
volatility J the manner o f  its preparation ; its fragrance; the ftreaks chac run 
down in ics diftillation 5 its burning away withouc any W ater remaining ; the 
burning o f  a Cloth wetted wich that Spiric 5 its union wich Sale o f Tartar; 
its adunation into the Offa Helmontiana \ che excradion of the fubtil Sulphur 
o f  Anim als, Vegetables, and Foffils with it 5 and laftly, its balfamic property 
o f  preferving Bodies, and fecuring them from putrefadion, abundantly demon
ftrate. Befides thefe properties, however, thac we find in our Alcohol, thefegreat 
men, I confefs, afcribe ocher vertues to it, which at prefenc we are noc able to dif
cover, as in particular ics power o f diffolving S alts: But then it f t i l l  r e m a in s  a doubt, 
whether this difference arifesfrom our not knowing the proper Spiric, or f r o m  our 
noc knowing fome fecrec, but neceffary mechod o f  preparing thefe Salts. Let this, 
however, be as it will, it is certain, there is ofcen in thofe things fomething 
very furprizing. Some o f  the top Mafters in Chemiftry have publickly
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d a r e d  in their W ritings, that ic is not poflible to unite Alcohol with a pure 
fixed Salt; and no wonder: For if  che leaft moifture conceiviible has infeded 
eicher the Alcohol, or che Salt, they can never be perfedly combined to
gether : Buc when pure Alcohol, and perfedly dry Salt o f Tarcar are mixed Maybeunit- 
together, a facuraced cindure is foon excraded, and chere is a crue combination ¿cTSii 
of°che Alcohol and Tartar. For thefe Reafons, then, we can’ t fufficiently in
quire into che nature o f  this Liquor, to which, on account o f  ics excellence, 
we give the firft place among fpirituous Menfiruums. This Alcohol, then, 
is obcained from nothing buc Vegecables i and from chem, only by Fermen
tation and Diftillacion. T h e  beft is prepared from W ine, HydromeU and Male 
Liquor. Thefe Liquors chemfelves, if chey are thrown upon Fire, put it out 5 
and yet the Fluids that firft rife from them in diftillation, which are fome
what pinguious, limpid, fapid, and odorous, and are then called Spirits, up
on the application o f  Fire to them, burft into a Flam e, and burn away, cho* 
they are ftill very readily mixed wich Wacer. And when afterwards by pro
per mechods che Wacer is intirely feparaced from them, they then become 
true Alcohol, which we defcribed before, when we treated o f the Pahulum 
of Fire, p. 187, feq. Hence Alcohol, upon every account, feems to be 
an exceeding fubtil vegetable O il, which, whilft it was thicker, confifted o f  
Particles, which ftrongly attraded one another, colleded themfelves into drops, 
repell’d W ater, and refufed to be mixed with ic, buc being converced into 
Alcohol, have-loft a good deal boch o f  cheir attradive and repulfive power.
Hence Oil comes to be called A lcohol, when ic will mix wich W ater, and 
at the fame time will totally burn. T h e  Oils o f  Animals and Vegecables, 
likewife, may be altered and attenuated, in fuch a manner, by a perfed 
putrefadion, as to be become fo fubtil and volatile, as to take Fire, whilft 
they are difperfed in the A ir. N ay , and by repeated diftillation, thofe Oils, 
in particular, come to be fo exceeding fine, thac chey will bear in fome 
meafure co be diluted wich W acer, chough noc fo readily as che former 
Spirics. Before, now, we can precend to give any accounc o f  che diftblv- 
ing power o f  chefe Spirics, we muft firft decermine whac this Spiric is ; For 
the common Spirit o f  W ine, we know, confifts o f  a good deal o f  W ater, 
a liquid, volatile, acid Sale, a difagreeable O il, and A lco h o l; Redified Spiric 
of Wine contains lefs W ater, the fame volacile acid Spiric as before, lefs o f  
the naufeous O il, and more A lco h o l: P erfed Alcohol, prepared by itfelf, is 
compofed o f  Alcohol, and fomething ftill o f  a liquid A cid  : T his Alcohol, 
once drawn o ff gently by diftillation, from a fixed alcalious Salt, becomes 
perfedly pure. N o  body, therefore, concerning thefe things, ihould pronounce 
loo raihly. i

1. Pure Alcohol diflblves W ater, and is diflTolved by i t ; as likewife all aqueous whatBoJ« 
Fluids. 2. And hence all W ines, o f  whac fore foever. 3. A ll fpirituous, fer- 
mented Acids j o f  which kind are all forts o f  Vinegars. 4. A l l  pure Oils.
5. A ll true vegecable Refins. 6. Gum-Refins for the moft pare. 7. Pure 
volatile alcaline Sales. 8. Fixed alcaline ones, when they are perfedly dry,
,9. Moft Sapoi's. 10. Sulphurs, diflblved and opened in alcalious Sales.

Buc native, compound Sales ic does not affed , as Sea Salt, Nicre, and 5i?/-whatnot. 
Ammoniac j nor pure Earth 5 nor Sulphur 5 nor M ercury, M etals, Semi-metals,
Gemms, or Stones.
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C h e m i c a l

O f the Menßruums called Spirituous, loth Alcaline and Acid,

A  great many o f  the Chemifts have referred two forts o f  Menßruums to the 
aSgüoüï oily and fpirituous ones, which ought rather to be placed amongft the faline, 
term. qj. compound. A nd this happened, becaufe they almoft always had fome 

appearance o f  oily nefs, and at the fame time were generally found to be vola
tile, liquid, and very fubcil. Under this name o f  Spirits, therefore, wenc 
fome Aicali*s and fome Acids, as they both appeared volatile, fubtii, and fub- 
pinguious, tho* they were ftill, in reality, as different as almoft any two things 
whatever. N a y , and even among the particulars o f  each kind too, there is 
obferv’d a very great diverficy. L et faline fpiricuous Menßruums, therefore, be 
divided firft into Alcaline and A cid  ; for this diftinélion is abfolutely neceffary. 
T hen lec the alcaline fpirituous be diftinguiihed from another, as fome o f thefe 
are o f  a compound nature, others o f  a fimple one. T h e moft fimple o f thefe 
confift o f  W ater, and a very fubtii volatile alcaline Salt, which together com
pofe a kind o f  limpid, thin, fubpinguious L iquor *, o f  this kind is the pure 
alcaline fpirit o f  Sal-Ammoniac. A n d  to this head belong an infinite number 
o f  others, produced both from Animals and Vegetables, when they are perfeftly 
freed from all their O il ; for thefe may be prepared by Diftillation from che 
hoc antifcorbutic Plants, from every putrified Plant, and from every pare of 
the animal Body, and are every where to be met with among the curious Che
mifts. But thofe, now, which are more compound, confift chiefly o f Water, 
a Salt, which we fliall by and by defcribe, and a fetid O il 5 and they may be 
refolved into thefe Principles. Thefe appear to be o f  a more pinguious na
ture than the former. Thefe laft Spirics, therefore, as they are called, are 
compofed o f  a volatile alcaline Sapo, diluted in fuch a quantity o f Water or 
Phlegm , that it is not capable o f  diffolving any more. And as for thofe Spi
rits, which for the moft part are volatile acid Liquors, thefe likewife among 
the Chemifts have obtained the name o f  Spirits, becaufe thefe, in the fame 
manner, are volatile and fubtii, and in Diftillation produce, as they run down, 
a kind o f  pinguious Stria, A ll thefe, however, upon Examination, appear 
to be acid Salts diluted in pure W ater ; for even O il o f V itriol itfelf, which is 
confiderably fixed in the Fire, w ill, i f  ic is  diftilled fome number o f nmes 
with boiling Water, become great part o f  ic volatile. A nd the cafe is ihe 
fame with O il o f  Sulphur Campanam.

A g re a t ma- U pon thefe confideratlons, therefore, I think it will be much the propereft 
bdong? method, to feparate thefe abovementioned from the fpirituous Menßruums, and 
S a l t s .  place them among the faline, which is what I Ihall now proceed co.

I
O f the fimpler faline Menßruums,

S a l t s n e c e f l a -  W hoever is not acquainted wich the taftes o f  Salts, will never arrive at the 
knowi knowledge o f  our Arcana, is a maxim amongft the Alchemifts : And no won

der, as a great many Salts are vaftly efficacious in the Solutions o f Bodies. 
And if we can put any confidence in the greateft Mafters o f  the Arc, 
that famous Solvenc the Circulatum o f  Paracelfus^ was made from Salt. This, 
however, is paft all difpute, that in the clafs o f  Menßruums^ Salts obtain every 
where the principal place. For this reafon, I have for a long time taken a great 
deal o f  pains in thefe things, to fee i f  I cou’dn’ c difcover in them whac was cer-

A tain



tain and ufeful; that I  mighc at laft reduce this D odrine, ofcen exceedingly 
confufed, inco fome kind o f  order, and then candidly communicate ic co 
you.

By Salr, therefore, we mean a Body that may be diluced in W a te r ; that whatsaitis. 
may be melted in the Fire if it does not firft fly o f f ; and that aiFeda the Tongue 
with that fenfation which we call Tafte.

When chis, now, is either artificially, or naturally perfedly pure, and w ich - T h e  E i e -  

out Mixture, ic appears to confift o f  Glebules fo minnce, that ics fingle Par- ^ ^ ¿ 5 .  
tides are noc capable o f  being diftinguiihedby che moft accurate Microfcopes*, fibie, 
and confequently, even chefe will give us no lighc at all into their figure. N ay , 
farther, when chefe faline Bodies are refolved into their priftine ulcimace E le
ments, from whence chey were concretcd, they then feem to become perfedly 
volatile, and when they are feparated from one anocher, and freed from every 
thing elfe, difperfe themfelves abouc, and mix with the A ir. T h is we faw 
fufEciencly plain from Experiments, whilft we were treating o f  Earth, p.
369, W hen thefe ultimate Elemencs, therefore, o f  pure Sale, are fo con
creted into Mafles, as to offer themfelves to the examination o f  our Senfes, 
they then always have fomething elfe intermixed wich them, which ferves as a 
Vinculum̂  to bind and hold thefe volatile Particles together ; and this in parti
cular is W ater, and Earth, which are capable o f  keeping them thus in union 
for a long time, and forming them into fuch large Corpufcles. Hence, there
fore, we very evidently perceive, that as the firft Elements o f  Sales can fcarce
ly ever be confined in Veflels, fo very little can be aflerted concerning their 
chemical, or other vertues. In the mean time, however, when they come to 
appear in a durable form, shen, as compound Bodies, we may be able to come 
at fome certainty about them.

In order to this, then, let us examine into the principal difference thac is ob- Kinds of 
ferved among them. And this I think in che firft place, oughc chiefly co 
be afcribed to the real difference that there is in their conftituent Elements:
For tho’ we can’ t come to examine thefe, when they are feparate, and alone, yec 
wichout difpute, tho* all agree in their volatility, yec each fort has always fome 
diftind and proper vertue. But fecondly, this difference may arife from the 
diverfity o f theother Principle, which being united wich the former pure Salt,, 
compofes the Salt chac falls under our Obfervacion; for whac reafon is there,, 
that chis, in various Salts, may not be o f  a differenc nature? A il  kinds ofSalcs,, 
therefore, we diftinguiih into fuch as differ i. In their faline Principle. 2. In 
their uniting Bafis \ or 3. In both together. A nd then in refped o f this faline 
Principle, and this firft Divifion, I reduce Salts, and confequently, faline 
Menjiruums, conveniently enough into the following Clafles. r. Into fixed 
Alcali’s. 2. Volatile A lca li’s. 3. Native vegetable Acids. 4. Fermenting, 
vegetable Acids. 5. Fermented vegetable Acids. 6. Vegetable Acids pro
cured by Combuftion. 7. Vegetable Acids procured by Diftillacion. 8. N a 
tive foffil Acids. 9. Foffil Acids by burning. 10. Foffil Acids by Diftillacion.
I I .  Native Salts, called neutral ones, 2 5  Borax, Nicre, Foffil-Salc, Sal-Gem, 
Fountain-Salc, Sea-Salc, and Sal Ammoniac, 12. Ocher Saks that are com
pounded of thefe. A ll  thefe S.ilts, cherefore, muft now be examined in or
der, that we may afcribe co every one o f them its proper and peculiar vertues» 
and by this means come to a true knowledge o f  them,, as they may be made



ufe o f  in the Solution o f  Bodies. T o  begin then in the firft place with the 
fixed Alcali.

O f a fixed Alcaliy as a Menfiruum.

A  fixed A l -  T h e word Kaliy made ufe o f  upon the Eafiern coaft, and in Egypt, fignifies
«I** a certain H erb, abounding in Salt, that grows about the fea-fhore, and the 

banks o f  the Nile, and on thofe too o f that famous River Belus in Syriay as 
Pliny aíTures us from ancient Authors. T his Plant, i f  it is burnt in an 
open Fire, when it is come to maturity, produces Aihes that are remarkable 
for their fait acrid tafte, and thus evidently demonftrâte how full they are of 
Salt. I f  thefe Afhes are boiled in W ater, they yield a ftrong, acrid, fait 
Lixivium, confifting o f the Salt that is drawn out of them into the Water, 
which being properly poured off, there remains at the bottom  o f  the VeiTel 
another greyiih part, which will not diíTolve in the W ater, nor will burn in 
the Fire, but is perfedly infipid, and o f  an earthy nature. If this Lixivium 
then is evaporated to a drinefs in an iron Kettle, there is left behind a white 
folid Mafs, o f a  moft acrid cauftic tafte, and perfedly foluble in W ater. Since, 
therefore, L ix  in the Latin Tongue fignifies Aihes, and L ixa  a maker o f  Aihes, 
hence Pliny very properly fays, Cinerum Lixivium, L .  xxx ix . C. 09. And, 
Lixivium Cinis, L . xiv. C. 2. 25. L . xv. C. 18. But Columella calls a Zw/w- 
um, the W ater when it is impregnated with this Salt, and filtered. L . xii. 
C . 41. A ll thefe Salts, therefore, for the future, may very conveniently be 
called LixiviousSà\i%. By terms, however, received into the A r t , they are cal
led an A lcali, alcalious, or alcaline Salts. Some likewife call them or Zi- 
da. From  this Salt, and the Calx o f  all Stones that ftrike Fire with Steel, 
may be prepared a Frit for the making o f  Glafs. For Soaps, they ufe the 
fame made fliarper with quick Lim e, and any oily Subftances whatever. The 
beft o f  this fort o f  Salt, comes to us at prefent from Alexandria in Egypt., and 
Tripoli. A s  all our Phyfical knowledge, now, arifes originally from what 
our Senfes difcover in natural Bodies, hence all the diftindions o f  them muft 
betaken only from fuch fenfible figns: N or can we diftinguiih Bodies in any 
other manner. I now, therefore, proceed to lay down the following Charadters 
o f  an A lcali, which I think are abundantly fuíHcient, both for the Chemift, 
and the Philofopher.

Its Markj. A lcali, therefore, owes its origin to a vegetable Subftance. 2. It
is only procured thence by the adion o f  fuch a Fire, as by burning converts 
it into Aihes. 3. W hen it is prepared in this manner, it is always o f  fuch a 
nature, that ic will remain a confiderable time in the Fire, and thus demon
ftrate its fixity. 4. In a moift A ir, it p erfed ly  melts away and depofits fome 
Faces, being abfolutely impatient o f  long dryneis, tho* it is carefully enough 
preferved in any clofe VeiTel whatever. 5. I f  you tafte it, it impreíTes a Sa
vour upon the Tongue, joined with a Senfe o f  Acrim ony, and that a cau- 
fticone ; and it excites at the fame time a T afte o f  Urine, on which account thefc 
Salts have, tho’ not fo properly, been called urinous Salts. F or the proper 
T afte  o f  this Salt does not refemble that o f Urine, as the firft application plainly 
demonftrates; But when this has been in the Mouth fome time, and by its 
Acrim ony has drawn ouc iheSalivat then the neutral animal Salts which are 
in-the Saliva, by the power o f  the fixed A lcali, are deprived o f  all their
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aid, and thus become volatile and alcaline, and chen imprefs upon the 
Tongue a difagreeable urinous Tafte, o f  which this is the true origin. ‘ 6. This 
Salt, when it is perfedly pure and unmixed, has not che leafl: fmell o f  any kind, 
being exceedingly fixed in the Fire itfeif: Bat as it is vaftly greedy o f  every 
j^cid, i f  it meets wich any Body in which there is a volatile alcaline Sale re
tained by an A cid , and concealed without any Smell, ic then immediately 
abforbs the A cid , and che latent Alcali being by this means fet at liberty and 
rendered volatile, difperfes abouc an alcaline Smell, which is then falfly afcribed 
to the fixed Sale. This appears evidently upon throwing a fixed alcaline Salt 
into warm freih Urine, upon which the Liquor, that was inodorous before, 
inftantly emits a difagreeable alcalious Smell. 7. Another property o f  this 
Salt is, that i f  it is mixed with any A cid  whatever, ic prefendy produces an 
Ebullition and Effervefcence ; and afterwards is fo intimacely united with it in
to one Mafs, thac i f  the Saturation is compleat, the compound, fo long as it 
continues fo, difcovers no fign, eicherofan A lcali oran A cid , buc chere is al
ways by this means produced a third Salt, which the Artifts now o’days chufe 
to call a neutral one. 8. If a pure fixed A lcali is mixed wich the Juice o f  the 
Turnfole, Rofes, or Violets, it prefently changes their natural Colour, which 
is akind o f  Purple, into a Green. 9. When the fame is applied for fome 
time toa warm human Body, and confequently one that exhales fome Moifture, 
it excites an acute Inflammation, attended with all its Symptoms, which foon 
turns to a grey, hard, dead, and often black Efcar, and therefore is capable o f 
producing at laft a true Mortification, 10. A ll thefe Salts have a p o w e ro f 
deterging and getting out fpots *, which is never found to be the cafe in thofe 
called neutral. Thefe then are the M arks by which thefe Saks may be known 
and diftinguiihed from all others 5 and by thefe we ihall be able to avoid any 
confufion in this H iftory o f  Menjiruums.

Such alcaline fixed Saks may be procured likewife from any crude, frefh Ve- t̂sorigin. 
getable, burnt to Aihes, and treated in the fame manner as we mentioned o f  
the Kali. Out o f  fome Plants, however, by this management, you can get but 
very lictle: O f this kind are thofe, which when they are crude, have fuch a 
pungent Smell, as ftings the N ofe, and makes the Eyes water i for almoft all 
the Salt o f thefe Plants is volatile, and is diffipated, and flies o ff with the 
Heat o f the Fire. Garlic, the bulbous vomiting Roots, Onions, Scurvygrafs, 
Ladies-fmock, Rocketts, Hedge-muftard, CreíTes, Radiihes, Rapes, Squills,
Leeks, Muftard, and the like, I refer hither j in which nature has fo far per- 
feded. their alcalious Saks, as to render them volatile, as in Animals.

Thefe lixivious 3.crid Saks, now, have been known to the ancients in almoit weUknoyft 
all ages. Arijiotle tells us, Meteor'W.. C. 3. that the Afties o f  burnt 
and Bulruihes, boiled in W ater, yield a plentiful Salt. And Varrò de K . R .
L. i. C. 7. informs us, that fome o f the Inhabitants upon the Rhine., having 
neither Foifil nor Sea-Salt, inftead o f  them, made ufe o f  a fait Coal, which 
they procured from fome forts of W ood : From  which it is pretty plain thac 
they knew, according to Tachenius's method, to prepare thefe Saks in fuch a 
manner, as to make chem lefs acrid, and to come nearer to the nature o f the 
native neutral ones. Hence Pliny afferts, L .  xviii. C. 28. that Aihes them
felves have the qualities o f a Salt, but are milder. And L . xiv. C. 26. that 
the burnt Fceces oi W ine have che vertue o f  Nitre. And L . xvi. C. i i .  he
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fpeaks o f the nitrous Aihes o f  burnt Oak. N a y , and they made ufe of it in 
Phyfic too, as we learn likewife from the fame Author, L . x x x v i.C . 69, whe-̂ ç 
he fays» Aflies, when they are drank, have medicinal vertues. A ll  thefe au* 
thoricies, chen, to which more might be added, i f  neceiTary, fufficiently evince, 
that the knowledge o f A lcali’s is not to be lo ok ’d upon to be fo modern as 
fome Perfons imagine.

î»i-p3fea by As far, now, as ever I have been able to inform myfelf, there was never yet dif.
iiKüjjîy. covered one native Salt wich which the preceding M arks wou’d  Agree, all thefe 

alcaline Salts being procured from vegecable Subftances by the aftion o f Fire alone. 
But from the firft time that ever Vegetables came to be burnc in the world, 
thefe Saks have been always produced, provided the Vegecables were reduced 
to Aihes. Hence, therefore, in all ages and places where this has happened, 
there muft have been a prodigious quanticy o f  this Sait generated, which al
ways at laft with the Aihes finks down to the Earth. In the revolucion, there
fore, o f  fuch a vaft number o f years, this Salt, one fhould think, muft have 
poifcifed great part o f  che Earth, and difcovered its proper Nacure, as we fee 
the mountains o f  Sale do in the Ifland Ormus.

PerKh again. But as this, now, is found by no means to be the cafe, nothing can be more 
certain, than that the Salts o f burnt Vegetables, when they infinuate themfelves 
into theEarth, often, indeed, render it fruitful, but in the mean time, foon 
Jofe their alcaline nature, put on the form o f  a new Salt, and then concinue to 
a6t in thac charader.

Not!» And upon this head, we ought particularly to confider, thac no Plane that
S y ." * ' 'Earth, if ic was fuffered by time co grow dry and carious,

v/ou’d ever yield one grain o f  a fixed A lcali : But on the contrary, they have 
been always found either to have been diffipated into fuch minute volatile 
Particles, as efcape the Obfervation o f  our Senfes, or elfe to have left behind 
them a certain M atter, which upon examination appear to be mere Earth. This 
univerfal Experiment, therefore, confirmed in all ages, evidently demonftrates, 
that Nature, whecher you regard their Fluids or Solids, has never intermixed a 
fixed A lcali in the Compofition o f  Vegetables. Hence, therefore, we aflerc 
again, that fixed alcalious Saks are produced by the adion o f  the Fire, and 
noc by any nacural vegecating Operacion. But this is ftill farcher evinced by die 
following Experimenc, which conftancly fucceeds in the fame manner. Take 
any o f  thofe Vegetables, v/hich i f  they were burnt wou’d yield a large quan- 
tity o f a fixed A lcali •, let thefe be broughc to putrefadion according to arc, 
fo thac their whole Subftance fhall be perfedly putrid \ and they will b  ̂ this 
means become exceeding fecid, and great part volacile \ and i f  chey ar .̂then 
burnc in an open Fire, won’ t yield one grain o f  fixed Salt, but will produce 
only fome white, infipid, perfedly earthy Afhes ; in which, i f  you exped to 
findanySalc, you’ll be deceived. Y o u , Gentlemen, therefore, who confider 
this Experimenc in a proper manner, muft be o f  my opinion, that fixed alca
line Salts o f  Vegetables, which are the only fixed alcaline Salts we at pre
fent know of, ought to be looked upon as abfolutely the creatures o f the Fire ; 
and no doubt buc you will think thaï they are as much fo as Glafs, which is 
made from che moft lixivious Afhes, melted with the intenfeft F ire: But as no 
perfon living fuppofes thac Glafs is really procured from the Vegecable, when
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it Is thus put in fufion with a ftrong Fire, fo certainly we mull confefs the 
cafe is the very fame with this Alcali.

And hence, in the latter part o f this W ork, I fiiall demonftrate, that thefe Arife from 
alcaline Saks may be very eafily refolved into a confiderable pare that is filine, 
hard, bitter, and almoft vicrefcent ; into a fimple Earth ; and into an alca- lytbeaaioa 
line Salt, that is ftronger and more pure: A ndthus we ihall again fee, that 
thefe Salcsare by no means fimple Bodies *, but that they are compounded o f 
diirerent: parts united together *, and that this conjunflion o f  thefe Principles 
inro one Mafs that appears fo homogeneous, is owing intirely to the ftrength 
of the Fire. Hence, then, it will follow, that Nature never a£ls by fixed alca
lious Salts, as by her proper Inftruments, unlefs only when flie receives them 
firil: prepared by the Fire: And that even in this cafe, when ftie makes ufe o f  
them thus prepared in bringing about her defigns, fhe then only operates by 
them, as they are compounded o f  the three abovementioned Principles \ to 
which, however, as a fourth part, there ftill feems to remain fomewhac o f an 
Oil, as many Argum ents induce one to believe.

And hence again it appears, that as thefe fixed alcaline Salts are more and Confequently* 
inore difengaged by a feparation o f  their conftituent Principles, the Sale thac'^ “̂°“*’ 
arifes hence will be continually different i for thac which remains after a for
mer feparation, will always be o f  another and more fimple nature, and con- 
fcqiiently, will have a different power o f  acting. T ak e  Pot-Afiies, forinftance, 
which yield the beft o f this fort o f Salt. A  great part o f thefe is a bitter, 
hard, pellucid Salt, thac does not fo readily diifolve in W ater. Separate this 
carefully according to Arc, and you will then be able to obtain a purer A l
cali, which is fitter than the other, for a good many Operations thac are per
form’d by A lcali’s, which will noc fucceed fo well, if  the former Salt remains 
mixt with the latter. And here we muft carefully obferve, thac thefe alcaline 
Salts too, are often furprizingly changed by fome other Body’s falling iri 
among them, whilft the Vegetables are burning, which being likewife o f a 
fixed nature, may be united, and remain with them in the Alkes. Suppofe, 
for inilance, thac fome Nitre iliould happen to come among them ; then this 
being fixed with the other vegetable Salt, would produce an A lcali, on which^ 
if you poured Oil of Vitriol, it would emic a fetid Fume, chac would fmell oi 
Spirit of Nitre i which never is the cafe, i f  the A lcali is pure,- T h e fame 
you eafily conceive o f Sea-Salc, and many others. And laftly, to render this 
Doélrine o f A lcali’s itill more clear and compleat, we muft take notice, thac 
the very burning o f  che Vegetables, as it is performed in a diiferent manner, 
will produce differenc S a lts: For it is a known truth, that if the fame Vege^ 
table is burnt at once in a brifk ftrong Fire, it will yield another Sale from 
what it does, when it is flowly confumed by a fmothering one, as we fee in 
the Preparation o f  the Salt o i  Tachenius. But we muft now proceed to give 
you an account o f the principal alcalious Saks, which are made ufe o f  in the 
chemical Art.

Among thefe, then, the commoneft fort is thac which is called Potas, or Pot- Th« aics15 
Aflies. This is brought yearly by the Merchant’s Ships in greac abundance from 
Coerlandy Rujfia  ̂ and Poland. Ic is prepared there from the W ood o f  green 
Fir, Pine, O ak, and the like, o f which they make large piles in proper 
Trenches, and burn them till they are reduced to Aflies. Thefe being pre-
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fently fifted, were by the Ancients called L ix  \ by the Moderns Ciñeres Cla- 
•vellati, which name feems to come from the Clava, or Billets, into which the 
W ood is clefc, to make it burn more readily, whence Clavula^ and then Cla- 
vella feem to be derived. Thefe Afhes are then diffolved in boiling Water 
and when the L iquor at top, which contains the Salt, is depurated by ftand
ing quiet, it is poured o ff clear, and makes Ú\t Lixivium. T his, then, is im
mediately put into large copper Pots, and is there boiled for the fpace o f three 
days, by which means they procure the Salt they c?i\\ Poias^ (which fignifies 
Pot-Aflies) on account o f iCs being thus made in Pots. T his Salt, whilft it 
is hot and dry, muft be put up in Caiks, the W ood o f  which is dry, and has no 
Oil in ir, and by this means ft may be kept dry ; otherwife, i f  it is expofed 
to the A ir , efpecially a moiftiih one, it will run into a pinguious Liquid, 
which is very iieavy, won’ t admit A ir, is alcalious, and exad ly  like Oil of 
T^xi îV per deliquiuum: And by this very adion, it depofites again freih Faces, 
and that in a very confiderable quantity to o ; for I myfelf have, in this man
ner, got 6 drachms of thefe Faces the firft time from one pound. When this 
afterwards is diffolved by fuccefilvely pouring hoc W ater upon ic, and by 
ftanding is depurated from ics Fteces, and the pure Liquor that is at top is 
accurately filtered, then, i f i t  is infpiffated to hali the quantity by exhalation 
in a very clean glafs Veffel, and afterwards fuffered to ftand quiet in a cold place, 
it will foon form upon the Glafs lictle hard Glebes, o f  a regular figure, pellu
cid, thac never diffolve even in a dampilh A ir, are diluted wich difficulty in 
W acer, are brittle like Glafs, o f  an exceeding bicter T afte , and very much re
femble that Salt, which in making Glafs is thrown up to the top, and is cal
led the G all o f  Glafs : T his therefore is o f  a very particular nature: And by 
this method, one may obtain a greac quantity o f this Salt. Buc even in this 
way o f  preparing chis Salt, you have again terreftrial Faces to the quantity of 4 
fcruples in a pound : A nd chus at laft you have the alcaline Salt in the remain
ing L iquor fufliciently pure. This, now, i f  it is infpiffated quite to a dry
nefs, produces a white alcaline fixed Salt, wich which, and pure Sand, is made 
the fineft fort o f  Glafs. I f  this pure Salt now is expofed for a good while to 
a ftrong Fire, it will melt, and then always becomes more acrid, and being 
expofed to the A ir  in a glafs Plate, will again diffolve and depofite Faces. 
A nd i f  thefe Operations are repeated, as I mentioned before, in our Hiftory 
o fE a r th , the whole Sale will become volatile, and at laft will be intirely re
folved into an imperceptible exhaling part, and terreftrial Faces: And thus 
again, both its Acrim ony, and its drynefs, will be deftroy’d. But it often 
happens during the repetition o f  this Operation, that the A lcali changes its firft 
nature, and is converted into a neutral Salt, which eafily melts in che Fire like 
W a x  : And hence fome Chemifts have vainly pleafed themfelves, that they were 
Mafters o f  that great fecret, an incerated fixed alcaline Salt, which the anci
ent Chemifts fo highly extolled. Buc this only happens from the volatile acid 
in the A ir  applying itfelf to this Salt, and being united with it, by which 
means a new kind o f  Salt is produced, compounded o f  chis A icali, and this 
A cid , and hence eafily flowing in the Fire, but deprived o f all its alcaline 
vertue. Buc otherwife, che fixed A lcali, procured in che manner we have 
defcribed, has above all others, every mark which we laid down in defining an 
AlcaliRe. This Salt, therefore, we may fairly fix as a ftandard for all of this
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liind, by the charader o f  which we may examine any Salts that we are in doubt 
about, whecher they belong to this Clafs, or no. And thus again is con
firmed whac we advanced before, thac alcalious Salts, produced by burning, 
are made up o f  three Principles, and thofe very different ones too, viz, a 
pure Alcali, a bicter Salr, and a pure Earch. T he true faline part here, now, 
is greatly lefs, than any one would imagine, and when it is alone, is volatile, 
efcapes the notice o f  our fenfes, and hence, hitherto, we are noc come to a 
knowledge o f ics proper nature.

The Juice preiTed from Grapes that are ripe, fpontaneouily ferments ; and AhAîmi« 
during this operation ic is properly called MuiV. After this fermentation is êeTo?  ̂
over, and its thicker Fœces are depofited, and ic has ilood quiet in the Pipe, wmc. 
ic becomes liquid, fine, and homogeneous. T his we call W ine i which has 
now depofited abundance o f  thick Feces : Thefe go  b y  the name o f  the 
Lees, or che M other, and were firil difperfed through the M uft, then w ork’d 
up into Flowers, and Y eail, and afterwards fell down, and were continually 
colleded more and more ac the bottom. T h e  W ine, when ic is thus become 
fine, if it is drawn o ff from the Lees into a clean Veifel, leaves all thefe 
thick Faces behind it ; from which, by preifing them ilrongly through 
thick, canvas Bags, they procure a turbid W ine, which they ufe for m ak
ing the ilrongeil Vinegar. T h e  Feces then that ilill remain in the Bags, dry, 
and formed inco Cakes, i f  you burn them, will be confumed into Aihes. Thefe, 
if chey are fifted, diifolved in W ater, and depurated from the fubfiding Earth, 
yield a clea.v Lixivium . And this, laiily, by infpiifation, in great Pots, pro
duces a Salt, very like the former, but purer, and more acrid. T his, then, 
is a fecond fort o f  Poc-aihes, which by the preceding fermentation feems to be 
rendered more fubtil than the former. And chis is a fecond general method

procuring an A lcali from every fort o f W ine whatever.
If the W ine, now, after ic is fin’d and drawn o ff as above into a clean 

Pipe, ftands a good while afcer ic is thus perfedly fermented, and fine, there 
will then begin to appear little ihining Bodies in it, like little Particles o f  
Glafs, which gradually uniting togecher into larger Glebules, difperfe them
felves equally round the Veifel, fix themfelves upon every part o f  it that the 
Wine reaches to, and thus by degrees incruftrate over its whole Surface with a 
kind o f ftony M atter, called, for this reafon, very properly, by the Germans, 
Wine-ilone i by the Chemifts, Tartar. T his is always o f  an acid tafte, ar^ 
produced only from W ine, when ic has been fermented, and depurated. B ii  
cwixt this and the Lees, now, there is a great deal o f  difference ; for this> 
in particular, hardens into the form o f  a Scone, that always continues liquid; 
this fixes to the upper, lower, and, in ihort, every part o f the VeiTel ; thac in
tirely falls tothe bottom. T his Tartar, now, according to the fort o f W in? from 
which it is generated, is red, grey, white, more or lefs pure, and more or 
lefs acid. A cid , rough W ines yield a greater quantity o f  it j the fofter and 
fweecer, a lefs. I f  this Salt is put into a clean glafs Veffel, and with a fand 
heat very gradually and cauciouily urged, ic gives a Spiritus Sylvejlris, thac 
difperfes icfelf about, and is not to be confined ; then other Spirits but a lit
tle acid ; afterwards pinguious and thicker > and laft o f  all an O il, that is 
the moil penetrating o f any we know of.

When,



Prepired by WhcH tliefe, DOW, arc all drawn off, there then remains a very black Mafs 
Son at t-he bottom o f the Retort, which is perfedly alcaline, and exceedingly acrid ♦, 

and this is the only method thac I am acquainted with o f  producing a fixed 
alcaline, acrid, vegetable Alcali in a clofe VeiTel ; for all ocher vegetable fub
ftances whatever, being expofed to the ftrongeil diftillation in aRetorc, pro
duce, indeed, a black Coal, buc never, co my knowledge, afibrd an alcaline 
Sale, till this Coal is afterwards burnt in an open Fire. But if  you then take 
ouc this black, alcaline, tarrareous Coal, and burn it, you will have a white, 
alcaline SaJt, the moil acrid and pureft o f  all the fixed A lca li’s. By this 
furprizing Experiment, then, we evidently fee, how much fermentation pro
motes the produdion o f  an Alcali, though at the fame time ic'always heightens, 
nay, and feems almoft to generate an Acid. Both A lcali’s and Âcids, there
fore, are more readily produced by the afllftance o f  fermentation, than wichout 
it i which obfervation, certainly, is o f  very great confequence, though you 
will fcarcely find ic taken notice of.

A l l  A lcali’s, however, from whatever vegetable, or in what manner 
foever produced, when by the ftrongeft Fire chey are at laft brought to 
their greateft alcaline perfedion, become fo perfedly o f  the fame nature, 
that they can fcarely be diftinguiihed from one anocher. There is one, in
deed, buc a very trifling circumftance, wherein they differ, obferved in mak
ing Glafs, and that is, thac Glafs made with the very fame Flints, but dif
ferenc, fixed A lca li’s, Ihall often have fome diverfity in their colour, fothac 
that which is prepar’d with the A lcali of Flints, fhall be different from that 
made with any ocher. But ic is very well known, how fmall a matter will 
make a very confiderable alteration in the colour o f  Glafs ; as even pound
ing the Sale in a  metal or marble M ortar, will produce a diff^erence. Hence 
I  have fometimes been ready to doubt, whether fome metalline Matter 
might noc poflibly infinuate itfelf into Vegetables, and being naturally fixed 
in the Fire, leave fomeching in their fixed Salt, chat mighc afterwards dif
cover itfelf in the Glafs. Iron, ic is cercain, infinuates itfelf inco many Bo
dies ; and, perhaps, it may not be fo intirely repugnant to the nature o f Cop
per to do the fame.

AfixedAl- But the Chemifts have difcovered another particular method o f  producing 
call from a true fixed A lcali, which we have accurately defcribed by Glauber  ̂ as follows.

fome pure N itre in a clean VeiTel, flux ic till it runs like W ater; and 
ic 'w ill chen fcarcely have any vifible motion. When ic is in this condition, 
throw a little bit o f  live Coal inco ic, and in an inftanc ic will produce a 
greac noife, run abouc upon the Surface o f  che Nicre, confume, and then the 
N itre will flow quietly again, as before. W hen every thing is ftill, throw a bit 
more in, and you will have the very fame Pbtznomena. Repeat this Opera
tion till the N itre makes no more noife, or is fet on Fire by the Coal, and 
then all chat remains will, in every fenfible, phyfical, and chemical proper
ty, be a fixed, alcaline Sale ; for ic has a cauftic acrimony \ it caufes a uri
nous tafte in the M o u th ; it raifes an ebullition with all known Acids; if 
it is faturated with Acids, it is converted inco a compound Salt, whofe na
ture is decermined by the A cid  ic is mixed with ; it has che fiime effed in 
changing o f Colours, with che preceding A lcali’s ; the very fame precipita
tions are likewife produced b y iC j and in the foltitioa o f  cercain Bodi-’s, ic
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difcovers 3 perfedly fimilar, ncttofayche very fame efficacy. In thisSaJt, hov/- 
ever, there is yec conftantly obferved fome difference from the former, as ic 
always retains fomeching o f  Nicre that is noc perfedly changed from its 
priftine Nature. T h is, indeed, don’ c commonly difcover itfelf till you pour 
fome of the beft Oil o f Vitriol upon it ;  but then there immediately rifes 
a Vapour, which by its fmell o f Spiric o f Nitre, ox Aqua Fortis  ̂ demonftrates, 
that there is ftill fomething remaining in the alcaline Mafs, which, by the 
aftion of the O il o f  Vitriol, rifes from the Nitre itfelf. N ay , and even the Oil 
of Vitriol, too, generally grows black when ic is mixed with Glauber's Alca- 
ii, whence it appears, that chere is ftill left likewife fome o f  che Coal, which 
was thrown in and confumed. Glauber, therefore, was cercainly in the right, 
in believing this Alcali o f Nicre to be in fome meafure differenc from ocher 
vegetable Alcali’s ; but when he extols its vertues fo highly above all others, 
ii’s polTible he was a little coo fond o f  his own difcovery.

But a third, and the moft expeditious way o f  producing A lcali’s in a ihorc The fame 
time, and greac quancity, is as follows. T ak e  o f the beft and drieft Tarcar, anTNS?" 
and Nitre reduced to a fine powder, an equal quantity, mix them together, 
and throw them, a litcle ac a time, into a clean iron Ladle, made almoft 
red hot, and there will be excited, as we fliew’d you before, a momentane
ous deflagration, and there will be immediately produced a white, alcaline, 
fixed Salt. This, too, is like a vegetable A lcali in every m ark; but ftill 
it has the fame peculiarity as the former. F or here i f  you go to make vi- 
trioiaced Tartar from ic, there immediately arifes a fmell oi'Aqua Fortis, and 
the Matter turns blackiih ; a certain fign that there is fomething o f  Nitre 
remaining, in this cafe, as well as the former. See the egregious Hoffman.
Obferv. Pbyf Cbem. p. 241.

And laftly, there is another, and a pretty fingular manner, too, o f  prepar- ‘»y 
ing a fixed, igneous Alcali, in a moment, almoft, from Nitre, and is as 
fallows. Afcer che Sulphur is feparaced from Antim ony, almoft as clear as is 
poiTible, there remains the pure metalline part, which is called Regulus.
Take this ftiining Subftance, put it into a clean Crucible, melt it in the 
Fire, and when it is perfedly in fufion, add an eighth part o f  che pureft, 
drieft Nitre. Y ou ’ll then be furprized to find, that this Nitre, which ufed 
to flow fo eafily in a ftrong Fire, cannot now be brought co flux, withouc 
the applicacion o f  fuch an intenfb H eat, as is neceiTary for the fufing o f 
Copper. But you’ll here perceive, likewife, fomething more extraordinary, 
and that is, that when it is urged with fuch a degree o f Fire as will melc 
ic, it immediately acquires a golden colour, and when the whole is poured 
out into a melting Cone, it rifes to che top, and appears like a golden 
Cake. This, now, i f  ic is feparaced by ftriking the Cone, is vaftly impati
ent o f drinefs, and is o f  fo acrid, alcaline a nature, that it is perfedly ig
neous in almoft every effed : N or has the greateft Mafters in the A rc ever 
found out any method by which one may communicate to Salt fo great a 
degree o f Acrim ony. And here we may obferve, thac N itre, which is che 
coldeft o f all Salts, and has not the leaft mark o f  any Alcali in it, when ic 
is thus fufed wich the metalline part o f Antim ony, acquires this Acrim ony, 
purely, as it were, by contad. It is credible, now, in this cafe, thac the 
Sulphur o f .the Antimony is, by this means very intimately united wicli the
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N itre ■, for i f  you take the Sale, thus produced, whilft k  is exceeding dry, 
and hot, and throw it: info very pure Alcohol, this prefently extrads a very 
red T ind ure from ic, whofe cauftic qualicy is fo great, that it can fcarcely be born. 
T his fudden akeration, now, I have obferved equally to happen, whether the 
Regulus is made with Iron, according to Suchtenius*s method, or with Tartar 
and Nitre, in the common one. But this will not be effeded fo long as the 
external Sulphur adheres to it, the Experiment then only fucceeding, 
when this part being feparated, the remaining reguline part is perfedly 
fus’d with the Nicre. T h e quick change, now, chat is here brought about, 
which we meet with now here elfe, is fo much the more furprizing, as Nicre 
with Sulphur never becomes alcalious, buc is converced inco a biccer Sal-Po- 
lychrej}. And whac ftill makes it more extraordinary is, thac Nitre, if it is 
kept a vaft while in fufion by icfelf, will remain the fame wichout any al
teration. N or will N itre, as we mentioned before, produce an alcaline Sale 
with Antim ony, fo long as it retains its Sulphur; though when that is re
moved, it will with the Regulus generate ic by fimple fufion. Hence, there* 
fore, from the combination o f  Bodies together in a cercain manner, we fee 
what fudden and unknown effeds may be produced, which it was not polTible 
to have forefeen ; and hence again we infer how likely we are to fall into er
rors, if  we proceed too haftily upon general Principles. But once more, we 
here obferve farther, how eafily N itre grows alcalious through ics whole fub- 
iVance, viz . as ic were, by mere co n tad ; in as much as it is not mixed with 
the melted Antim ony, but precifely flows at the top o f  it, being perfedly 
expelled from it. And laftly, we may take notice, thac this Salt, which is fluxed 
by itfeif fo very readily, in an inftant, is fo altered in its nature, that it becomes 
the moft difficult to flux o f  any we are acquainted with. Thus then, Gencle
men, I have laid before you all I have been able co difcover in any Authors, 
concerning the origin o f fixed A lcali’s, and the divifion o f  them into proper 
claifes, founded upon it, to which I have likewife added fome of their 
vertues.

T h e  e f f i c a c y  T he O rder o f  our fu b jed  leads us now co examine into all thofe phyfical 
operations which thefe Salts are obferved to perform. And that I may do 
this the moft to advantage, give me leave to take notice to you once more, 
that though from the vaft number o f  Vegetables thac are perpetually burn
ing, Nature is conftantly employed in generating fixed A lcali’s ; yet, not- 
wichftanding the infinice quancicy thac is chus produced, there is not the leaft 
appearance o f  them .any where co be found in the E a rth ; whence ic follows, 
that chefe Saks muft either perifh, or be concinually changed in their nature. 
In perfed fixed A lcali’s, then, upon examination, the following properties 
appear to belong in common.

F̂ rftattrafts I. T h ey  attrad V^ater very powerfully, to a great diftance, and from 
every known Body in which ic refides. T his is plain from ocular demon- 
ftracion ; for when fuch an A lcali is caken ouc o f  a ftrong Fire, i f  it is fuf- 
fercd to remain in a very hot A ir, ju ft by the Fire, where we can by no 
other art difcover the leaft fign o f W ater, it will even there grow moift, and 
diflblve: And if ie is then puc inco a clean, dry, glafs Veflel, and dried over 
che Fire, and the Vapour that exhales, is catched, and condenfed in an Alem
bic, it will yield again the pure W ater which the Alcali had drawn into it.

^  O th e r
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Ocher Salts, now, if  they had been moift before, would have been deprived 
of their Wacer in the very fame place, where the dry A lca li attraéled a 
moifture. Thefe A icali’s, therefore, are true magnets to W ater i this they 
diíTolve, and unite with them i by this they are diíTolved and ftrongly united wich 
it; and hence, when they are once diifolved in W ater, a H eatas great as thac 
of boiling W ater won’ t perfedly dry them again.

Take, for inftance, O il o f per Deliquium, put a mercurial Thermo-
meter inco the VeiTel with ic, and expofe ic to a Heac o f  214 degrees, and 1̂7 
you will find the Salt will noc be dried. N ay, if  you have a mind to effed 
this, you muft put ic into a metal VeiTel, and keep it continually ftirring in 
a Heat o f  more than fix hundred : Hence, v/e fcarcely know any Body thac 
parts wich its W ater with more difficulcy. 1 had a mind, now, to inquire into 
the power by which an Alcali thus atcrads Vv^ater, the quanticy which it 
takes in, and the fpace through which this power is capable o f  exerting itfelf.

T o  this purpofe, then, I took an ounce o f  a fixed Alcali, exceeding pure Draws it 
and dry, and putting it in a clean glafs Bafon, expofed ic to a dry A ir, in 
a fubcerraneous place, that was every way inclofed, nor in the leait difturbed 
by any W ind *, and I found, in a lictle time, thac che Wacer was attraded 
ouc o f chis ftill A ir , to the broad farface o f the Salt, and it continued to 
be fo, till the Salt had drawn in near three ounces o f  W ater, but being 
then thoroughly Taturated, it did not imbibe any more. Hence, then, I 
learned evidently, that this quantity o f  Wacer, which was chus attraded to 
the furface o f the Salt, required at leaft fix cubic feec o f  A ir  to fupply it :
For if we fuppofe the weight o f  A ir  to be to that o f W ater, as i to 1000, 
and a cubic foot o f  Vv^ater to weigh 64 pounds, then all the heavy Bodits 
in a cubic foot o f  A ir  will weigh o f a pound. Lec us imagine, now, 
only half o f  thefe heavy Corpufcles to be pure W ater, the other hali, all 
the reft o f  the Bodies that are contained in thc A ir, and then it appears, 
thac in a cubic foot o f  A ir there will be abouc half an ounce of W ater. I f  
this Salt, therefore, is capable o f  attrading this Wacer from fo great a fpace, 
we difcover a new and very furprizing power in Nature. Hence Sendivogius 
faid, very ju ftly , the more A lcali’ s are burnt, the more W ater thefe calcin’d 
Bodies attrad  out o f the A ir. I f  you are rather o f opinion, however, thac 
in this cafe the W ater which is in the A ir  at a diftance, comes into chat A ir  which 
is neareft to the Salt, and fo is exhaufted o f its W ater, I will not contend 
with you i but this, in the mean time, I am certain of, chat the A ir , where 
the experiment was made, and from which the W ater v/as feparated, was e x 
ceeding ftill.

But to come at the Time thing ftill more e x a d ly , I took a large glafs And yeiv 
Botcle, very clean, hot, and dry, and into this I put fome pure Salt o f  T ar- 
tar, very hot and dry, likewife, and reduced to Powder in the manner above 
defcribed. I then prefently ftopt the M outh o f  the Bottle with a dry Cork, 
and covered ic over with a H og’s Bladder, well rubb’d with O il, and made 
very fupple, which I tied over it *, and I afterwards found, that the Sale, 
which adhered to the fide o f  the Glafs, was grown moift with the Water 
concained in that fmall quantity o f  A ir  that was included with it, tho’ the*
Air was hoc and dry, at the time that the Bottle was cloied,
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Secondly, 2 .  But wich refpedl to A ir, now, Alcali’ s feem to have a quite contrary power ï  

rei«isAir. fgj. attrad W ater, fo they feem to repel pure elaftic elementary Air. In
deed one would be apt to think otherwife ; For i f  a fix ’d aicaline Salt, when k is 
perfedly red hot, nay, in fufion, is poured into an iron plate, it wili foon attradb 
ibme Water into i t ;  and as this W ater is drawn ouc o f  che A ir, one would 
imagine, it ihould attrad the A ir  along w kh it, efpecially, as ic formerly 
appeared, that when W ater is by any means deprived of ics A ir , it always 
fpontaneouily takes in more. N ay , and for this reafon it would farther feem 
probable too, that the Sale fhould attrad A ir  into it, viz. thac all the Air 
that was in it before muft have been expell’d by the intenfenefs o f the Fire 
in which ic was melced. On chefe accounts a perfon would be apt co infer* 
thac a greac deal o f A ir  muft be drawn inco, and lie concealed in thefe Salts; 
and yec i f  you examine O il o f  Tartar per Deliquium at the Air-pum p, it does 
noc give any indication o f  A ir ’s coming out, nay, even though you make it 
hoc. Hence, therefore, again every body would conclude, that thefe Alcali’s 
do not only repel A ir , buc that they likewife even expel that which is lodged 
in the W ater ; and hence, that there is in thefe Saks a power o f  repelling 
A ir , and driving it from among them.

Or, rsrhaps, Buc you may remember. Gentlemen, that whilft this point was before 
attrait hex-under examinacion, w ebroughc ic to this conclufion, that it was almoft pro- 
^ gfy. bable, thac A lcali’s attrad A ir  inco them exceeding ftrongly, and io clofcly 

unite ic wich them, that they do noc lec ic go again, until it is forced from 
them, by a ftrong Fire, or being put into an effervefcence. Vide. p. 303, 310; 
U pon a careful confideration, cherefore, o f  thefe oppofite appearances, lam 
in a doubt, whether, under chis fecond property o f  A lcali’s, I Ihould conclude, 
that they perfedly repel A ir ;  or that they unite it fo intimately with them̂ , 
that fcarce any Body attrads ic more ftrongly, or fixes Ic more clofely. One 
o f  thefe two muft certainly be the cafe ; which o f them is fo» I dare noc 
aifert. Thus you fee che extraordinary iifue o f  fo many Experimencs, per
formed in a proper manner, viz. a fiuduacion becween cwo opinions, that are 
diametrically oppofite to one another. T h is , however, is the nature of crue 
Philofophy, nor can we any other ways come at a right knowledge of it. 
Thefe uncertainties, in the mean time, have this evident advantage, thac 
they put others upon farther inquiries.

O o n o t repel Thefe pure, acrid, fixed A lcali’s, i f  they are mixed with the choiceft Alco»- 
A lcohol, when they come firft out o f the Fire, attrad  ic inco them, and unice

it with them i buc if  there is the leaft mixture o f  W ater in- it, then the Wa
ter is immediately atcraded, and the Alcohol repelled ; nor can they afterwards 
be united, by any method whacfoever. N or can this union be efïeded, if the 
A lcohol .is pure ; but there is W ater in the Salt. In this manner, therefore, pure 
A lcali’ s elegantly divide ftrong Spiric o f W ine into cwo pares, that are not mi& 
cible with one another, viz . into a W ater faturated with the Alcali, and into 
a pure A lcohol fwimming at top. And thus, again, plainly appears the 
reciprocal attradive force betwixt the W ater and the Alcali. F or cake a 
pine o f the pureft AIcoliol, put inco ic buc a very fmall quantity o f Water» 
and then throw in fuch a dry, alcaline Sale, and che A lcali will in an inftpt
draw into it that lictle portion o f  W ater, upon which there will appear a kind
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of tenacious O il about the fides o f  the Glafs, and ac the fame time, the com
bination o f die A lcohol, and W ater, will be perfeétly prevented. Hence then 
we fee evidently, how many, and what fingular, phyfical operations may be 
performed by means o f  fixed A lcali’s, when they aft upon thofe Fluids thac 
are prepared by fermentation, confidering them as ading, eicher by an a't- 
trac'lion or repulfion o f  the Alcohol, or by an attradion o f  the W ater alone.
Nay, and chefe A lcali’s a d  upon thefe Liquors yet in another refped : F or as. 
every Spirit drawn by Fire from any fore o f W ine has always a volatile A cid  
intermixed wich ic, hence the Acid being greedily attraded by the A lcali, the 
Spiric by this means becomes much more pure, as it is now freed from its in
herent Acids, and confequendy will be very different both in its nacure and 
vertues, from what it was before this Operation. And the A lcali itfelf, like- 
vvi'e, will ac the fame time be incirely altered, will become a compound o f 
an Acid and Alcali, and i f  ic is perfedly faturated in chis manner,, will pro
duce ¿’«î/ Purgans de Tartaro. T o  chis Obfervadon, laftly, we are 
indebted for a preparation o f  pure Alcohol, wichouc diftillation, or any affiftance 
of Fire: For mix only a fufficient quantity o f Pot-afiies with common Spiric 
of Wine, and ftir chem abouc dll they are thoroughly mixed together, and 
the Ŵ acer will run into the Alcali, and the Alcohol will fwim at top, which, 
by a gentle décantation, will come o ff good the firft time. I f  you doubt, 
however, whether it is quite pure or no, only put fome more Aihes inco the 
Alcohol thus prepared, and b y  ftirring them abouc, and then pouring the 
Liquor off, you may eafily make it fo. In this Operation, however, the 
Spirit o f Wine always difcovers a pinguious O il, which before appeared nei
ther in the Spiric o f W ine, nor the Alcali, but is then only generated when 
they are chus mixed together.

In the fourth place, the power o f  thefe A lcali’s manifefts itfelf parcicular-Attraa di- 
ly upon diftilled vegetable Oils. For if  the moft acrid, pure, dry Alcali is 
thrown very hot into a diftilled O il, ic actrads it violently into itfelf, with 
a mighty hiffing noife, and unices it fo well with ics Subftance, that there is 
immediately produced a kind o f  Soap, which is ftill combined more clofely, 
and brought to greater perfedion by this mixture’s being fet in a fubterra
neous place ; for by this means both o f them become femi-volatile and form 
a Mafs diifoluble in . W ater, which is endued with excellenc medicinal ver
tues, and is the Ens parvum Sapientum, the Sapo Helmonlianus, che Sal-Volatile 
fariari Starkeianim, and the CorreEîor Matthei. T his fort o f  Medicine was very 
famous, firft in England, and afterwards all over Europe: F or it powerfully 
foftens and refolves almoft every kind o f vifcid concretion that is generaced 
from che humours o f  che human Body : Hence ic incides and attenuates the 
Saburra that clogs up the VeiTels, and at che fame cime ic gendy ftimulates 
the VeiTels themfelves, and makes them a d  with a moderate impetus, and 
thus in boch ways proves an aperient, and by Perfpiradon, Sweac, and 
Urine, carries off the Matter o f the moft ftubborn chronical difeafes. I f  ic is 
digefted too wich fimple Subflances, ic alters them, and quite changes their 
nacural difpofition, and by chis means fubdues che virulent efficacy o f many 
of chem, and imbues them with new vercues. Its medicinal power, however, 
as a univerfal medicinej which is the common fault o f Chemifts, has been coo 
niuch cxtoli’d. But here let me ^:aution you, chat this combination can never
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bs effeded, if there is che leaft W ater, eicher in the Alcohol or Oil, and" 
confequently, never by cold Salts. N or will it fucceedj if  but a fmall portion 
o f  the alcaiine Sale ilands above the O il, and thus, by coming to the Air, 
grows ever fo little moiit.

And expref. 'A lca li’s are eafily United lilcewifê with the exprefs’d Oils o f  Vegetables, or 
icdone$, even Animals, as is commonly feen in boiling them inco artificial Soap by the 

aififtance o f  quick Lim e, W ater, and Fire. And the Subftance thus produced 
is wonderfully efficacious in a great many things, which wou’d otherwife be 
performed with a great deal o f  difficulty : Buc che chief o f thefe are mention’d 
already under the former head.

And Acids Buc alcallnc Salts, in a particular manner, attrad all kind o f  Acids what- 
Jikewife. whether produced in the Anim al, Vegetable, or F oifil Kingdom, and

that, whether dry or moift, pure or diluted. And this power o f  Alcali’s, 
by which they thus attrad  Acids, is vaftly greater than the fame wich refpeét 
to W ater: For in this adion, by which they unite thefe Acids wich themfelves, 
they violently expel the A ir  that refides in the Salts, whence arife fuch numbers 
o f  Air-bubbles, which fuddenly appear, and then burft afunder. N ay, and by 
this very combination, they even repel W ater itfelf from chem pretty confide
rable 5 and when they are thus faturated, they will eafily fuffer themfelves to 
be dried, or deprived o f  their W ater, which before, when they were feparated, 
they retained very tenacioufly. Pure acid O il o f  Vitriol, for inftance, when 
it is alone, you can fcarcely, by any A rc, free from its Wacer ; Oil o f Tar
tar not wichouc a great deal of difficulty: And yec when you mix chem to
gether, the W ater is expelled in fuch a manner, thac a Salt almoft dry ap
pears in che VeiTel under ic \ as is evident in the Preparation o f  Tartarus Vi- 
iriolatus. T h e  fame is true o f  other Acids likewife, when chey are combined 
with an A lcali: And from this confideration, many abftrufe chings in che 
D odrine o f  Menftruums may be eafily underftood. But this Power, by which 
A lcali’s thus attrad Acids, is limiced and confined within cercain bounds ; and 
hence there appears a vaft diverfity among them, cho* chis, indeed, is more owing 

. to a difference in the Acids than in the A lca li’s. This affair, the knowledge of 
which is exceeding ufeful, the egregious Homherg has very happily explained, 
as indeed he has every thing elfe he hasattempted, in the Mem. del'Ac, Rj>y.àes 
Sc, T .  I. p. 52. A  few o f  the Obfervations, therefore, which he has there given 
us, with your leave, I will here lay before you. One ounce o f Salt o f Tartar, 
abforbed all the Acid from 14 ounces o f the beft diltilled Vinegar •, andhence, 
afcer it was dried, it was increafed in its weighc 3 drachms, 36 grains j the, 
remaining part o f  the Vinegar being mere infipid W ater. By this means, 
then, we difcover the proporcion chere is becween che A cid , and the 
W ater o f  the Vinegar. From Spirit o f  Salt, che fame abforbed 2 ounces 5 
drachms •, and hence became 3 drachms, 14 grains heavier. From Spirit of 
Nicre, I ounce, 2 drachms, 36 grains ; its weighc being thereby increafed 3 
drachms, 10 grains. Yrom Aqua Fortis, look, up i  ounce, 2drachms, 30 
grains ; gaining hence3 drachms, 6grains, in ics weighc. From O il o f  Vitrioi, 5 
drachms i the increafe o f  ics weight, 3 drachms, 5 grains. A s thefe, therefüre, 
are the principal Acids, we may eafily infer in the firft place, that Acids, tho* 
very different in their fpecific G ravity, when they have faturated an Alcali, 
are obferved to have the feme weight j for Vinegar, which is the lighteft Acid
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o f all thefe, increafed the weight o f  the fame Salt o f  T artar, as much as the
Oil o f Vitriol, which is the heavieft, and moft pure: T he fame too is crue o f  
the reft, the difference between the greaceft and leaft increafe o f weight, being 
no more than 31 grains, and that only in Vinegar, arifing from Úitlfartarus 
Regeneratus ŝ being dried with a vaft deal o f  difficulty. 2. Hence, therefore,
Acids feem to differ chiefly in the quantity o f  W ater chey are diluted with, 
fince the pure A cid , when it is extraéled, difcovers always the fame weighc.
If 14 ounces, therefore, o f the ftrongeft Vinegar, cou’d by any contrivance 
be reduced into 5 drachms o f  A cid , by feparating the W ater from ic, and col- 
ledtmg together the A cid  withouc making any alceration in ic, wou’d then this 
colleded Acid be as ftrong as O il o f  Vitriol ? This is certain, ic wou’d be then 
capable of facurating che fame quanticy o f Alcali. 3. W e hence fee, Thirdly, 
how greac a pare o f  thefe Acids is W ater; and chac, cherefore, ic is probable, 
Fourchly, thac i f  thefe acid Salts could be obtained pure wi:hout any W ater 
at all, they would then appear in a folid form. This, however, has never- 
yet been accompliihed: V ery intenfe Cold has come neareft ic o f any thing,, 
but noc quice completed it. Hence likewife we may conceive whac furprizing 

Menjiruums may produce, when they a d  upon Solvends thac 
have any latent Acid in them ; or upon thofe thac are adually  confolidated, 
and held cogether b y  an A cid , and hence when this Acid is abforbed, fall 
again inco their confticuent Elemencs. H ow  great an Effervefcence is by this 
means excited ? W hac a produdion o f  lighc Bubbles, thac prefendy mounc 
up, and are concinually burfting, and by chis means caufe a hiifing noife, and 
generate a very elaftic A ir  ! But all thefe fudden eifeds cannoc be underftood 
without a right notion o f  the Dodrine o f A lcali’s. But I muft here take notice, 
however, that when this affufion o f  an A cid  to an Aicali is performed gradu
ally and cautioufly in warm Liquors, and in a large VeiTel, and i f  ac che fame 
lime the VeiTel is ihook after every inftillation o f  the A c id ;  then you will 
come at laft to that temperament in which there will be no farther Ebullition :
And this is called the poinc o f  Saturation, I f  you afterwards proceed to pour 
on the A cid , there will be no more agication excited, then there is upon m ix
ing Water with Wacer : And then the Compound thus produced, is neither 
Alcali nor A cid , but a neutral one concreted o f both, which acquires its name 
from the A cid  that faturated the A lcali. Hence the Acids have been called 
Males, and the A lcali’s Females, and the Compound o f them both. H erm a
phrodites: T h e  Alcali, i\\t Vacuum \ the Acid, the Im plent: T h e Alcali the 
Chaos, and the A cid  the impregnating Spirit, T his extraordinary Ebullition 
and Effervefcence, now, thac arifes between the A lcali and the Acid from the 
violent expulfe ot the A ir  and W ater, may be owing poifibly to thefe Bo
dies impetuoufly driving out whatever lies becween chem, when they ruih 
ilrongly into mutual concad: And then this wou’d not arife from any difa- 
greement, but an aifociation o f  Principles. W ill you hence, therefore, be in
duced to believe, that Acids abound plentifully with A ir, but thac A lca li’ s are 
without it ? Certainly, the ftrongeft Alcali,, taken very hot ouc o f  che Fire, 
and hence probably deprived of all its A ir, will, i f  it is thrown into an Acid» 
produce a prodigious Eifervefcence. Is this the reafon chen, thac Acids, 
when they are predominant in Animals, are fo very flatulent ? D o the Salts pro
duced from a. combination o f  A lcali’s and Acids, lofe the greateft part o f their.

3. Air,
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A ir , andaré chey hence found to be fo little flatulent in the human Eodyi 
A re  for the fame reafon, Acids alone, or at leaft acefcent Bodies, difpofed to 
ferm ent? And does there hence, in fermentation, arife fuch a tumultuous Air? 
Does fermentation hence naturally tend to the generation o f  Acids ; Fire, when 
it burns openly to the produdion o f A lcali’s ? And does hence Fermentation, 
the Parent o f  Acids, perform its work with a fmall degree o f Heat, whilft 
a greater is neceifary to difpofe Animals by putrefadion to become alcalious ? 
But to proceed : W e farcher obferve then, that when thefe Salts are once per- 
fed ly  faturated, they continue afterwards at reft, nor generate any new motion, 
tho’ you perfift in pouring upon them either Acids or A lcali’ s. Am ong the na
tural caufes, therefore, by which motions are excited in the Univerfe that did 
not appear before, we muft reckon A lcali’s and Acids, at the time when thefeare 
mixed pure together, which ceafe again, as foon as ever this combination is 
compleat. Nor can we at all doubt, but that in the adion of thefe alcaline 
Menßruums upon Acids, the W ater is expelled out o f  them as well as the Air, 
when they thus unite together ; for tho’ they are perfedly fluid when 
they are mixed, yet they harden in the vcry a d  o f  combination into little 
faline Glebules, and appear in the W ater in the form o f  pellucid Chryftals, 
the watery Liquid being driven out, and fwimming ac top. N ay, and when 
the Saturation is quite perfed, the Wacer may be drawn away pure, and with
out any faline T afte , which being all feparated, the remainder is converted in
to a white, mealy, opake, dry Powder, Thefe compound Salts too, are 

■cafilydried with a gentle F ire ; whereas the fimple A lcali’s and Acids, by 
whofe combination chey are produced, eicher cannot be dried at all, or not 
without the greateft difficulty. And again, tho’  thefe compound Salts thus 
prepared, part with their W ater eafily; yet it is vaftly difficult, bytheaflift- 
ance o f  Fire alone, to feparate either the alcaline or add Salts, fo as to pro
cure them quite pure. I f  any one, for inftance, has thus made a SaUJmmo- 

■ mac¡ from an alcaline Spirit o f  Sal-Amffwrnac, and Spirit o f Sea-Salt, he may, 
indeed, fublime it, by expofing ic to the Fire, but he will not thus be able 
to feparate it into the faline Principles o f  which it was compounded. The 
fame likewife is true oí-Taríarus Fitriolaius, Sal Marinus Regeneralus, Nitrum 
Refufcitaium, Tartarus Regeneratus, and others. There are, however, fome 
•methods found out, by which one may obtain this refolution of compound Salts, 
into their confticuent alcaline and acid faline Principles j and the knowledge of 
thefe. will lead U5 into fome o f  the moft fecret Arts o f  Chemiftry. In order, there
fore, to get a proper infjght into thofe, let us proceed to examine fome farther 
properties o f  Alcali’s,

Theattrafu- A lca li’s, therefore, attrad all known Acids ; tho’ at the fame time we muit 
take notice, that they attrad fome much more powerfully than others. This 

-various. aftertion is abundantly confirmed by Experiments. I f to an Alcali perfedly 
faturated with Vinegar, or Tartarus Regeneralus, you pour Spirit o f Nitre, or 
Sulphur, or Vitriol, then the latent Alcali will attrad  into it that Acid, and 
repel from it the acid o f  the Vinegar with which it was before faturated ; and 
hence a Liquor, which will be nearly Spiric o f  Vinegar, may be afterwards 
drawn from this Compound with a moderate H eat, chere remaining a confide- 
rably fixed, regenerated nitrous Salt at the bottom o f  the Veifel : and if  you 
put to ic Spiric o f Salt, Sulphur, or Vitriol, the A lcali will in the fame man

ner
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ner attrad them, and lec go the A cid  o f  the Vinegar. Again,- i f  you take 
an Alcali rightly faturated with Spiric o f  Nicre, and mix it wich Spiric of Sea- 
Salc, there will arife in diftillacion an Aqua Regia, and a nitrous Sale will be 
lefc ac che boccom, buc changed from its former nature. And i f  upon an Alcali 
perfedly facuraced wich Spiric o f  Salt fo chac it is become Sale, you pour Spi
ric of Nitre, the Compound, by diftillation, will yield an ¿¿-¿fa likewife, 
and che Sale thac remains ac the boccom will be o f a nitrous kind, concaining. 
an inflammable maccer chac will make ic deflagrate, but yet will be fomewhat 
different in its nature, boch from che Sale and che Nicre. In chefe cwo cafes, 
therefore, as becween che acid o f  the Nicre, and chac- o f the Sale, chere is no 
fuch great difference wich refped to their acid quality, each o f thefe Acids 
feems in fome meafure to have diflodged and driven ouc the other, b y  w hich’ 
means they both rife mixed togecher, and boch o f them likewife, with the 
Alcali for their Bafis  ̂ help to m akeup tht refiduum. I f  you take an Alcali' 
faturated with Spiric o f Nicre, and pour upon ic Oil o f  Vicriol, a pare Spiric of 
Nitre is immediacely ej&pelled, and che acid o f che Vicriol concinues united wicb- 
the alcaline part o f the Nitre, and makes a Sale ac the botrom, which has in 
fome meafure the nature o f Tariarus Vitriolatus, tho’ it differs from ic in fome 
of its qualities; buc ic has fcarcely anything in common with Nitre, A n d ' 
laftly, if  upon fadicious or natural Sea-Salt, you pour Oil o f Vicriol, ther& 
prefently fumes up a very volatile acid Spiric o f  Sea-Salt, that poiTeifes almoil 
all the known vertues o f  it, except thac ic fumes more, is more volacile, and 
its Vapour is o fa  fuffocacing nature, till it is correded by a repeated depuration.
All thefe Experiments, therefore, certainly evince, thac thofe Acids, which are 
nacurally concained in a lefs quancicy o f Wacer, have a power o f unicing chem
felves wich A lcali’s, fuperior CO chat o f  thofe, which are naturally diluted wich 
a greater. A nd chis Rule, as far as I know, holds crue, and may be laid down 
univerfally, that flronger Acids always expel from their refidence in A lcali’s, 
thofe Acids which lefs powerfully adhere to them. And then, Secondly, chefe 
ftronger Acids always unice themfelves with that Alcali from which the weaker ^
Acid was expelled, and take poifeflion o f  the place in which that was feated 
before. T hirdly, the Salt thus regenerated, lofing the difpofition it had from  
the firft A cid , which is now removed, puts on very nearly the nature o f  thac 
Salt, from which was drawn the laft A cid  which is now uniced with the A lca 
line pare. In che Fourch place, however, ic muft be confefs’d, that betwixc 
the Sales thus produced, and chofe native Salts from which chofe Acids were 
drawn, chere is always fome pretcy remarkable difference. Thus, for inftance, 
the Sal Mirahilis Glauberi, which is prepared by diftillation o f Sea-Salt, with, 
the beft Oil o f  Vitriol, is o f  a very different nature from thac which is obcained 
from Oil o f  Vicriol, and O il o f  Tarcar combined togecher Tartarus Vitrio- 
latus: W hich is likewife obferved in others. And again, the Sale which is 
procured by diftilling Glauher*s Spirit o f  Nicre, is quice anocher ching from 
his Sal Mirahilis, cho’ boch chefe are fuppofed co be produced from the fame- 
Acid and Alcali. T his rule, therefore, which has been laid down by the moft 
famous Chemifts, That Acids always convert Alcali* s into their nature in fuch a man- 
ner̂  that from thefe Compounds may he conjiantly regenerated thofe Salts, which before 
yielded thofe Acids, is too general, and muft be underftood with fome reftridi- 
oii. In. the Fifth place, I obferve farther, that when thefe A cids thus poured-



upon compound Salr, expel thence the Acids that were united with them be
fore, and unite themfelves with the remaining A lcali’s, this new combination 
is effeéled without any confiderable Effervefcence : For the firft Acid quits its 
place, and the laft fucceeds it withouc much conflict, notwithftanding there 
arifes fuch a prodigious ebullition, when a pure Alcali is mixed with a pure 
Acid. N or does it appear, chat any A ir is generatéfe by chis adunation, tho* 
in the other cafe ic was expelled in fo large a quantity. Does this happen, then, 
becaufe the Effervefcence that was excited in the preceding Saturation, had ex
pelled all the A ir, fo chat now the new A cid  does nothing more than enter 
into the faturated A lcali thus deprived o f  its A ir , and remains there withouc 
either expelling any A ir, orattrading any? T his certainly feems confirmed by 
chis Obfervacion, chat i f  chac fecond Acid is expelled by a ftronger A cid , and 
is chen mixed with anocher A lcali, ic will with chac raife as violent an Effer
vefcence as the firft did ; fo thac in chis Operacion chere fliall be produced 
again che fame H eat, N oife, and A ir, whilft in the compound Sale there was 
■fcarcely any flich appearance. Hence then we underftand, the wonderful ilf?- 
tempf)chofis and 'Palingenefia o f  thefc acid Salts : By thefe many philofophical 
arts may be invented and cultivated : By chefe, many unheard o f  changes may 
be broughc about in nacural Bodies, o f which there are at prefent no inftan
ces, nor any known Inftruments, and o f  which, confequently, no account can 
be given from any other principles which mankind has hitherto been acquaint
ed wich. Thefe chings, Genclemen, ic was abfolutely neceffary to lay clearly 
before you, whilft we had A lcali’ s under confideration 2i% iolvtni Menjiruums \ 
for in che application o f thefe to various Bodies, you will meet with an in
finite number o f Phœnomena, which without the knowledge o f this Doftrine, 
you could not poifibly account for.

‘ProWems There are fome other things, likev/ife, which occur upon this head, that 
.heaceraifed. would be ftill farther induced to fufped, but which require, however, a 

more mature inquiry, beforethey can be admitted as certain: T heie, therefore, 
with your leave, I will here add by way o f  Problems ? Do all fixed Alcali’s 
owe their origin co Fire only, as their generacing caufe? D o all volacile Alcali’s 
depend alone for cheir produdion, on a degree o f  Heac that is necefiary to 
putrefadion? Is ic pofTible in nature, thac a fixed, or a volatile A lcali, if ex
pofed CO che open A ir, can long concinue an A lcali? O r will chey, by every 
where meeting with an A cid , or an oily Subftance, be converted into a neu
tral Salt, ora Sapo? Does not the fame thing happen to them likewife in Vegeta
bles, and in the Bodies o f  Animals ? Is there not by this means continually pro
duced a very large quantity o f  compound Salts, and o f thofe in parcicular which 
will arife from an A lcali, and chac Salt whofe acid is every where diftributed? 
A s natural Acids, therefore, or thofe which are generated from Vegetables by 
Fermentation, are always, and every where prefent, does it not hence happen, 
that this compound Salt is moft frequently o fth e nature o f Tartarus Rtgenê  
ratus, or of chat o f  ihe Spiritus-Ophthalmicus Minàeriri^ which arifes from the 
combinacion o f  a pure volatile alcaline Sait, with difitlled Spirit o f Vinegar, 
-which is not acrid, but vaftly penetrating and adive, -cho’ at the fame time not 
endued wich much Tafte. But amongft all thefe things, there is noching, thac 

;ibr very weighty reafons, deferves more co be examined inco, chan the origin 
and nacure. o f thofe Sales, which on accounc o f  their commonnefs and ufe we

are



ar€ the mod acquainted with o f  any, viz. Fountain-Salt, Sal-Gem, Sea-Salc, 
and Nitre. Concerning thefe, we would particularly inquire, whether they are 
produced by a combination o f the Acid, into which they may be chemically 
refolved, with a fixed vegetable Alcali ? O r whether, on the contrary, they 
are fimple Bodies, juft as nature has generated them, and by the acftion o f  the 
Fire are rather changed ir\. their difpofition, than feparated into their proper 
conftiruent parts ? T h e Chemifts, certainly, efpecially afcer Francifcus krava- 
ginus of Venice, and the famous Otto Tachenius, had publiihed their W ritings 
of Alcali’s and Acids, have been o f  Opinion, that all thefe Salts Were in rea
lity originally compounded o f an Aicali and an Acid that were before in be
ing, and that they then firft appeared in che Univerfe. A fter a'good deal of 
confideration o f  this macter, however, ic appears very probable to me, thac 
the Salt in the Sea did adually exift before there was any the leaft fign o f  
the acid Spirit o f this Salt, or any fixed Alcali from burnt Vegetables to be 
found in che W orld. N ay, from Sea-Salt, no Mortal has been ever able by 
any Experiment whatever, to procure one Grain o f  a fixed Alcali. This, I 
myfelf, have fufficiencly experienced. T ak e any quantity o f the pureft, drieft 
Sea-Salt, and by long rubbing, mix it intimately wich chree times as much 
very dry common Bole : U rge ic then in a very ftrong Fire in what manner 
you pleafe, and it will yield but a certain proporcion o f acid Spiric o f  S a le ; 
nor can you procure any more from it, tho* you increafe your Fire to ever 
fo great a degree. A t  the bottom o f the Veífel, then, chere will always re
main the Bole, which will ftill continue Salt. T ak e  this, and with W ater 
waih out all the Salt, then filter it carefully, and form it into Chryftals; and 
what will you by chis means be able to procure ? For my own part, I can fay,
I never found any thing o f  an A lcali in it, but thac it always ftill remained 
Sea-Salt. Befides, as far as I  have been able to inform myfelf, no Perfon 
living has ever difcovered any fuch thing as an acid Spirit o fN itre , or Sea- 
Salt, but what was produced by A rt or Fire, from thefe pre-exiftent Salts:
And when this is the cafe, it feems much rather to arife from a real change, 
than a proper feparation o f  the concurrent parrs. I confefs, indeed, that thefe 
Acids, when they are poured upon alcalious Salts according to art, do pro
duce regenerated Salts, which feem to come as near as poifible to thofe Salts 
from which the Acids were drawn : But yet, ftill there is alwaysfome difference 
betwixt thefe regenerated Salts, and the native ones. Thefe chings, then, be
ing rightly confidered, make ic plain, chac we can’ c be fo cercain about the 
compofition, and refolution o f  thefe Salts, as thofe Gentlemen wou*d perfuade 
us. In thc mean time, you obferve, how cautiouily we ftiould look about 
us, when we make ufe o f  Alcali’s in the folution o f  Bodies : For by the ac- 
ceflion o f fomething elfe co them, theie A lcali’s may be immediately changed 
into another Sale, and a¿t no longer by that fimple alcaline vertue, which ic had 
when ic was applied, but according to the difpofition o f  the new Salt that is 
thus produced. But enough o f  chis: L e t us therefore proceed to fomething 
elfe.

In the feventh place, then, there is this very confiderable in fix’d A lcali’s, that a  fixed  a i -  

when they are apply’d to certain Bodies that we wou’d have perfeétly diffolved, 
they feem, indeed, at firft to effed this, but are prefently converted into M af-  ̂ ‘ 
fis thac are fcarcely to be diffolved by any Menfirmmsy and which are in their
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nature as far different from Menfiruums any thing can be. If, for inaance, 
a hundred parts o f pure Sand, or calcined Flints arercduced to a fine Powder 
like Flower, and then intimately mixed with a hundred and fifteen parrs of a 
pure fixed alcaline Salt powdered likewife very fine -, and this M ixture is then 
expofed to a moderateFire in a Glafs-houfe arch for the fpace o f an hour, and kept 
conftantly ftirring, and afterwards, keeping it ftill continually ftirring, to a ftronger 
Fire for five hours more ; you will by this means prepare a matter, which will 
have the difpofitions neceifary for making the choiceft Glafs. But if this, 
however, is then put up into a good dry Caik, and fet in a dry warm place 
for four or more months, the combination o f  the A lcali and the Flints will 
be ftill farther perfeded : I f  this Matter, then, thus prepared, is put into the 
Glafs-houfe Pots, and expofed to the intenfe Heat o f  the Furnace, it will 
melt into a thick, tenacious, pinguious kind o f  a Liquid ; and whilft it is 
boiling there, it will caft upa Scum to the Surface, which continually increaf- 
ing more and more, rifes often to a fourth part o f  the whole Mafs. When 
this Scum now is carefully removed, till there appears no more o f it, and the 
pure defpumated Matter has been kept two or three days in fufion, what rhen 
remains in the Pot, the W orkm en call the M etal, which when it comes to har
den in the cold, produces the fineft Glafs. I f  this now was not evident from 
common Experience, whac mortal living cou’d ever have imagined, that a fol
vent A lcali, fpontaneoufly diflblving in the A ir, cou*d, when ic was rendered 
vaftly ad ive by the intenfenefs o f  the Fire, be converted with the Solvend inco 
a metalline Mafs perhaps, ietting afide its want o f  malleability ? This property, 
therefore, o f Alcali’s, m ull by all means .be inferted in this account of the 
power o f alcaline Menftruums. For here, when the A lcali, by the adion of 
Fire is made to flow like W ater, it hence becomes capable o f  diflblving the 
Powder o f the Flints in the fame manner, and by this very means becomes im
mediately fo altered itfelf, that it retains nothing o f its former difpoficion, but 
intirely acquires a new one. Hence, then, you fee how Menftruums, and 
thofe very powerful ones too, may be joined in an indiifoluble union with thofe 
Bodies which they have moft intimately diifolved 5 which concretion is always 
ib much the folider, as the Solution is more perfed. W e  learn, therefore, 
from this Experiment, that A lcali’s, w hilil they perfedly diifolve other Bodies, 
are hence fometimes fo altered themfelves, that they abfolutely lofe the nature 
o f  a Salt ; for i f  there is any fubftance in Nature, thac is incirely different 
irom  Salt, Glafs, certainly, muft by every-body be judged to be fuch a one; 
notwithftanding ic is near a third part A lcali. And in this Operation, is it 
not very remarkable, that this alcaiine Salt, ihou’d, in the very a d  of Solu
tion, fo immediately put off ics alcaline Nature, asfoon as ever ic is converted 
into Glafs? For o f  all the proper charaderiftics o f an A lcali, chere is not fo 
much as one left. It has loft all its T afte : It does not caufe an Effervefcence 
with any A cid : It makes no alterations in Colours: It becomes ex ceed in g  fofc, 
and perfedly free from any cauftic Acrim ony : N ay, it is much more fix’d in 
the Fire when it is turned into Glafs, chan it was before, when it exifted in 
form of an alcaline Salt. Buc how very difficulc is it now to be put into fu
fion, as it requires fo ftrong a Fire applied to it for fo long a time to make it 
melt ? And which is more furprizing, as foon as ever ic begins to flow,
and is converted inw Glafs, it becomes a tenacious Mafs cohering c o g e t h e r  like
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pitch, and is fo dudile, and pliable, that you may form ic into whatever 
Ihapes you pleafe: N ay , and i f  you thruft an Iron into it, it will fo adhere 
to it, as to come ouc o f  che M eking-pot with it, and be retained upon ic.
Buc we ftill farther obferve here with admiration, thac from two Bodies ex
ceedingly opake, concreted into one folid fubftance, ihould be formed one fo 
pellucid, thac in the beft fort o f  it we find the tranfparency o f  pure W ater.
And laftly, to detain you no longer, we fee here a Body produced by fo- 
ludon, and thac from a fixed alcaline Salt, which o f all Salts is che moft 
jbluble, which itfeif cannot be diiTolved b^ any known Menftruum whacfoever.
Upon this, neither Wacer, Spirits, Oils, acid, alcalious, fimple, or compound 
Salts, nay, nor the very Spiritus Vint Philofophicus, the Sales Circulati Phi- 
lofophorum̂  nor even the Mercurius Philofophorum has any influence: For the 
Adepts Iona fide aflTure us, thac all thefe are produced within glafs
Veffels: N ay, and they unanimoufiy agree, likewife, that all their digeftions, 
diftillations, circulations, fixations and folutions o f  all Bodies whatfoever, 
they perform wich their Menftruums in Glafs alone. And, which is ftill more, 
even the fecret Operations o f  the Alcaheft itfeif, by which they tell us, all 
Bodies are converted into W ater, are brought to perfection in glafs Vefiels, 
without their fuffering from it any manner o f alteration. D o not we, then, 
hence evidently learn, how difEculc it is for a Philofopher to explain the 
origin o f a given natural Body ? H ow  vaftly hard co allign the Principles o f  
which it was at firft compounded, by plainly refolving ic into thofe Princi
ples, in fuch a manner, as by compounding them again certainly to produce 
the fame kind o f  Body ? I f  a man was perfedly acquainced wich every other 
part o f Nacural Philofophy, buc know nothing ac all o f  the A rt  o f  Glais, 
what judgment, wich all his ikill and application, could he nu ke o f a piece 
of Glafs that ihould be given him to examine ? Certainly, as far as I am 
able to judge, he would not find the leaft indication by which he could 
poffibly fufped that this Subftance was concreted in an intenfe Fire, from 
an alcalious Salt, and calcin’d Flints ? Whac a taik then do the Philofophers 
undertake, when poorly furnifhed with Experiments, they difpute about the 
origin, nature, and principles o f  natural Chryftals, and even Gems them
felves ? W e had better, certainly, in thefe cafes, confefs we are in the dark, 
than to hope fuch m ighty things from our narrow capacities. For the dif
ficulty o f  coming rightly at the knowledge o f  thele things does not depend 
only upon the nature o f  the concurrent Principles, but alfo upon that furpriz
ing effed o f Fire, by which thofe very Principles are altered at the time they 
are coalefcing into one Mafs.

Having thus, then, examined into the origin and nature o f  alcalious Men- DifFcrenceof 
Jlruumŝ  and explained their effeds upon various, and, indeed, the principal 
kinds o f Bodies, we muft obferve, before we proceed, that from whac has to their 
been faid ic appears, that more or lefs o f  the acid Sale contained in the Ve- 
gecdbles, by burning which che A lcali was produced, may ftill adhere to it*, 
and, confequently, that this alcaline Salt wiil be o f  a different nacure from 
whac ic would have been, had ic been perfedly free from this Acid. And 
the fime muft likewife be conceived o f  che adhering O il and Earth. Hence, 
therefore, according to the various proportion of theie Principles, the common 
Alcali’s wiil be very different. N or for this reafon is ic ac all a wonder, thac
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fome writers fhould give us an account o f Experiments performed by Alcali’s 
which, upon being afterwards tried by others, would not fucceed ; for it is 
not unlikely, but that the alcaline Salt they made ufe o f  was o f  a different 
nature.

Frcmother there IS likcwife a very furprizing cauftic, and confuming quality
Bodies added communicated to A lca li’s, by mixing them according to art wich Quick-
iothem. made o f  burnt Oyfter-fhells, or ftony Sea-plants, but, particularly, of

alcalious calcin’d Flints. F or by this means fuch a fiery, acrid, Alcali is 
produced, as being boiled with them, will foften and diifolve almoft all the Solids 
both o f  Animals and Vegetables i fo that here you have the moft acrid, al* 
caline Solvent procured from the fame matter, which, we obferved before, 
produced mild, unadtive Glafs, viz. this Calx and an Alcali. N ay, and this 
A lcali, when it is thus rendered more acrid with Q uick-Lim e, and is dried 
with a pretty ftrong Fire, will eafily melt almoft the W a x ; and hence, if 
any Bodies are thrown into it, it ads upon, and diifolves them in a very par
ticular manner. W as this the fecret which fome o f  the ancient Alchemiils 
made ufe of, when they tell us they performed fome very fingular Opera
tions, b y  means o f  an Alcali that melted with a gentle Fire ? Might not 
this poffibly be their Sal Tartari inceratus, fo called, becaufe, like Wax, It 
diflblv’d fo eafily in the Fire ?

L'mjtsofan W e have now, I think, treated fufficiently o f  A lca li’s. In the meantime,
Alcali. however, it is neceffary I fhould juft obferve to you, that A lca li’s a6t with 

no diifolving power upon pure M ercury; for compound thefe two Bodies 
together'in  whatfoever manner you pleafe, the M ercury is not found to 
fuffer any alteration. And hence, therefore, upon thofe Metals, which the 
Adepts tell us are made up o f  the pureft M ercury, and an igneous, metal
lic, fulphureous, fixed Spirit, with regard to the mercurial part, they are 
able to efi^ed nothing by way o f  folution. G old, therefore, and Silver, to the 
beft o f  my knowledge at leaft, fuffer no alterations from A lcali’s. Upon 
the other Metals, indeed, an Alcali is found ro a d  with more efficacy; per
haps, becaufe thefe have fome other M atter united with their mercurial part, 
which coming near to the nature o f  an O il, or a Sulphur, is more expofed 
to the adion o f  an alcaline Salt. A nd as thefe external Sulphurs do not fuf
fer themfelves very eafily to be feparated from the metalline Glebe, with 
which they are concreted, hence it often happens, that whilft alcaline Salts 
are ading upon the Sulphur, they feem to induce a change, likewife, upon 
the mercurial part which is clofely united with ir, though, in reality, they 
don’ t at all affed  the nature o f  the M ercury. This I learnt evidendy in 
melting common Antimony with Salt o f  T artar; for the whole Subflance, as 
well the mercurial part o f  the Antim ony, as the fulphureous, was diffolved into 
one brown M afs, without any Regulus fubfiding. But if  you take Regulus of 
Antim ony, from  which the external Sulphur is firft feparated, and melt it with 
a fixed Alcali, then the A lcali, when it is in fufion, fwimming at top, will ex
trad  ftill fomething o f  Sulphur, and by this means tinge the alcaline Salt with 
a golden colour ; and at the fame time, the reguline, mercurial part of the 
Antim ony which lies under it, will become purer, and o f  a finer Silver 
colour. Hence then the power o f A lcali’s, confidered as Menßruums, upon 
Metals, feems to be lim ited; for though you apply them even to calcin’d
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Metals, they don’ t appear to be able, by the adion o f  Fire, to penetrate 
into that Sulphur which fixes their M ercury into the form o f  parcicular M e
tals. Certainly, after all the contrivances that-have been made ufe of, the 
produdion o f  a metallic M ercury, by the affiftance o f fixed A lcali’s has not 
fucceeded. N ay, the very greateft Mafters o f the A rt, afcer fo many Expe
riments made for this purpofe, have declared, that they believe thefe M ercu
ries have been feen rather in idea, than in fa d . For my own part, after 
taking a great deal o f  pains in this matter, I confefs, the event has not an- 
fwered, as has been promifcd. If, therefore, thofe things are true, which Bo-fte, 

âcheniuSy Homherg, and others have wrote concerning the refufcitation o f the 
Mercuries o f  Metals, there muft be fome fecret method o f  making the refuf
citating A lcali’s penetrate even into their fixing Sulphur.

Paifing thefe things by, therefore, the firft and principal vertue o f  A lcali’s its A ftion. 

feems to be this; that if  they can but be applied, and determined in their 
aition upon animal, vegetable, or foffil concretions, whether fixed or volatile, 
fo far as they are o f  an oily, balfamic, gumm y, refinous, or gummy-refinous 
nature, and therefore howfoever concreted from oily fubftances, they inti
mately open, attenuate, and refolve them all, and difpofe them to be perfed
ly mifcible with Water, Alcohol, and Oils ; the fame effed, likewife, they have 
upon pure, proper Sulphurs, or thefe compoundeci and mixed with other fub
ftances. Hence A lcali’s come to be the principal inftrument in extrading 
what the Chemifts call Tindures. By the help o f  thefe are prepared, accord
ing to the opinion o f  thefe Gentlemen, at leaft, the moft noble Medicines. 
Gum-Ivy, Juniper, L ac , M yrrh, and others, are not diifolved by W ater, or 
Alcohol, wichout a great deal o f  difficulty ; but i f  they are firft properly pre
pared by thefe A lcali’s diluted and heaced, they diifolve in them very eafily, 
and if they are then dried wich a gentle Fire, they will excellently give ouc 
their vertues in folution. In the fecond place, when the elements o f  any Bo
dies are concreted together by means o f  a Gluten, or an Acid, interpofed 
between them, then thefe Alcali’s ofcen bring about the Solution defired, by 
attradling inco them the coagulating Acid, and by this means removing the 
Vinculum̂  and fetting the Elements again at liberty. W e are fenfible, in
deed, that chefe Acids are often fo incimacely uniced with fome Bodies, thac 
they won’ c be very readily, nor fo perfedly fetched out the firft time by 
theie Alcali’s ; but ftiil at laft they generally yield to them: M ercury, when 
it is once accurately corroded by Spirit o f Nicre, and then by the adion o f  
Fire converted into Mercurius pr¿ecipitaíus Ruher does not, upon pouring on 
of Oil o f Tartar per Deliquium-t immediately return to fluid M ercury, but is 
changed into another Powder; but yet i f  this is put into a retort, and forced 
off from this alcaline Salt, with a ftrong Fire, the Mercury will leave its 
Acid united with the Alcali, aud will recover again its priftine form. In the 
third place, if to fome Bodies, when they are diffolved into their fmalleft 
Parcicles by an acid Menfiruum^ you apply pure A lcaii’s, thefe Alcali’s often 
acquire a new vertue, by which being more intimately admitted to thefe E le 
ments, they diifolve them much more efficaciouily than i f  they had aded 
upon the fame Bodies without this previous corrofion by the A cid . A nd hence 
we fee, that ia moft o f the methods by which the Alchemifts have endeavour-



ed to procure fluid M ercury from Metals, they firfl: order you to calcine 
them with Acids, and then mix and agitate them with A lcali’s.

A volatile In the laft place, now, it is neceiTary we ihould fay fomething o f  volatile,
A l c a l i .  alcalious Menftrmmis. W hether any volatile A lcali, then, ever naturally ex

ifted, as fuch, before the putrefaétion or diftillation ot Anim als or Vegetables 
I  won’ t pretend abfolutely to determine. Some perfons, perhaps, may be of 
opinion, thac thac fingular Salt, which is found in chalybeate Waters, fliould 
be referred hither j butthis I think muft not be done without proper delibe
ration, as this cannot by any A rt  whatever be made to refemble the other 
volatile A lcali’s, in all its characters *, though it may be more properly, in- 
deed, referr’d to thefe, than to Acids, as the famous Hoffman has elegantly 
proved in his writings upon this fubjeCt. T h e  Bodies, however, o f  ailAni. 
mals whatfoever, and thoie o f  Vegetables, that will putrify, are conftantly fo 
altered and difpofed by putrefadion, as to have their faline Principle become 
a perfed volatile Alcali. T h e acrid Vegetables thac we formerly mention
ed will yield thefe Salts, by fimple diftillation j as do all Animals, likewife, 
that have been hitherto examined. And laftly, i f  the juices o f  Animals, noc 
yec alcalious, are mixed wich a fixed A lcali, they are fo changed, that the 
other part being attraded into the fixed A lcali, they inftanly fend forth an 
alcaline Vapour, and by the adion o f  the Fire yield immediately a volatile 
A lcali. T his Salt, now, though produced after fo many different manners, 
i f  ic is perfedly purified according to art, will have e x a d ly  the very fame 
appearance, and the fame vertues: And thefe vertues are pretty nearly the- 
fame as thofe o f  fixed A lcali’s, though in fome meafure, however, they dif
fer from them in their effed , as plainly appears upon comparing them to
gether. Volatile Alcali’s, fpontaneoufly, or in a  very fmall degree o f Hear, 
are always themfelves in motion and adion : Fixed A lcali’s require a much 
greater a f l l f t a n c e  from the Fire, to make them efficacious. Volatile Alcali’s 
foon fly off' by H eat, and confequently from the Subftance to be diiTolved, if 
heated, and therefore do noc continue applied co it in fuch a manner as to be 
able to exert ics power upon i c ; whereas fixed ones, on the ocher hand, by 
means o f  the Fire that keeps them in agitation, perfifts to a d  conftantly up
on the Body expofed to them, i f  that is itfeif o f  a  fixed nature, and does 
not quit them. When volatile A lca li’s, however, are made to adhere to the 
folvend Body, they then, in a moderate H eat, become vaftly efficacious, and 
that too very quickly. This appears evidently in the pure A lcali o f Urine, 
which, i f  you apply it to che human Body, and cover ic over wich an adhe- 
five Plaifter, there inftancly arifes in che pare, Heac, Pain, and an Inflamma
tion, fucceeded by a black, gangrenous Efchar, and an Erofion to the very 
Bones. Thefe difl^erences, then, being thus taken notice of, the other pro
perties o f  volatile A lcali’ s may be learned from the H iftory o f  the fixed ones. 
Lec us, therefore, briefly take a  view of,

Acid Menjiruums.
Native, V!- T he phyfical charader o f  an A cid  has been given already *, and upon

g e t a f a i e A c i d s .  examination it has appeared, chac Acids rarely exift in a folid form, excepc 
in che efTential Sale ot acid and auftere Plants, and in Tartar. Buc whacever 
A cids have been found in Vegecables, and Foflils, 1 have never yec known
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any proper to Animals. V egeu b le  Acids are eicher native, or produced by 
the help o f Fermentation. Native vegetable Acids, feem to owe their origin 
intirely to the Juices chat che Plants draw out of their mother E arth; 
anci hence, perhaps, all thefe m ay, in this refpedl, be look’d upon as o f the 
nature of FoiTils, efpecially as the Plants, that grow in the Sea, and liave 
not their Roots inferted into thc Earth ac its bottom, confift purely o f  alcalef
cent parts, and in diftillation yield an oily, volatile Alcali, as che illuftrious 
Count Marfillh in his W ritings upon this head, informs us, he long ago ob
ferved. In fome Vegecables che native Acids dilcover themfelves evidently ; 
as in Sorrel, the ^rifolium Acetofum, and the Juice o f  all Fruics, whether the 
Piilpous, or Summer Fruics, efpecially before they are ripe, for afterwards, 
being concoded by the warmth o f  the Sun, they in fome meafure lofe their 
acidity, and grow more mild. In the fpring time, too, when Vegecables be
gin to put forth, and ihow again new figns o f  L ife, the Juices often contain 
a perfedt Acid, nearly like Chat o f  Vinegar. In other Vegetables there is 
likewife a true A cid , but it lies more concealed, as in W oods, and A rom a
tics. in Guaiacum, SalTafras, Cinnamon, and a vaft many more, who 
would ever have expeded an A cid , if  ic had not appeared fo evidently by 
diftillation ? In the nobleft Balfams, who would have thought o f  any fuch 
Acid as Turpentine, when it is diftilled, yields fo eafily, and in fuch great 
abundance? Thefe Acids, indeed, can fcarcely be obtained pure, buc are 
blended with other Bodies, and hence it is exceeding difficult to treat clearly 
of their proper adion : I'he vertue o f fome o f them, however, upon certain 
Bodies, is evident, as we fee the freih Juice o f Oranges, Citrons, and L e 
mons, diflblves Lead, T in , Copper, and Iron, and pretty ftrongly calcines 
them, as well as fofliil Acids. Thefe acid Salts, however, are formed into 
folid Glebules, in a differenc manner from the other, viz. by taking the 
very thin, expreflTed, acid Juices, filtering them, inrpifl~ating them, and then 
letting them ftand quiet, till they ihoot into faline Chryftals ; o f  thefe I have 
Ihewn you fome every year procured from Sorrel, which are exceeding like 
Tartar, and have the true native vegetable acidity.

But fermentation feems more and more to exalt the latent Acid o f Vegeta- Adds, iiqma 
bles. For the Juices o f  Vegetables that are exceeding ripe, and fweet, appear 
to have hardly any ching o f acidity in them, as we fee evidently in the ex- * 
preifed Juice o f  Grapes, Cafiia, Manna, Honey, and Sugar j and yec when 
thefe arc rightly fermented, and fet a working, an Acid may be pre- 
fendy drawn from chem, buc efpecially when the Wine begins to grow finer 
and more fubtii. In ripe, mealy Corn, is chere the leait indication o f an 
Acid ? And yet when this has fermented but a very little while, it dif
covers an acidity. A s chefe A cid s, now, thus produced, are o f  a fomething 
different, and more fubtii nature than the native ones; hencc, to diftinguifli 
them, we may be allowed, for the future, to call them vinous Acids. Thefe 
vinous Acids chen are o f  two forts ; for either they are difperfed through the 
Wine, in form o f  liquid A cid s; or elfe in time colled  themfelves together in 
the Wine, and fix themfelves to the furface o f  the Veflel, in the folid form o f  
Tartar. And chefe fermented vinous Acids have pretty nearly the fame vertues 
as che preceding native ones.
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But the Acids of Vegecables, now, produced b y  a fecond fermentation 
with your leave, I will call by the name o f  acetofe ones. F or if  any known 
W ines are wich acid, rough, crude ones, made to undergo again a proper 
acetofe fermentation, they will be converced into (Jceta) Vinegars, will con
fume cheir proper Tartar, become much more acid, and will acquire a flronger 
and more durable A cid , which will remain even in diilillation : Hence in Vi
negars chere is obtained a pure, aélive A cid , and then they are called pure, 
diililled, acetofe Acids. Thefe lafl, now, are o f  fuch incredible fervice and effi
cacy in the chemical art, that hence all other Menfiruums, likewife, have been 
called Aceta too, as appears evidenc in the Aceta Philofopborum.

But among thefe Acids, we muil take notice, likewife, o f  fermenting 
Acids ; by which we mean, vegetable Juices, thac are in the very a fl of fer
mentation, and thus in a kind o f middle flate between their natural one, and 
that which they pafs into when the fermentation is perfedlly compleated ; for 
during this time, the mofl elaflic part o f the fermenting Liquid acquires fuch 
a power as is noc to be equalled by any thing I know o f  in all nature. For if 
this (Syhefirts) Sylveilrian, incoercible, explofive, acid Spirit, rifing from a 
vaft quancity o f fermenting Vegecables, fhould pafs through a very fmall vent
hole into the noilrils o f the ilrongefl man, it would flrike him dead in an inflant. 
I f  ic does not a6l with all ics force, it caufes a fudden Apoplexy ; if  iefs pow
erfully flill, a Childiihnefs, with a Paraplegia ; i f  very lightly, only a Giddmefs. 
T h e  truth o f all this has been too cercainly evinced by melancholy inflances. 
Hence we come Co have a more perfed idea o f  che more immediace caufe 
o f drunkennefs, and che tremors upon che Nerves, thac are a confequence o f it. 
And hence we fee the occafion o f  that furprizing Phenomenon mentioned by the 
illuilrious Cornaroy in his noble treatife wroce in the praife o f  Sobriety, where 
he tell us, as he grew in years, he was annually, ju fl before the time o f vin
tage, troubled wich a Languor, and lownefs of fpirits, which would noc give 
way to any Medicine, or Regimen, buc increafed fo as co become extreme, 
till, upon drinking new M ufl, he recruited his exhaufled Spirits, and return
ed again CO his former V igou r: This, then, he continued to enjoy till the 
W ine o f  chac year began to grow old, and then relapfed into his ufual debi
lity , and was forced co waic for a frefh recruic o f  new W ine co fee him to 
rights again. From  all this then we evidently learn, what an incredible effeft 
this fermenting A cid  has upon the Bodies o f  Animals, either for their detri
ment, or their advantage. Whence does ic happen, xX\z.i xht Cholera MorlnSt 
in fo fhorc a time becomes fo fatal ? Certainly from M uil, and ripe Summer 
Fruits, adually fermenting in the Scomach, and fmaller Gucs, and by the ex- 
ploiion o f  their Spirits, contrading the Mufcles o f thefe parts into fpafms, that 
often prove morcal. O f  this there is a remarkable inilance in che Britijh 
Phiiofophical TranfaSiions, where chac excellenc Anacom iil, St. Andrew,, gives a 
very accurate accounc o f  che Body o f  a Man thac fell into a Cholera, upon 
drinking a large quantity o f  botcled A le, o f which he died, in the manner 
there defcribed. A s by thefc accounts, now, the fingular efHcacy o f fuch an 
A cid  docs evidently appear, fo likewife ic feems exceeding probable, chat thole 
Spirits, confidered as a Menfiruum^ produce often upon ocher Bodies very fur- 
prizing effeds. And I have fometimes doubted, whether this wonderful Spiric 
is not fixed in Tartar, and afterwards, when by the adion o f  the Fire, in ttie
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diftillation o f  this Salt, it is fet at liberty, does not produce that elaftic 
Vapour which the Chemiils have always obferved to be fo vaftly powerful, 
as to be able to burft co pieces all their GlaiTes, let them be ever fo Urge,
In the mean time, however, this is certain, that if Bodies that we want to 
be diifolved, are put into fermentable fubftances, in the very a d  o f  fermen
tation, they will be diflblved by them in a very different manner from what 
they would have been, had they been mixed with them, when they were not aÎTifted 
by this fermentative power. This is evident in throwing green Herbs into 
Wine, or A le, when they are w orking; for hence you have a Liquor in which 
all their vertues feem to be moft equably united into one and the fame L i 
quid, and afterwards to a d  with a joint efficacy. And chus the different in
gredients in Theriacay when they are mixed together with Honey, are reduc
ed into one homogeneous Mafs, and confpire togecher in the fame opera
tion.

But pure, thin, acetofe Acids, are procured pretty much in their natural Acid vege- 

form, from Vegetables expofed to che Fire : For if  you take a ftick o f  W ood, 
a green one in particular, and lay ic upon a clear Fire, in fuch a manner, that 
both the ends ihall lie our, then the Fire ading upon the middle part o f  the 
Wood will fufe che humours thac are contained there, and in form o f  Water 
drive them out o fth e  extremities wich a hiflîng and froch: And this Liquor, 
when it is examin’d, appears to be a pure A cid , has ali the properties o f  Acids, 
and che diifolving qualities common to them. Hence, then, we learn, how 
che Smoke o f W ood, chat which is green in parcicular, makes the Eyes fmarC 
fo violently, viz. by the acrid Acid which it difperfes all abouc. This, like
wife, when ic penetrates inco Fleih or Fiih , thac are hung in Smoke, tinges 
them with a red colour, and by ics acidity prevents their growing pucrid, or 
rancid. And this Acid is exceedingly like thofe that exift naturally in moft 
Trees.

But again, there are difcovered other very fingular Acids, thac are in fome ĥe fame 
meafure o f a balfamic, and oily nacure, which are drawn from Vegecables by diftilled. 
Fire in a clofe Veffel, both per adfcenfum and defcenfum. T h u s the W ood o f  
Guaiacum, Juniper, O ak, and a vaft many others, i f  you reduce them to dry 
Shavings, and carefully diftill them in a Retort, yield alim pid, reddifti Liquor, 
which is very acid, fomewhat oily, and has a good deal the fmell o f a H er
ring dried in Smoke. And che Liquid thus prepared is ftrongly acid^ efpecially i f  
it is depurated by Filtration, and letting it ftand quiet, called redification j and 
the acid folvent vertue o f  this Menftruum is perfedly fingular. In the human 
Body it produces wonderful effeds, by attenuating, preferving, ftimulacing, 
and refifting pucrefadion, and carrying ofï the noxious Matter by Sweat and 
Urine. I f  in thefe Menftruums., therefore, the medicated vercues o f  Plants 
are diffolved, the folutions become exceedingly efficacious; as they a d  by 
their very fubtil, penetrating, fmeular A cid , and exalt the qualities o f the 
Bodies diffolved in them. O f  all thefe vegecable Acids, therefore, it is true, 
thac they are capable o f  intimacely diffolving many animal, vegetable, foffil 
and metalline Subftances: By digeftion and codion they diffolve the Horns,
Hoofs, Bones, and Fleih o f  Animals: T he Shells o f F iih , and other Anim als, 
they perfedly corrode into a pellucid Liquor : And Metals they diffolve, as I 
hinted before, except M ercury, Silver, and Gold.
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A r t , therefore, has fought out and difcovered other Acids, which are able 
t o  diflblve M ercury, G old, Silver, and other Foffils, which were unaffefted by 
vegetable Acids, and hence were not eafily managed by the power o f human 
Bodies. F or vegetable Acids may, by the adion o f  a ftrong healthy Body, 
efpecially i f  affifted b y  a confiderable motion, be fo changed, as to lofe 
cheir A cid  nature, and be converced into another kind o f  S a lt : But chofe 
A cids that we are at prefent acquainted wich, which are capable o f  diíTolv- 
ing M ercury, G old, and Silver, are not fo eafiiy fubdued by the concodive, 
animal powers, but being fuperiour to them, for che moft part deftroy them. 
A nd hence thefe become almoft Poifon to Animals, except in a very few 
cafes, where a putrid Alcalefcence prevails, as when alcalious Poifons are 
taken in by them, or in a putrid ftate o f  the Humours, as where the virulence 
o f  a Plague, or the fudden putrefadion o f  the Small P ox are to be dealt 
with.

N ativ«,very Foffil, native A cids, now, are found to be very few, fince it has been difco* 
rire. vered, that the medicinal Waters once looked upon as acid, approach, in every 

charader, nearer to an Alcali. There is often, indeed, a Vapour obferved in 
Mines, which refembles a fufi^ocating, fulphureous A cid , and by other 
marks demonftrates its acidity : Buc ic is exceeding feldom that it is found alone, 
and very pure, in form of a Fluid.

V ix t i  ones, whenever it happens, which is very often the cafe, that it meets wich
ferent. a folid Body, that is-capable o f  attrading that. A cid , it then unites with it, 

and becomes fixed, and capable o f  examination: And when it is afterwards 
drawn out o f that fixed Body, it then falls under the notice o f  our fenfes, and 
then, as far as one is able to judge o f it, appears to be always one and the 
fame.

inSuiphur. F or,as I formerly took notice to you, ifit lays hold o fa  pinguious Foffil, icpro- 
duces che various kinds ofSulphurs, which if  chey are burnt, emic Fumes, which 
being colleded, refrigerated, and mixed with the humid A ir, yield the Spirit, or 
Oil o f  Sulphur per Campanam. I f  you take this, now, and put it into a clean 
glafs Veflel, and expofe it a good while to the heat of boiling Water, you will 
diftill from it a confiderable quantity o f  pure W ater, which, whilft the Sulphur 
was burning, had infinuated icfelf ouc o f A ir  inco the A c id ; and there will 
then remain at the boctom a ponderous, thick, cauftic A c id , which in every 
charader refembles the pureft Oil o f  Vitriol, except in this alone, that it contains 
nothing o f  a volatile M etal, which is always more or lefs in O il o f Vitriol. 

iaAium. But i f  this acid happens to get among Lime-ftones, and corrodes them, it 
then produces Alum s, which are o f  different kinds, according to the diverfity of 
the matter that is mixed with them. A ll  thefe, now, i f  they are firft lighdy 
calcined, and then with an intenfe Fire urged into Vapours, will by the con
denfation o-f thefe yield a Liquor, which, when ic is purified according to art, 
is the very fame with the former procured from burning Sulphur, withouc any 
difference ac all.

In Vitriol Again, i f  you take nacive green Vitriol, and by the help o f  a moderate Heat 
•firon, reduce it to a dry, white Powder, and then by gencle degrees expofe it to the 

Fire, till you come to-the greateft, it will emic whice, cloudy Vapours, which 
colleded inco a L iquor, and accurately depurated, is. the very fame again as 
was obtained fiom  the Sulphur, and AJujn«



The blue vitriol, likewife, i f  it is treated in the fame manner, gives a liquid, in Ca/ca*- 
which is the fame wich the former, nor can be diftinguiihed from them, when'^“"* 
it is redified according to A rt. A ll thefe acid Liquors, now, i f  they are urged 
wich a heat o f  560 degrees, boil, emit white cloudy Fumes, which difperfc 
themfelves about, and float to great diftances, and deftroy all Animals we 
are acquainted with, even Infefts themfelves. I f  they happen to be drawn into 
the human Lungs, in their full force, they prefently excite an acute Cough, 
not to be removed, and then a fufibcating, fatal D-jfpnaay with fudden death :
Or if from fome concurring circumftances they don’ t a d  fo violently, they 
bring on a moft troublefome Afthm a, that continues during life. And the 
very fame efl^ed has O il o f  Sulphur, A lum , Vitriol o f Copper, and 
Copperas, as foon as ever, by the adion o f  the Fire, they are raifed into Vapours, 
by combuftion, diftillation, or ebullition. N ay, and take any o f  chefe Acids, 
which you pleafe, unite it with a pinguious O il, and it produces a Sulphur; 
with Lime-Earth, an A lu m ; with Iron, Vitriol o f  Iron ; and wich Copper, 
Calcanthum: From  all thefe confiderations, then, we are induced to believe, thac 
the native acid, fo ponderous, and difficult to boil, which is found in the foffil 
Kingdom, is always one and the fame, that is to fay, if  you confider it as ex
ifting in form o f  a pure A cid . T h e properties o f  this Acid, now, are, firft, 
thac ic is nacurally the heavieft o f  all Acids. T o  Spirit o f Nitre its fpecific 
gravity is as i i  1 0 9 : T o S p ir ito f  Salt, as 11 to 8: T o  AquaFortis, as 11 
£09: And to diftilled Vinegar, as 11 to 7, nearly, Mem. de VAc. Roy. des. Sc.
1699. p. 47. Secondly, it is o f  all Acids the moft fixed ; for in the heat o f 
boiling Water it never emits any Fumes, except by means o f  the W ater thac 
adheres to it, not o f  the Acid itfelf: I f  you urge thefe Acids, however, with 
fomething more chan 560 degrees o f  heat, they will then b o il; and at che fame 
time will fend forth noxious Vapours. In the third place, thefe Acids, being 
perfedly freed from all their W ater, by a ftrong Fire, and hence being render
ed very pure, heavy, and acrid, very greedily attrad  into them W ater out o f  
the Air, and by this means dilute themfelves, and Increafe their weight. Fourth
ly, the fame thus rendered very pure, grow very hot immediately, upon the 
effufion o f  cold Water. In the fifth place, this Acid induces fuch an altera
tion on Sea Salt, Fountain Salt, and Sal-Gem, by the affiftance of Fire, chat 
in diftillation they yield a Spirit o f  Salt; mixed wich Nitre, it caufes a Spiric 
of Nitre to rife from it ; and i f  it is mixed with many other Bodies, diffolv- 
ed by acid Spirits, it fets them free from their folvent Acids, by diflodging them, 
and rendering them volatile, whilft it ofcen takes poífeffion o f  their place icfelf.
Upon this principle ic is that A lum , and V itriol, i f  chey are firft calcined, and 
then mixed wich Nicre, yield Aqua Fortis; i f  with Sea Sale, Spirit o f Sea S alt:
For in the Colcothar there ftill remains a latent Acid o f Vitriol, exceeding 
ftrong, and fo fixed, that the Fire was not able to expelí it, which being mix
ed with the N itre, makes the acid ^Spirit o f  che Nitre rife into Aqua Fortis  ̂
which is the pure Spiric o f  N itre, withoutany mixture o f O il o f  V itr io i; buc 
at the fame time, that part o f  the vitriolic Acid which remained in the Calx 
of the Colcothar, is lefc at the boccom wich part o f  the Nitre, and produces 
there an exceeding fixed Salt, like Nitrum Vitriolatum, And the cafe is the 
fame in the Sea Salt. In the fixth place, it readily diifolves Iron, Copper, 
fomewhat flower. Silver with a good deal o f difficulty, and M ercury not in lefs
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than 560 degrees o f  H eat: Lead and T in ic don’ c diiTolve ac all. I n  other 
refpedts, this Acid agrees with the reil. It has this too in common with fome 
that it will perfedly diiTolve Camphire inco a liquid O il, which by the ef- 
fufion o f a good deal o f  W ater, may be recovered again into true Cam
phire.

AddofNi- But there is another fort o f foíTil A cid , likewife, that is procured from Ni- 
tre, nor ever was difcovered any where, even in che fmalleft quantity, ’ till ic 
had been firil drawn from chat Sale. For if  you take Nitre, and intimately 
mix with it three times as much Bole, C lay, Brick-duft, or any thing of the 
like nature, and urge ic wich a very ftrong Fire, a greac pare o f ic  will be 
converted inco red Fumes, which being colleded intoa Liquid, are called Spi
rit o f  Nitre. O r  i f  you diftill dry Nicre, wich an equal quancicy o f  Oil of 
Vicriol in the ftrongeft Sand-heat, buc gradually increafed, you will then like
wife from red Fumes have the fame Spiric o f  Nicre. O r laftly, i f  you rub 
N itre wich an equal quancicy o f  the Calx of red Vicriol, or Alum , and chen 
urge it wich a very great degree o f  Heac, ic will then again emit the fame 
Fumes, and from themyield a fpirit o f  Nicre, which is as good, and as pure, 
as the former, but is then called by the Arcifts Jqua Fortis  ̂ Aqua Slygiâ  and 
Aqua Docimaftica. This Spiric, now, howfoever prepared, is che fame in eve
ry mark, and every propercy ; for if  there is any difference, ic fcarcely difco
vers itfeif by any ExperimenC. And ic has this peculiar in ic, thac when it 
grows very hot in the Fire, it always fends forth very red Fumes, and diíTolves 
Silver into very bitter cauftic C hryftals; which Solution is proper to this Spi
ric, and can fcarcely be effeded by any other A cid , even pure O il o f  Vitriol 
not doing ic without difiiculty. Ie diíTolves M ercury, likewife. Lead, and Cop
per. Gold ic does noc affed ; and fcarcely diifolves T in . This A cid , when 
it has diflolved ics Mecals, and incimacely mixed icfclf wich them, adheres to 
them wich a confiderable force, fo as to remain united with them, in a pretty 
ftrong Fire, This appears evidently in Silver diiTolved in this manner, which 
fuffers itfeif to be melted inco the Lapis Infernalis  ̂ wichouc letting go  its cor
roding Acid. Mercurius prcecipitatus Ruher, too, when it is rightly fixed, how 
long will ic refift an intenfe Fire, before it parts wich the Acid thac adheres 
to ic ?

A c id o fs e a -  Sea-Salc, as N itre, when it is pure, difcovers no fign o f an A cid , but if it 
is treated in che fame manner we ju il now mentioned o f  Nicre, ic is changed 
into a volacile acid Liquor. For i f  co prevent ics melting, you mix it with 
three times ics weighc o f  Earth, and then urge ic gradually till you come to 
the greateft degree o f Fire, ic will be diííipaced into denfe, white Fumes, thac 
fioae abouc, are very volatile, and being colleded form a Liquid o f  a golden 
or green Colour. I f  you diftill it with O il o f  Vicriol, you have the fame Li
quor, buc more volacile. A nd i f  you mix it wich the Faces o f  diftilled Alum, 
or Vicriol, and afterwards expofe it to afvery ftrong Fire, ic will chen like
wife give out the fame Spirit o f  Sea-Salc. And thefe Spirics, prepared in thefe 
three differenc ways, are incirely one and the fame. N ay, and they will be che 
fame, if  you make chem wixh Sal-Gem, Founcain, or Sea-Salt. This Spiric, 
now, has chis peculiar in ic, that i f  ic is drawn from the pureft Salt, and you. 
repeac che diftillacion upon frefh pure Sale, when ic begins chrough the violence 
<if the Fire to grow exceeding hot, it emits white Fumes, and diflblves Gold,
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which no other Acid in nature is able to penetrate. It likewife diflblves Tin,
Mercury wich a flatulent noife, Iron, and Copper. Silver ic does in no 
manner affeit ; nor perfedly diflblves Lead : So that this again is an Acid per- 
ftdly fingular in ics kind.

Hence, therefore, ic appears, that Spirit o f  Nicre, and Spiric o f  Salt, Acid Aqua 
two perfedly diftind chings, tho’ at the fame time they furprizingly approach 
to one anocher, and are converced into one anocher with wonderful eafe. This 
certainly, then, in the H iftory o f ought well co be confidered, and
is as follows. If Spiric o f  Nicre is cohobaced in a glafs Recorc upon Nicre 
thac is exceeding dry, and purified with che utmoft fkill, fo that there is not 
ehe leaft grain o f  Sea-Salc in it, you will chen have che very choiceft Spirit o f 
Nitre, growing better and better upon every cohobation, and fitter for the Ope-- 
rations proper to chis Spirit. Buc if  this cohobation is performed upon com
mon Nitre, which is not purified by chryftallization, chen the cohobaced Spirit 
ofNitre will lofe the nature o f  Spiric o f  Nicre, and will acquire the difpofi
tion of Spirit o f  Sea-Salt, OT Aqua Regia  ̂ and will diflblve Gold. I f  we care
fully examine, now, this extraordinary Phænomenon we ihall eafily perceive, thac 
to this natural Nicre there muft adhere fomewhat o f  Sea-Salc, which intermixes 
itfelfwith the nitrous Spirit in diftillation, and thus from Spirit of Nitre produces 
Aqua Regia. And this again appears evident from the following Experiment.
Take one part o f pure decrepitated dry Salt, reduced to Powder, put ic into a 
clean Retort, and pour upon ic four parts o f  good Spiric o f Nicre, ox Aqua 
hrtis. Diftill it chen according co A rt, to the utmoft drynefs, keeping your 
Sand-heat very ftrong to the laft ; and the acid Spirit which is thus procured, 
will be no longer Aqua Fortis, buc Aqua Regia, which will diflblve Gold, but 
will not touch Silver. I f  you examine, then, the Sale, that remains at che boc
tom of che Retort after this Operacion, by Solution, Filtration, and Chryftal
lization, you will have a true, pure, inflammable Nicre. D u Hamil. Hiß. de 
r Ac. Roy. des Sc. p. 158. Boyl. Or. Forms, p. . 215. Again, i f  you take one 
part o f the pureft N itre, and two o f che beft Spirit o f  Sea-Salc, and diftill chem 
in a proper manner in a Retort, there will come ofî  a Spiric which will dif
folve Gold much eafier and fooner, than Spiric o f Sea-Salc. And the Sale now 
again that remains at the botcom afcer the ftrongeft diftillation, i f  you diflblve 
ic in Water, filter, and chryftallize it, appears to be a good inflammable Nitre.
Boyle. Ib, from p. 215. to 224. Bohn. Chem. 35, 36, 163. Hoffm. Dijert.
Chem. Phyf. L .  iii. O b f  20. Hence, therefore, it appears that Aqua Fortis be
comes A(^a Regia, as foon as ever Spirit o f  Nicre and Spiric of Sale come to 
be mix’d together, in whatever manner, and almoft in what proportion foever:
Nay, and if  to Aqua Fortis you add Sal-Ammoniac, Sal-Gem, Sea-Salt, Foun
tain-Salt, the Sal Febrifugus Syhianus, or true Spirit o f Salt, in all thefe ways, 
there is conftantly produced Aqua Regia.

Thus then we have given you thc H iftory o f  Acids as it ftands at prefent. CoroiiajUs,. 
And in this» it is particularly remarkable in • the firft place, that Acids are fo 
eafily generated from Non-acids ; .as appeared above in the Acids o f  Vegecables..
Wine coo, not ac all acid, has, by being clofe ftoppcd up in a clean Boccle, and - 
tied to the Sail o f  a W ind-m ill, l^en converted in three days into good V inegar,, 
according to the Obfervation of Monfieur Homherg. Mem. del* Ac. Roy, des Sc.
X .II .p . II. B utin  the fecond place, ic deferves well to be taken notice-of,, 
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likewife, that Acids, when they are once produced, will bear the Fire for a 
longtim e and be fcarcely altered: Y  ox Aqua Fortis^ Aqua Regia^ Spiric o f  Nitre, 
Spirit o f Salt, and Oil o f Vitriol, being included in Glaifes hern:3etically fealed, and 
expofed for four years to the equable Heat o f an Athanor, retained the fame dif
folving power: Vinegar only was grown infipid, and had acquired an aro
matic Smell i and the Spirit o f Salt had begun to corrode the Glafs. In the 
third place, however, thefe fame Acids lofe their acid nature, whilft they aft 
as Menfiruums upon folvend Bodies. T his Monfieur Homherg very ingenioufly 
inferred from a tedious Experiment performed with Mercury and Spirit o f Ni. 
tre. D u Hamel. H ifi. de /’ Ac, Roy, des Sc. p. 4 4 2 , 443. Hence, therefore, it 
appears, chat the ftrongeft acid Menftruum, is, by diifolving its objeft, con
verted into an infipid, imadive Fluid, not unlike W ater, and deprived o f the 
proper folvent Power which it had before: And hence, perhaps, it is not im
probable, that thefe Acids are generated, and perifh. F or what Perfon living 
has ever difcovered any Spirit o f Nitre in che W orld , which was noc firft pro- 
cured from pre-exifting N itre ? And yet Nitre ispioduced from Earth, filled 
with animal Excrements Lim e and an Alcali, and A ir ; or from pure Spiric of 
N itre attraded into a pure Alcali, particularly a fixed one. Rich and fruit- 
fu l Lands coo, defended from the Rain, and perfedly prevented from con- 
fuming their ftrength by nourifhingof Vegecables, are all found by length of 
time to be impregnated with a fruitful N itre, i f  you take care that no Sea- 
Salt fhall come at them. Boyl Scept. Chem. p. 177. Hence, then, it is evi
dent, that the acid Spirit o f Nitre is, by the foie adion o f  the Fire, produced 
from pure Nicre, altered •, whereas native N itre is produced without any fuch 
Spirit -firft exifting. In the fourth place, therefore, thefe Acids, whilft they 
.diifolve Bodies, become concreted with them, are changed, and converted into 
new ones, and thus from one, give rife to a greac variety: For Spiric ofNi- 
tre diffolves Silver, Lead, wonderfully changes T in , Copper, M ercury, Nitre, 
Antim ony, Zincq, and Em m ery, and with them forms new Bodies, that are 
different in Tafte, Smell, Colour, Denfity, and all their effeds. Boyl. Mec. 
^ a l .  1.18, 119. In the fifth ^)lace, all thefe Acids agre-e in fome particulars, 
but differ .in others.

The agree- T h ey agree, with regard to the Effervefcences they excite by being mixed 
A -  A lcali’s, and the produdion o f  new Salts that arife from this combination. 

”  A s  likewife, in their compofition with Chalk, Corals, Crabs-eyes, Pearls, Mo
ther Pearl, the Shells o f  Cockles, Limpins, and Oyfters, Stones, Bones, 
H oofs, quick and flaked L im e, Iron, and Copper : For all thefe are gene
rally diffolved by all forts o f  Acids fooner or later, whether it is effeded quiet
ly , or with a great impetus. Thefe Bodies, now, when they are chus diffolved, 
always attrad  into chem the acid o f the Solvenc out o f  the W ater, in which 
that A cid  was before diluced: And che diffolved Macter being by chis means 
united with ics folvent acid Salt, may afterwards be diluted in W ater like a Salt, 
fo long as its A cid  adheres to it j cho* chefe Bodies before this M ixture were no 
ways diffoluble -in W ater. But when this Acid is again by any method re
moved from the diifolved Matter, then this conftantly appears again in form 
o f  an Earth, which moft ftrongly refifts a Solution in Wacer. Hence, then, 
i t  appears, how very much we may be impofed upon by W ater, whilft judg
in g  o f  it by its appearance, we make ufe o f it in our Operations for piire ele
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mentary W a te r; whereas, in reality, it may contain in it various kinds o f 
diffolved Bodies, togecher with their Solvents. And hence it comes to pafs, 
that EfFeCbs are frequently fuppofed to be produced by fimple W ater, which 
in faft, are owing to thefe latent Solvends and Menjiruums. And this, indeed, 
happens the more eafily, becaufe. Metals excepted, Acids in general, when 
they are accurately united with the Bodies abovementioned to a perfed Satura
tion, chey lofe all their Acrim ony, and for the moft pare all their T aiîe, and 
thus lie perfedly concealed. *  W ich o f  Spirit o f Nicre, diiTolve 4
drachms and 9 grains o f  Crabs-eyes, as ic generally will, and lec the Solution 
be carried accurately to the point o f  Saturation, and you will have a limpid, 
and almoft infipid Liquor ; let this then be diluted with very pure W ater, 
and filtered, and let it ftand for Tòme time in a moderate H eat, and ic will 
appear like clear W ater ; and yet, i f  you drop into ic a ftrong fixed Alcali, 
the diffolved Body will all precipitate to the bottom, which a Perfon noc ap
prized o f the contrary, might fufped to be produced from the W ater icfelf.
Thefe Acids farther agree in this, that by diffolving Bodies, they not 
only become united and concreted with their Solvends, buc are likewife at the 
fame time changed in their own nacure: For it is demonftrated by undeniable 
Experiments,, thac the moft acid Acids, whilft they corrode their O bjeds, are 
truly changed b y  them, and put off the difpofition, not only o f  an A cid , 
but a Solvent likewife. T hus Spirit o f  Nitre, for inftance, when ichas cor
roded M ercury, and is feparated from ic again, prefently lofes the power o f 
diffolving it any more. Another property o f  Acids in common, is their turn
ing vegetable Juices of a red Colour, as appears in the Turnfole, Rofes, and 
Violets, A nd again, they all agree in this, that they do not fo much alter 
the Bodies they diffolve, as chey are altered b y  them themfelves. This is found 
to hold true iii almoft every cafe. Vinegar in diffolved Lead, does not con
tinue Vinegar there, nor is feparated Vinegar again ; but the Lead is reco
vered perfed Lead. Spirit o f  Nitre diffolves M ercury, and the M ercury is 
procured from it again exadly  the fam e; but the Spirit o f  Nitre, when ic is 
feparated, is nothing like what it was before. Hencc, therefore, laftly, this like
wife is common to all Acids, that many o f  them are continually deftroyed.

But thefe Acids, now, on the other hand, differ very widely firft o f  all, 
in the proportion between their true A cid , and the W ater it is mix’d with, oifferenceof 
Thus in an ounce o f  the beft Vinegar, there are 18 grains o f pure A cid , and Add*, 
all the reft W ater : In an ounce o f Spirit o f  Salt, 73 grains o f true Acid, the 
refidue pure W a ter: A n  ounce o f  Spirit o f  Nicre, gives 2 drachms and 23 
grains of Acid, the reft W ater : T h e fame quantity o f Aqua Fortis, 2 drachms 
26 grains: And, laftly, an ounce o f  O il o f  Vitriol yields 4 drachms and Ó5 
grains o f  Acid, according to the Obfervations o f Monfieur Homherg. Hijt. de 
I* Ac.Roy, des Sc, T .  L . p. 52. In the fecond place, this fame A cid , whenic 
is pure in every particular fort, differs furprizingly in its diffolving power :
Forche Acid o f  N itre boiled with G old, has fcarce any effed upon it, excepc 
changing it black ; whereas it diffolves Silver prefently: And the contrary is 
true o f Aqua Regia. Hence then it appears, that the A cid  does not a d  there as

*  T h e  quantity o f  Spirit o f  N itre is not added, and our A u th or fays it is not neceiTary j nor Indeed is h  abfolutely fo , as it 
will b«determined by the Saturation : But then w h y he fliould mention fuch a a  oddquantity.Qf CiabS“*}'««; as^drachm a 
îgraifls ef Crabs-̂ cs; and add ut¡9letfa((re, 1 can’t
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an Acid in general, but as a Body endued with a peculiar vertue. In the third 
place. Acids differ likewife in this refped, that whiiil they diifolve their Ob
jed s, fome of them are changed a great deal more than others. Spirit o f Vine- 
gar, for inftance, in diifolved Lead, becomes an oily pinguious Spirit: But 
Spiric of Nicre, whilft ic corrodes T in , is not altered in this manner. Fourth
ly , the fame Acid is very much changed by ading upon fome particular Bo
dies, buc very liccle or nothing i f i t  ads upon ochers. T hus diftilled Vinegar, 
in the Solucionof Lead, is altered in che manner I juft now obferved ; if  it cor
rodes Iron, ic lofes all ics former nacure, nor can be ever recovered from it again; 
but i f  Copper is corroded by ic into a M ould, and then diifolved into a green 
Liquor, and from chis you procure Chryftals, chefe Chryftals will contain an 
exceeding ftrong Vinegar, and if  you diftill chem in a Retort with a great 
degree o f  Fire, you wiJl have a very ftrong acid Spirit o f Vinegar, fcarcely at 
all altered, cho’ ic adhered fo cenacioufly co che Copper. H ence, therefore, ic 
appears, whac differenc changes are induced upon Acids by being united wich 
differenc Mecals ; which is true in ocher Bodies likewife. A ll Acids in general, 
now, may be dilueed in Wacer. T hey may be mixed with Spirits, as Spiric of 
N itre wich Alcohol, with a prodigious Heat, very red Fumes, and an Effer
vefcence which almoft burfts ouc inco Flames. T h ey may be combined likewife 
wich Oils 5 Spiric o f  Nicre, fomecimes, wich fuch an agication as excites Fire; 
for the moft part with an intenfe Heac. Oil o f  V itriol likewife, mixed with 
Alcohol, and Oils, makes che Compound vaftly hot. Buc whenever Acids are 
incimacely united wich Oils, chey almoft always produce fomewhac o f  a bitu
minous, pitchy, or fulphureous Subftance ; whence often arife very extraordi
nary changes. Thus, chen, I think I have laid before you fuch an account of 
acid Menßruums^ as is fufficient to enable you to judge o f  their adion. We 
muft now, therefore, briefly take under confideration chofe called the Neutñy 
Hermaphroditi, Compofitiy and Enixi.

O f neutral Salts, as Menßruums,

■’Sal-Arnmo- And here let us firft examine Sal-Ammoniac, This is very eafily diluced in
 ̂ moift A ir  diffolves into a very acrid, and furprizingly 

penecrating Brine, which moft happily accenuates, incides, opens, and refolves 
the thick, vifcid, pituicous, and picchy concrecions formed in animal Bodies, 
and then expells them_ by Perfpiration, Sweat, Urine, and Saliva, and ex
cellently too refifts putrefadion. And for the fame reafon, if this Brine is 
boiled, or digefted, with the Gums, Refins, or Gum-Refins o f  Vegetables, 
ic intimately refolves chem, and difpofes chem co be conveniently diffolved in 
aqueous, and fermented fpirituous Menßruums, U pon Metals, likewife, ic has 
beauciful effeds. I f  you boil Filings o f Iron in it, chey are furprizingly dif
iblved, and converced into an excellenc reftoracive aperienc Medicine. I f  you 
boil or digeft ic wich Filings o f Copper, ic gives a Liquor o f a beautiful Co
lour, a few drops o f  which taken in a morning fafting, has often done greac 
things in the Epilepfy, and W orm s. On chefe accounts, this Brine affords a 
noble Menßruum in the Anim al, Vegetable, and Foflil K ingdom . Buc when 
the exceeding pure dry flowers o f  this Sale are rubb’d for a long time, and 
accurately mixed with Fofliis, and chey are afterwards fublimed togecher in a 
Sand-heat, and in a clofe Veffel, they then, as a Menßruüm^ acquire inimica-



ble vertues. Hence the Chemifts have called it the Aquila Alha, and the 
PijlillumSapientum. Sulphurs, fulphureous Subftances, Semi-metals, andMe- 
tals, treated in this manner, are vaftly attenuated, opened, rendered volatile, 
and perfectly altered: And hence are prepared fuch excellenc Medicines, as can 
fcarceiy be equalled by any other A rt  ; wicnefs the flowers o f  Lapis H a- 
matitis, the Ens Veneris, and Ens MartiSy not to mention many more. W hac is 
more furprizing, than the various changeable Colours o f  Antimony thus pro
duced from a black one ? L et it fufHce to take notice only, that many o f  che 
Philofophers have called this Salt, the K ey, that is to admit us into the more 
profound parts o f  chemical knowledge. It has cercainly this excellent quality, 
that it is fcarcely altered at all by fublimation, except by means o f fome other 
Bodies joined with it. I f  it is mixed with Aqua Fortis  ̂ or Spiric o f  Nitre, 
it immediately converts thefe Liquors into Aqua Regia. I f  with fixed alcalious 
Salts, it is inftantly changed into a very pure volatile Alcali, afting afterward* 
in that charader, and into a new Salt pretty much refembling Sea-falt. From  
Spirit o f Sea-falt perfedly faturated with a pure volatile alcaline Spirit, Sal-Am
moniac is produced ; as it is likewife from Sea-falc, Urine, and Soot mixedto- 
gecher. Hence then ic appears to be a true femi-volatile Sea-falt \ and on his 
account its whole power, as a Menfiruum, may be reduced chiefly to that o f 
Sea-falt. Hence too it can never be made betcer than by fubliming it fome 
number o f times in a Veífel accurately clofed, from the pureft, drieft, decre
pitated Sea-falt; for by this method are prepared the choiceft flowers o f  Sal- 
Ammoniac.

Sea-falt comes next in order, which, as I have ofcen taken notice o f  already, Sea-Saita 
is not only found in the Sea, but is dug likewife out o f  Pits, and procured to o ^ '^ "“'** 
from Fountains: Thefe three forts, therefore, being perfedly the fame, I  fhall 
defcribe them altogether under the name o f  Sea-falt. This Salt being, either 
by means o f  the Sea, Fountains, or Pits, diftributed all the W orld over, 
proves a univerfal prefervative againft putrefadion. It readily diifolves in W a
ter, and in a moiftiih A ir  fpontaneoufly runs into a very ft:rong Brine, which 
gives us the moft: beautiful, and defecated Menfiruum o f  Sea-falt, the E if e d o f  
which, with regard to chemical purpofes, is almofl: the fame as has been afcrib
ed to the Brine o f  Sal-Ammoniac, and which therefore may be applied to che 
fame ufes. This Sea-falc being fee upon the Fire, will decrepitate, and then, 
in a dry, hot Veflel, may be readily reduced co a Powder, and melted in the 
Fire, at which time it will eafily infinuate itfelf through the Pores o f the Vef- 
fcl ic is fufed in, and fo difappear in the Fire. But when with this Salt thus 
in fufion, you mix Fofllls, Metals, and Semi-metals, there are very ftrange 
alterations produced, peculiar, and different from all others. 1 took m yfelf 
8 ounces o f  moiftifli Sea-falt not decrepitated, and 2 ounces o f  common Anti
mony reduced to a Powder ; and after they had been accurately mixed by 
rubbing chem a long time together, I put them inco a Crucible, which I co
vered with another inverted, and clofed them together with a ftrong Luce.
Thefe being thus prepared, I put them in the Fire for four and twenty hours, 
and chen urged them wich fuch a Heac as to melt the Salt, after which the C ru
cible being opened, I found a blackiib-brown Mafs, at the top o f which 
there ftood up fome white Spicula. I reduced the whole again co Powder, and 
luted the Crucible as before, and then obtained a reddiih-brown Mafs at the
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bottom o f  which there was fomewhat o f  a more metallme nature. I repeated 
the fame again a chird time, and when it came to melt, ahnoft all the Salt ran 
through the Crucible, and at the bottom I found a Mafs o f  Antim ony, which 
was o f  a reddiih-yellow, and furprizingly changed. By this inftance, then, it 
appears, how this Sale, as a dry Menjiruum, ads with the afllftance ofFire, 
There are an infinite number o f other Operations, to which it may be apl 
plied with a very different effed, than what wou’d be produced by any other 
Salt. Hence in Cementations, this Salt mixed with Brick-duft in a dry 
form , is made ufe o f  to many beautiful purpofes in the exaltation, feparation 
and maturation o f Metals, concerning which Paracelfus wrote fo largely in his 
W orks, what other Perfons fince have found to be true. Am ong other 
things, we may take notice, that i f  dry Sea-falt is mixed with Brick-duft, and 
expofed to the Fire, it will be converted into a volatile acid Spirit refembling 
Aqua Regia, which will then a d  upon metalline Glebes Hke Aqua Regia, and 
hence perform very fingular Operations. Vid. Paracelf de Ccementis, Gra- 
dationibus, Buc when by the method above-mentioned in the defcription ofthe 
acid fpirit o f Sea-falt, this Sea-falt is converted into a Spirit, and this Spiric 
again, by diftillation, is drawn o ff from fome o f  the fame pure, decrepitated, 
dry Salt, and cohobaced a good many times, you then obtain a fingular and 
wonderful folvent o f  Sea-falt. Thefe are tedious Labours, I confefs, but they 
are ufefnll ones; and therefore, i f  you have a mind to repeat them afcer me, 
you may do it in the following manner. In two pounds o f fpirit o f  Sea-falt, by 
adding a little and little at a time, I diifolved as much fine dry powdered Ssa- 
fait, as it wou’d poffibly take up. This Liquor, by letting it ftand quiet, 
and filtering it, I made exceeding pure, and then put it into a tall Bolchead, 
and fitting another fmaller one into it, luted them well together, and expofed 
them to the H eat o f  the Sun, from the tenth of May to the tench oijuly. 
I then diftillM this Liquor in a Retort with a gentle Fire, till there remained 
at the bottom a thick pinguious Liquid, that appeared like a thinner kind of 
an O il, in which there were hard Chryftals o f  Sea-falt. When this was done, 
I poured the diftilled Liquor back again, and repeated this three times, con
ftantly drawing off the fame quanticy I put on ; and at laft chere was left a 
fpongy, oily, pinguious Salt at the bottom. T his Operation I afterwards re-- 
peated with all poffible care and accuracy for five and twenty times more, and 
then took what came off upon the laft diftillation, and poured it back again 

refiduum, and let them ftand thus mixed together for five months. 
I then, with a very gentle Fire, drew off̂  a Phlegm that was almoft infipid, 
and when I perceived a very acid Spiric begin to rife, I fixed on another Re
ceiver, and urging it with a little ftronger Fire, there came over a very acrid, 
acid, heavy O il o f  Salt. T his I fet afide by icfe lf; and after all thefe diftilla
tions, the Salt that remained at the botton o f the Retort, was ftill very acid, 
and confiderably fixed. T his I then put into a glafs Plate, and expoied ic to 
the A ir  in a fubterraneous place, where ic run per deliquium> *  When this

*  It’ s prettyrem arkable here, th at our A uthor does not fa y  that he a flu ally  did depurate this Liquor, 
iifc .  and then procure from  it  this noble S o lv e n t; but fays, when it  is depurated, isfc. fuch a one 
m a y  be procured, and refers us to Parace/fus. N o r  in  the next fentence, tho’  he fays he took  all this 

pains to learn whether w hat Parace/fus faid w as true, does he lell us w hether it  is To or no.
Liquor



Liquor is afterwards depurated by filtration, and mixed again with the Phlegm,
Spirit, and Oil o f  Salt, that came o ff  firft, there is produced, upon a new 
diftillation, a Liquor o f thofe folvent vertues, that fully anfwer all our trouble.
Vide Paracelf. x. Archiàox. C. 4, 1 was willing. Gentlemen, to take all this 
pains, to learn, i f  I could, what truth there was in what had aiferted.
Mr. Boyle, after a proper and long protraéled digeftion, by a moderate fand beat, 
procured from Sea-Salt, without any thing mixed wich it, a Spirit, withouc 
any Phlegm, and before any Phlegm arofe. Nine parts o f  Sea-Salc being 
diflblved, filtered, depurated, and chryftallized, yield one part not to be formed 
into little Glebes, which is rough, auftere, and faline: This being feparated, the 
Salt becomes purer. Du Hamel. Hifi. de VAc. Roy. des Sc. p. 16, 17. If a per
fon then confiders all chefe things, he won’t wonder, that the greateft Mafters 
have afcribed fuch extraordinary vertues to Sea Salt chemically prepared, 
both in MenfiruumSy and Medicines: Every one will fee what method ic ought 
to be prepared by.

Our Nicre, procured from animal fubftances, an A lcali, and Lime-Earch, Salt o fN itre  

and afterwards purified, hence eafily becoming alcalefcent, and fixed, and be- 
ing as readily again convertible into a volacile Acid, is o f  a pretcy fingular 
nature, confidered as it a£ts upon Bodies, as a Menßruum: And its opera
tions, indeed, are often fo intricate, that it is fcarcely poifible rightly to 
comprehend them; which happens chiefly from its being fo mutable in the Fire 
itfelf, when it is mixed with other fubftances. I f  it is expofed to the Fire, pure 
and dry, a s it fo  foon runs with other Bodies like W ater icfelf, hence, though 
they otherwife would not melc without a great deal o f  difficulty, it wonder
fully promotes the fluxing them, and attenuates, divides, and mixes them to
gether, even though you fuppofe it to a£t here with no other vertue. For this 
reafon, perfons who are employed in fufing o f Metals, make ufe of Nitre for 
forwarding their work. Buc in the fecond place, i f  there is any thing in the 
fubftances mixed with it o f  an oily, pinguious, fulphureous nature, this imme
diately, in a melting Fire, detonates with the N itre, with a great impetus, takes 
fire, inftancly excites a prodigious H eat, greatly raifes the ftrength ot the Fire, 
applies it more violenc y, and hence vaftly changes, divides, melts, and fepa- 
faces Bodies, and in a very different manner from what can be effeded by any 
other contrivance. But at the fame time, the Nitre itfelf likewife lofes the na
ture of Nitre, and acquires that o f Sal-Polychrefi, which has quite another 
diiTolving power from what the Nitre had from which it was produced. Hence, 
therefore, there are three various adions o f  N itre upon Bodies in the F ire; 
one before ic deflagrates with them ; a fecond during the time o f deflagration ; 
and a third when ic is perfedly over. In the third place, when Nitre is melted 
with Vegetables that turn to a Coal, it then, likewife, is put into a very greac 
motion, violently agitates and diffolves the folvend Bodies, and at the fame time 
fends forth wonderful a d ive  Fumes, which being affifted by the Fire, penetrate, 
and diffolve every thing. And laftly, when it is thus converted into a fixed A l
cali, it won’t then melc withouc the ftrongeft Fire, and has then acquired the 
quality o f an acrid, penetrating Alcali, though always o f a particular nature ; 
and hence again it begins to a d  as a fixed, alcaline Menßruum, and thus ob
tains and exerts a new diffolving power: But this was treated o f before in our 
Hiftory o f  alcalious Menßruums. In the fourth place, if  the fame Nitre fus’d
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with its folvend Bodies, happens to meet with any Earth, Stones, A lum , V}. 
triol, Brickdaft, or thc like, it is immediately converted into a very acid, vo
latile, iharp Salt, which being agitated with fo great a Heat, penetrates, 
diflblves, and induces prodigious changes upon the Bodies it is mixed wich, aft- 
ing in this cafe like Aqua Fortis, with one part, whilft the other part chat re
mains at the bottom acquires a new, and very different folvent power. Hence, 
therefore, we fee how wonderfully efficacious this Sale muft be, when it is 
ufed like a Cement- with metalline Glebes 5 for then it is converted into fuch 
corrofive Spirits, which at the fame time make great alterations in the Me
tals. But this I have fufficiently explained in our account o f Acids, to which, 
therefore, give me leave to refer you. A gain, in the fifth place, i f  pure Ni
tre is fufed in an intenfe Fire, and is kept in the Fire with the reguline partof 
Antim ony, it becomes a perfed cauftic Stone, which ads in a manner that 
cannot, as I know of, be imitated by any other S a lt: For this Salt is exceeding 
fixed, vaftly difficult o f  fufion, and o f an uncommon, igneous acrimony. Hence, 
therefore, it appears what a wonderful diffolving efficacy this Salt muft have, 
when, together with Regulus o f  Antim ony, it is applied to Bodies in the Firc. 
Sixthly, if  upon Nitre, when it is in fufion in a clean Crucible in the Fire, you 
throw powder o f Sal-Ammoniac, it will take fire in the fame manner as if a 
live Coal was thrown into it, but fomewhat fofter •, and it is by this means altered 
every moment, and becomes o f  another nature, ’ till at laft, being perfeftly 
faturated, it will not take fire any longer upon throwing in o f  the SaUAmmo- 
niac  ̂ but is converted into a new kind o f  Salt, which at laft grows reddifh, is 
o f  a fingular nature, though but little regarded or known amongft the Chemifts. 
W hen Nitre Sal-Ammoniac, therefore, are thus mixed together with other 
Bodies in the Fire, a different kind o f  folution will happen every moment, and 
confequently new effeds will be continually produced, whilft thefe thus remain 
in the Fire together. T o  thefe things the Operators very feldom fufficiently at
tend, and hence it comes to pafs, that they frequently meet with Phenomena 
they were not aware of, which difturb their Operations, and render the fuccefs 
o f  their Experiments uncertain, in the feventh place, if to the Solvend you 
add one ounce o f  Sea-Salt, and two ounces o f Spirit o f  Nitre, or AquaFortis, 
the Liquor that is expell’d with a moderate heat will be an Aqua Regia, and 
a d  only with the power that that does j whilft the Salt that remains at the botcom 
will be Nitre. Hence, therefore, it appears, that in che latter part of the 
Operation, when it comes to be dry, it will a d  like true N itre ; whereas, 
at the beginning, the Liquor that was feparated had the efficacy o f Aqua 
Regia; and it is likewife as evident, how various the effeds may be in different 
parts o f  the time that any given Menjiruum continues in adion. In the fame 
manner i f  upon one part o f  very pure Nitre, you pour two o f Spirit o f Sea- 
Salt, they wil yield in diftillation a pure^f«iZ Regia, perfedly fo in every proper
ty  and very ftrong j but i f  you then increafe your Fire, and proceed to diftill to 
a perfed drynefs, you will find again at the bottom o f the Retort a true Nicre 
in all refpeds. Hence, therefore, we fee how cautious we ought to be, that we 
are not deceived in qmt  Menjlruums. And again, i f  Spirit o f  Nitre, and a pro
per quantity o f  any Alcali are mixed together, wich the folvend Bodies, they 
foon return into a N itre, and therefore a d  like a Nicre in the laft part ot 
their Operation. And i f  what Glauber fays is true, that Sea-Salt, a fixed Alcali,
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and Q iiick-Lim e, mixed together, and uftulated till they are red hot, and then 
expofed to the A ir, and thence moiften’d, will produce a true Nitre, then cer
tainly i f  thefe materials are made ufe o f  togecher in cements, they would have 
a very different effeft from what one would at firlt imagine. Thefe things, 
then, if  a perfon rightly confiders, and at the fame time adds what we have 
already faid o f  the converfion o f Nitre inco an Alcali, in our H iftory o f  alca
lious Menjiruums, and into an Acid, in our accounc o f acid ones, he will fuf
ficiently underftand its efficacious and various diiTolving power.

Native Borax, the produce o f  i\it Eaji-Indies, Perfia^ ^x^dkTranfylvania  ̂ be- Borax a* a 
ing diflblved in W ater, filtered, and chryftallized, is o f a bitter fweetiih tafte, 
and neither acid, nor alcalious. In diftillation it yields a mere Water, and a 
Glafs; which Glafs may be afterwards diifolved in Wacer. I f  it is mixed with 
Sand, and urged wich the ftrongeft heat, it affords no acid Spiric. Ic ex
ceedingly promoces the fluxing o f  Mecals, and by thus fufing them, unites 
them thoroughly together, and by this means produces many effeSs which could 
not be accompliihed in another way, without a great deal o f  difficulty.

Whoever, now, is properly acquainted wich what we have delivered con- Compound, 
cerning faline Menjiruums, will readily conceive, how, by the various com- 
binations o f  thefe Salts with one another, may be produced a vaft number 
of new faline Menjiruums, every one o f which will prefently acquire new 
and different diifolving vertues. This compofition, now, is fometimes effedt- 
ed by art, and with defign ; at others, ic happens accidentally, and withouc 
being forefeen, and fo comes to be reduced among other chemical obferva
tions. And from thefe two fountains have there rifen a vaft quantity o f  
Menjiruums which have been defcribed by the Chemifts. Thus, for inftance, 
if volatile Alcali’s are united wich fixed ones, then the volatile, by the adtion 
of the Fire, are always rendered ftronger, harder, and more volatile *, whilft, 
on the other hand, the fixed attracting the Acid, perhaps, from the vola
tile, as likewife the O il, and Earth, become always differently compounded, 
and have not the fame efficacy they had before. Fixed A lca li’s, mixed with 
native, vegetable Acids, produce a wonderful compound Salt, which is fofc, 
aperient, and diuretic : This we fee in Omphacium, or Juice o f  Lemons, or the 
Jike, mixed with a proper proportion o f  Sale o f Wormwood ; for the Sale arifing 
hence has very different folvent powers from what the Principles have from 
which ic is made, or than any ocher Salts have. I f  you mix volatile A l
cali’s with thefe Acids, you have then anocher compound Sale, as differenc as 
poffible from the former with the fixed ones. If you rightly combine fixed A l
cali’s with pure, fermented, vegetable Acids, you procure, after many fur
prizing Phcenomena, a faturated Sale, which is volacile, fofc, penetrating, fa
ponacious, melts eafily in the Fire, and pofiTeflTes very extraordinary vertues.
Here che Vinegar returns inco its proper Matrix^ Salt o f  Tartar, and im
pregnates ie with its own peculiar A cid , which was acetofe ; for the Chemifts 
call Vinegar fluid Tartar 5 and hence they have given to this Sale the name 
o f regenerated Tartar, Others have called the M ixture prepared in this 
manner {Acetum radicatum) radicated Vinegar; as it appeared to return inco its 
proper (Radix) Root. And having m yfelf ofcen experienced the beautiful 
effed o f this Salt, both in the animal, vegetable, and foffil Kingdom, I have 
been in doubt, whether this is not in reality the Sal Tartari Volaiilis o f  Hel- 
mont-i which the author fo highly extoll’d for its vertues. Be this as it will,
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this I can fafely affirm, that in the whole clafs o f  Menßruums there is fcarce. 
]y one that deferves examination, and application, better than this does. This
I  could make appear by an infinite number o f  examples *, but let one fuffice. 
T h a t noble Gum, M yrrh, cannot, without a vaft deal o f  difficulty, be fo 
difiblved by Alcali’s, or Acids, as to be rendered fubtii enough to penetrate into 
our Veins, if it is taken into the ftomach *, but i f  you digeft it according to art 
with this Salt, it melts, and in an inimitable manner diflblves into a thick 
homogeneous, medicinal Mafs. T his Salt, if  it is made very accurately, will 
very intimately unite with Alcohol o f W ine, and thus yield a Menßruum, which 
no perfon will repent making, though it cofts him a great deal o f  pains. Hence, 
therefore, we fee how much fome o f the more modern Chemifts are in the wrong, 
who, making A lcali’s and Acids the grand principles o f  Bodies, afiert, that 
thefe can’ t be mixed together with any propriety, nor without afling contrary 
to true chemical knowledge, intimating, that by this means the noble vertues of 
the Alcali’s are deftroyed by the A cid , and what remains is o f  no efficacy, as 
Zwelfer in his works fo often inculcates. But thefe Gentlemen may know, 
that i f  the pureft Alcali o f T artar is united, according to art, with the vola
tile A cid  o f  Tartar converted into Vinegar by a double fermentation, then 
the A lcali, and its proper vertue, being deftroyed, as well as the A cid  of the 
Vinegar, and its proper vertue, there arifes a new neutral Salt, the efficacy of 
which is much more excellent than that o f either the Alcali, or the Acid. 
A n d  when a pure volatile A lcali is accurately combin’d with a very pure, 
ftrong Spirit o f  W ine Vinegar, fo thac you nicely obtain the very point of 
faturation, you have then a limpid Liquor, very little Salt, without any re
markable acrimony or fmell, confiderably volatile, and compounded of the 
lighteft A lcali and A cid . And this pofleffes a very peculiar, difiblving pow* 
cr, which in vain you will feek any where e lfe ; for it is capable o f  penetrat
ing into almoft all kinds o f  Bodies, and refolving them without any great 
apparent agitation. Hence the Phyficians have valued this W ater exceedingly 
for removing difeafes o f  the eyes and ears, arifing from any preternatural con
cretions. And for the fame reafon, among all the fecrets for difcuffing, and 
refolving glandular tumours, nothing hardly is found more efficacious than fo
mentations with putrified Urine and Vinegar, i f  the part is firft well rubb’d, 
and they are then applied hoc. From  thefe obfervations, now, we may like
wife underftand, what will be the confequence o f  combining fixed or volatile 
A lca li’ s with fermenting Acids j for at firft they will caufe a fudden efFervef- 
cence, then put a ftop to the fermentation that was begun, and produce 
Salts, very much refembling thofe thac have been defcribed. And the fame 
kind o f  Salts are produced, likewife, by mixing A lca li’s with thofe Acids 
that are feparated from Vegetables, whilft they are burning, or with thofe that 
are drawn from them by diftillation. Buc i f  you combine fixed Alcali’s with 
the native A cid  o f  Fofills, there then again arife new Salts, but thofe vaft- 
Jy difiisrent too from one another. If, for inftance, you diflblve the pureft 
Alum  in clean W ater, and heat it, and drop into it hot O il o f Tartar -per 
Deliquium, ’ till it is perfedly faturated, they will precipitate a chalky Calx, 
and the limpid L iquor fwimming at top, and confifting o f  the native Acid of 
the Alum  attraded into the Alcali, being defsecated, and filtred, will yield a 
Salt like Tartarus Vitriolatus, but free from any fufpicion o f  a mecalline taint, 
whofe vertues are excellent in Chemiftry as a Menßruum, and are very effi-
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acious in medicine. In the fame manner, i f  you take eicher the white, blue, 
or green Vitriol, and diifolve it in four times its weight o f W ater, filter it, 
and drop into ic hoc, a fixed, hot A lcali, till you come to the point o f  fa- 
turation, you will thus again have a compound Sale arifing from the A lcali, 
attrading into it the Acid which had corroded che Copper, or Iron, in the 
Mines: So that here again you have a nacural, vitriolated Tartar, which 
differs from the common, in this particular, that its Acid has no: been ex
pofed to fo ftrong a Fire, and hence has more beautifully retained its natu
ral vertues: A nd befides, ic will more perfedly depofit its metalline parts, 
except it be the true Calcanthum o f  Copper, for then, indeed, part o f  the M e
tal remaining in the folution, will difcover itfelf in the Salt, by a blue co
lour. Buc farther, whenever you intimately mix a fixed A lcali with any 
true Sulphur, then the foifil Acid is attraded into the fixed Alcali, and i f  
nothing elfe prevented it, there would be produced a Sale like the former :
But we find, however, that ic is in fome meafure o f  another nature, as ap- 
)ears from the faline Spicula that are formed from ir. And this feems to 
lappen, becaufe the pinguious, oily M atter, which is mixed with the Sul

phur, unites itfelf with the fixed A lcali, as well as the acid does, andthus 
prevents the pure faline parts concreting together, and by its interpofition 
forms a decompound Salt, o f  a very different fmell, tafte, and efficacy. From  
what has been faid, then, it appears what will be the confequence o f  mixing 
Vitriolic, or Alum  W aters, or their infpiiTated, pinguious by what
name foever diftinguiihed, with thefe fixed A lcali’s •, for by this means the 
metalline and terreftrial part, which thefe contained in them, will be feparated, 
and the folvent A cid  will unite with the A lcali into a vitriolated Tartar, whofe dif
folving Power will be fingular, and different from that o f  all other Salts: T his 
the application o f  it to Metals, Semi-metals, Sulphurs, and other foíTil Glebes 
generally evinces. And it commonly too retains its vertues longer without 
alceration, than any other compound Salt \ for ic has ics Acid more ftrongly 
combined with a very fixed A lcali, into an exceeding fixed Sale: N or is there 
any known Acid in Nature, which, i f  poured upon vitriolated Tartar, is able 
to diilodge the A cid  that is united with it, though the native Acid o f  V i
triol expels the Acids from all other compound Salts, as has already appear
ed. But on the other Hand, if  with native, foifil Acids you mix pure, vo 
latile, alcaline Salts, there then arife particular kinds o f Sal-Ammoniac as 
thefe are compounded o f  a foifil Acid, and a volatile A lcali, perhaps, for 
diilindion fake, they may be, noc improperly, called Semi-volatile, vitriolated 
Tartars. And thefe, likewife, deferve to be well confidered by the Chemift* 
among their Menfiruums, on account o f  their remarkable diffolving power *, 
and by the Phyficians for their noble efficacy in opening, attenuating, refolv
ing, and ftimulating. W hac then will be the effed  o f mixing common Sal- 
Ammoniac with Vicriols, and then expofing them to the Fire ? W h y, the 
Acid of the Vitriol being attraded into the alcaline part o f the Sal-Ammo* 
tiiac will expelí thence the acid Spiric o f  the other part o f the Sal-Ammoniac, 
render it volatile, and feparate it, and then from the conjundion o f  
the Acid o f the V itriol, and the A lcali o f  the Sal-Ammoniac, there will be 
produced a femi-volatile, vitriolated T artar, fuch as was juft now defcribed, 
and the remainder will be a metalline Mafs, which exifting before in the
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Vitriol, is now precipitated from it, and feparated in the Form o f  Fceceŝ  or 
being again corroded by the Spirit o f  the Salt, produces a new kind o f dif
folved Metal. Hence, then, you have a true method o f  judging what will 
be the confequence o f  combining fixed or volatile A lcali’s, with all native 
foffil Acids, though thefe often lie very clofely concealed in Mecals, Earths 
Oils, and other Salts j for the effeft will be always the fame, and for this 
reafon may be foretold. A n d, indeed, thefe Experiments are fo certain, and 
hence fo entertaining, thac they cannot be recommended too much j efpecially 
i f  we confider ac the fame time, that chey are o f  excellent fervice both to 
Chemiftry and Phyfic.

But before we quit this dodrine o f Menjiruums, ic is necefiTary we fliould 
take likewife into confideration thofe Menjiruums which are produced by 
the combination o f  fixed Alcali’s with the foffil Acid procured by Fire. A 
pure, fixed Aicali, therefore, when it is perfectly faturated with the Acid of 
Sea-Salt, Founcain Salt, or Sal-Gem, gives a regenerated Salt, which refem
bles true Sea-Salt in almoft every qualicy. I f  ic is faturated with Spirit of 
N itre, it forms a Salt that in almoft every charader refembles Nitre. If ic is 
properly united with the Acid o f  A lum , burning Sulphur, or Vitriol, it makes 
the Tartarus Vitriolatus before defcribed. On the other Hand, when a 
pure volacile Alcali is in the fame manner combin’d with Spirit o f Sea-Sak, 
Sal-Gem^ or Fountain Sale, there then arifes the genuine common Sal-Ammoniac. 
I f  ic is united wich Spirit o f  Nitre, or Aqua Fortis, it produces a femi-volatile 
Nitre. I f  with the acid Spirit o f  Alum , burning Sulphur, or Vitriol, it gives 
a femi-volatile, vitriolated Tartar, the fame which we above defcribed. Thefe 
things then evidently inform the Chem ift, how many, and what furprizing 
adions may be ofcen excited in Menjiruums, purely from mixing and uniting 
certain Bodies together, and then expofing them to the Fire, as a common 
m oving caufe; for it’s incredible, whac a prodigious alteration ofcen arifes 
from the accidental or defigned addition, but o f  one fingle Body. And yec with
out an accurate knowledge o f  all thefe things, the chemical Dodrine of Mi«* 
Jiruums will never be compleat. T h e Experiments I have made to inform my- 
le lf in this matter have given me a great deal o f  Pleafure, as it does now to 
communicate the fuccefs o f  them to you. But there ftill remain to be con
fidered the adions o f  thofe Menjiruums where pure fimple Salts are united 
with others. But this, from whac has been already laid down, is almoft 
evidenc o f  itfeif. I f  a pure Alcali is united with Sea-Salc difiblved in Water, 
the Brine grows turbid, an Earth is precipitated, and the Salt then properly 
procured b̂ y chryftallization, is a pure Sea>Salc. A  fixed A lcali put into a 
Lixivium  o f  Nicre, makes it turbid and whitiih, precipitates an Earth, and 
produces the moft pure Nitre we know of. T h e  fame mixed with che Brine 
o f  Sal-Ammoniac attrads ics A cid , by this means fets free ics A lcali, expells it, 
and at che bottom produces a pure, fixed Sea-Sak, the volatile Alcali being 
diffipated into the A ir. A  pure, volatile Alcali puc into a B r i n e  of Sea-Salc, 
makes it curbid, depuraces che Salt, and chen flies off. I f  it is mixed with 
diiTolved Nicre, it does the fame, and purifies che Nitre. I f  you puc it into 
Sal-Ammoniac well diluted wich W ater, ic effeds the fame depuration there 
likewife, but ic does not at all alter the nature o f  the Sal-Ammoniac^ which 
xroncinues exadly o f  the fame vertue it was before. Vegetable Acids mixed
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with Sea Salt, Nitre, and Sal-Ammoniac^ make buc little alteration in them. 
And the fame Acids, fermented, or rendered purer by diftillation, mixed with 
the fame Salts, don’c change them a greac deal. W hat alterations are pro
duced in Menßruums by che artificial mixture o f  foflll Acids, with the Salts 
jail mentioned, I gave you before, when I treated o f chofe Acids and thefe 
native Salts. In a very few W ords, therefore, I ju ft repeat, thac in A lum  
and Vitriol calcined to a drynefs, there remains a good deal o f  a fixed Acid, 
which is exceeding ftrong, and has this peculiar property, chac when it is 
rendered aftive by che Fire, it will expelí all other Acids from any Bodies 
that were diifolved by (hofe Acids, provided thofe Bodies are o f  fuch a na
ture, thac they may be diifolved by this A cid  o f  Alum , Vitriol, and Sul
phur J and by this means it produces very particular efi^efts, as a Solvenc. 
Give me leave to illuftrate this by an Example. T ak e Vitriol calcined 
to a drynels, rub it with Sea Salt, and put them together into a Retorc, 
and wich a Fire gradually increafed to the greateft degree, diftill them, and 
there will rife a pure Spiric o f  Sea Salt: For the Acid o f  che Colcothar be* 
ing fuperiour, expells the volatile Acid o f the Sea Salt, takes poifeiTion o f  the 
other fixed part o f this Sale, and from thefe cwo concreted cogecher, produces 
a kind o f Sal Mirahilis Glauben, but which, ac che fame time, contains the 
metalline Faces that were in the Vitriol. But chis, indeed, I explained to you 
before. A gain , i f  you take M ercury, and rub ic wich calcined V itriol, ’ till 
it is thoroughly divided, and chen co this M ixture add decrepitated Sea Sale, 
and put chis Compound inco a Glafs Cucurbit, and very gradually urge 
ic with a fand heat, then the Acid o f  the Vitriol converts the A cid  o f the 
Sea Salt into a Spirit, which being agitated and heaced, diffolves the M ercu
ry, as ufual, and chen carries it up in form o f  a pure Mercurius SuUimatus ; 
which is nothing elfe but the very pure Spiric o f  the Sea Salt, attraded into 
the Mercury, and united wich ic into a homogeneous, vitriolic, mercurial Mafs, 
Buc there are an infinite number o f  effeds, and chofe very furprizing ones too, 
that may be underftood from thefe principles in the H iftory o f  Menßruums. 
Hence, from Alum , or Vitriol, calcined, and mixed with N itre, is diftilled 

Fortis, in which there is nothing o f  the Acid o f  the Vitriol, but which 
is pure Spirit o f  Nitre. I f  they are treated in the fame manner with Sea Salt, 
you have a Spiric o f  Salt. I f  with N itre and Sea Salt together, in diftilla
tion there arifes an Aqua Regia. Hence, if  Nitre and Colcothar are expofed 
to an open Fire in a Crucible, the A cid  o f the' N itre is diffipated, and there 
remains a kind o f  Nitrum Vitriolatum. And Sea Salt calcined in this manner, 
leaves a kind o f  Sal Mirahilis Glauheri. Buc it will be more encertaining to 
you, from the principles I have laid down, to carry thefe Experiments farther 
yourfelves, than i f  I ihould lay them before you too particularly. I have but 
one thing more, therefore, to add, and that is, that by combining Salts with 
Salts in any manner whatfoever, there always arife new Salts, and new Men- 
ßruums. By this means, therefore, the Chemical Science is continually advanced ; 
and hence now, appearances perpetually offer themfelves to our obfervation, 
which are very agreeable, promote the kngwledge o f  natural Philofophy, and 
often furniih us with new and very ufeful difcoveries.

Butin the laft place, there arife new Menßruums, likewife, and thofe o f  differenc 
vercues, from the combination o f  various Menßruums with one another ; And
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here there is room for infinite application ; as there is alfo in reducing of any 
fort o f  Menftruum to its greateft purity 5 and the attenuating any one into the 
leaft Particles, which it is poíTible either for art or nature to reduce it to: For 
in thefe three particulars feem to have confifted the peculiar and excellent know
ledge o f  fhe top Mafters o f  the A rt. But it’s impofllble to deliver here what 
might be faid upon this H e a d : L et one Exam ple fuffice. I want, for in
ftance, the pureft, ftrongeft, and moft fubtil, vegecable A cid . T a k e , then, 
the beft Verdegreafe, which is Copper finely corroded by a fermenting, ex
haling A cid , and pour upon it twenty times as much o f  the ftrongeft Spirit of 
V inegar that can be procured by diftillation: Digeft thefe, that the Verdegreafe 
m ay be diifolved into a very green Liquor, which depurate accurately by let
ting ic ftand quiet, and filtering it, and then with a gentle Fire infpiflate it till 
a p e llid e  is formed on the furface: Then let it be fee by in a quiet place, and 
it  will Ihoot into Chryftals, like Emeralds, confifting o f  the A cid  of the 
Vinegar, and the corroded fubftance o f  the Copper. Decant the Liquor, col
le d  the Copper Glebules, and infpiflate the Liquor again to a pellicle. Take 
out again the new-formed Chryftals, and proceed in this manner, *till no more 
Chryftals appear. I f  you then dry this Copper M ould, thus faturated with 
the A cid , very gently wich a moderate warmth o f  the A ir , and then very 
gradually urge ic in a glafs Retort, you will have an incorruptible, vege
table A cid , exceeding ftrong, nor aífedéd with any metalline taint from the 
Copper. I f  you attempt this with Lead, T in , or Iron, it will never fucceed: 
Copper only anfwers the end, by attrading the A ck i, feparating ic from its 
W acer, and returning ic back again, without any alteration; whereas the others 
attrad  it indeed, and feparate it, but never part with it again pure. A s from 
m alt Liquor, now, fermented Manns, H oney, Sugar, Cyder, and Perry, 
fuch Vinegar may be prepared, from thefe, likewife, by the help o f Copper, 
m ay be procured fuch a ftrong A cid . Hence Zwelfer falfely imagined, thac 
he was in poífeffion o f  the famous Alcaheft, for which he was fharply handled 
b y  the fhrewd Tachenius, who ftrenuoufly infifted upon it, that it was nothing 
but ftrong Vinegar. But there are infinite numbers o f  Menftruums that may 
be ftill found o u c: A nd hence almoft every A rtift boafts of fome parcicular 
Arcanum; nay, and indeed is able generally by the afllftance o f  it, to do 
fomething more than any body elfe can poifibly do, who is not acquainted 
with it. But here, it’s true, the ufefulnefs o f  the difcovery is often not fo 
much tobe extoird, as the vanity of the poifeifor o f  the fecret is to be blamed; 
as no body who is expert in che art will ever be at a lofs to find out new Men- 
ftruums, i f  after that he has by his art prepared Bodies, he will but apply 
them to others. And hence, perhaps, the Solvents proper to every kind 
o f  Body, and therefore to the human Calculus, might by this cime have been, 
difcovered, i f  che Chemifts had but applied all cheir Liquors to this Stone, 
as there are often eifeds produced in this manner, which could not poffibly be 
forefeen: T hus, i f  a perfon was acquainted with all Menftruums whatever buc 
Spiric o f  Bread, the efficacy o f  that in diifolving maiiy Bodies would appear 
to him quite incredible. But b y  m ixing one Menftruum wich another, there 
often arife new ones, and thofe too very beautiful. Thus, for inftance, Tar
tarus regeneraius, i f  it is rightly prepared, may be intimately united with the 
pureft Alcohol o f W ine j  and then you have a vegetable Menftruum compofed
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of a vegetable A lcali, A cid , and Sulphur, exceeding fubtil, and very clofely 
combined together j and hence ic is o f  mighty efficacy, made ufe o f  either as 
a Menjiruum, or a Medicine. Again, i f  che pureft, moft faturated, alcaline 
Spirit is united with the pureft Alcohol, it'becomes the Offa Helmontiana  ̂
and makes a noble Menjiruum. This very nicely diíTolves diftilled, vegetable 
Oils, and hence arifes a Menjiruum confifting o f  a genuine Sulphur and A l 
cali, concerning which one may doubt, whether there is any thing more ex
cellent, either in Medicine or Chemiftry. In the fame manner, i f  the beft 
Spiric o f Nitre is perfedly faturated with an alcaline Spirit o f  Sal-Ammoniac:, 
we obtain an almoft volatile Salt o f  Nitre \ and hence may be prepared thaC 
fo much wiihed for volatile Nicre, which whecher or no it anfwers che greac 
Expedations formed o f  it, may then be eafily tried by Experiments, In the 
cultivating and improving o f  chefe ftudies fome Chemifts have employed an 
Age, and have thought the pleafures chac arofe upon their new difcoveries a 
fufficient recompenfe for all their labour. And lec me advife you. Gentlemen, 
to apply yourfelves to thefe inquiries, noting down whatever new you meet 
with, that thus, from a fufficient number o f Obfervations colleded togecher, 
you may, at laft, wilh caution, be able to draw fome Rules chat ihall be o f  a 
more general nature.

T he dodrine o f Menjiruums, then, being thus difpatched, lec us proceed corollaries, 

to deduce fome Corollaries from what has been delivered. F irft, then, ic is 
not yet cercain, whether any Menjiruum has fuch an innate power, chat it is 
able to a d  upon its folvend objed wichout the leaft affiftance o fF ire. N or, in
deed, is it poffible to make any Experiment that ihall be able to determine this, 
as in every place there is Fire, and that a pretty deal too, from which it cannot 
poffibly be freed. N ay, in fa d , almoft all che Menftruums that we are at prefenc 
acquainted with, i f  they are quickned with a cercain degree o f  H eat, perform 
cheir Solution fo^much che beccer. 2, fcarcely become efficacious,
’till they are reduced co a fluid form, or one very near ic. And chis, F ire,
Air, W ater, and Attrition, in parcicular, bring about j which four caufes like
wife generally excite Menftruums into adion, though before chey lay quiet. 3.
Some Menftruums feem co have a power implanted in them, by the efficacy o f 
which they produce a motion, depending only upon the nearnefs o f  the B o
dies to which chis motion relates. I f  a very good Loadftone, fufpended by a 
Thread and at reft with refped to its poles and chofe o f  che W orld , ihould 
be abfolutely withouc motion, one would be led to think, chat it had no ad ive 
power: But i f  in the very greateft degree o f  cold, a piece o f  Iron, or anocher 
Loadftone ihould be broughc within the fphere o f  its adivity, there would im
mediately be generated a motion in them both, which would laft till they 
came into contad, and chen being joined cogether, chey would boch be a f  
reft. This power, therefore, fpontaneoufly, and withouc che affiftance o f  any 
fenfible Fire, generaces mocion, noc feeming to be exciced by mocion, 
itfeif. In che fame manner, the beft Spiric o f  Nicre, though ic’s kept clofe 
ftopp’d up, will for years continue to emit a red Fume, which hanging over 
the furface, keeps in concinuai mocion, and rifes ouc o f che mouch o f che •
VeiTel as foon as ever you cake ouc the Scopper. T h e  fame ching is true, like
wife, in an alcaline Spiric of Sal-Ammoniac, which, as far as I have been abl«
10 obferve, is never at reft. And as for that Spirit which is diftilled from ^al-
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Ammoniac, with Q uick-Lim e, that is ftill much more agile. Such Bodies, 
therefore, both excite and preferve motion in a wonderful manner. That 
fuch Vapours, now, may be perpetually floating about in the fubterraneous 
parts o f  the Earth, ’ till they light on fome certain Bodies, in which beir̂ g 
afterwards fixed, and united, they form variety o f  compound Bodies there, 
who will deny ? In all thefe cafes, however, this muft be confidered, chat even 
in the greateft degree of Cold, the A ir  is in a conftant ofcillatory motion, 
which is often the caufe by which thofe motions are likewife excited. By 
this motion, now, proper to Menßruums^ and arifing from them, folutions are 
often brought abouc immediacely, which could not be effeded by the great
eft degree o f  motion excited by any other caufe. If you have a mind to 
fee an inftance o f  this, take only a piece o f  Engliß  Chalk *, let it be calcin’d 
in che intenfeft Fire, nay, even Tfihernhaufen's Focus, and it will fcarcely be 
altered in this vaft motion *, expofe it to che hotteft, coldeft, caimeft, or 
moft ftorm y A ir , and ic will remain ju ft the fame i keep ic ever fo long in 
boiling W ater, ic w ill noc be diffolved j boil ic in a lixivium o f  Salt of 
T artar, and it will ftill be chalk : A nd yec put ic only into cold Vinegar, 
and ic will diffolve and difappear. Hence, cherefore, ic is evident, what a 
prodigious difference there is between that motion which is excited by the 
reciprocal adion o f  the Menfiruu7n  ̂ and Solvend, and that which is produced 
by Fire, A ir, W ater, and Impulfe. 4, T h at which we call acrimony, there
fore, in a Menfiruum, becaufe it corrodes our Body, and gives us pain, does 
not render fuch a Menßruum fic to diffolve other Bodies: This we fee evi- 
dently in Oil o f  Vitriol, Spiric o f Nicre, Spiric o f  Salt, zxidi AquaRe^a^ which 
though they inftantly confume any part o f  us, are noc capable o f diffolving 
W a x , and Sulphur, which are fo eafily diffolved by our Humours. 5. Many 
Menßruums cannot naturally diffolve certain Bodies; and yet i f  thefe Bodies 
are firft diffolved in fome other Menßruum, they will then be difpofed to be 
diffolved in chofe very Menßruums, which before they abfolutely refifted. 
Boil, for inftance, common Sulphur in Alcohol, a.s long as you pleafe, and it 
w ill no more diffolve in ic, than a Stone will in W a te r ; buc melc this Sulphur 
with Salt o f  T artar, and it becomes a rediih brown M afs, and then pour 
W ater upon this, even in the cold, and the Sulphur will be very readily 
and intimately diffolved : Boil Powder o f Antimony in Alcohol, and it has no 
effed upon it ; buc boil the fame in an alcaline Salt diffolved per Deliquium, till it 
becomes a dry Mafs, and then pour Alcohol upon it, and you will foon have 
a golden T ind ure.. And, indeed, fuch a well-managed, fucceffive applica
tion o f  different Menßruums to Bodies, the greateft Mafters in the Art have 
laid fo much ftrefs upon, that Boße, Homherg, and Tachenius have cold us, that 
Wen Metals themfelves may by this means be intimately refolved into their two 
conftituent Principles, a fixing Sulphur, and a regenerated M ercury. For they 
afferc, thac i f  Silver is diffolved in Spiric o f  Nitre, and then digefted for a 
long time in a pure, fixed Alcali, and afterwards fublimed a good many times 
with Sal-Ammoniac, it will at laft yield a fluid M ercury ; and ac the fame time 
they call chefe, refufcitating Salts. Thus Acids procure an entrance for fixed 
A lcali’ s into the inmoft parts o f  M etals; and then the fixed A lca li’s affift the 
volatile, alcaline Salts to penetrate them, which otherwife they had not been 
able to effed. T his is what thefe Gentlemen affure us. I f  you alk me whether
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I believe that Metals may thus, by the affiftance o f Salts, be reduced to 
Mercury? I can’ t tell what to f iy  to it;. F or my own part, I frankly con- 
fefs, I have taken a great deal o f  pains upon this head, but have never yec 
been able to effect any fuch thing : Confcious, however, o f  my own inferiour 
abilities, I would by no means go about to detraét from the capacity or cre
dit o f others. 6. Some Menftruums diifolve certain Bodies, which before the 
Experimenc was made, feem’d the leaft in the W orld fitted for fuch a fo
lution, whether you regard either ú íq  Menjlruums, or the folvend Bodies. Thus, 
forinftance, the tenacious, vifcid, native Turpentine becomes fo penetrating in 
che human Body, thac in a very ihort time it gives a violet fmell to the Urine, 
changes ics colour, and heats the whole Body *, if  it is mixed wich Oils, ic 
diifolves them ; as ic does perfedly Refins in a fmall degree o f  H eat, tho* 
they difiblve wich fo much difficulty: And ic has the fame effeiSb, likewife, 
upon Gum-Refins, which can fcarcely be difiblved by any other method ; as 
Gum*Copal, and others. But what muft we chink, again, o f  the Y o lk  o f  
an Egg ? I f  one may be allowed to fpeak by analogy, it is the Placenta 
ofthe Chicken, an organical Machine, whofe infinitely fubcil ftrufture eludes the 
moft acute, microfcopical obfervation, and the moft curious anatomical inqui
ry. Is it not a vifcid, cenacious, unaétive Subftance, wichouc Smell, cafte, 
or any the leaft degree o f  Acrim ony? A nd yec if chis is rubbed in a gen
tle Heac, according co art, wich any gummy, oily, refinous, or balfamic Sub
ftances whatever, ic does more chan can be effeifled by any oÚ\tx Menftruum \ 
for ic deftroys cheir vifcidity, and renders them diffoluble in W ater, and Spi
rits, and very eafily mifcible wich che animal juices. Here chen we muft al
low, that Nature furniihes us wich a Menftruum^ that can fcarcely be equall’d 
by any produflion o f  the profoundeft Arc. T he very biccer, yellow Bile coo 
of any found Anim al, Fiihes in particular, thac have no Lungs, and are vo 
racious, have almoft che fame efi-'e¿c upon balfamic, gum m y, refinous, tena
cious, teribinthenaceous, vifcid Subftances, which they happily difiblve by be
ing gently mixed wich them. Manna, Honey, and Sugar, with warmch and 
rubbing do che fame. I mighc here take nocice, likewife, o f  the W hice o f  
an E g g : When chis is hardened by boiling, well feparaced from the Y o lk , and 
diililled in a Balneo Maries, ic yields a clear W ater, that has no confiderable 
Smell, or Tafte, is neither faline, acid, or alcalious, and yec whofe efHcacy 
is fo greac and peculiar upon Mecals, that boch Paracelfus and Van Helmont 
agreed, that this alone was proper for the preparation o f their medicated M er
cury, o f fuch excellent vertues. And i f  you take the hard W hite o f  an E g g , 
put ic in a clean Vefiel, and in a Cellar expofe ic co the A ir , you will have 
from it a very infipid Liquor, which, if  ic was offered one, one would take to 
be pure W acer; and yet this W ater will penetrate M yrrh, which is fo hard 
to bediflTolved, in fuch a manner, thac it will be becter refolved by this, than 
by any other whatfoever. T o  perfons, now, not acquainced with
thefe things, there is nothing feems more furprizing, than chac Bodies fhould 
be diflTolved by the very fofteft Menftruums, which are affected by fcarcely any 
other. 7. I aflerc, cherefore, chac neicher acidicy, a lixivious acrimony, or fa- 
line difpoficion appearing phyfically co be prefenc in any Menftruums, does 
ever demonftrace, a priori, that fuch a Menftruum will diifolve any given.
Body \ but this certainty muft always depend upon fome Experiment, by which
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it has appeared that this Solution will happen, i f  this Menjiruum and that Body 
are mixed together. For if fimple Sulphur is put into any known Acid what
ever, from the mildeft to the ftrongeft, even tho’ it is aflifted by Fire, the 
Sulphur will remain unaltered as Sand in W ater. So Spirit o f  N itre, howfo- 
ever it ads upon other Metals, has no effed upon Gold. It is idle, there* 
fore, to fay in general, that Acids diifolve M etals; for chis or that Acid only, 
diilolve fuch and fuch particular Mecals. I f  a Perfon, after he had in many 
inftances experienced the corroding quality o f  the ftrongeft cauftic Alcali, 
Ihould hence begin to believe that this power would extend itfeif to all ocher 
Bodies ; how much would he be deceived, when he faw plainly that Mercury, 
Gold, and Silver, fuffered nothing from this Solvent. And the fame thing we 
obferve holds good in Saks: F or i f  Silver is boiled with Sale o f  Tartar u grows 
white, tho’ it does not do fo at all i f  it is boiled with Sea-falt. W e muft not there
fore, pretend to fay, that A lcali’s, Acids, or faline Bodies, are folvents in general, 
but only in a limited fenfe, wich refped to their parcicular objeds: If we of
fer to proceed any farther, the nature o f  the thing is againft us. 8. On the 
other hand, a prudent Chemift would not prefently conclude, from feeing any 
Body diifolved, that the caufe o f  this Solution, was an acid, alcalious, or faline 
Body, i f  there were not fome other circumftances, that might more certainly 
determine it. And yet this error, the modern Chemifts have often fallen inco, 
who, being too prone to run into generals, have from any obferved Solution 
prefendy imagined, that they knew the Solvene. But fuppofe, now, that in a 
given cafe, a Perfon was fure that Gold was there diifolved into its fmalleft Par
ticles, and at the fame time knew perfedly well that Gold is not diifoluble by 
any known Salt except Sea-falt, and what is produced from it: Y et even here, 
one cou’d not certainly conclude, that becaufe Gold was here diifolved, there
fore Sea-falt was the Solvent*, for i f  the pureft M ercury is rubbed upon the 
cleaneft G old, it will penetrate, corrupt, and diifolve ic. In all nature, now, 
we don’ c know  any Body, that is lefs acid, alcalious, or faline than Mercury, 
no Body in which there is lefs Acrim ony chan in this, as it gives no pain, the’ ic 
is applied to the E ye, or the bare Nerves: And yet this we fee diifolves Gold, 
which Sea-falt excepced, refifts every acid, alcalious, faline, acrid Bodychatwe 
are acquainted with. 9. But I aiTert farther, which is ftill a greater paradox, 
that all that phyfical Power, which we generally call corrofion, or corroding 
Acrim ony, is, abfolutely confidered, nothing at all, but relative only between 
particular corrodents and corrodends, and not between every corrodent and all 
other Bodies: Hence, i f  a Perfon, after he had, in an infinite number of in
ftances, experienced the corrofive Acrim ony o f  upon Animals, Ve
getables, and FoiTlls, ihou’d thence haftily conclude, that therefore this very 
corrofive Liquid wou’d much eafier corrode any Bodies that were fofter, he 
wou’d foon find himfelf miftaken by putting inco it the fofteft W a x , or the 
brittleft Sulphur. 10. N or, on the contrary, will it at all follow, that becaufe 
any particular Body is very foft, with regard to our fenfes, nor corrodes andre- 
Iblves the Anim al Fibres, it has not, therefore, a diiTolving P ow er: For a Per
fon, wichout any inconvenience, might take a confiderable quantify o f fweet 
O il o f Olives; and yet Sulphur, which refifts every corroding A cid , may foon 
be entirely diifolved in it ; as may W a x  likewife, which corrofive Acids do not 
affed. Even melted W a x , which is fo fofc and unadive, is faid to exerad a
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Colour from Coral, gencly indeed, buc very efficacioufly; and yet the fame 
Coral would bear the extreme violence o f  che Fire for a Jong time, wirhouc 
being altered ; nor be affedted by any A lcali’s. This no-body could eafiiy 
have believed apriori, buc mud firft be convinced o f thc truth o f ic by particu
la r  Experimencs. Thofe Bodies, cherefore, which appear to us to be exceed
ing hard, and are found to be fo in che Fire, do noc hence, in order to their 
Solution, require Solvents which have given any proofs o f cheir being very acrid.
And hence, upon thefe principles, ic won’ c feem impoifible to be found ouc in 
Arc or Nature, a Solvent chat ihall be fuiced to any given Body fcarcely dif- 
foluble by any thing elfe, which Menftruum at the fame time ihall not be able to 
corrode other Bodies, thac are much weaker and fofter. And the only way here, 
if one would do any good, is fucceiTively to apply all the Menftruums we know 
of, to the Body whofe Solvent we wane to difcover: For very often chac which 
feems moft unfit for che purpofe, anfwers ic beccer chan any other whatfoever. 
Confider, for inftance, che Scone in ehe Bladder, and Cancers. Thefe we have 
noc hitherto been able to cure ; buc yec we oughc by no means to defpair o f 
finding out a Remedy, which may be able to dilTolve the Scone wichouc hurc- 
ing che Bladder, which from whac has been faid, we fee wou’d not neceifarii/ 
follow. Spiric o f  Rye-bread, has a wonderful power o f  diifolving almoft any 
Stones, and yet does not by any corrofive quality hurt the human Body. T he 
Water drawn from the hard Whites o f  E ggs, may be dropp’d into the E ye 
withouc any pain ; and yec with regard to many things, has a diffolving ver
tue. II . Menftruums, at the very fame cime that chey diifolve, and change 
their objeds, are perfedly likewife changed by them, fo chac the adion be
tween them is reciprocal. This appears to be true in almoft all Menftruums.
Wacer, Alcohol, and M ercury, indeed, are lefs alcered than ochers, but chofe 
likewife are changed by degrees. For tho’ the Alchemifts fay thac che pureft 
Mercury never iuffers any alceracion ; yec this by the admixcure o f  ocher B o 
dies is alcered by concrecion : And as that itfelf is often rendered impure by 
other Bodies, it muft then be in fome meafure altered by them ; even when by 
tranfmutation it is converted into Metals. 12. It is a very great miftake to  
imagine, that all Menftruums will conftancly perform cheir Solucions fo much the 
more efiicacioufly, as chey are more depuraced, and reduced to their greaceft 
degree o f ftrengch ; for very often their vercue decreafes in proportion to their 
ftrength and fim plicity. I f  you want, for inftance, a V itrio l o f L ead, and for 
this purpofe dififolve it in Aqua Fortis  ̂ you will always find the Solution more 
difficult in very ftrong Spirit o f Nicre, than i f  it is diluced with a fuificienc 
quantity o f W ater. T h e fame is true in Iron, which diifolves in O il o f  V itrio l 
mixed with four times its weight o f  W ater, whereas if it  is thrown into the pureft 
Oil o f Vitriol, che Mafs in an inftant becomes almoft immoveable. Hence 
the pureft Alcohol coagulates a great many things which common Spiric o f  
Wine dilutes and diifolves: T his appears evidenc inhuman Blood, which is 
coagulaced by che former, buc diluted by the latter. Hence the greaceft fim- 
plicity of a Menftruum, or ics ucmoft perfedion in ics kind, does not always in
creafe ics diffolving power upon particular Bodies. But on the ocher hand, it 
K crue likewife, that i f  the fame M-enftruum is applied to ocher Bodies, ic ofcen 
requires che exadeft purity to  be able to a d  upon them as a Solvent, I f  we 
want» for inftance» to diifolve diiiilied Oils accurately in Spirit o f  W ine, k
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muft firft be reduced to the pureft Alcohol, or ic will have no efFedb at all. In 
thc fame manner, if  you wou’d diíTolve Am ber in Spirit o f  W ine, you muft 
make ufe o f the moft reftify ’d Alcohol poffible. So thac here again we can’t 
pretend to pronounce abfolutely o f  Menfiruums, whether they are required pure, 
or diluted, to induce fuch and fuch changes upon Bodies, unlefs ic has been 
firft precifely determined by Experiment. 13. But in this D odrine o f  Men
firuums, there is nothing more remarkable, than that in Solutions performed by 
them upon their obje¿t, there ofcen arifes a new power in Nature, which nei
ther exifted in the Menfiruum, or Solvend, before che Solution, but depends 
intirely upon this union of them together. A  Child, forinftance, may without 
any inconvenience, take 3 grains o f  Crude M ercury, and fo it may 7 or 8 
grains o f  Spiric o f  Sea-falt ; and yet when from thefe prepared together, you 
have 4  grains o f  Mercurius juhlimalus corrofivus, i f  the Child ihould rake this, 
it  would prove a moft violent Poifon. So one may fafely give a Child 30 
grains o f  Crude Antim ony powdered, and as many of Nicre properly diluced; 
but i f  chefe are reduced to a Powder, mixed together, and then fee on iire, you 
have in an inftanc a Crocus Metallorum, o f  which no-body wou’d give a Child 
6 grains, that did not defign to deftroy it. I wifh, therefore, the Chemifls 
wou’d hence be cautioned for the future, not to believe that the produftions 
o f  their Solutions are always good Medicines, or at leaft not hurtful to the hu
man Body, becaufe the Simples which produced the Compound had medicinal 
vertues, or elfe were innocent. Certainly, the greateft mifcarriages that have 
happened in the A rt, and have ofcen brought it under fuch difgrace, have rifen 
from this precipitancy o f the Artifts. A n d, indeed, nothing has ever more 
furprized me, than to fee the unlimited liberty that both the Chemifts and 
Phyficians have taken in determining the medicinal vercues o f  every Body 
which they have by their A rt  prepared. Examine Bafil Valentine only, in his 
Currus Triumphalis Antimonii, and you will fee a flagrant inftance o f  it. For 
m y own part, I have often thought with myfelf, that a Carpenter, Mafon, or any 
other handicraft, might as well cry up every thing in their way, as thefe Per
fons do in theirs. But you. Gentlemen, who will make truth, and the good of 
mankind your ftudy, will always remember, that this itch o f  commending 
every thing muft be prudently reftrained ; and that i f  you íhou’d meet with 
any new thing that you have a mind to make trial of, it is proper to begin 
with a very gentle dofe, and proceed gradually, carefully attending to every 
cíFeét it produces : And if  it is made ufe o f  with this caution, the Dodrine of 
Menfiruums will open a way to the underftanding the moft excellent things rhat 
belong to the A rt. F or i f  you examine the Claffes we have defcribed, and 
the Objeéts thac properly belong to every one o f  them, and confider carefully 
the true marks affigned, you may then at length make ufe o f  this Dodrine in 
fuch a manner, as to be able, as much as poflible, to determine a -priori, what 
will happen upon the application o f  one Body to another: But here, however, 
you will continually meet wich new appearances which you were not acquainted 
with before. A s  far as I have been able to let you into the Knowledge of 
thefe things, I have done it with pleafure, and muft now pafs on to fomeching 
elfe, m .  the confideration o f



'The utiiverfal Menftruum or Alcaheft.
W hoever, therefore, carefully confiders what has been hitherto delivered, 

will eafily believe, chat all chemical folutions o f  Bodies, except a few pure
ly mechanical ones, are the eifeil only o f  attradion, and repulfion, be
tween the Particles o f che Menftruum and thofe o f  the Body diifolved ; hence, 
therefore, that all the adion here depends upon the relation betwixt thefe 
tw o; and o f confequence, that according co the known rules o f  art there 
cannot be ailigned any Body, etcher natural, or artificial, which, without 
any diftindion, would diflblve all Bodies whatfoever : N ay , and farther, 
that it is impoifible to deliver any phyfical method, by which the refolu
tion o f all Bodies promifcuoufly may be obtained. Neverthelefs, after Van 
Helmont the Father had publiihed his W ritings, there was a report went 
about in the Chemical W orld, o f a fecret, univerfal Menftruum, which Para- 
celfus was faid to have pofieflTed, and which he, according to his manner o f  
writing, called the Alcaheft. I f  any fuch thing, now, as Helmont folemnly 
fwears, was ever known to any mortal, ic certainly ought to be looked up
on as the m oil excellent favour, chat the Divine Being ever indulged M an
kind with, either in the Chemical, or any other A rt. T his, wichout difpute, 
would be vaftly more valuable than any Philofopher’s Stone, and much more 
to be wiihed for, as by the help o f  ic mighc eafily be obtained the moit 
certain means both o f Health and Riches. This, with a great deal o f  rea
fon, was the opinion o f M r. Boyle, who yet, after an infinite deal o f Pains, and 
with all the fkill chac he by this means acquired, was never able to come at the 
difcovery o f  it, nay, upon che bell foundation, fcarcely believed, thac there 
ever, in reality, was any fuch thing. Defigning Men, however, have made 
a handle o f  it to fatisfy their avarice, by impofing upon fuch perfons as 
they found ibnd o f  fuch kind o f  Arcana: Prudent Men have always remained 
in fufpence, not daring abfolutely to pronounce any thing in it. F or thefe 
reafons, therefore, I was willing to give you an hiitorical accounc o f  this A f 
fair, ja il as ic is, thac is co fay, as it may be colleded from the Writings of thofe 
Authors who alone have wrote o f Menftruum', that thus at leaft we may 
know the opinion o f thofe Perfons, who tell us, they have poifeifed, and 
made ufe o f  this Arcanum. Every thing, however, that has been faid upon 
this head, by other People, has been borrowed from Helmont alone ; for from  
whac Paracelfus himfelf wroce o f  che Alcaheft, no mortal would ever have 
thought o fa n y  fuch thing, had not Helmont given the hint, that fuch great 
myfteries were couched under this uncommon W ord. A s for my part, I  
confefs freely, I am not mafter o f this fecret o f the Fire j and therefore I 
can do no more than by carefully examining, and faithfully comparing 
one thing wich another, lay before you whac is to be found in thefe A u 
thors, And if  thefe perfons were really acquainted with any fuch thing, and 
were willing that one who ftudied their W ritings attentively ihould find it 
out •, I know no better way o f  coming at it than what I have propofed. By this 
means a perfon who is difpofed cofetabout this grand work, may know what M atter 
he muft make ufe of, by what Inftruments he muft operate, and in what method 
he muft proceed, that fo he may not lofe both his labour and his money.
And it will farcher, too, have this greac advantage, that it will fecure us
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from  being impofed upon by the tricks o f Impoftures, whofe boldnefs and 
knavery make them formidable, but who don’ t know themfelves what they 
pretend to ; for thefe Fellows may be eafily detected by any perfon who is 
acquainced with the dodrine o f Paracelfus, and Van Helmont. This I myfelf 
have fometimes found excellent ufe in, when I have happened to have to do 
wich thefe vain pretenders. L et us, cherefore, with a greac deal of caucion, 
proceed.

the -A-od in the firft place, let us confider the name, is Acahefl. This
Name. word, before Paracelfus, no body ever made ufe of, no not even among the 

Chemifts. And even he himfelf, as far as I have been able to difcover, never 
ufed it, but in one pafilige, which you have in his Treatife de Viribus Mem- 
hrorum. L ib . II. C. 6, where there are thefe words. And ihe Liquor of the 
Alcaheft is exceeding efficacious in the Liver, to comfort and ftrengthen it.̂  and 
to preferve it from a L>ropfy.¡ and all the Difeafes that have their rife in it. And 
its procefs is, to be refolved after Coagulation, and coagulated into a tranfmuted 
form. This appears in. its procefs of Coagulation and Refolution. And then if it 
overcomes (fui fimile_) that which is like it, it isa  Medicine for the Liver above 
all Medicines. Nay, though it were confumed, it would fupply the place of an 
intire Liver, as though it were not confumed. A ll you, therefore, that make 
Phyfic your Study, ought to know how to prepare the Alcaheft, in order to remove 
a great many Difeafes that have their feat in the Liver. So that Paracelfus ne
ver made ufe o f  chis word buc twice, and thac only in this place ; nor is there 
the leaft Mention o f  any fuch ching, eicher before or after, as I informed my
felf by a careful examinacion o f  all his works. N o  morcal, therefore, from 
■what he faid upon this head, would ever have thought o f chis grand fecrec, 
had noc Helmont afterwards added his interpretation.

Secondly, its T h e derivation, therefore, o f  this new word, thus coined by was
itymoiogy. examined into. And upon confidering, thac ic was ufual with him co con

ceal common words by the tranfpoficion o f  their letters, ic was imagined thac 
was the cafe here 5 though fomecimes coo he formed ftrange words by join
ing the beginnings o f  differenc words together. T hus when he would have 
you make ufe o f (Tartarus) T artar to refolve the Saburra in the Spleen, he fays, 
take Sutratar. L .  IÍ. de Vir. Membr. C . 7. And again when for difeafes pro
per to the Kidneys he prefcribes Saffron, which from its golden Colour che 
Chemifts called Aroma Philofophorum, he fays, chefe Diftempers are cured 
by Aroph L .I I . de Viribus Membr. C. 10. Hence, therefore, fome perfons have 
thought, thac Alcaheft fignified alcali eft. Rolfinc. Eph. Germ. D . 12. Ann. VI. 
V ÍL  p. 193» Rulandus in his L exico n ; and hence fuppofed that it has al
ways an A lcali for ics bafis, which is then faturated with a proper Acid. 
Others have been o f opinion, that ic was called fo quafi Staltzgeift becaufe 
i f  the Alcaheft is the fame with the Circulatum, they im:igined it was made 
from Sea Salt, coagulated, refolved, and coagulated into a tranfmuted form. 
But again, others fufpeded, that it was called quafi Algeift, ox
fed ly  pure fimple Spirit; T his they thought its procefs o f  coagulación, refo* 
lution, and coagulation, feem’d to teach us. And laftly, there i s o p i 
nion, who fays, ic is a pure, mercurial, metalline Spirit, which is fo united 
with its own proper B ody, that hence two become one Body, that is infepa
rable, and indeftrudible. Eph% Germ.. D . 11 . Ann. 8. A p p . T lf This, chen,

being



being all we can learn from the etym ology, let us pafs on to the fynonomous 
terms, and fee i f  by comparing them cogether we can get any farther light 
into it. Paracelfus himfelf has left us no fynonomous name, but Helmont 
has a great many, and therefore thefe we will now examine. And in ihort 
we have no ocher affiftance befides the authority o f Van Helmont alone, 
who declares that the very fame boccle was given likewife co him.

In the firft place, then, he calls ic fimply, Water-, celling us, p. 88. §  27, T h ird ly ,th *  

that he knew a Water which he muft noc difcover, by the mediation o f  
which all Vegecables might be tranfmuted into a diftiliable Liquor, wich
ouc che leaft Fœces remaining at che botcom o f  che VeiTel. And in che fame 
place § 29. he fays he mixed cogecher a certain Water, and Coals made 
from O ak, in an equal quancicy, and digefted them with a bach heat in a 
Glafs hermetically iealed. And there he calls che fame a thick Water, whilft 
he writes § 28, thac in the fecond Book only o f  che Maccabees, Chapcer the 
firft, there is mencion made o f a thick Water, which was a perpecual Fire, and 
perhaps noc unlike his Water. And in anocher place he calls it a folvent Wa
ter̂  as p. 628, where he fays, che Liquor Alcaheft is an immucable, folvent 
Water. BuC he came ftill nearer che maccer, when wich one word he called 
it (Ignis-Aqua) Fire-Water, for whilft p. 337. § 3. he is giving an allegori
cal accounc how he came by his knowledge, he precends he received a boccle 
in which there was Ignis-Aqua, o f  one word only, a name perfedly fimple, 
fingular, indeclinable, infeparable, and immorcal. And again he calls it a 
Latex reduced to its leaft Acoms poffible in nacure. p. 94. § 28. Buc he 
very frequently calls ic a Liquor, p. 85. § 6. By the addicion o f  the Liquor 
Alcaheft o f  Paracelfus, he afferts, chat all Bodies may be converted into W a 
ter, p. 119. § 89. And chat by che infernal Fire, which is the Liquor A l
caheft of Paracelfus, may be known how much any Vegecable contains o f  either 
Luminary, p. 265. § 11. p. 384. §. 43. p. 41p , 628, 700. § 23, 700, § 2. 
p. 706. § 10. 714. § 27. 776, § I I . 60. And he calls ic, likewife, the fol
vent Liquor p. 88. § 29. A ll thefe chings, cherefore, feem co incimace, chat 
this Arcanum was o f  a moift, liquid form, like a kind of a W ater. In ano
ther place, as a fynonomous term, he makes ufe o f  the Fire of Hell 5 for he 
fays exprefly, § 28. p. 119. by tht Fire of Hell, which is the L iquor Alcaheft 
0Ï Paracelfus. And again, p. 45, 15. Original Sand refifts boch A rc and 
Nacure, nor can by any means be made to recede from ics conftancy, ex
cepc by an artificial, infernal Fire alone, in which artificial Fire Sand 
becomes Sale. I f  Helmont, therefore, in chis appellacion has followed Para- 
celjus, by chis we may know vfhut tht Alcaheft was, htcz.nÍQParacelfush\vúfúí 
h:is wrote o f  this infernal Fire : But o f this by and by, when we come to 
fpeak o f the Alcaheft itfeif. Afterwards, Helmont fays, this is a moft happy 
and perfect Sale, which has arrived Co the ucmoft decree o f  purity and fub
tlety chac Nacure is capable of. § 24. p. 384. And for this reafon, he feems 
CO call ic, ehe Ens pimum Salium, p. 4 1 9 ;  the Sal Circulatus, and the Sal 
Circidatus Paracelfi, § i i .  p- 43- § 49- p« 374 » the Circulatum majus. Ibid,
Sal Circulatum, p. 576. Sal Circulatus, p. 628 -, Sal Circulatus Paracelfi, § 23, 
p. 700 ; o f which he made mention in his Book de Renovatione Reftaura- 
iione. If, thereforCj Van Helmont has aded candidly and honeftiy in this
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affair, we may from thefe fynonomous terms, and the wricings o f Paracelfui  ̂
make an attempt towards a difcovery o f this wonderful Men(iruum. 

itsori^, But before we proceed to this, we muft in the fourth place confider its 
origin. Firft then it is never found fpontaneoufly in Nature ; for here 
Nature is deficient, § 12. p. 55. where he exprefly aíTerts, that part of 
Earth may be homogeneoufly reduced into W ater by A r c ; but ftrenuoufly 
denies, at the fame time, that this can ever be effefted by Nature alone, 
becaufe in Nature the agent is wanting by which true Earch may be reduced 
into Salt and W ater. N or is this produced except by the chemical art, which 
alone difcovers a Latex, which cannot be tranfmuted, being reduced to che 
fmalleft Atom s that are poflible in Nature. § 27, 28. p. 94. N or is this to be 
effeded by vulgar Chemiftry, but by che labour o f  W ifdom . Ibid. § 23. 
p. 700; and thac, as he exprefly aflfercs, as ics ulcimate and moft perfed pro
duction. And laftly, he fays, Chem iftry, as its moft excellenc effed, pre
pares a univerfal Solvent. § 65. p. 387. N ay, and in che whole Arc chere is 
not any operacion more difficulc chan che preparación o f  che Alcaheft ; nor is 
there in che whole Arc any thing more laborious. N or can the knowledge 
o f  this Operation be acquired eicher by reading, or medicación, buc by a 
fulnefs o f  fcience, and chac too doubly confirmed ; and hence very few are 
acquainced wich it. § 23. p. 700. And for chis reafon chis Liquor, whofe 
Operacion is vaftly cedious, cannot be obtained by human underftanding; 
F or though a perfon ftiould have fo much skill in the Arc as co be properly 
qualified co come to che knowledge o f ic j yet unlefs the M oft H igh, by a 
fpecial favour, leads him co it, he will never arrive at it ;  for he muft be 
chofen by a parcicular privilege, whoever becomes M after o f ic, § 27. p. 714. 
F o r  G oa alone is che difpenfer o f  ic, for reafons which are known co the 
Adepcs, § 2. p. 704. From  this origin o f  ic, cherefore, chus delivered by 
Helmont, we may fee how much they are miftaken, who idelly imagine, they 
ihall be able co prepare it wich a liccie crouble. Thefe vain boafters cer
tainly thus difcover boch cheir ignorance and cheir diihonefty. N or lec chem 
impofe upon you, by pretending to more things o f  the fame nacure; for 
Helmont abfolutely refutes every thing o f  this kind, by plainly afiercing, chat 
as in the whole compafs o f  nature there is but one Fire (Vulcanus Ardem] 
a  burning Fire, fo there cannot be but one Liquor, which will diffolve all 
Bodies inco cheir firft Macter, wichout any alteración in icfelf, or diminución of 
its ftrengch; as the Adepcs know and teftify, § 6. p. 677, 678. Being fe
cured, therefore, by chis dodrine, I have been able to filence many illiterate 
perfons, rich in promife and expedacion, and fomecimes crafty Foxes coo, by 
only asking them one or two queftions, by their anfwers to which I foon 
perceived how little they underftood o f  whac they boafted of.

EiftWy, it* Buc lec us now proceed to examine into the ftupendous vertues that are 
fÍS'’ with fo this wonderful, and almoft tremendous Arcanum, T his Menftruum
regard to its then Can efficacioufly exerc ics difliblving power upon all fenfible Bodies whac- 
oWeii. ever, whecher Simple or Compound, Volacile or Fixed, Solid or Liquid, Ani

mal, Vegecable, or F o ifil; nay, upon Gold and M ercury chemfelves, upon 
which noching elfe can a d  co their incimace pares. Thus hear him fpeaking 
himfelf. {Noftra Mechanica) Our Mechanics have difcovered co me, chac all Bo
dies, whether rocky, ftoney Subftances, or Gems, Flints, Sand, Mercafites,
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Clay, Earth, Bricks, Glafs, L im e, Sulphur, t fr . may be tranfmuted into an 
aftual Sale, sequiponderant to the Body from whence it is procured: And 
Vegetables, Flelh, Bones, F iih , and every thing like them, I have known to 
be reduced by it into their three mere Principles: M etals, however, on ac
count o f Anatic Commixture o f their Seed, and Sand, are reduced to]a Salt with 
a great deal o f  difficulty, § n .  p. 43. For Sand, or original Earth, refifts 
boch Arc and Nature, nor will by any helps o f Arc or Nature be made to re
cede from its primitive eonftancy: Buc under the p o w ero f the Artificial In* 
fe r n a l  Fire Sand becomes Sale, and ac laft W ater, §. 45. p. 15. A gain ,
The Alcaheft of Paracelftis^ by fubtilizing them, tranfmutes all natural Bodies^
J. 7. p. 57. And in another place, all Bodies are eafily reduced to W ater by 
the application o f  the Liquor Alcaheft o f  Paracelftis, §, 6. p. 85. Even thoie 
that otherwife refufe to be refolved into their three Elements, Ibid. B y  the 
help o f this likewife, all Vegetables are commutable inco a Liquor, which 
may be diftilled without any remaining at the bottom o f  the Giafs, §. 27. 
p. 88 i even oaken Coal itfelf, ibid. §. 29. F or one and the fame Liquor, At-- 
cabefti perfedly reduces all tangible Bodies in the Univerfe to their firft L ife ,
§, II . p. 266 5 even all Poifons themfelves, §.4p. p. 374. And which diifolves 
every thing befides itfelf, as warm W ater diifolves Snow, §. 24. p. 380. §. 65. 
p. 387*, Oil icfelf, and Spiric o f W ine, p. 5 7 6 ; Cedar W ood, p. 6 3 4 ; A l l  
kinds o f Elixir Proprietatis^ ; T he Ludus likewife o f  Paracelfiis-, p. 700J 
Mercury, §. 10, 11. p. 776 \ Gold itfelf, §. 10. p. 706, which cannot by any 
other Solvent whatever be radically deftroyed into ics conftituent Principles, 
as ie is much eafier to make Gold out o f what was not Gold before, than to 
produce any thing from Gold which fhall not be Gold. T o  this agree all 
the whole T rib e  o f Adepts, who unanimouily aifert the truth o f it.

In the fixth place, let us confider the manner in which che Alcaheft exerts sixthly, 
its power upon chefe ics O bjeds. And here we find its efficacy is always ex-with rê rd 
cited by Fire, and this applied only in a gentle degree, whether ic ads in di- 
geftion, diftillation, or cohobacion. For he mixed the Alcaheft wich Coal made 
from Oak in equal pares, and digefted ehem for three days in a Bath-heat, in a 
Glafs hermetically fealed, and the Solution was then compleated, §. 29. p. 88.
The Sal-Circulatuffiy by digeftion only, reduces every fort o f O il, and Spiric 
ofW ine, into a prodigious different form, from what they were in before, 
p. 567. I f  the Alcaheft is mixed with an equal weight o f  Cedar-wood re
duced to fmall pieces, and is expofed to a kindly warmch in a fealed Glafs, 
the whole W ood w ill, in a week’s time, be reduced to a milky Liquor, p.
634, Sometimes too, the work is done by one fimple diftillation : For if  the 
Liquor is diftilled once only from common M ercury, it leaves it at the
botcom coagulated, and pulverizable, and neither increafed nor diminiihed ia  
its weight, p. 6z8 *, which is efieded in a quarter o f  an hour, p. 776. But 
fometimes a cohobation is neceifary, in order to accomplifh your defign. For 
frequently, when Bodies are converted into a Salt o f  the fame weight they were 
of before, they muft be cohobated fome number o f  times with the Sal-Circu- 
lalus o f  Paracelfus  ̂ before they will intirely lofe their fixity, §. 11 . p. 43 ; 
which happens chiefly in Metals, Gold in particular, on account o f  the per
fedly equable commixture o f its Seed, ibid. On the other hand, > i f  by one 
diftillation only ic is drawn off from the Ludus, or Ctvilla o f  Paracelfus, this
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diftillation, in fo fmall a fpace as that o f  two hours, it converts the whole 
Stone into a Salt o f the fame weighc. A s for any other manner o f  applying this 
univerfal Solvent, I can find none, nor does it appear by any argument, that 
a  greater degree of Fire is necefîîiry for the operation. By a gentle agitation of 
ics pares therefore, excited by the Fire, ic is capable o f diffolving all Bodies. 
For the Alcaheft itfeif rifes in diftillation wich the fecond degree of a Sand-heat, 
§.29 . p. 88. But it does not afcend wich a Bath-heat, §. 29. p. 88. 634. 

Seventhly, But farther, there was nothing ever obferved in all Nature, or even related, 
«seftefts. jg more furprizing than the phyfical effeds which thefe Authors afcribe 

to the adion o f this Menitrumn : For it incirely converts the whole Body of 
its O b jed , into a Matter which has neicher gained nor loft the leaft weight du
ring the Operation ; and this tranfmuted Matter feems always to be liquid or 
faline. In this affair, however, there is fome variety: F or M ercury, by the 
adion o f  the Alcaheft  ̂ is reduced to a fixed Powder, which is pulverizable, re
fifts a W ind-Fire, and remains fixed i f  mixed with Lead. §. 10, i r ,  p. 776. 
A lm oft all other Bodies are converted into a Sale æquiponderanc to their 
former M afs, § 1 1 , i f .  p. 43. § 12. p. 56. A n  oaken Coal is foon 
changed into two diaphanous Liquors, which differ in fituation and co
lour, § 29. p. 88. Cedar-wood is converted into a m ilky Liquor o f equal 
weight with it, and then farther into a twofold O il, which afterwards, by 
fimple digeftion, are changed inco a pure Salt, fo that it may be mixed wich 
W ater, p. 634. But che Ludus-, or Cevilla o f  Paracelfiis  ̂ which is a Stone 
found at the bottom o f  the Scheldt near Antwerp^ is within the fpace o f  two 
hours only, converted by a gentle diftillacion into a Salt æquiponderanc with the 
concrete, which being expofed co the A ir, diffolves, and runs into a Liquid, 
without leaving zny Fceces at all, § 23. p. 700. From this whole accounc, 
then, it is evident, that this vSolution ac the beginning is performed after diffe
rent manners, buc that at laft, however, it reduces all Bodies into a kind of 
Sait that may be diffolved in W ater, M ercury alone excepted, which on ac
count o f  its perfed fim plicity, which renders it more pure chan Gold, and 
exceeding like pure W ater, refufes to be converted into a Sale*, and hence it 
radically refifts all divifion poifible to be effeded, eicher by Are or Nature, 
and for chis reafon is perfedly indeftrudible, § 8. p. 55. § 10. p. 705. Theie 
Bodies, however, afcer chey are by the help o f the Alcaheft reduced to an 
sequiponderating Salt, ftill retain their proper vertues, which depend upon 
the feminal property o f them, and which therefore are peculiar to chem, and 
not common to others. T his very remarkable circumftance is defcribed, § 7 .  
p. 55. where he fays, the Alcaheft o f  Paracelfus^ by fubcilizing chem, cranf- 
mutes all Bodies in Nature 5 for Bodies, when chey are reduced ro their utmoft 
poifible fubtilicy, at laft pafs into another fubftance, with a retention o f their 
feminal Properties. A nd § 65. p. 387. By the univerfal Solvenc, all things 
return back to their Ens prïmum-, and exhibit their native qualities, whence 
they have an opporcunity o f  acquiring greac and unlimited powers. But more 
plainly ftill, § 6. p. 677, 678. while he afferts that this L iq u or alone diffolves 
all Solids into their firft Matter, withouc any diminution, or alteration o f itfelf. 
A n d  therefore, he cries out, gee but acquainted, with this homogeneous, im
mutable Solvent, which refolves all its O b jed s into their firft liquid Macter, 
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and then you will be able to look into the intimate eíTences o f  things, and e x 
amine their qualities, § 25. p. 780. By this means, therefore, all thefe Bodies 
are converted into a faline volatile M atter, which ftill retains their particular 
Spiritus ReSior. Hence it may be intimately mixed wich any H um our o f  the 
human Body, with that circulate through all ics Veflels, and in its whole paf
fage every where exerc thofe powers which are proper to it, with regard to our 
Body. Thefe, therefore, they called Potables. Hence, then, we fee, what 
the Adepts meant by potable Gold, and how vain and deceitful the boaft o f  
thofe Perfons is, who pretend co be Mafters o f  it. Gold, when ic is corroded 
by Acids, will ftill give you again ics actual Particles o f  Gold, tho* they 
then lie concealed in the Acid : But the philofophical potable Gold, is a faline 
Liquor sequiponderant to che Gold, wichouc Menitruwn whacever uniced 
wich it, being only the pure fimple firft Matter o f  the Gold, or its Ens pri- 
mum. See in parcicular § 23. p. 700. Here, cherefore, above all, it is parci- 
ciilarJy remarkable, that the Alcaheft  ̂ whilft it thus diifolves, never mixes ic
felf at all with its Solvend, buc remains perfedly feparate from it. Hence, 
therefore, ic neither increafes nor diminifhes the fubftance o f  the Body diíTol- 
ved, buc leaves ic exad ly  the fame as ic found it. This you evidently fee,
§ 28. p. 88. where he fays, thatthetw o Liquors o f  the diifolved oaken Coal, 
which were different in Situation and Colour, rofe wich the Warmch o f the 
Bath, whilft the folvent Liquor remained at bottom, o f  the fame weight it was 
before. For ic finds no Body with which it can be joined, itfeif being too 
pure and fubtil, and reduced to its leaft Atom s, and hence difdaining all fer
ments, and always remaining fingle, § 27, 28. p. 94. Hence it ads only by 
an excernal adion, noc concreting wich ics tranfmuced O b je d , as che 
pureft Fire ufes to a d  upon its O b jed , as warm Wacer melts Snow, § 24. 
p, 380. § 6 . p. 677, 678. For this Liquor leaves noching o f itfeif mixed 
with its Solvend, § 10, 11 . p. 776. Hence, therefore, befides others, this 
Menjiruum feems to have two excellent advantages above all others : In 
the firft place, chac ic does noc a d  by accradion, or repulfion, buc only by a 
mechanical diffolving Power, contrary co all others that we are acquainted 
with. Fire, perhaps, alone excepted : And then, fecondly, that it always pre- 
ferves intire the native Powers o f  its Solvends, and yet whilfi it refolves Poifons, 
ic deprives chem o f  cheir violent and deadly quality, and gives them the moft 
excellent medicinal vertues, by reducing them to úitir Ens primum-, § 49. p.
^74. which, however, ic muft be allowed, is very difficult to comprehend.
"When Bodies, now, are by the help o f Alcaheft reduced into cheir faline 
volacile Ens primum, recaining at the fame time all their feminal qualities, i f  they 
are then urged any farther by the adion of this Solvent, they are perfedly de
prived o f cheir proper feminal vertue, and from tvtvy one, how different foever, 
there is produced the fame unadive, inodorous, infipid, fimple, elementary 
Water ; fo that by too great an application o f the very fame Menñruuniy 
whatever excellence was produced before, is now deftroy’d. It appears, 
therefore, that the ulcimace maccer o f all tangible Subftances is W ater, upon 
■which the Alcaheft itfeif can a d  no farther, but which being again_ impregnated 
with the feminal fascundity o f any Seed, may be converced again into any new 
Bodies whatever. H ear what he fays h im felf! Every Body is tranfmuted into an
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adual Salt æquiponderant to the Body from whence ic is m ade; and this 
Salt being cohobated fome number o f  times wich the Sal-Circulatum o f  Para- 
celfusy lofes intirely all its fixity, and is tranfmuted into a Liquor, which itfelf 
likewife ac laft becomes an infipid W ater, o f the fame weighc with the Sale 
from which ic proceeded, § i i .  p. 43. Original Sand, by the artificial

alone, is changed into a Salt, and then a W ater, § 15. p. 45. And I 
know a Water by the mediation o f which, all Vegetables are converted into a 
diftillable Juice, which rifes wichouc leaving any faces ac che boctom o f  the Glafs; 
and which Juice being diftilled with A lca li’s, is tocally reduced into an infipid 
elementary Wacer, § 27. p. 88. A n  oaken Coal turned inco two Liquors by 
ik\.t Alcaheft, and chen mixed with a little Chalk and diftilled, rifes with almoft 
ics former weight, and has all che qualities o f  Rain W ater, § 29. p. 88. And 
then they all become fo volatile, that chey rife wich a Bath-heat, and fly off 
from the Alcaheft which remains at the botcom, § 29. p. 88. § 24. p. 380. 
p. 634.

Eighthly,its , But what is much more furprizing than all the reft, is in the eighth place, 
m S iÇ . this Menîirmm, whilft ic operates fo wonderfully upon all ocher Bodies, 

is not in the leaft leifened, alcered, or weakened in ics efficacy by any o f them : 
So that in this refpeit again ic refembles Fire, and is with a great deal o f  rea
fon compared to ic. By a very expreflive Phrafe, therefore, ic is faid to aél, 
by its power o f ad in g upon all fublunary Bodies, wichouc readion, § 15. 
p. 45. A nd thac after ic had diflfolved the oaken Coal in fo extraordinary a 
manner, the folvent L iquor remained at the botcom o f ics former weighc 
and ftrengch, § 29. p. 88. F or ics cranfmucacion is defpaired of, as it cannoc 
find any Body worchy enough to be wedded to, and is fingJe with regard to 
«very commifcible fermenc, co which ic mighc be in fubjedion : And hence ic 
cannot die, § 27, 28. p. 54. In ics moft perfed adion, therefore, it reduces 
every tangible Subftance to ics middle life, wichouc any change in icfelf, or di
minution o f its ftrength, § 11 . p. 265. Ic is immutable, therefo-e, and im
mortal, § 3. p* 377- T his alone, by operating, is noc alcered, § 2 4 . p. 8̂q. 
§ 6. p. Î28. 634. 677, 678. Ic ads, therefore, wichouc any re-adion of the 
Patient, or depauperation o f  che Agent, § 27. p. 704. § 10, 11. p. 776, For 
this DifiTolvent is homogeneous and immutable, § 25. p. 78. and being the fame 
both in number, weight and ad ivity , it is as efficacious, the thoufandth Opera
tion, as it was at firft.

tiinthiy, iti But among other things remarkable in this Menitruum, is, in the ninth 
Volatility. its degree o f Fixity or Volatility in the Fire : And this again is exceed

ingly furprizing. F or after it has rendered all Bodies, the moft fixed noc except
ed, fo volatile that they will rife with the gentle heat o f  a Bach, yet icfelf re
mains fixed at the botcom, nor afcends with them, § 14. p. 56. § 2 7 .2 9 . p .88. 
§ 10. p. 634. 700. 776. In che mean cime, however, the Alcaheft itfelf is fo 
volatile, that it rifes in diftillation cogether with the Bodies ic has diifolved in 
the fecond degree o f  a Sand-heat, § 29* p. 88. And hence it may, by diltil- 
lation, be drawn o ff from common M ercury, which it fixes, and coagulates, 
p. 776. 628. Hence, therefore, the compafs wichin which the whole power gf 
îliis exercs itfelf, is accurately determined.
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In the tenth and laft place, before we quic this fubjeft, we muft obferve Tenthiy, its- 
to you, that Solvent  ̂ thac thus remains intire in all its Operations, noV 
is ever overcome, or fatigued by the refiftance it meets with from any thing, thing, 
does yet acknowledge one Body in Nature with which it may be fo united, 
as to be  brought into W edlock with ir. This appears evidenc, by confider
ing the T e x t  o f  the Author. § 27, 28. p. 94. Chemiftry was folicicoys aboUc 
finding out a Body, which ihould have ib great a fympathy o f  purity, 
that it ihould not be diiTipated by any corrumpent. And at laft Religion 
was aitoniftied to fee a 'Latex difcovered, which being reduced to the leaft 
poifible Atom? in Nature, remained fingle, and difdained Co be wedded to 
any Ferment. Its tranfmutation therefore was deipaired o f,'a s  it could not 
find any worthier Body with which it m ight’be ^united. But the labour o f  
Wifdom found out an anomalous Body in Nature, which rofe without any 
commifcible ferment different from icfelf. T h is Serpent bit icfelf, revived 
from its Poifon, and afterwards knew no Death. So that we fee here che 
conjundion o f cwo chings which were in fome meafure different. Buc he 
intimates chis ftill more plainly and diftindly, § 11 . p. 265. where he fays, 
chac one and the fame Liquor, Alcaheft, reduces all the cangible Bodies in the 
Univerfe co cheir firft L ife , wichouc any alceracion in icfelf, or diminution 
of its ftrength, but is brought under the yoke, and altered by its equal alone.
And in another place he comes ftill nearer che macter, § 14, 17. p. 56, 57. 
celling us, chac when M ercury is perfedly freed from che original Sulphur, 
which intimately adheres co it, it is noc afterwards mutable by any Fire, 
but immediacely deftroys all ocher Seeds, except its equal.

Thus, Gentlemen, I  have faithfully laid this affair before you. Concern- oftbeMat- 
ing any thing o f  this nacure, I have n o t ,  Co my knowledge, read a W ord 
any where but in chefe Authors. Neither the ancient Philofophers, nor $31̂ 4 ' the 
any ocher Chemifts or Phyficians ever mentioned, or heard o f any fuch th in s; Circuiatum
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and yet, of every chmg we want in Phyfics, ic is vaitly  che m olt co be 
wifhed for. Y ou  will, no doubt, cherefore, be mighcy folicicous Co know 
in whac kind o f  Macter it oughc to be fough t; for which reafon I will add 
a few words upon chis head, having tried a vaft variety o f things myfelf, 
which! have fometimes repented o f  wich indignation. Paracelfus then had a 
Liquor which he prepared by an infinitely cedidus circulacion from Sea Salt,, 
in which Nacure has placed the greaceft perfedion. T his by an indefacigable 
application he ftill advanced co a perpetual O i l ; and then he called it che 
Ens Primum fallum *, Oleum Salis\ Liquor Salis ; Aqua Salis 5 Circulaius Sal- 
minor; Circuiatum minus \ L . IX . Achid. under che remedy ad Maculas-. In 

•his Treacife de SaUy C. IV . in corre^ione tS addiiione. L ib. de Renovations 
Arch. IV. Cap. 4̂  Effentia de Salibus, Archid. L . VIII. Cap. de Elixire Salis 
^intm  Effentice extraSiio de falibus, Archid. X . Cap. 2. And the preparation 
of chis Sal Circulatus-, which is vaftly troublefome, is there defcribed, nor 
is there any .ching obfcure in it, except chac we don’ t know v/hac che Spiric 
of Wine is, chac js chere required co feparate che impure from che pure. This 
now agrees exad ly  wich the Opinion o f Van Helmont \ he fays, chac the 
Salt o f  Bodies being fome number o f times cohobated wich che Sal Cireu-‘  
latus o f  Paracelfus-, is converted into W ater, § 11. p. 43. And hence Co che 
Primum Ens Salium he afcribes the vertues o f  Alcaheft likXiy p. 419. A n d  
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fays, ú\^ihy ú it Sal Circulatus all poifons die, § 9 . p. 374. And hence he 
calls ic the moil happy, perfed Sale, which is reduced to the ultimate de
gree both o f purity and fubtilty, and hence pervades every thing, chat alone 
remaining immutable during ics operation, by which it readily diíTolves every 
thing elfe, § 24. p. 380. This Sal Circulatum ads wonderfully upon Oil, 
and Spiric o f  W ine, p. 576. This Sal Circulatus reduces Bodies into che L i
quor o f cheir concrete, p. 628. And with chac may be prepared che Luáus  ̂
§ Z3. p. 700.

AndMercu- Buc Paracclfus had another Solvent, much more powerful than the former
3 wuh'̂ 'the Circulatum minus  ̂ and much more diíBculc to be come at, which, therefore,
Circulatum he C a lle d  his Circulatum majuSy Archidox. x. C . 4. A nd hence in the fame 

place he calls ir, likewife, the Materies Mercurii S a i l s and afterwards, 
Living Fire, Archid. x. C. 5, 6. In common M ercury he fuppofes there is a 
m oil perfed Fire, and a latent, celeilial life, and thac the quinceíTence o f Mer
cury is celeilial Fire, i f  ic is diiTolved wich its Mother, v iz. an Arcanum of 
Salt, Archidox. x. C. 6. W hen thefe two, therefore, by a true adunation, are 
intimately united together, and togecher rendered pure, fubtil, and volatile, 
then feems to arife that wonderful mercurial Wacer, which he defcribes in the 
Chapter de Corrodente fpecifico  ̂ where'he fays, chac Gold fo dies there, that ic 
continues to be Gold no longer ; whereas in all other corrofions o f Gold, 
the Gold is only divided into very fmall Particles, buc ilill remains the fame 
true G old, and by an artificial redudion may be always recovered again. 
By this arc, therefore, there is a perfed union o f  Wacer with W a te r : For 
there is a two-fold W ater, viz. a common one, which is in Salt, and a metal
line one, which is in M ercury, both which, however, have the fame Root. 
A ll this now feems to have been underílood by Van Helmont exadly in 
the fame manner, and therefore in a few words I ihall ju il add whac he has 
faid upon it. Pleafe therefore to hear him fpeaking, § 8. p, 55. The in
ternal M ercury o f  Metals, perfedly freed from every taint o f  a metalline 
Sulphur coheres together with an indiifoiuble union, fo thac ic radically re- 
fiils all poiTible divifion either by Nature or A rt. N or could I learn the 
nature o f W ater, except under the Rod prepared from M ercury’s Wand. And 
1 found the nature o f  M ercury adequate to Wacer: For ic does noc contain the 
leail Earth in it, buc is always che Son o f Wacer alone, § 10. p. 56. 705. 
And he fays with all the ancient Alchemifts, i f  I had noc feen that Mercu
ry eludes all the labour o f  the Ar.tiils fo, that ic either flies all off from the 
Fire ilill intire, or elfe all remains in it, and both ways retains its immuta
ble identity, and the anatic homogeneity o f  its identity,. I-ihould fay that 
that arc was not true, which is true withouc any falfity, and by far the trueft 
o f ail. So thac whac is above is like chac which is beneath i- and che con
trary. And hence ic is abfolucely impoffible cither for A rc or Nacure to find 
any differenc parts in the homogeneity o f  M ercury, not even by the Alcaheft 
itfeif, as M ercury is more fimple than even Gold itfeif, and formed with a 
greater anatic identity. A nd hence, therefore,, there is in M ercury the Ratio 
próxima o f  indeflrudibility, as in che Elements themfelves. Hence all fubluna- 
ry things are too weak to fubdue pure M ercury, or to penetrate, alter, or 
defile it. It remains fecure in A ir , Fire, and the acrid L iquor. Ic is doc 
affeded by any Solvenc, much lefs penetrated through by A ir. And, there-
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fore, there is nothing in Nacure like chis pure M ercury, no not at a diftance, § 17. 
p. 670. Ic refembles, therefore, che Em  Metallicum, and comes very near ir,
§ 4. p ‘ 705* length, adually exifting fimple, and not as a confti-
tutive part o f  things, § 17. p. 670. From thefe principles, then, we know, 
that it is brought under the yoke, and changed by its equal alone, § 11. p.
265. For this anomalous Body in Nature, rofe without any co-mmifcible fer
ment different from itfelf 5 but ic bic itfelf, revived from the Poifon, and af
terwards knows no death. T hus, then. Gentlemen, you have the H iftory o f  

Alcaheft o f  Paracelfus, and Van Helmont, which I have extraded from their 
own Writings, and laid before you with the utmoft fidelity. Here, therefore, 
you fee at once, chat it is in vain to feek for this Menftruum in human 
Urine, or any o f its produdions. N or can it ever be found in Tartar, or 
any o f its Preparations, tho* this may be fubftituted as Regent to the Prince,
§ 25, 26. p. 780. N or can Phofphorus ever be reduced to i t : T h e proper
ties that have been propofed won’ t admit o f  it. Glauber too is miftaken, when 
he feeks it in the fixed Alcali o f N itre : A s Zwelfer is-in hoping to find ic in the 
moft acid Spirit o f  Vinegar diftilled from Verdegreafe. N or does the famous 
Guernerus Rolfincius X.0 have had a right notion o fir , when he fuppofed it 
to be threefold from a fixed A lcali as the Bafis, viz. in FoiTils from an A lca 
li of Tartar, and Vinegar o f  Antimony •, for ic is a mere vitriolated Tartar 
that is thus produced: In Vegetables from an A lcali o f  Tartar faturated with 
Vinegar 5 for this gives a mere tarcarizated Tarcar: In Animals from the fame 
Alcali faturated with the acid W h ey o f M ilk  ; for hence arifes a tartarizated 
Tartar, but a more valuable one: N or does the addition o f  Sal-Ammoniac 
much alter the cafe, Eph. Germ. D . I. Ann. 6, 7. p. 193— 196. A p p . And 
indeed, no-body in che defcription o f  the Alcaheft has come nearer to the Senti
ments of a n d t h a n  Peter John Faber, in his Manufcript 
concerning Alchem y, to the moft krent Duke o i  Holface, which is printed in 
Eph. Germ D. II. Ann. 8, A pp. p. 1 11. 1 17. out o f which thefe remarkable 
words confirm my opinion. T h e ÍJíq̂ u o t  Alcaheft is a pure mercurial mecalline 
Spirit, fo converted to its proper natural Body, that thefe two become one in
feparable indeftrudible being, deftroying every thing elfe, and converting 
them into their firft Matter. It is the true Mercurius Philofophorum, prepared 
from the Mineral Kingdom, joined to its own Body, infeparable from it, being 
a milky, buttery Liquor, penetrating and diiTolving every thing. This, now, 
is of two kinds. Simple and Compound : T he Simple is made from a, pure 
metalline Acid, and a pure metalline Salt, rendered volatile with its Spirit; 
and the Preparation o f  this is exceeding difficult: T hat, however, o f  the Com
pound, is ftill far more fo ; for this is prepared from a mineral Acid, and a 
pure animal and vegetable Salt. T h e Liquor Alcaheft, or the perfed pure 
Mercurius Philofophorum, is like Fire of an incorruptible unalterable nature, 
reducing every thing to its firft Matter. And the very fagacious Joachim Be- 
chirus, in his Subterránea, is almoft o f  the fame Opinion: For he afferts, that 
he has difcovered in Sea-Salt, a certain arfenical and mercurificating Power, 
which was it but feparated and pure, would be the Alcaheft itfelf, which, how
ever, would be perfedly diftind from the Mercurius Philofophorum. Hence M er
cury itfelf, he looks upon as a fulphuro-metalline Subftance, which o f  itfelf 
would be folid, and receive all its Fluidity from an arfenical Sulphur o f com-
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mon Salt. This very fubtil €önje<Stut-a, I wifii he had more clearly demon- 
ftrated. T h e fum o f  this Gentleman’s Argtnilenc is th is : T h e  pufeft Silver, 
corroded by Spirit o f  Nitre, and precipitated by Spirit o f Sea-Salt, becomes 
volatile, and then eafily difpofed to part with its M ercury ; and therefore Sea- 
Saltean tranfmute the pureft Metals from their fixed Nature into true Mer- 
cury. Perhaps, nöw, at laft you may be willing to know my Opinion of 
this matter, and whether I belieVe that any o f the Chemifts were ever Mafters 
o f this gxSíViá Arcanum. T o  this I freely anfwer: Van Helmont complains, that 
the Bottle was once given him, but that it was taken away again, and there
fore he could not make many Experiments with that Liquor : And ParaceU 
fus does not fay fO many, and fo great things o f his Solvent, arid therefore, I 
really don’ t know what to fay o f it. T his, however, PÍ1 venture to fay, 
and would advife you to try it, that i f  you will but examine Sea-falt, and 
M ercury, in every chemical Method you are acquainted with, you will never 
repent o f  your Labour.

O f Chemical Veffels, and the Furniture of an Elaboratory.

A s the bufinefs o f  Chemiftry is concerned in producing and obferving the 
■changes o f  Bodies, and as thefe changes are particularly effeded by the ap* 
plication o f  Fire, hence the Operators neceifarily ftand in need o f Inftruments 
and Vefieis, without which it is impoifible for them to exercife their Art. 
B y  a VeiTel, now, I mean every hollow Body, in which the M atter to be che
mically changed, or adually  changed, is contained, as likewife the changing 
Body or Solvent. A n  Inftrument, I ihall call every body that has that ftrength, 
fize and figure, as to make it fit to apply the changing caufes to the Bodies 
to be changed in fuch a manner, as by means thereof, to excite fuch a mo
tion as the rules o f A r t  determine, and by the aíTiftaníe o f  which, the Opera
tor ihall be able to manage both thofe caufes, and thofe O bjeds. In general, 
then, your chemical Furniture muft confiit o f Bodies to be changed by Art, 
o f  caufes capable o f  effeding fuch changes, o f  VeiTels, Inftruments, and Bo
dies adually prepared by the chemical A rt, i f  you would have your Elabora
tory compleat.

t^micai Chemical VeiTels, to which the O bjeds to be changed are committed, muil 
vefliis. contain fuch Bodies, and their folvent caufes, and at the fame

time to bear the Fire that ads upon, that they may not prove defedive in the 
middle o f their Operation. It is neceflfary, therefore, that thefe ihould be 
very ftrong, and o f  fuch a nature, as not to taint their Contents: And thefe 
one may call containing Veflrls. And thofe on the other hand, that receive the 
Subftances afcer they are changed by their caufes, which are almoft always 
feparated by the forCe o f  Fire from the Body, which in the containing Veifel 
either does then bear, or has born that fofce, we may call Receivers: And in 
thefe Veifels we have particularly to confider, the Matter, and the Figure.

T h e  M atter T h e M atter o f  the Veifels, is eicher W o od  5 C la y j Scones Mecal, or 
‘̂'■'Giafs,

W ooden Veifels, made o f  dry W ood, not oily, or painted, are reckoned 
beft for keeping SaltSj faline Bodies, Limes, and calcined Subftances, if  they are 
put in them, when they are both very dry, and the Vefl~els are then ftopped 
v e fy c lo fe : For in this manner thofe Bodies ufe to keep, which in almoil all
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others mele from the Moifture o f  the A ir. M ortars and Bowls too, turned out 
of W ood, are ufed to advantage, particularly for rubbing Metals with W ater 
that are diflblved in M ercury, for which purpofe they are better than any 
thing elfe. Thefe too are o f  fervice in reducing melted Lead and T in  to 
powder, i f  they are firft rubbed over with Chalk : And thefe are the chief 
Ufes they are put to.

Veifels made o f  Glafs are o f excellent fervice, becaufe they neither change, GiafsVeflek 
add, or take away from the Bodies they contain j and whilft they are expofed 
to the adion o f  the Fire, they fuffer nothing to tranfude through them from 
within, nor admit any thing from without, except Fire, and Magnetifm, con
taining and bearing even the Alcaheft icfelf in the Fire. In every Experiment, 
therefore, we want to make, and in every chemical Operation, thefe, and thefe 
only ought to be made ufe of, when there is not required a greater degree o f  Fire 
than Glafs is able to bear wichout melting. And as the Germangvttn Glafs which 
leaft o f all affeds the concained Bodies, is tlie moft incorruptible, and bears the 
Fire a long time without being fufed ; hence that is preferable to every other 
foit for thefe purpofes. A s for che white, which is almoft like Chryftal, and 
eafily flaws, and fweats ouc its A lcali, that muft be rejeded here, becaufe it 
melts too eafily, and communicates its Alcali to Bodies, as appears too evident
ly. The green Glafs, I mention, will bear more than 600 degrees o f  H eat be
fore it is put in fufion, but how much more exad ly , I don’ t yet know : In the 
greateft Sand-heat, however, I have brought it to melt. It is evident, there* 
fore, that this can bear a confiderable compafs o f Fire, without any inconveni
ence, tho’ beyond certain limits, it can fuftain ic no longer. Ic were much to 
be wiihed, therefore, that Van Helmont had acquainted us with that fecret 
Lute, with which a glafs Veflel being coated, it would bear the ftrongeft open 
Fire o f  a Wind-furnace, without m elting, fo that he cou’d with Glafs diftill 
theigneous O il o f  Vitriol. T h is Cruft is faid neither to fplit, crack, fall off”, 
nor vitrify. And chus in che greateft intenfity o f  the Fire, this Coat is faid 
to incruftate the Glafs internally, Helm. § 19. p. 707. I f  this was true, then 
all Operations might be performed in Glafs ; but, I  confefs, I know o f  no fuch 
coating, nor have ever met with any body that did.

The third fort o f  M atter made ufe o f  for chemical Veflels is M etal.
Metals, now. Iron melts with the moft difficulty i and hence a great many 
Veffels are made o f  Iron. A ll  metalline Veffels, however, have two inconve- 
niencies, the firft that they are corroded by Saks when they come to be red 
hot, and hence both fpoii tfieir contents,and are themfelves deftroy’d : T h e fecond, 
that they melt in the Fire. T his I m yfelf have had experience o f  1 for I got 
fome iron Long-necks made o f  caft Iron, in order to diftill Phofphorus from 
Urine, but they melted long before the Operation was finiilied.

In the fourch place, therefore, the Chemifts makeufe o f  Veffels likewife, made Fotte» Vef- 
of Potters Clay. But thefe too, when they are made o f a fat clayey Earth, v i- ***' 
trify when they come to be expofed to the greateft degree o f Fire, and chus 
prove deficienc. T h e  beft, therefore, are thofe made o f a poorer Earth, fuch 
as the Heffian, and the like, which are made o f crucible Earth v for ihefebq.ar 
the moft intenfe Fire. But thefe, too, as they are porous, tranfmit fome fa
line Particles, efpecially when you make ufe o f them in The diftillacion o f acid 
Spirits. O f  this variety of Veifels, now, it is evident what fort are the moil
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proper for any particular Operations : Pure aqueous L iquors, rfor inftance 
and perfeft fermentative Spirits, may be diftilled irr Metal : Acetofe, diftilled 
fermenced vegetable Spirics conveniently enough too in T in  : Ocher faline Sub
ftances require Glafs. T h e  fpiral Tubes made ufe o f in the diftillation of ace
tofe Liquors, are made o f T in  *, but it’ s beft always to make the Head o f Glafs, 
for the reafons ju ft mentioned. Earthen Veifels are never made ufe of, but 
where there is required a very great degree o f Fire, and then, that they may 
tranfpire lefs, and be not fo apt to crack, they ihould be always coated With a 
proper Lute. W hen you are perfed Mafters then o f this affair, before you 
begin any chemical Operacion, you muft: confider the nature o f  che Matter to 
be operated upon, and the degree o f Heat ic will require, and hence you will 
eafily fee whac kind o f Veifels are fic for your purpofe. And here, where one 
is perfedly ac one’s liberty, one wou’d always prefer Glafs, i f  ic was for no 
ocher reafon, than thac one can here look into the Veifel, and obferve all the 
Phenomena that happen to the Bodies within, during the Operation *, which 
fetting afide the gratifying one’s curiofity, is o f excellent fervice boch in Che
miftry and Philofophy, as by this means we come ac the origin o f a greac 
many appearances. T h e Potters Earth, of an afh colour, is like China,
and is, perha.ps, Species o ï \t. T h e  Potters make Veifels o f  this Earth of all 
fizes, in which they put up cheir Pickles and Sweec-meats, co fend abroad. 
Thefe are neither corroded nor penetrated by Acids : And hence your Diftil- 
lers o f Jqua Fortis make ufe of them, to keep their acid Spirits in.

Theb-ftFi- Veifcls, now, let them be made o f  whac M atter you will, may differ vailly 
gureso'fvef-in cheir Figure o f which, wich regard to chemical ufes, í íh a llju ít  add a few 
kiptngBj- Thofe glafs Veifels that are defigned for putting volatile Liquors, and
iies. Salts in, are beft, I think, made with'a plain bottom, hollowed inwards, the 

fides rifing cylindrically, and terminating at top in a narrow cylindrical Neck. 
T he mouth o f  chefe muft be fecured with a glafs Stopple, ground nicely to the 
concavity o f the N eck  : And the larger thac part o f the concave Surface is, that 
the StoppJe is in contad with, the more nicely ic will anfwer che end. Buc 
thofe Veifels ouc o f  which Liquors are to be dropped, fhould be made wich a 
fpherical Belly, and the N eck o f thefe too ihould be cylindrical, and the 
M outh o f  them produced into a Rim , which on che upper part fhould be a little 
hollow. Thefe m aybe ftopped with a Cork, or i f  you keep volatile acid 
Spirits in them, wich che Gardiners yellow W ax. T h e Figures o f thefe you 
fee in Plate IX.

Forchemi- Other Veifcls which the Artift wants for the feparation o f  Bodies by Fire, 
caioperati- whlch is generally done by diftillacion, require diferent Figures according to 

the different ends to be anfwered. And here it is neceffary that thefe fhould 
be o f  two Sorts, one for containing the Body to be changed, and bearing the 
Fire neceifary for the Operacion ; the other for receiving what is feparated 
ouc o f che other by the adion o fF ire  ; which are almoft always colder. I fhall 
now then confider the Figure o f  each o f thefe.

If che Body co be changed and feparaced in the Fire, is to have nothing but 
ingveffeis. its fixcd part prefcrvcd, chenche Figure o f  che Veifel made ufe of, is almoft 

always an obcufe Conoid with its Bafe ac che top, and cruncated Vertex at the 
bottom : And thefe are varied through all the degrees, from this conical Fi
gure, to a concave fpherical Segment. Thus the melting Pots called Cruciblcs
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are conical, but the fme]ting VeiTeJs ufed for uftulation, and calcination are 
concave parts o f  a fpherical Segment. In thefe Veflels, rhe effed o f their 
Figure is this, the fhallower the Veffels are, and the more they diverge frocn 
the bottom, the more eafily will the volatile Matter fly off" from the fixed, 
and theFire will be applied to a larger Surface both o f the Matter co be feparated, 
and that which remains fixed ; and hence for uftulation, che loweft, and open- 
eft Veflels are always made ufe of.

But when the volatile Maccer, feparated from the fixed, is to be fived as Diftiiiing 
well as the fixed, then the containing Veflel has a three-fold Figure, viz. 
either a cylindrical one, a conical one, converging upwards, or a conical one, pi. x, 
converging downwards. T h e cylindrical, by its Tides only keeps in che vola- 
iile Bodies, but neither forwards or impedes their afcent: T he whole difference, 
therefore, in this fore, arifes from the heighc ; and hence, as is the height, 
fo is the diverflty o f  the operation. In order to feparate the moit volatile 
Bodies from the lefs volatile ones, thefe cylindrical Veffcls muil be very h igh ; 
and che contrary, when you want to feparace Bodies that are almoft fixed, from 
thofe which arc perfedly fo. But when from a narrow bottom, the Veflels 
are expanded upwards, as in the Hemifpherical Cupels, or thofe that are 
only the fegmene o f  a Sphere, chen ic is plain from Hydroilacics, ehac every 
point o f ehe concave bafe will fuftain an incumbenc column o f  Liquor, whofe 
height is meafured by a line drawn perpendicular eo ehe horizon from ehac 
point-eo ehe furface o f ic. Hence, therefore, ic is pkin, chac ehe columns will 
be always fo much fhorter, ehe nearer you come co ehe edge - for which rea
fon this diverging figure wonderfully forwards elevacionj and on chis accouric 
exhalacion is effeded by ic moit expeditioufly. Thus chen we have an idea o f 
the VeiTel called a Recore; for ie is a hollow Sphere terminacing in a cylindrical 
neck, whoie upper horizoneal line is a tangent to the upper poinc o f  che Sphere,. 
whilit che inferior one produced, forms a diamecerto che Sphere parallel eo ehac 
tangene. Such a Veifel, therefore, eafily deeermines the feparaced Maceer into the 
cylindrical Aperture, and chence, into the Receiver, which is here very eafily 
raifed by che Fire, and confined and repelled by che arched figure o f ehe Veffel.
This Veffel, therefore, is ficceit for feparating by diftillation chofe pares which are 
very fixed from chofe which are abfolutely fo ; as in ehe diftillacion o f  O il o f  
Vicriol, Spiric of Nitre, Aqua Fortis  ̂ Spiric o f  Sale, Spiric o f  Alum , and ehe 
like. But che W orkm en generally bend the neck downwards, and dfaw ic out 
inco an open conical end, chat che Vapours which are propelled into che firfl: pare 
of ehe neck, may afterwards fponcaneoufly run down,- and d iftill; and wich 
this view are made all your common Retorts. But for very tedious diftillations, 
wherealong continued application o f the Fire is requiflce to raife and expel Par
ticles thac very .ftrongly refiit fuch an elevation, I got fome cylindrical Veffels 
made, which when they were placed in a horizoneal pofition, in cheir upper 
horizontal pare opened ineo a horizontal neek, as you fee Place X . wich chefe 
are molt conveniencly diftilled Phofphorus, and all Liquors that rife wieh a 
great deal o f difficulcy ; and if  you will try them, you’ ll be pleafed to find 
fome very difficult Operations rendered much more eafy. W hen I diftilled 
however yearly before you fuch large quantities o f  O il o f  Vitriol, and foffvl acid •
Spirits, in my private Ledures, you remember I always inftead o f Retorts 
made ufe o f  cylindrical, earthen Long-necksj which open with a large, circii?
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iar mouth. Thefe, when they are placed hofizontally in che Fufnace, are the 
beft kind o f Veflels, for thefe diftillations j for cylindrical Segments being ac 
one end inferted into the Orifices o f  thefe Pots, and at the other, into large 
glafs Receivers, placed horizontally, likewife, and then well luted, furnifh us 
wich the fafeft mechod o f  diftiiiing thefe acid Spirits. Thefe all you may ex
amine in the figures annexed PI. X . whidi will readily bring to your mind whac 
you have fo many times feen, and help you co conceive properly o f  thofe you 
never fav;̂  before. Thus then I  chink we fufficiently uniiefftan.d the fundamen
tals o f che Dodrine o f che figure o f  concaining V^ftcls in thg diftillation of 
Bodies that rife with difficulcy. And i f  we confider what follows from chis Doc
trine, we ihali find chis obfervacion generally crue, that with the more difficulty 
any thing rifes in diftillation, the more neceifary will be the figure and difpofition 
o f  chefe laft Glafifes: Buc on the other hand, when Che Matter to be fublimed 
is very mobile, and in ics degree o f volatility differs buc liccle from the Body 
from which it is co be feparated, then Veffels o f  a contrary figure beft anfwer 
the purpofe. Thofe in che firft place then are conical, which becaufe they fome
what refemble Hercules’s C lub, are by che Germans Dutch called (Kolven) 
C lubs, as on account o f  cheir likenefe co a {.Cucurhita) tGourd, they have 
»obcained che name o f  Cucurbics •, i)ut che ancienteft Alchem ifts, as Lully and 
others moft frequencly called chefe Veflels Urinals. A nd her̂ e ic is very eafy 
■to conceive, chac when che Liquors in chefe Veflels are^raifed by .the Fire, chey 
muft run againft the converging fides o f  the Vefliel, and being -there ftppp’d in 
cheir afcent, will be repelled and turned back again. I f  there is any thing 
therefore chat is raifed wich difHculcy by the degree o f  'Fire made ufe of, thac 
•rarely afcends fo eafily in chefe Glafles, buc is rather repelled back again, and 
remains at the bottom. In thele Glafles, too, this is to be obferved, .that the 
fgreater the latitude o f  the bottom where it is wideft, is in proportion to the 
aperture o f  the upper orifice, through which the fublimed L iquor muft pafs, 
there the impediment and repulfion o f  the elevated M atter -will be greater, 
too, fo thac by chis means che perfedly volatile part alone may be nearly 
• feparated from chac which is not fo much fo. And laftly, che height o f thefe 
-Glaifes muft be taken into confideration, likewife, for the greacer their altitude 
'is, - the more difficult will be the fublimation o f  thofe .Bodies that ¡are)lefs vo* 
-latiie. A  proper regard to thefe three circumftances has given rife to a very 
beautiful invention, by the afllftance o f  which you may with a little Fir<f, 
T rouble, and Charge, diftil a large quanticy o f  fimple A lcohol, or the fanje 

-impregnaced with che moft fubtil, vegetable Spirics \ and it is done in the fol
lowing manner. M ake a conical, tin Veflfel, the Bafe, o f  what fize.youhave 
•n mind, 6 indies, for inftance, in diameter ; and le t che diamecer of-che upper 
oriiice be one inch, -anti rhe height be 4  feet. A t  the top. Jet ic be bent down
wards in a cylindrical jform, and .at the bottom let this.Cylinder.be turned up 
«gain, thac it may be inferted into the M outh o f  a cylindrical, fpiral Tube, 
commonly called <i W orm . Then i f  you put fome'Spirit o f'W in e  in-a Cu
curbit, chat ftands in boiling W ater, and fit on fuch a conical Veflel to-it for 
a head, and chen diftill chrough the fpiral T u be and the R efrigeratory, you will 
<he*fipft cime have a very ftrong Spiric, -which upon a fecond repecition ofthe 
operadoa w iil come oft'pure Alcohol. Fr-om che famcjl'riudplea weiunderftand 
the-nacureo'fi the C/iiiw/iTi?) Chemical V ia l, as ic is called,-which is a

fpherical



fpherical Body, from whofe Vertex there arifes a ]ong cylindrical N eck, open 
actop: Thefe are generally called MatralTes, or Boltheads. Thefe, now, are 
of incredible ufe in Qiem iftry, in fome o f  the nicefi: Operations; for as the 
Neck may be made o f  whac length you pleafe, as may likewife the propor
tion o f the capacity o f the N eck to that o f  the Belly, hence it is very evident, 
that you may give the Liquor contained in the Belly fo great a degiee o f  re
fiftance, with regard to its afcent, that i f  you digeft it with a gentle Fire, there 
ihall fcarcely any thing come out o f the orifice at top. But in this kind c f  
VeiTels I have obferved particularly, that the column o f the Atmofphere thac 
refts upon the aperture o f  the N eck, furprizingly compreiTes the Liquors thac 
are contained in the Belly, and are agitated by the Fire, and ferves as a kind 
of Stopple, to clofe up the aperture o f  the N eck, being ac the frtme time kept in 
csquilihrio m ih tht impetus o f  the Liquors that endeavo'ir to rife *, for whilft the 
Air being rarified by the Fire endeavours to elevace the whole fuperincumbenc 
column ol the Acmofphere, ic meets at the fame time v. ith juft the fame re- 
fjftance from che renitent w eight: Hcnce then the liquid particles chat are con
tained in this rarified A ir, are repelled to che bottom o f che Veifel, by which 
means it comes co pafs, thac when they are agitated by the Fire, they are ftrong
ly applied to chofe Bodies thac lie at the boctom of the Glafs. This you ice 
eviciently with the naked Eye-, for if you puc fome Alcohol o f  Vvine into onc 
of thefe Boltheads, that has a very long, fmall N eck, and hold ic cautiouily 
over the Fire, when it begins to be fo hoc as to be ready co boil, you will per
ceive Vapours afcending inco che cavity o f che N eck , and falling down again, 
like little, floating Clouds. Hence, therefore, with thefe GhiiTcs, the digeftion 
of Menßruums wich cheir proper Solvends, is m oil happily effected, without 
lofs either o f  the Menßruum^ or che Body Co be diflblved j which has been of 
excellent fervice to me in p.-i forming a great many experiments, v/hich other
wife I could not have made. Thefe call Macraifes, farther, are particularly 
ferviceable in feparating the very vohuile, pure, alcaline Spirics, and Salts, 
from their volatile W ater, O il, and Earth, from which it is fo very diiBcuIc 
to feparate them by other methods. Thefe VeiTels, however, have this one in
convenience, that when the Liquor at the botcom comes to boil, as it cannoc 
rife up high enough, it leaves the cop part o f the glafs N eck cold, and hence, 
if che boiling Vapour afcends at once, by the fudcien heat ic is apt to make 
the Glafs fly in chat place, efpecially if ic is in thc W inter, and freezes. And 
then, again, the Drops that are colleded upon the cold part o f the N eck, and 
hence are cold themfelves, often run down among chofe parts thatare vaftly 
hot in the Belly or N eck  bt che Glafs, and burft the VeiTel to pieces. This I 
once experienced myfelf, to my coft, whilft 1 was digefting fome M ercury with 

Apparatus. From  whac has been faid, chen, we conceive iufhciently o f  the 
efficacy o f the figure o f VeiTels, and the neceiTity chere is o f fuch and fuch par
cicular FormsTTö anfwer differenc ends propofed. T h e figure of Receivers, par
ticularly if  they are large ones, is two-fold ♦, either they are made wich a 
fpheroidal Belly i or elfe in form o f  a Cucurbit. Suppofing, however, the ca
pacity o f both to be the fame, chen chac, like a Cucurbit, is preferable to the 
fpherical, becaufe it being longer, che bottom' is farther from the mooch of 
the exhaling VeflTel, and hence gives the Liquors coming very hot from che 
Fire, a morc convenient fpace to grow cool in : T his obfervation I have found ot
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fervice. l i ’s very often neceffary, however, to  increafe the diftance betwixt 
the containing Vefiel, and the Receivers and this I told you before might 
be done by putting .a cylindrical T u be between chem, and then luting it to 
the M outh o f  chem boch. But in the more nice diftillations, o f  Mercury in par
ticular from Metals, we are forced to make ufe o f another contrivance to 
increafe the diftance to a proper lengtii; which is done by the help o f the 
Glaifes you fee here, which being made to fic into one another, form one con
tinued Veifel o f what length you pieafe; their junctures at the fame time being 
lecured with a proper Lute. A  Retort, Receiver, and thefe prolonging 
Veilels, which I have given you a Figure ot PI. X I. would be fufficient for 
all diftillations, i f  we did notx)ften want to feparace Bodies thac are very vo
latile from  other volatile ones: But as this is daily the cafe, here again we are 
obliged co make ufe o f call, upright Veffels, which muft have a Head fitted on 
to them, called by Diofcorides an where he writes o f  the iublimation of
M ercury, whence by an Arabian variation ’ twas call’d an Alambtc  ̂ or Alembic, 
under the Rofirum o f  which you place the Receiver. Y o u  will eafily perceive, 
now, where ic is proper to make ufe o f  a Cucurbic with a H ead, and Receiver, 
and where a Retort and Receiver. This, the eafinefs with which any Bodits 
rife, and the confideration of their being m ix’d with others thac are very vo
latile, from which chey are to be feparated, will fufficiently point out. You 
perceive too at the fame rime, that the principal inconvenience o f chis lad 
Apparatus is this, chat as che Alem bic muft be luted co the Cucurbic, and ics 
Rofirum to the Receiver, you muft by chis means have cwo Junctures, which, 
take all care you can, will tranfmit fome o f  the fubtil Vapours through the 
cracks o f  che Lute. But there is ofcen neceffary, likewife, a continual reaffu- 
fion o f the volatile part, upon the fixed Refiduum from which it was feparated. 
T h is the Artifts generally call Cohobacion, Paracelfus, formerly. Circulation j 
and chis operacion has che moft beautiful effeds o f  any in the Chemical An. 
A s the Operators, therefore, iliw the great neceility o f  it, and at che fame time 
found, chac every cime they opened cheir Veffels, chey loft fome o f  cheir L i
quors, by thus pouring chem back, expofed to che A ir, chey on this account 
contrived a Glafs Veffel, confifting o f  a Cucurbit and an Alem bic, the two 
Rofirums o f  which being turned back inco the Cucurbic, perpecually return into 
its Belly the Liquors chac are colleded in che Alem bic \ and chus, the Veffel 
being perfedly fecured above, che lofs o f  che Liquor is prevented, and the 
trouble very confiderably leffen’d : This they called a Pelican, which is fo 
much the better, as the Tubes browght from the vertex o f the Alem bicate 
longer. Buc as chefe Veffels are noc very eafy co be procured, the fim e effed 
may be obtained in a fimpler manner, and thac is, by puccing che Macter you 
are going to w ork upon into a Bolthead, with a pretty long N eck, and then 
fitting the N eck o f  a lefs into the Mouth o f  it, and fecuring che Jundure with 
a proper L ute. Y ou  muft obferve, however, to heat the Glaffes firft' to fuch a 
degree as will be neceffary for the Operacion; for then che A ir, being heaced, 
will be proportionably expell’d ouc o f  the Veffels, after which you may lute ic, 
make your Fire, and proceed withouc any danger. In this Apparatus, how
ever, it fomecimes happens, thac the L iquor which is colleded at top, and 
grown cool, falls down upon the hot botrom, and makes ic fly : Being thus 
cautioned, cherefore, you will take care to guard againft this inconvenience.

And



And thus we have fufficiently confidered Veifels for any Chemical Opera
tions.

O f  L u t e s .
By a L ute, the Chemifts mean a duilile, tenacious Mafs, growing hard ufe of« 

when it’s dry, which ferves to fecure thejunftures of their Veifels, that no A ir  
may pafs in and out, but particularly, that the Corpufcles, when they are carried 
up by Fire in the diftillation, may be kept in, nor fuffered to efcape out o f  
the Veifels. It is evident, therefore, that the Lutes muft be different, accord
ing to the nature o f the Bodies to bs diftilled.

If then it is an aqueous Body you are operating npon, you need only take ThcLutefbr 
the flower o f  Linfeed, from which the Oil has been exprefs’d, and with a little 
White o f an E g g , w ork it well into a Paft:e, and it will be fuiHcient; for i f  q S T '  
you put this in betwixt the Cucurbit and the Alem bic, and lute with it the 
jundure o f  the Rojirum o f  the Alembic, or the Retort, with the Receiver, ic 
wili grow hard with Heat, and if  it cracks, may be mended by an addition o f morc 
of the fame. And in the diftillation o f all fermented inflammable Spirits, and 
volatile, alcaline, and alcoholifated Salts, the fame Flower will ferve if  it is 
well work’d wich clean cold Water.

But in the diftillation o f  Acids, cither acetofe, or other, this Lute won’ t do, Foracetoft 
becaufe in this cafe it will be corroded, diifolved, and foften’d, and thus will fuf~ 
fer the Spirits to efcape. For this purpofe then, you may take an O x ’s or 
Hog’s Bladder that has been macerated in W ater, ’ till it begins to grow glu 
tinous, and, as it were, femi-putrid, and faften it round the jundure, and it 
will anfwer the end excellently well.

But again, when with a very ftrong Fire you diftill the corrofive acid Spi- Forftffii 

rits o f Vicriol, or fofiil Salts, you muft then have a Lute, which after it is ap- 
plied, will harden like a Stone; and hence this has been called the Lutum Sa~ iiiV. 
fientia. Y ou  make ic beft in the following manner. T ak e  the Colcothar 
that remains after the diftillation o f  O il o f  Vicriol, and boil it in Water, which 
renew till the laft does not appear to be at all faltj and then let it be dried, 
and kept carefully in a clofe Veifel. W hen you want your Lute, take fome o f  
this fweet, dry Colcothar, and rub it well with an equal quantity o f  the 
beft Q uick-Lim e, and then with a little beaten W hice o f  an E g g , work ic 
prefently intoa Pafte, and apply it immediately to thejundlure o f  the VeiTels, 
which muft be dry, and fomething warm. T his Pafte then will very foon 
dry, and harden like a Scone, and like Glafs is capable o f confining any 
Sales. W ichout all this trouble, however, I prepare a Lute o f  the fame na
ture, in the following manner. W ith a quantity o f Potter’s Clay, I mix fo 
much o f the pureft: Sand, that the M afs, if  it is w ork’d with W ater, won’ t 
ftick to the Fingers any longer % and to this I chen add a fourth part o f com 
mon Mafon’s L im e, fo as to reduce ic to a pretty ftiff Pafte. And che drier 
this is when it is made ufe of, the better, ific  does buc remain dudlile: W hen 
this chen is applied co the jundtures o f  the VeiTels, ic grows hard, and excellent
ly anfwers the purpofe. I f  in a very intenfe Fire ic ihould happen to fplit in 
the diftillation, the crack m aybe foon made good again with fome o f the fame.
It has this convenience too, that it may be eafily procure4, whereas good 
Quick-Lime is fometimes difficult to come at.

T  1 1  2 But



coadngof But in diftülations, particularly in the hotteft Furnaces, where the VeiTels are 
fometimes unluckily happens, that when you throw in new Fuel, 

either the cold A ir, or the coldnefs o f the Matter thrown in, ftrikes upon the 
Surface o f the red hot VeiTel, which then eafily flies, and burfts afunder. 
Hence it is abfolutely neceiTiry, that thefe VeiTels ihould be coated over with 
fome proper Matter, in order to fecure them from the ill eifeft o f this fudden 
Cold. A n d  this muft fometimes be done likewife, when you diftill with glafs 
VeiTels in the ftrongeft Sand-heat, where the Glafs is ready to melt i for by 
this means the Glafs will be fixed as it were by this Cruft, and be prevented 
being put in fufion. In order to make this in the beft manner, take fome 
Potter’s C h y  and Sand, reduce them to a Powder, and with fome W ater work 
them thoroughly inco Pafte, thac is no longer cenacious, and chen at laft add a 
Jittle Mafon’s Lim e, and mix them well together. When you ufe ic, warm 
your VeiTel, hold it over the Vapour o f  W ater, that it may be flightly moiften’d 
aïl over ; then cover it intirely with this Pafte, and by working ic wich your 
hands, reduce it every where to fuch an equal thicknefs, as you ihall fee con
venient: This being done, fprinkle it over wich hot dry Sand, and then fet it 
by in a cool place, that the Coat may dry very flowly. Jf it ftiould happen 
to get any cracks whilft it is drying, they may be ftopp’d up with the fam.e 
M atter. When thefe VeiTels are prepared in this manner, they will bear a very 
intenfe Fire.

O f  F u r n a c e s .

VariousFur- There is now. Gentlemen, but one thing more left to finifli our Theory of 
naccs. Chemiftry, and thac is, a  ihort confideration o f Furnaces, which we ftiall now 

proceed to. And here we don’ c propofe to defcribe all the Furnaces made ufe 
o f  in the management o f  Metals : N or, indeed, is this neceiTary, fince what the 
incomparable George Jgricola has done upon this head is fufficienc, who has ex
plained this matter in the moft elegant Stile, and illuftrated it wich very accurate 
Cuts. I f  you will confult John Rudolphus Glauber too, upon Furnaces, you 
will find fome particular contrivances for rendering fome o f the ruder Opera
tions o f Chemiftry more eafy. O f  thefe things, therefore, I need fay nothing. 
But it’s my defign here to explain to you thofe Furnaces, which a perfon will 
have occafion for, who has a mind to exercife him felf in the praétical part of 
Chem iftry, according to the method o f  our proceifes.

Theend ^  Fum ace, then, is a Machine, by means o f which, the Fire may be con- 
tbey anfwer. taincd. Confined, and applied to the VeiTels, in which che Matcer to be chang’d 

by the Fire is expofed to it. In a Furnace, therefore, in the firft place, there 
is required a Focus  ̂ or Fire-place, in which the Fire may be lighted, kepc up, 
anddecermined. And as the Fire, which muft be fed with proper Fuel, re
quires a Chimney to carry o ff its Smoke, and a Draught for the A ir, and a 
Door to throw the Fuel in at, it appears in what manner thefe ought to be 
contrived. In che fecond place, in building a Furnace, w e  oughc particularly 
to take care, that the diredion o f  the Fire be fo managed, thac it lhan’c fpend 
itfelf to no purpofe, buc ihall be determined towards that part where wehave 
occafion for it. And in the third place, ic muft be fo built, that the Veiiels 
containing the Bodies to be operated upon, may be fo conveniently difpofed,

as



as to be equably afïeéled with any degree o f Heat neceifary, till the Opera- 
ration is compleated.

Thac Furnace, therefore, will be beft in its kind, which will perform the Theqm% 
defired effeds, with the leaft Expence, tor the longeft T im e, and with the 
greateft Equability, and be managed with the leaft trouble and attendance o f 
the Operator. T h e  firft ofthefe ends will be anfwered, by contriving it in fuch 
a manner, that the whole Heat o f che Fire, without any lofs, may be apply’d 
to the Body under Examination. This will be obtained by building the F ur
nace o f folid Materials, and form ing the internal Surface o f  fuch a figure, as is 
proper to determine the ftrength o f  the Fire to the place defigned : And this 
contrivance will have this advantage too, thac the frequent attendance o f  the 
Perfon that keeps up the Fire will be lefs neceflary. T h e fecond end will be 
anfwered, by chufing out fuch Fuel as will confumeas flow us poffible, fo thac 
it will but, at the fame time, keep up fuch a Heat as is neceifary for the Ope
ration. And this is effeded in particular by obferving a proper proportion be
tween the Fire-place, the Chimney, and the Air-holes: Upon which Princi
ples, your ikiilful Operators will at once lay on fuch a quancity o f Fuel, as 
will laft for a very confiderable time. T h e third circumftance, however, is 
the moft neceifary o f all, viz. T hat the Fire may be kept up to the fame de
gree, without any increafe or diminution o f its ftrength. F or it appears by 
chemical Obfervation, that a decermined degree o f Heac produces upon every 
Body a certain effed ; and hence, when the adion o f it grows either ftronger 
or weaker, the effed  will be different from whac it was before. F or this rea
fon, therefore, there often arifes a confufion among our chemical produdions, 
when in the fame Operation, we promifcuoufly make ufe o f  a greater or lefs 
degree o f  Heat. And befides, it is parcicularly to be obferved, that fuch a 
variation o f  the Fire, makes Bodies o f  quite another difpoficion, wich regard 
to any particular degree o f  H eat: For if in two chemical Operations, we make 
ufe o f the fame Fire, but let the degrees o f  Heat fucceed each other in a dif
ferent manner, we fhan’ t be able to produce the fame things from the very 
fame Body *, which has often provM a very detrimental error. In building o f  
thefe Furnaces, therefore, the W orkm an muft always confider firft the quantity 
ofFire, which the Fire-place o f  the Furnace muft receive, contain, and keep up. 
Secondly, the kind o f  Fuel to be made ufe o f  to anfwer the purpofe \ upon 
which head, you may confult whac has been laid dow^n from p. 168, to 214.
In che third place, he muft have a regard to the ftrength o f  Fire necef
fary for every particular chemical Operation : For the very fame quantity, o f  
the fame Fuel, in the fame Fire-place, may produce fuch various Heats, thac 
by means o f  it, every intermediate degree, from the gentleft to the moft in
tenfe, may be excited and continued : In the fourth place, therefore, he muft 
always have a particular regard to the eafy accefs o f the A ir to the Fire-place ; 
and ihould take into his computation too, the ftrength with which the 
Air tends to the Focus  ̂ either by Blaft or Draught. N ay, and he ought to 
confider too, the various ftates o f  the Atmofphere, with regard to Heavinefs, 
Lightnefs, M oifture, Drynefs, Heat and Cold: F or when the Barometer is 
higheft, and ic freezes hard, and the A ir  is dry at the fame time, che fame 
Fire will burn brighceft and ftrongeft. But in the fifch place, he ought above 
ail to attend to the courfe o f  the Fire thac is kindled in the Fire-place: F or i f

there



there are any large paflages, by which it can make its way out into the Air, 
it will be diiTipated, and lofe its ftrength ; whereas, i f  its uniced ailion is dc- 
terrained to that particular place where the Operator wants it, it will beft of 
all anfwer his ends. Thefe, then, are the fundamental Principles upon which 
depends rhe juft conftrLidtion o f Furnaces. I fhall, now, therefore, proceed to 
defcribe thofe Furnaces which I here make ufe o f before you, and which a Per- 
fof̂  ought to have in his Elaboratory, i f  he wou’d be furnifhed with fuch as 
may enable him to perform all the Operations o f  Chemiftry. T o  begin, there
fore, with che moft fimple» which I contrived for my own ufe above forty 
years ago, when I was making great numbers o f Experiments in a Study not 
very large, and that had but a fmall Chimney, for which 1 had occafion for a 
good many Furnaces.

The moft T h is then is made in the following manner. W ich the beft and drieft Oak a 
ím p le  F u r - hollow Prlfm  IS formcd upoH a fquare Bafe, 9 inches broad, and 14 inches 
p^xiii. high. W ithin this there is fixed a fquare Partition made o f the fame Wood, 

and an inch chick, which muft be placed 5 inches from the bottom, and will 
by this means divide the Furnace into two parts, the lower o f  which will be 
5 inches high, and is the Focus or Fire-place ; the upper 8 inches, in which 
are placed che Retorts, or Cucurbits, for diftillation. T his middle Partition, 
which reprefents akind  o f Diaphragm, has in the middle o f it a round Hole of
5 inches diamecer, in the hollow o f  which may be placed the round bottom of 
rhe Cucurbit, or Retorc. And this too has four more round Holes in it, of 
an inch diameter each, that the H eat may rife out o f  the bottom-part into 
the top. T h e  Fire-place has on one fide a Door with Hinges, which is as big 
as the fide o f  the Fire* place, vl%. 9 inches wide, and 5 high, that it may be 
opened at pleafure, or ihut clofe as chere is occafion. T he whole internal Sur
face o f  the Fire-place is lined with thin Plates o f  Iron or Brafs, that fo the 
W ood  may be in fome meafure defended from the Fire. T h e  Door likewife 
has four round Holes in ic, each an inch in diamecer, for the free admiíTion of 
the A ir  inco the Fire-place, to which there are fitted four cylindrical Stoppers, 
by the help o f  which you may lec in more or lefs A ir , as you find it neceflary. 
A n d  here the Carpenter muft be particularly careful, that the Door be made of 
very dry W ood, and fo fitted, as to ihut the Fire-place up exceeding clofe. 
A s for che upper part o f  the Furnace, the fide contiguous to the Door below, 
has a H ole cut out in the middle o f  it, and reaching to the top, which is 44- 
inches fquare. On the inner edge o f  this H ole, the W ood is cut away all 
round to the breadth o f  h alf an inch, and to half the thicknefs o f  the Board of 
which the Furnace is made, and then on every fide there is faitened a flip of 
W ood in fuch a manner, as to form a groove with thac hollow. There is then 
cut out o f  the fame W ood a Board an inch thick, and exaftiy  o f  the fame 
fize wich che H ole cut in the fide, but that has likewife on ics inner parta 
rim on all three fides, half an inch broad and thick, in order to flip into the 
groove formed on the edge o f  the H ole, that thus this Board being every way 
fecured, may fiiut up this H ole exadlly, when you have a mind to diftill in a 
Cucurbit, digeft in a Bolthead, or exhale in an open VeflTel, and be re
moved again when you want to diftill in a R e to r t : F or which purpofe you 
muft have another piece made exaélly in the fame manner as the former, but 
oniy wich a circular H ole in the middle o f  it, o f  2 inches diameter, to tranf

4  mic



mit the N eck o f  the Retort. T h e  top o f  the Furnace confifts o f  two folding 
Doors, which in their middle are cut out into an orbicular H ole o f  5 inches 
diameter, to iet through the Cucurbit, or N eck  o f  the Bolthead: And Jailly, 
there is around wooden Cover made fit to this Hole to ilop  it clofc, when you 
diilill with a Retort. W hen you want to fet it to work, take a fquare earthen 
Pan with 3 feec, -i 3n inch high, whofe bottom m uil be plain, and its fides 
on the outfide 5 4  inches wide, and che height o f  the whole Pan, from che 
botcom o f  the feet to the edge o f  the Pan, 3 inches and a half. On the bot
tom of the Pan, fpread lightly fome fifted Aihes to thc height o f  a quarter 
ofan inch, and then upon this lay a Live-coal o f  Dutch T u rf, perfedly red 
quite through, and not at all fmoaky 5 and chen this, if  ic is lightly fprinkled 
over with the fame fifced Aihes, will keep up fuch an equable Heat for near four 
and twenty hours, as the human Body is capable o f  bearing. But here you muft 
take notice, the thinner the Coal is covered with Afhes, the greater will be 
the Heat, but then ic won’ t laft fo long. In this Furnace, now, you have 
neither Smoke nor Smell. And it maintains fuch a very fofc equable heac, that I 
can’ t think but thac E ggs might be hatched in ic. But in this too we can raife 
as great, nay and greacer degree o f  Heac, than that o f  boiling W ater. In this, 
therefore, conveniently, fafely, and with little expence, may be performed all 
Digeftions, diilillations o f  Waters, fpirituous Liquors, volatile alcaline Salts,
.nnd all volatile aromatic and oieofe Salts, as well as all Preparations o f  T in c
tures. A il  exficcations, and exhalations for the formation o f  Chryftals, may 
be affeded here likewife. N ay, Glauber's manner, I have prepared in it 
Spirit o f  N itre, and Spirit o f  Salt, to the great furprize o f  an old experienced 
Chemift. This therefore I call t\iQ{Furnus Studioforum) Student’s Furnace.

But when you want a Furnace that will yield a greater Heat for d i f t i l l a - F " “ 
tion in Sand, then the following feems to me the beft fitted for this purpofe:
And as the portable ones have chis convenience, that they leave the common Fire* p l x i v . 

place free. I ’ll defcribe one o f  thac fore. W ith a very thin Place o f Iron, make 
a hollow Cylinder 17 inches in diameter, and 19 inches high. Lec che boctom 
be clofed with a Plate o f  the fame kind, and the top be open. L e t it be fup
ported at bottom with 3 iron Legs 12 inches long, and let the infide of the 
bottom be covered wich a copper Place, that the Ŝ alc o f  the Aihes mayn’ t toa 
foon eat away the Iron. W ithin the Cylinder, you muft fix a Grate parallel 
to the Bafe, whofe upper furface muft be 4 inches above it. Lec this Grate 
be furrounded wich a thin Rim 3i- inches broad j and let the Bars be ^ an inch 
fquare, and ftand an inch from one another; or lec the diameter o f the cir- 
cle o f the Grate be fo divided as to place fix fuch iron Bars in it. T h is 
Grate is placed within the iron Cylinder at 4 inches diftance from the bottom, 
where it muft have three pieces o f  Iron ftanding ouc to fupport it. L et your 
Door then to chis Alh-hole be 4 inches high, and 6 wide, and inade to fic 
nicely, that ic may fhut it up very clofe upon occafion. Three inches above 
the upper furface o f  your Grate make the opening o f your Fire-place, which 
muft be 6 inches wide, and 4 and a h alf high. W ith  the Foci then 15 inches 
diftant, and a perpendicular from the Focus to the Circumference o f 5 inches, 
defcribc an ellipfe*, and then by this make a folid wooden Semi-ellipfe, cut off 
ac the Foci'y by which model you muft íhape the internal furflice o f  your Fur
nace, which muft be built with Bricks, fo difpofed, as to form fuch a concave
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furface, and fo contrived, that the edges next the internal part may come as 
clofe to one another as may be, fo as to leave but fmall fpaces, which muft 
be filled with M ortar made o f Lim e and Sand. But before the Bricklayer 
can do this, you muft have a Stopper made to the Fire-place. This muft 
be made o f a plate o f  Iron, the fame o f  which you make your Furnace, and 
wich the fame cylindrical furface. A s for the fize of it, it muit be made in 
fuch a manner, chat v/hen ic is applied to che opening o f the Fire-place, it may 
reach an inch beyond it on every fide, chac ic may thus incirely clofe it up. 
Upon chis Cover, then, you muft ere6t a hollow Segment, cue out o f  this Cylin
der to the fize o f  the opening o f  the Focus  ̂ the fides o f it tending cowards 
the center of the Cylinder, and the top and botcom being parallel to the Bafe 
o f  the Furnace, thac the internal furface o f this Stopper may be made to 
anfwer to the concave, elliptical figure o f  the Furnace. L et che Bricklayer, 
then, fill this hollow wich Brick and M ortar, and fo form and fmooth ics 
internal furface, that when ic is fixed in the hole ic may make one concinued, 
uniform figure with che furface o f the Furnace. W hen this is made, buiid 
your internal Furnace wich Brick and M ortar, in the manner before direiled. 
A c  the upper part o f  the iron Cylinder, and on thac part which is near to thc 
door o f the Furnace there muft be a Segment cut out, 3 inches broad, and
1  deep, thac che N eck o f  che Retort may be placed there in a declining p
ficion, when you have occafion Co diftill in fuch Veffels. And laft o f all, in 
the upper pare o f  the-Furnace an Iron Pot muft be fo firmly fixed in wich 
M ortar betwixt the Bricks, that che Fire fhan’ e be able to make ics way chrough, 
buc ac the fame time, about che edge o f the brick-work, at top, there muit 
be left 4  holes, ihap’d like a H alf-M oon, an inch broad, and two inches in 
curvature, which may ferve as a vent for che Smoke and Fire, A  Furnace 
built in chis manner is fit for diftillacion wich a Cucurbic, Retort, and 
Bolthead, and as ic is portable, ic is convenienc for a greac many purpoies. 

A T f a i r d  T he third Furnace which an Elaboratory cannot be wichouc is .Balneum 
Furnace. M aria . This confifts o f  che fame Furnace as the preceding, except thac 
P I .  X V .  the furface o f  the Grate is only 8 inches diftant from the botcom o f the brafs 
Fig. I. cylindrical Veifel. T h e  brafs Veiîèl which is for the Bath, and is fet with 

M ortar within the upper pare o f  che Furnace, is i Z'inches deep. This is of a 
cylindrical form, and ac the top has a horizontal Rim an inch broad, by which 
ic refts upon the top o f  the Furnace, and above that, another o f the fame 
breadth rifing perpendicularly. There is then another Veffel made, in fuch a 
manner, that when ic is placed within the former, it may ftand an inch diflant 
boch from ics boctom and fides, and may reach 5 inches above the top of the 
furnace. A t 12 inches diftance from ics bottom, this Veifel has a rim on its out- 
iide, which runs a lictle declining, and when ie is juft broad enough co cover 
the apercure lefe between che two Veifcls, is turned perpendicularly down
wards, that it m aybe received exadlly within the ereét, perpendicular Rini of 
the former, and thus the cavicy becween them may be perfedly clofed. In 
the broad, lateral Rim  o f  this Veifel chere is a hole made for pouring Water 
into the Bath Veifel, that by this means it may be contained betwixc that 
Veifel, and this internal one. T h e N eck  o f this fecond Veifel receives into it 
an Alembic, whofe RoJlru?n may be inferted inco a T in W orm , in a Re
frigeratory. T o  this likewife may be fitted chac fore o f Alem bic, which is pro
duced i n t o  a t a l l ,  cylindrical T u b e, a n d  th e n  Curned d o w n  again, fo r  the
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diftillation o f  A lcohol, which we have already defcribed. And laftly, there 
may be made a Cover to the Bath Veffel, to fit into the perpendicular Rim , as 
the former did, and clofe it in the fame manner. And the N eck o f  this Cover, 
t o o ,  may admit an Alembic, in order to diftill with a W orm . This Furnace, 
then, thus compleated, we may make ufe o f  firft, for the common diftilJations 
o f all Vegetables with W a te r; and o f  all Refins, Balfams, and Gums wich 
Water, inco their effential Oils. Secondly, for diftillation o f  Vinegar j and 
very conveniently for diftilling any thing whatever either in Balneo VaporiSi or 
MariSy in any determined degree o f  H eat, as far as the degree 212. And 
thirdly, this is o f  excellent fervice in the preparation o f  Alcohol at once, wich 
a good deal o f  eafe, and in a large quantity, which otherwife requires fo much 
Tim e, Fire, Labour, and Charge. F or thefe reafons, 1 have in Plate X V . 
given you a very exaft defcription of it, with its whole Apparo4us.

But there is f1;ill wanting a Furnace, in which may be raifed a very intenfe Fourth Fur- 
Heat, for fufing Bodies that require a very ftrong Fire. And this is beft: “ «• 
built in the following manner. In the firft place, let there be raifed a ftone pi.xvi. 
Bafe, arched at top, and 3 feet h ig h ; for this Furnace muft have the Door 
o f the Fire-place ac fuch a height, that the Operator may look into ic as he 
ftands upright. Upon this Bafe let there be raifed an Afti-hole 5 inches high, 
and over this a Grate, wich Bars almoft an inch thick, and near an inch from 
one another. Lec the Bafe o f  che Aih-hole, and the Grate above, be o f  a cir
cular figure, and 12 inches in diameter, and above the Grate let the Cylinder 
be continued to the height o f  6 inches. Upon this Cylinder let there beereól- 
ed a paraboloid Cone, whofe Axis muft be 8 inches, and loweft ordinate 
whence its Parameter will be 4 inches and a half, and its Focus one inch and f  
from its Vertex. W hen this Paraboloid is built to 6 inches height above ics 
cylindrical Bafe, raife a cylindrical Chimney over it 2 feet high, whofe diame
ter will be 3 inches. In the fore part o f the Fire-place 2 inches above the 
Grate, lec there be a door 5 inches wide, and 6 high, and arched above wich 
the arc o f a circle o f  12 inches diameter. A t  an inch diftance above the arch 
o f the door lec chere be a conical hole in the Furnace o f 2 inches aperture, 
that you look down through it into the Fire-place if  you want to fee whe
ther the Matter is melted in its Veffel 5 and make a Stopper to put in or take 
out o f  chis hole at pleafure. T his Furnace muft be built of very good Bricks 
and Mortar, its walls muft be 5 inches chick, and its internal furface muft be 
fmooch*d over with very dry Lim e. This, when it is once hot, raifes a prodigious 
Fire, efpecially in the middle o f  the Axis^ and the upper part, as is demonftrat
ed geometrically wich a geat deal o f  eafe. T h e iron door muft be let in fo as 
to ftiutvery clofe; and the bottom o f  the Aih-hole muft be a plate o f Iron, 
that if any thing happens to fall through the Grates ic may readily be come 
at again.

But a chemical elaboratory muft be ftill furniíhed with another Furnace for Fifth Fur- 
the diftillation o f  acid Salts, from Nitre, Sea-Salt, Fountain Salt, Sal-Gem,
Vitriol, Copperas, and A lum . T his then, after having tried various fores o f  pi. xvir. 
them, we build after the following manner. U pon the pavement under the 
Chimney let chere be erefted a Parallelipiped, the breadth o f it in the front 
20 inches, and length 38 5 and the breadth o f  its cavity in the front 12 inches, 
and its length 22 5 whence the thicknefs o f  the W all is evidenc. Lec chis Pa-

U  u u rallelipiped.



rallelipiped be raifed i i  inches high. In the middle o f  the front let there be 
an opening carried from the Pavement i i  inches high, and 4 broad, round 
the edge o f  which let the brick-work be let in a little, that a door, made o f 
an iron plate may be received into ir, when you want to ftop it cloie: This is 
for the Afh-hole, and draught to the Furnace. H ere, inftead o f a Grate, Jet 
there be fixed fome prifmatical iron bars, an inch fquare, 14 inches long, and 

'an inch diftant from one another, and let them lie parallel with the breadth of 
the Aih-hole. Upon the upper hollow o f  the Parallelipiped let there be de
fcribed an F.llipfis, whofe Foci muft be 22 inches diftant, and tranfverfe Diame
ter 12, and then the breadth o f  the Fire-place at the beginning and end will 
be nearly 10. W ith this elliptical Figure then let there b e a  cavity formed, 
within 4 inches and a half deep, and let the external parts be compleated in a 
parallelipipedal form. In the front W all, dire(5lly  over the Aih-hoîe, let there 
bean  opening into the Fire-place, 7 inches broad, and 9 high 5 and iet this 
H ole  have its lower edge declining inwards i inch and a half, and have an iron 
Door made exad ly  to fit it. L e t the lower part o f  the Door be 3 inches 
above the upper part o f  thc Aih-hole. In rhe other longer fide there muft be 
an arched aperture, whofe lower limb muft be placed 10 inches above the 
Grate. T h e length of this Lim b muft be 20 inches, its height i2 , and the Arch 
muft be an Ellipfe, whofe Foci are 20 inches diftant, and has a tranfverfe 
Diameter o f  24. A t  this aperture are put in the long Necks. On the infide 
o f  the W all, oppofite to this aperture, and 9 inches above the Grate, there 
muft be raifed a Ledge o f  an inch and a half breadth for the Veffels to reft 
upon during the diftillation ; and in the middle o f  the fame W all at top 
there muft be a fquare H ole for a Chimney, 3 inches broad, and 2 high. 
T h is being done, you muft build the uppermoft elleptical arch o f  your Fur
nace, whofe vertical point muft be 21 inches diftant irom the Grate j ih t Axis 
o f  the Ellipfe 22 inches, and its tranfverfe diameter 10. T his Arch, therefore, 
will be formed by the rotation o f fuch an Ellipfe about its Axis  ̂ fuppofing this 
to be 16 inches from the Grate. W hen you diftill in this Furnace, you take 2 
Long-necks, 11  inches high, 9 wide, with cylindrical Necks 5 inches long, 
and 3 t  diameter, and place them horizontally, and parallel, fo that their 
bottoms fhall reft upon the Ledge in the oppofite W all, their mouths being pa
rallel to the aperture they lie in. W ith  Bricks, and M ortar, then, you clofe 
up intirely the whole aperture j and to the mouths o f  the Long-necks apply a 
cylindrical T ube, and to that a Receiver. W ith  fuch a Furnace as this you 
may raife an incredible heat. It is fafe, and eafily managed *, and makes the 
Fire exert all its ftrength upon the diftilling Matter alone j and by means of 

Other Fur- Afh-holc, it is eafily regulated.
T h e affaying Furnace is fo plainly defcrib’d by the induftrious, candid Laza^ 

rus Erkerj that there is no room to add any thing upon this head 5 and a very 
accurate cut o f  it you may fee in George Agricola.

And as for the Furnace with the Vefica  ̂ A lem bic, W orm , and Refrigatory 
that is too well known to need any defcription. I may now, therefore, dii- 
mifs this fubjed too, and thus put an end to the firft and fecond part o i 
thefe Inftitutions.

F I N I S ,
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The Explanation of the P l a t e s .

P L A T E  I.

F i g . I.

A B , CD . T w o  cylindrical iron Rods three feet long.
E . A  Ring with a handle F , whofe cavity meafures exailly  the thicknefs (rf 

both Rods when they are cold.

F i g . 2.
A C , BD . T w o  parallel Plates, divided into very fmall equal parts.
A B , C D . T w o  parallel Plates, which may be moved up and down by 

means o f  two Grooves, in A C  and BD .
E F . T h e iron Rod to be meafured when it is cold, and after it is heated.

F i g .  5 .

A B , A  brafs Ruler divided into very fmall parts.
BC. Another, perpendicular to the former at B , graduated with very mi

nute, and equal divifions.
A D , A  third fixt upon an A xis at A ,  fo that it may move upon the Ruler

B C , and by this means may give you the number o f  parts upon B C , 
that the Rod made red hot, and fet upon a certain point o f  A  B, will ele
vate the Hypothenufe A D , higher than it did when it was cold, and plac'd 
upon the fame poinc.

P L A T E  II.

F i g . I.

A B D C . T h e  common Thermometer of Drehhelius.
A . Its hollow Sphere.
B D . T h e  N eck full o f  A ir  to D , with which the Sphere is filled likewife. 
D C . T h a t part o f  the N cck  that is iilled wich a colour’d Liquor.
E . A  Veifel containing the fame Liquor.

F i g . 2 .

A B , D C , E F , A  Thermometer o f  Drehhelius, more fenfible than the 
former.

A B C D . A n  anterior view  of the fame.

F i g .  3 .

A B C D E F . T h e  fame feen fideways *, that the Segments o f  the Sphere of 
which the upper Cavity is formed, may come in view .



5 i 6  Explanation tf-ihe  P l a t e s .

P L A T E  III.

F i g . I .

A . A  fmaller Sphere, in which the contained Fire expands itfe lf equably.
B. A  larger Sphere concentric to the former, and including it, into 

which the Fire diffufes itfelf equally out o f the other.

F i g . 2.

A F IG , BD IE . T w o  equal Spheres touching one another in the point I.
C D . A  right Line drawn from the Center C , o f  the firft Sphere, which is 

a Tangent to the other at D.
C E . A  right Line drawn from the fame Center C , touching the fecond 

Sphere at E.
C F G . T h e S ed or in which is contained that part o f the Fire in theSphere A , 

that may bc equably communicated to the Sphere B , the proportion 
o f  which being found to the whole Sphere, ihows what quantity o f 
Fire thus equably expanding itfelf from the Center o f  one Globe can 
fall upon anocher o f  the fame M agnitude in contad wich it.

F i g . 3 .

A ,  B. T w o  Spheres equal to the former, and in contad.
C . T h e  Center o f  the Sphere A .
D . T h e  Center o f  the Sphere B.
K . T h e point o f  contad o f the Spheres.
C K D . A  right L ine joining their Centers.
E G . A  Line parallel to C K D , touching both Spheres.
F I . A  Line parallel to E G , touching them both likewife.
E F G I. T h e  Cylinder through which all the Fire o f  the Sphere A  being 

direded in parallel Lines, falls intirely upon the Sphere B*, which there
fore colleds all the Fire that was before diffufed through the whole 
fuperficies o f the Sphere A :  W hence the Fire will be four times denfer 
in the Circle G D I, than it was in that Superficies.

P L A T E  IV.
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P L A T E  IV .

F l  G .  I .

A B C D . A  hollow Cylinder made o f  Iron Plates, and open at both ends, 
which is the Fire-place o f  the Machine.

BD . Ics lower aperture where it communicates with the other Cylinder, by 
means o f  a Grate.

E F G . A  hollow Cylinder made of the fame Iron turn’d up at F , fhut at E , 
and open at B D , where the Grate is, and at G , where the invifible 
Smoke pafles out.

F I  G .  2 .

A B C D E F . A  hollow Parallelipiped open at A B C D , in which the Fire-place 
is ac I L K M .

IL K M . T he Grate o f  the Fire-place, upon which is laid the combuftibic 
M atter.

E M . T h e  place under the Grate into which the Flame and Smoke are de- 
preifed as foon as ever the Tube O G H  grows very hot.

N O . T h e  aperture, which is here fquare, but may likewife be made oval as 
in the T ex t. I f  it is made fquare, ic muft be a little narrower than K M , 
i f  elleptical, its Diameter muft be o f that length.

N O G H . A  hollow T ube o f  the fame Iron, either parallelipipedal or elliptico- 
cylindrical, as in the T e x t , open under the Grate at N O , and at fhe 
top H .

F i g .  3.

A B C . T h e  biggeft Glafs-Receiver I could get, open at C.
A B . T h e  bottom o f  it cut out in a circular form , and therefore open there 

too.
D . A  brafs Cylinder in which the Liquor being fet on fire gives the Flame 

H , confined under the Bell.
E F G . Three Bricks which the Bell is fee upon, that the A ir  may have free 

admiiHon to it underneath.

F i g . 4 .

A B C . A  glafs Veflel, as before.
E . A  Pan with a live Coal.
D . A  brafs D iih, in which the Alcohol burns, the Diih-ftanding upon the 

Coa!.
F . G , I. Three Bricks on which the Glafs ftands.
H . T h e  Flame o f the Aicohoi fet on Fire under the Bell.



P L A T E  V .

F i g . I .

A B C . ^  Thermometer fixed to the board D E F G  by the brais rings M jN ,0 .
D E F G H IK L . A  wooden Machine made to ftand upon a table with the 

Thermometer.
P Q . A  veffel in which the Bulb o f  the Thermometer may be placed, and 

then any liquors, you have a mind to make trial of, may be poured in fuc- 
ceifively and mixed cogether.

F i g .  2 .

A B C . Fahrenheifs firft Thermometer, which by the dilatation o f  the tinged 
fpirit indicates the increafe o f  the heac o f  the Atm ofphere.

A B . Its Bulb, which in the greateft obferved natural cold concained 1933 
parts o f  tinged fpirit, o f  which the Pipe B C  contained p6.

B C . A  Pipe produced from A B  and by a Scale fixed to ic divided into 96 
equal parts, thac the fpirit when it dilates, and afcends, may difcover the 
augmentations o f  Heat.

F i g .  3 .

A B C . Fahrenheit's fecond Thermometer meafuring the increments o f  Heac 
in the Atmofphere by the dilatation o f  M ercury.

A B . Ics Bulb, which in the greateft obferved natural Cold contained 11520 
parts, o f  which the Pipe B C  contained p6.

B C . A  Pipe produced from A B , and divided by a Scale inco 96 equal pares, 
b y  which the M ercury when it afcends determines the increafe o f  Heat.

F i g .  4 .

A B . Fahrenheit^ third Thermometer to meafure the H eat o f  the Human 
Body.

A B . A  clear glafs T ube, perfectly clofed hermetically, wichin which it is 
placed.

D C . T h e  Thermometer wichin, eicher b y  its tinged fpirit, or M ercury, in
dicating che increments, or decrements o f  Heac.

D E . Its Bulb.
E G . Its neck.
E F . T h e  fluid in che neck, by its afcent pointing out the H eat, b y  its dc- 

fcenc che Cold.
E F G . A  paper divided into equal parts or degrees.
T his Thermometer being held a good while under the arm, upon the bread 

under one*s clothes, or in rhe mouth, will determine the H eac o f  the Body 
ac that time.
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P L A T E  V I.

A B C D . A  brafs Plate hollowed at v x y z  that the Bulb o f  the Thermometer 
may bc let into it. ■,

E F . A  Thermometer made wich M ercury in fueh a manner, that in the 
greateft obferved natural cold the M ercury may ftand at I, and in the heat 
o f  boiling M ercury at F.

G E . T h e Bulb o f  the Thermometer.
G F . T h e pipe o f  the Thermometer divided b y  means o f  the brafs Plate 

into 600 equal parts, which in this fhort Figure cannot be all reprefented 
diftind, and therefore here we have divided it into larger portions I K ,
K L ,  L M , each containing 6 f  o f  fuch equal parts.

G , H . T w o  brafs Semi-circles by which the Thermometer is fo fixed to the 
Place, that you may take it o ff whenever you pleafe.

abed. A  brafs veifel, into which the Thermometer may be put when taken 
o ff  o f  the plate, that the heat o f  the Liquor to be examined, whilft it  
boils in this Veflel may be marked upon the neck G F , which then being 
applied co the Scale, will give you the degree defired.

F i g . 2.

A . A  hollow cylindrical Veffel open at a, quite full o f  water, but its mouth 
covered with the paper D , which is then inverted withouc any W ater 
running out. T h e  fame Veffel covered in the fame manner, and lying 
horizontally, without any W ater running out.

B . B. Conical Veffels, with which the Experiment fucceeds in thc iame 
manner, as it does likewife in

C. A  fmall Bolthead.



P L A T E  v n .

F  I  G.  I .

A B b c. A  ilrong glafs T ube every where equally wide.
A B . T h e  longer L e g , fome feet high.
be. T he ihorter, 1 2 inches high, and nicely divided into lines;
A .  T h e  M outh at which the M ercury is poured in.
c. T h e  extremity hermecrically fealed.

F r o .  2.

A B C . A  very fmall Bolthead filled with W ater and inverted.
B C . T h e  Bulb, at whofe top C  is contained the A ir, which entering in 

the form o f  Bubbles afcended and burft afunder.
A B . T h e  N eck, whofe orifice A  is 5 lines diameter.
A ,  d , e, f, g , h. Bubbles, in which form and fize the A ir  admitted into the 

N eck is collected and afcends, not mixing with the W ater, but aifociating 
into a large Body.

F i g .  3 .

A B C . A  Glafs like the former, full o f  W ater, and inverted.
B C . T h e  Bulb ftill full o f  W ater.
B A . Its N eck, whofe M outh A  is 8 lines in diameter.
d , e. L arge Air-bubbles, in which form and fize the A ir  enters and afcends 

without m ixing with the Water.

F i g . 4 .

A B C . T h e  fame fort o f  Veifel in a horizontal pofition, and full o f Water, 
d, e. L arge Air-bubbles, which continue thus a good while in the Water, 

without dividing.

F i ® .  5 .

A B . A  narrow glafs T ube open at both ends.
A c . W ater in which the part A c  o f  the T u be is immerfed, 
cD , W ater afcending in the T ube fpontaneouily.
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P L A T E  VIII.

F i g .  I .

A , B , C. T hree glafs Veifels with W ater o f  different degrees o f  H eat. 
D H E I. T h e  brafs Plate joined to the T u be K L o f  the Air-pump.
F G M N . T h e  Bell that ftands upon this Plate and covers the Veifels

A ,  B , C. from under which the A ir  is exhaufted by means o f  the T u be K L .

F i g . 2 .

A B . A  cylindrical glafs Veflel, with a. plain bottom B.
C D . A  glafs Bottle, whofe Belly C  may be placed within the Cylinder AB* 

that its mouth D  may reft upon the bottom B.

F i g . 3.
A B . A  c)rlindrical hollow VeiTel open at A , with a plain bottom B , and 

filled with W ater.
BC D . A  Funnel open at D , whofe upper part E D  is inferted into che neck 

E G  o f  the Bolthead E G F ,
E G F . T h e Belly and N eck full o f  Water..

F i g . 4.
A B . A  parallelipipedal brafs Veifel.
B . A  plain bottom, which at C  has a cavity imprefled in it, in which there 

is placed a drop o f  W ater not boiled.
D . A  conical glafs Veifel, whofe bafe is fo large that it can furround the 

Cavity C .
E . T h e  Conoid plac’d over the drop o f W ater in the cavity.
F . T h e  fame lying upon its iide w hilil the O il boils, that the A ir  may be 

expelled, and the O il may enter.
G . A  lighted Candle, placed under the cavicy in which the W ater lies, 

under the Oil.



P L A T E  IX*

F i g . r.
A B . A  brafs Cylinder,
;B. A  hole in A B , into which the T u b e  B C D  was foldered.
A E . A  Cock fixed in A B , by which all the A ir  might be let out o f  the 

upper part A F , as the W ater rofe in the Cylinder, and which might be 
ihut when that was perfedly full.

B C D . A  brafs, hollow, cylindrical T u b e  opening intothe Cylinder at B, 
and open above at D , fo that the Cylinder A B  might be fill’d with W a- 
ter, by pouring ic in at D .

F i g . 2 .

A B . A  fteel Cone divided into equal parts.
C D . A  hollow wooden Cone, which, when dry in a certain degree, would 

juft admit the Cone A B  within its cavity.

F i g . 3.

A B C D . A  cylindrical Veifel made, as they call it, o f  double Glafs.
B C E . T h e  bottom o f  the Veifel rifing a little inwards in che middle.
F G H I. T h e  neck o f  the VefiTel, with the cylindrical M outh H I, an inch and

a h alf in diameter.
K L .  A  Rim  round the M outh, for dropping out the L iquor, which would 

otherwife run down the fides o f  the N eck.
M N . A  glafs Stopper whofe cylindrical part N  is ex a d ly  ground to thQ 

N eck  o f  the Veflel H G . M , the T o p  o f  this, thick and flat,
Q R O P . A  VcfiTei contrived for the more valuable Oils.

F i g . 4.

.A) B> C.  A  Crucible, and Veflels made ufe o f  for fixed Bodies in the Fire*
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P L A T E  X .

F i g . I.

A B C D E F . T h e  true figure o f  a  diftilling Veifel, called a^ orn u te , or 
Retort.

A B C D . A  hollow Sphere, the Belly o f  the Retort.
A F .  A  Tangent to the Sphere in the Vertex A .
D E . A  right Line parallel to the Tangent A F , drawn from the point D». 

where the Diameter parallel to that Tangent cuts the Sphere.
O f  thefc three forms, the laft is the beft.

F i g . 2.
A B C D E . A  Veifel contrived for the diftillation o f  the moft fixed Bodies, as 

Phofphorus, Cs?<r.

F i g . 3.
A B C D E F G H . A L o n g -n e ck  to be placed horizontally in the Furnace, fo 

that the mouth may be a lictle w ay out..
I K L M . A  hollow, cylindrical T ube, One o f  whofe ends may be received into 

the mouth H O  o f  the Long-neck, whilft theother is inferted into that 
o f  the Receiver O N .

ON PQj_ A  very large Receiver, which being, placed horiM ntally receivcs.-< 
the extremity L M  o f  the cylindrical Tube,

F L A T E I X ^



524 Epcphmtion c f  t h  VhAr t %

P L A T E  X I.

F i g .  I.

A B C D . A  T inC ylinder 5 inches wide, ending in
C D E . A  Conical T u b e  4  feet high, and an inch in diameter at the ver

tex E.
E F . A  cylindrical T u b e  4 feet long, and an inch wide,
F G . T h e  fame produced, that it may be inferred into the mouth o f the 

W orm  in the Refrigeratory.
H IK . Holdfafts to keep the afcending and defcending Tubes tight toge

ther.
T h is  is the Head ufed in the Diftillation o f  Alcohol.

F I  g .  2 .

Glafs Veifels fo contrived as co fit into one another, by luting which together, 
you may increafe the diftance betwean the diftilling Veifel and Receiver, to 
what lengch you pleafe.

F i g . 3.

A  Pelican.

F I  G .  4.

A  morc compendious Pelican wich two Bolcheads.

P L A T E  X II.

F i g .  I ,

T h e  whole Apparatus as ufed in diftilling.
A B C D E F G H . T h e  earthen Long-neck placed horizontally in the Furnace. 
I K M L , A  hollow cylindrical T u be inferted into the mouth o f  the L ong- 

neck H G , and that o f  the Receiver O N .
O N P Q ^  T h e  Receiver.

F i g . 2.

A  chemical Vial^ Bolthead, or Matrafs.

F i g ,  3 .

T h e  biggeft Receiver the workman could blow, which fort the Chemifts now- 
a-days make ufe of.
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P L A T E  X III.

The Firft Furnace.

A B , One fide o f  the fquare bafe 9 inches long.
A B E F . T h e fquare bafe.
A C B t). T h e  height and breadth o f  the prifmatical Furnace, which is 14 

inches high.
A l ,  B K . T h e  height o f  the Fire-place 5 inches.
I L  K M . T he thicknefs o f  the partition i inch.
L C , M D . T h e  height o f  the upper cavity o f  the Furnace 8 inches.
P P . A  circular hole 5 inches in diameter cut ouc in the middle o f  the Parti* 

tion, in which is placed the bottom o f  the Cucurbit, Retort, or Bolthead, 
and whofe upper edge is par’d away.

Q Q -Q S i Four fmaller circular holes in the fame, each an inch in diameter^ 
made to tranfmit the heat from the Fire-place into the upper part o f  thc 
Furnace.

f g h i .  A  fquare hole cut in the upper part o f  the fide B D H F , thc fame 
letters reprefenting the fquare board that fits into it, and is in the Plate 
placed on the fide o f  it.

fp, g p , k p , ip. T h e  edge o f  this board cut away to half its thicknefs, which 
is to be put into the hole g H ,  h D , when you diftill with a Cucurbit.

k lm n .  Another fquare board exa(5tl)r like the former, but wich a circular 
hole in the middle O , o f  2 f  inches diameter, to be ufed when you diftill 
with a Retort.

fg , hm. Each inches.
R S T U . T h e  door by which the Fire-place is ex a d ly  clofed up, which rifes 

to che middle S o f  the Partition K M .
X X X X . Four round holes in the door, to let the A ir  into the Fire-placo.
Z . Wooden Stoppers to fit into thofe holes to regulate the Fire.
C b Da, G d He. T w o  folding Doors, which arc fo cut out in the middle, 

that when they are ihut, they form a round H ole o f  5 inches diameter tt.
q. T h e  Pan ufed in this Furnace.
r. T h e  Handle.
8, s. T h e  Feet.



P L A T E  X IV .

Second Furnace.

A C , BB. Iron Feet 12 inches long.
C N O D . T he bottom o f the Furnace, being an iron Plate covercd with a brais 

one 17 inches in diameter. •
C G H D . A  hollow iron Cylinder upon the Bafe C N O D , 19 inches high.
E L M F . T h e  Grate confifting o f  an orbicular iron rim, and the bars in the  ̂

middle y , which is fupported by the bars E .F , and is parallel to the 
bafe C N O D .

F L ,  M F . T h e  breadth o f  the rim o f  the Grate 3^ inches.
E C , F D . T h e  diftance o f  the Grate from the bottom 4 inches..
N O P Q ^  T h e  door o f  the Aih-hole, 6  inches broad, and 4 high.

PS. T h e  diftance o f  the door o f  the Firc-place from the upper part o f  
the Grate 3 inches.

R S T V . T h e  opening into the Fire-place, 6  inches broad, and 4 f  high.
iL K M . A n  Ellipfe whofe ordinates at the Foci, L M  IK  are 5 inches long*, 

from which is formed theelliptico-conoidal, internal furface o f  theFurnacCj, 
by the rotation o f the wooden pattern be de,, upon the axis cb..

a. T h e  Stopper o f  the H ole o f  the Fire-place feen fide-ways.
Z . T h e  fame feen from above.

• K H Y . A  Segment cut out for the N eck  o f thc Retort to lie in#.
IK X . A  Pot 10 inches wide,, and 5 deep.

P L A T E  XVJ
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P L A T E  X V ,

th ird  Furnace.

F i g . I ,

A B . T h e breadth o f  the Aih-hole lo  inches,
A C . Its height 6 inches,
E C . Its thicknefs i inch.
E l. T h e  diftance o f  the bottom o f  the VeiTel from the Grate 8 inches.
IG . T he height o f  the VeiTel 12 inches.
L G . T h e rim o f  the VeiTel, which refts upon the top of the Furnace, and is 

1 inch broad.
G M . A  perpendicular rim to receive into it the rim o f  the VeiTels, F ig. 3 .4 .
E G H F . T h e  interiour elieptico-conoidal cavity o f  the Furnace, the diftance 

o f  whofe Foci is 20 inches, and a perpendicular to the axis at ihtFocus 5 inches.

F ig . 2.
A  brafs VeiTel, either to diftill with, or to ferve for the bath o f  the Furnaccj 

F ig . I, T h e letters the fame as before.

F i g . 3.
A  brafs Cover, whofe Rim P Q R S  fits exad ly  into the Rim  M O G H  o f  F ig. 2.
R , S. T w o  Handles.
R T .  S V . T h e  middle o f  the Cover rifing obliquely to be produced into
T X ,  V Y .  A  cylindrical N eck  to receive the Alem bic.

F i g . 4.
A  tin Alembic, whofe Rim  a b fits exafbly into the Rim  x y ,  and head ends 

in the Rojirum cde, the extremity o f  which may be inferted into the mouth 
o f  the W orm  in the Refrigeratory.

If, therefore, the Veifel G K  is perfedly clofed with the Cover p y , and that 
with the alembic, and is fitted into the Furnace, then in this Veifel you 
may diftil] any thing with Water and a W orm , as likewife Balfams, T u r 
pentines, CifiT.

Fig . 5.
T h e  VeiTel for diftilling in Balneo M arid .
fg  M L . T h e  VeiTel in which the Bodies are put thatare to be diftilled in Balneo 

M aria, which is made fo as to go into the VeiTei G K , F ig. i .  its Rim  
K L  being fitted exad ly  to the receiving M argin M O . In the furface o f  the 
Rim  K L  there is a H ole, by which you may pour W ater into the VeiTel G K .

I f  therefore the VeiTel f l  is fitted to the Rim M O , then the W ater boiling 
in G K , will diftill Balneo through the VeiTel f l ,  the Alem bic abc, F ig . 4. 
beine fixed into the Rim  H I.

F ig . 6.
A  tin Alem bic defcribed P I.X I. whofe M argin op being exadly fitted into 

the Rim  H I, F ig . 5. ferves for the diftillation o f  Alcohol, the common 
Spiric o f  W ine being in the VeflTel f  I.



P L A T E  X V I.

Fourth Furnacê  which is the melting Furnace, 
a b e d .  A  hollow itone Bafe arehed at cd, and 5 high, 
c d e f .  T h e Aih-hole, plain at bottom, and 5 inehes high, 
c f i h .  T h e  Grate, 
ab, cd, ef, hi. 12 inches each, 
h k, il. T h e Fire-place 6 inches high to kl.
k m n l .  A  paraboloid Cone, whofe A xis is 8 inches, and inferiour ordtnate 

6 inehes.
m n p o . A  cylindrical Chimney 3 inches wide, and 2 feet high.
au, y4, bx, Z3. T h e  thicknefs o f  the Stone-work o f  the Furnace 5  inches.

P L A T E  X V II.

Fifth Furnacê

F i g . I .

A B . T h e  breath o f the Furnace 20 inches*
A H ,  IB. Each 8 inches long.
H I. T h e  breadth o f  thc Aih-hole 4  inches.
H K . IL . T h e  height o f  it 11 inchcs.
K M . L N . T h e  diftance o f  the Door o f  the Fire-place from  the A fli-h olc % 

inches.
M N . O P . T h e  breadth o f  the Door 7 inches.
M O . N P . T h e  height 9 inches.
B G . D F . T h e  lengch o f  the Furnace 38 inches.
Q R S . T h e  Aperture in the middle o f the fide to place the Long-necks in=. 
O j .  T h e  length o f  the L im b o f  this A ^ rtu re  20 inches.
U § . T h e  height o f  the middle o f  it 12 inchcs.
S T . T h e  thicknels o f  the upper W all o f  thc Furnace 6 inches.

F i g . 2,

A B . A  little brafs Furnace for our firft procefs, in which there is fitted ^ 
brafs Plate, juib at the top o f  the door o f  the Fire-place B.

C D E F . A  tin Alem bic fitted to the upper R im  o f  this Furnace.
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I N D E X
T O  T H E

FIRST VOLUME.
N . B . The Numbers denote the Pages»

A
Cids feem to differ chiefly in the quanti

ty o f W ater they contain 453. E x - 
perinnentsupon them with Alcali’s 452. 
Confidered Menflruums 462. N a
tive ibid. Vinous 434. Acetofe464, 
Fermenting ibid. By burning Vegeta
bles 465. By diftillation ibid. FoiTil 
native very rare 465. Fixed frequent 
ibid. In Sulphur, A lum , Vitriol o f 
\xonihid. InCalcanthum 467. W hich 
are all the fame ibid. Specific Gravity 
ibid, Foflil o f  N itre 468. O f  Sea- 
falt ibid. Àquce Regia 4<59* Corolla
ries concerning them ibid. Agreement 
470. Difference 471.

Agitation perpetual in the univerfe from 
Heat and Cold 92.

A ir  feparated from W ater by an Alcali 303. 
expands itfelf in proportion to Heat 
316. Hotter in vallies than in higher 
places 141. Different with regard to 
the Soil 290. A  fecond univerfal in- 
ftrument o f  nature 247. Colder than 
the human Body 1 16. Fittefl to dif
cover the quanticy o f  Fire 97. Pure 
inoce elaftic chan when filled wich wa-

tery Vapours 272. A ttraded into the 
empty Interftices o f  Liquids 299. 
Contains a good deal o f  Gold 249. 
divided into different Strata, each o f  
which contain differenc kinds o f  ex
halations. 287. H ot and moiil for a 
great while produces a plague 281. 
Generated from Oil o f  Tartar and O il 
o f  Vitriol 310. From Spirit o fN itre  
and Iron 312. From Spirit o f N itre 
and Oil o f  Caraways 313. Adheres 
to Solids 294. T o  Fluids ibid. T o  
itfelf 295. Elaftic feparated from Bo- 
diesby F ire 3 i4 . T h e univerfal Chaos 
o f  all Bodies 268. Produced from 
Vinegar and Crabs-Eyes 308. Con
denfed by Cold 267. M ixes Bodies 
together 315. T h e effeds o f  its 
gravity ibid. A  hidden vertue 2p2. 
V ery corrofive in America 298. Don’ t 
a d  in W ater as A ir  307. ExprefTed 
out o f  W ater by Froft, and colleded 
makes Ice light, and rare 360. N o t 
very penetrating itfelf 307. W hat it 
does in Fofliis 248. Does noc enter 
into W ater already faturated 300. 
N ever ac reft l o i .  Never hardned
y  b y



by Cold 449, Impregnated with 
M ercury will raife a falivation 288. 
W hen it contains leaft W ater may 
appear moft humid 272. Naturally 
contained in our Fluids, but fo d if
folved as not to a£l like A ir  308. 
Contains W ater on the higheft M oun
tains 277. M oft o f  all Bodies con- 
tradted by Cold 266. Always in a 
pretty rapid Motion 257. M ixes it
fe if with almoft all Fluids and other 
Bodies 247. Separated from W ater 
by boiling 301. Agitated with a vaft 
force excites heat 112 . Compreiles 
Bodies fo much more as they are 
nearer to the center o f  the Earih 254. 
T h e  occafion that fcarcely any body 
is ever at reft 3 16. W hence it often 
becomes poifonous 287. Alw ays ca
pable o f  rarefadion 262, M ixes with 
more difficulty with Liquors than any 
other known Fluid 295. W arm , its 
furprizing effeds 163. H o w  cool it 
muft be for a Perfon to live in i i5 .  
Gives Fire often a furprizing power 
236. Its effed, as fluid and heavy 
together 255. Its Elafticity augment
ed by H eat 255. Its Properties, as 
elaftic 294. L aw  o f  its Elafticity 260. 
Its G ravity 252. A  fmall portion 
equal to the whole 264. Finenefs of 
its parts 250. Lubricity o f  them 251. 
A ttrad ion  o f  them ibid. Contains 
native Spirics o f  Vegetables 282. 
T heir fermented Spirits 283, Their 
Spirits produced by Fire ibid. 
'J’heir Oils ibid. T heir Salts 284. 
T heir Earth ibid. Intire parts o f  V e 
getables/¿/W. Spirits o f Animals 285. 
T h eir Excrements ibid. N early all 
their parts ibid. Their E ggs ibid. 
Foffils z86. Saits fèz J. Sulphurs 
Metals ibid. W eight o f  its elaftic 
part 292. Separated from W ater bjr 
Froft 322. O ut o f  a hot animal L i 
quor 303. Its quantity in W ater 
greater than the W ater itfeif 306.

Alcaheft 489.

Alchem y 9. Authors lOj 17. F irft Pro. 
feffor Paracelfus 13. Affifted by Che
miftry 72.

Alcohol extinguiihes Flame i 85. Feeds 
Flame 187. Produces the pureft 
Flame 188. Burnt, yields a watery 
Vapour 189. Its Vapour when boil
ing takes fire 192. Burnt, with W a
ter ip 5 . W ich Cam phire W ith 
O il 196. W ith  the Offa Helmontiana 
197. W ith  Earth 198. W ith  all 
the four preceding ibid. T h e  one 
pure inflammable Body 199. W hen 
alone feeds flame ibid. W hen burnt, 
produces no Smoke 200. N o  Aihes 
ibid. N o  difagreeable Smell ibid. 
Tenacious o f  W ater ibid. Produced 
only from Vegetables 201. Com 
pounded ibid. Refembles Fire ibid. 
W^hat effed would it have upon Fire, 
was it abfolutely without W ater? 202. 
Produces a weak Flame 204. Does 
it caufe an effervefcence with Fire, and 
fo excite Flam e? 201. Is it a magnet 
to Yire} ibid. Boils in 1 7 5 degrees o f 
heat 429, Confidered as a Menfiruum 
436. M ay be united with a fixed 
A lcali 457. W hat Bodies it diffolves 
ibid. Don’ t evaporate from red-hol 
Iron 153.

Alem bic PI. X V .
^Alum 29. Acid Salt 66.
^ m algam a like the fineft Silver 403.
Am ber 31.
Animals examined 40. W hat degree o f  

H eat in thofe that have Lungs 242. 
Perform their viral adions within the 
33d and 94th degree o f  Heat ibid. 
Analogy betwixt them and Plants 4 1, 
375. Don’ t putrify in Vacuo 316. 
Receive their firmnefs from Earth 383. 
T h a t eat no Sea-falt, have no fixed 
Salt in their Urine, or acid in their 
Blood 43. Inftances o f  fome fuffocat- 
ed by Heat 163. W hat parts in the 
A ir  285. W hac parts yield a Pabu
lum to Fire 208.

Antimony



I  N  D
Antim ony 35, Butter not diiToluble in 

W ater 338, Increafes in weighc by 
Fire 137.

Areometers, fiow fallacious 102.
Arfenic, different forts 30.
Aihes o f Vegetables examined 178. Some 

not fait 17 1 . Pot 443.
Aftay Chemiftry firit cultivated thete 5.
Atmofphere, its effe£t upon Fire 205. T h e 

nearer the Earth the hotter 104. 
W hence varies fo much 279. H ow  
affedts ebullition 104. Difference be
twixc its greateft and leaft gravity 
253. E ffeds o f  its preiTure 254. A l

ways to be regarded in defcribing a 
Chemical Operation 3 17.

Natural Philofophy go. Its ufe In 
Phyfick 52. In the mechanical Arts 
56. Ics Initruments 96.

Cbrijiian Greeks, the chief alchemiftical 
authors 7.

Chryftallization, what 333, On whac de
pends ibid.

Chalybeate Waters alcalefcent 351.
Chyle naturally contains A ir  308.
Charcoal fends forth an invifible Fume fa

tal to all Animals 177. Can’ t be re
duced to Afhes in a clofe Veffel 171. 
exartiined 178. Combuftibility de
pends on its O il 177.

Cinnabar native 25.
Clyffus, what 49,

B Clouds 274.
Barofcopical T u be fhook with M ercury Cookery affifted by Chemiftry 70.

produces L ig h t 1 1 1 . Cold abfolute not known 9 1. Greateft
Bell ftruck runs into Elhpfes 1 17 . natural obferved 97. Artificial l o i .
Bile coagulated by Alcohol 20 1. V ery Fluids, and hot mixed, the E ffed  160.

greedy o f  W ater 422. Greaceft on the tops o f  Mountains 104.
Bitumen 3 1. A s a Pabulum o f  Fire 210. Colours capital, how may be examined with 
Bifmuth 34. regard to cheir power o f  exciting Heat
Bodies all naturally equally hot i 65. Black 132.

grow  hotteft wich the fame Fire 13 1. Copper, its charader 24.
W hite refled Fire powerfully ¿¿iii. Corals calcined increafe in weight 237. 

Boles 35, 385, yield a tindure to W ax 487.
Bones grow  fofc in Acids not in A lcali’ s Cotyledons o f  Plants abound with balfam

425. A n  extraordinary experimenc 
upon calcin’d ones 344.

Brafs rufts wich Rain-water 340, Melted, 
its effeds upon cold W ater 173. 

Brewing 72.
Bubbles, how formed in Liquids 305. 

Fulminating 302.

Careaffes o f  dead Animals difperfe almoft 
all their Elements into the A ir  285. 

Camphire a moft perfed fimple Refin ig8. 
H ow  burns ibid. Diifoluble in A lco 
hol and Oils 1 86.

Chemiftry, the name very ancient 4. M e
dicinal, its origin 9. Defined 19. 
O b jed s o f  it ibid. A d ion s o f  it 44. 
D on’ c refolve Bodies into their proper 
conftituent parts 46. Its fervice in

38.
Cupels, o f  what made 377.

D
Dew 273. Analyfis, why fo difi^erent iW . 
Diamonds condenfed by Cold 90.
Dogs, how they fo nicely diftinguiih A ni

mals 285.
Duumvirate o f Motion in Fire and A ir  293. 
D yin g, art o f  it afllfted by Chemiftry 5§. 

E
Earch defined 364. P erfed by diftillation

365. From  the Aihes o f  Vegetables
366. From Smoke and Soot 367. 
In fixed alcaline Salts 3^9. In putri
fied Animals 373. A nd theirdiftilled 
humours ibid. Separated from Vege
tables by Putrefadion 376. N ot by 
Fermentation ibid. From  Animals b y

Y  y  y 2 Com«



Combuftion 377. From Salts by So
lution ¿¿iV. Diftillation 378. In ful
phureous Liquids 379. Is there any in 
Metals? 380. Scarcely in M ercury 
ibid. O r other Metals 381. Yields 
a firm Bafis to Bodies, and unites their 
other principles 383. Hinders Salts 
from melting 384. Fixed in the 
ftrongeft Fire 365. Fixes Bodies na
turally too volatile 383. Exceeded 
by  no Body in Simplicity 365. Being 
mixed with Salts and Oils, is eafily 
rendered volatile 368. Serves to pu
rify  vegetable and animal Salts 384. 
the pureft combined with another 
principle, diflbluble in Water 370. 
T h a t produced from Metals han’ t the 
true M arks o f  Earth 380. W hac 
called V irgin Earth 365. Addition 
o f  ic very neceffary in many chemi
cal Operations 384. W hat fore fit for 
T efts 367. U fe  in produdion o f 
Phofphorus 385.

Ebullition gives Liquors their greateft 
heat 103. In different Liquors fur- 
prizing 105.

Egyptians cultivated M etallurgicChem i- 
ftry 6.

E g g , Y o lk  and W hite wonderful Solvents 
485.

E lix ir, what 50.
Enamelling 56.
Experiments, why ofcen fucceed in oneplacc 

buc not in another 290.
E x tra d , what 49.

F
Fahrenheit^ a furprizing experiment o f  his 

in the produdion o f Cold 98.
Fermentation won’ t produce W ine without 

the admiflion o f  A ir  283. Don’ c fe
parate the Earch o f  Vegecables 376. 
promotes the acidity o f their Salts 
ibid. Changes one fort o f  their Oils 
into a volatile Alcali ihid.

Fire-place and Chimney withouc Smoke 
179.

Fire ratifies all Bodies 84. Does it melt 
them into their Elements? 88. Alone 
perfedly  unites Metals 89. Don’c

abfolutely expel A ir  from any place
95. T h e  greateft natural in the A ir
96. F irft manner o f  producing it 
107. Where leaft 1 10. Purefcarce- 
]y difcernable ï i i .  Pure o f  the A l 
chemifts 112 . And Hebrews ibid. 
Excited by the attrition o f  M etal 
againft the fofteft Fluid ihid. Alw ays 
prefent in every place 113. In every 
Body ibid. Its quantity, as the fpa
ces it is diffufed through ibid. A l
ways in motion 114. Don’ t pene
trate the fubftance o f  Bodies  ̂ 115 . 
W here greateft 119 . W h y quits a 
rare Body fooner than a denfe one
l i O .  Excited by the vibration o f 
claftic Bodies 121. N ot really gene
rated by this means 122.' Its proper 
tendency 123. Computation of its 
force and quantity 124. Determined 
by the Sun into a Parallelifm 125, 
Scarcely refleded by black Bodies 131. 
Powerfully b y  whice and yellow ibid, 
Noc increafed by any o f  che heavenly 
Bodies, buc the Sun 1 37. E ffe d  don’c 
depend intirely upon its quantity 142. 
Catoptrical 134. Dioptrical 145, 
E ffe d  o f the greateft 147. Perhaps 
not emitted by the Sun 150. T he 
greateft phyfically produced 151, 
United with Bodies, without any ad
dition o f  W eight 154. Caufes o f  its 
continuance in Bodies 156. W h y e x - 
tinguiflied by W ater 157. Diftribut
ed through Bodies, in proportion to 
their bulk 160. A n  examination o f 
its Pabulum in the vegetable kingdom 
168. Produced by the putrefadion 
o fV e g e ta b le s  182. H ow  fupported 
hy Pabulum iZ S ‘ Extinguiflied by 
A lcohol 186. Fed by it 187. Some
what refembles Alcohol 201. H ow  
affeded by incombuftible macter 204. 
Whence increafed 205. Common ex
plained ihid. Noc generated from 
its Pabulum 207. Its Pabulum in the 
animal Kingdom 208. In the vegeta
ble one ibid» A rifin g from the m ix

ture



I  N  D  E  X .

ture o f  vegetable Subftances 214. 
From  the mixture o f  animal and 
vegetable Subftances 220. From che 
m ixtureof foifil Subftances22i. From 
a cold Body, by the accefs of the A ir  
222. From cold Foffils by the help 
o f  W ater 22y. From  cold Liquors 
22(S. Corporeal ih\à. A s  extended 
ïhïà. A s ic is moveable 227. As ic 
refifts Body Ics Corpufcles the 
leail we know o f 228. V aftly  folid 
230. Smooth 231. Simple 96. A l
ways in motion 233. D o noc gene
rate Fire 234. O r are generated ihtd. 
N oc a univerfal Solvenc 2^7. Don’c 
divide Bodies into their conftituent 
parts ïhïà. N or diffolves all ibid. 
N or divides Bodies into their fimple 
Elements 238. .Compounds Bodies 
239. A i ls  differently wich regard to 
A ir  Ibid, Chemical, its various de
grees 241. Its aftion in che upper 
regions, perhaps fcarcely any ching 
119 . Its ultimate known aftion v i
trification 243. When alone, can fol
low  the fwifceft motions o f the folid
eft Bodies, and fo be colleded 122. 
T h e  law o f  che decreafe o f  its power 
differenc, from chac o f  corporeal qua
lities 244. Perhaps noc heavy 119. 
Perhaps don’ c appear as Fire, without 
the concurrence o f fome folid Body
I I I .  T h e  fame quanticy in Gold as 
in Vacuo 79. Relaxes and weakens 
Bodies 90. N o  magnec to it 113 . 
T h e  pureft 235. W hac happens to 
it, whilft with combuftible matter ic 
excites Flame 190.

Flame two-fold 204. W eakeil from the 
pureft Pabulum 202.

Foifils defined 19. In che A ir  286.
Foifil Glebes expofed to the A ir  furpriz

ingly altered 289. Coal 3 1, 209.
Focus o f  Vilet*s Speculum, and ^fchirnhau- 

Jen Convex-Glaifes united produce the 
greateft known heat 151.

Freezing point noc eafy to determine 98.
Froft congeals the watery parts o f Liquids, 

and unites the fpirituous 418,

Furnaces 508.
G.

Gas Sylvejire o f  Helmont 313.
Gems nacural 32. Artificial 59.
Glafs, arc o f it aififted by Chemiftry 58. 

H ow  made 457. A rt o f  ftaining ic 
55. Some more expanded by thc 
fame Heac than other 87.

Gold, its marks'34. How converted into 
a red O il, and rendered volatile 288. 
A  great deal in the A ir  ibid. C on
tains no Earth 389. Compounded o f  
Mercury and Sulphur 382. Diffolved 
by noSalt butSea-falt486. By M er
cury ihid. By rubbing with W ater 
340. By fimple attrition ibid.

Granulation, what 351.
Gums 183.
Gunpowder difcovered by Friar Bacon 63, 

Fired at the bottom o f  the Sea 24Î). 
Takes Fire fo foon from ics blacknefs
130.

H .
H ail 27S.
Heac o f  boiling W ater greater as it is com- 

preifed by a heavier Acmofphere 104. 
T h e  intenfeft how inftantly produced 
109. Suppofed to expand Liquors, 
not equably, buc fer jaltus 168. In 
Bodies always from elementary Fire 
235. Increafes the deeper you dig 
279. Increafing in one place, caufes. 
a greater Cold in others 24<i. W here 
greateft in the human Body 162. R e
tained longer by Bodies, as they are 
denfer, larger, and nearer to a fpheri
cal figure 165. Natural o f the A ir  
p6. From the mixture o f  vegetable 
Subftances 214. O f  animal and ve
getable Subftances 220. O f  foifil Bo
dies 221.

Helmont., his Life 15.
Houfes ftrong tumble withoutany apparent 

caufe 89. Green how to build 128.
I.

Ice, vail quantity produced in a cave in 
France 245. Rarer than W ater, firft 
obferved by Galileo From  W a

ter



ter deprived o f A ir 360. T h at would 
not fwim upon W ater ibid. H ow  
Breaks Vefiels ibid. T h e  moft per
fe d  361. A  kind o f  Glafs 356.

jew s Pitch ibid.
infeds all proceed from male and female

285.
Iron, its marks 25. W hence fo fuitable 

to the human body 383. Contains 
fomewhat approaching to the nature 
o f  Earch 381. H ow  rendered hardeft 

159*
L

Lapis Lazuli 35. Hsmatitis ibid»
L ak e in Scotland, furprizing property 246.
Lead, its marks 23. Carries all Metals 

through the T eft but Gold and Silver
367. Changes Spirit o f  Vinegar inco 
an oily liquid 472.

L ig h t, variety o f  it 232.
Loadftone 25.
Lutes chemical 507.

M .
M agic natural 63.
M agiftery what 50.
Menßruums defined 386. Property o f  them 

387. Divifion o f  them ibid. 397. 
A d io n  o f  them 390, 393. Affifted 
by Fire 392. Examples o f  the vari
ous forts 398. Caufes ofSolution con
curring in them 402. Aqueous 4 17. 
O ily  427. Spirituous 436. Simple 
faline 438. Alcalious 440. Acid 462. 
O f  neutral Saks 472. Compound faline 
477. Univerlal, or Alcaheft 48p.

Melenteria, what 34.
M ercury, ics Charader 22. Rarity in 

boiling W ater 106. In W inter feels 
colder than in Summer, though not 
really fo 1 13. Contains no Earth 3 80. 
Greatly condenfes by cold l o i .  N ot 
affeded by A lca li’s 460.

M etals, their marks 20. When corroded 
by their proper Solvents diifoluble in 
W ater 422. In th eA ir 287. T ranf
mutation, on what principles 26.

M etallurgy 60.

Meteors 138, 142.'
M ify , what 34.
M otion feems to decreafe, the higher you 

afcend from the furface o f  the Earth
112.

M oon’s rays colleded produce no heat 136.
M yrrh wonderfully diflblved by the white 

o f  an E g g  485.
N .

Naphtha 31. A s  Pabulum o f  F ite 209,’ 
T o o k  fire by a Candle placed wich
in a Lanthorn 246.

O .
Ochre 25.
O il confidered as a Menßruum 427. O f  

Linfeed never freezes 428. Admits 
600 degrees o fH eat before it boil 429. 
Before it boils melts Lead 432. Con
tains W ater 433* A n  A cid  434, 
Ofcen a volatile Alcali 435. A  Spiri
tus ReUor ibid. EflTencial o f  Plants 
48.

Ormus Ißand vaftly hot 128.
Orpiment 30.

Pabulum o f  Fire 168, In Vegetables 1 7 a  
H ow  it feeds Fire 185. T h e  heavieft 
produces the ftrongeft Fire 203. Does 
not become Fire 207. In Animals 
208. In Fofliis ibid.

Paracelfus^ H iftory o f him.
Pendulums grow ihorter about the Poles, 

longer near the Equator 8p. Meet 
wich the fame Refiftance in hot and 
cold W ater 324.

Petroleum 3 1. Pabulum o i  F ire 20p.
Philofopher’s Stone 76.
Phofphorus 222.
Poliihed Bodies, how to preferve them 

434-
R .

Rain 275.
Refrigeration caufe threefold 1^9.
Rivers 276.
R ivulet that never froze 246.

S.
Salts, quantity o f  W ater neceffary to dif

folve them 335. M etallic all noc
Salts,



dîlToluble In W ater 337. Ufed to pu
rify W ater 350. Contain Earth 379. 
Experiments abouc diiTolving them 

. 416 . Phœnomena thence arifing 420. 
Confidered zs Menjirtiums Defined
439. A kaline fixed, their marks
440. W h y  called urinous ibid. Their 
O r ig ia 4 4 i. W ell known tothe A n 
cients ibid. Prepared only by Fire 
442. Periih again ¿¿zV, Noc naturally 
in Plants ibid. From Poc-AÎhes 443. 
From  the Lees o f  W ine 44 -̂. By 
diftillation 446. From  Nicre ibid. 
From Tartar and Nitre 447. From 
Antim ony ihid. Their Vertues 448. 
Confift o f  three parts 443. A ttra d  
W ater 448. Perhaps A ir  450. A U  
cohot ibid. Oils 451. Acids 452. 
Varioufiy 4^4. Produce Glafs 457. 
Difference o f  them 459. Incerared 
460. Lim its o f them ihid. Volatile 
462. A cid  465. W hich called neu
tral 472. Sea, Founcain, Sal Gem, 
27. AcidSpiric468. h%^Menflru-  
um Sal-Am m oniac 28. A s a 
Menjiruum 472. Nicre 28. Acid 
Spirit 468-. A s a Menfiruum 475. 
Borax 28. A s  a Menfiruum 477. 
A lum  28. A cid  Spiric ¿f66.

S.ind common not Earth 385. W ich an 
A lca li makes Glafs 457.

Semi-metals 33.
Silver, marks o f  it 24. Contains no Earth 

381. Confifts o f  M ercury fixed by a 
Sulphur 383. H ow  rendered volacile 
288.

Smoke examined 178.
Snow 277.
Soot, its analyfis 180.
Sory, whac 34.
Speculum, the moft powerful yet made 134.

o f Vegetables 38. O f  Com
pound Bodies 47. O f  Metals 49. 

Spirits, an ambiguous term 438. Native 
o f  Plants 38. Animals 42. O f  Planes 
in che A ir  282. Fermented o f Plants 
in the A ir  283. O f Nitre congealed 
by an artificial Cold 100. Native o f 
Vegecables won’t burn 173. O f  Plants

inflammable by putrefadion 182. By 
Fermencacion 181. A cid  4(56.

Springs 275.
Sulphur 29. Pabulum o f  Fire 209. In 

che A ir  287. Contains Water 342. 
W hen united with an Alcali, diflblu
ble in W ater 42.5, A  hundred times 
fublimed, ftill remains Sulphur 240. 
W hac efFed upon Iron 225. Acid 
Spiric 4<s6.

Sun determines Fire in parallel lines, and 
perhaps does not emic Heac 150.

T .
Tarcar, how formed 463. DiiTolved wich 

difficulty in W ater 420,
Teeth hurt by ftrong Acids, not by mild 

A lcali’s 125.
T in , charader o f  it 15.
Thermometer o f  Drehhelius O f  'Fah'̂  

renheit-, PI. V . VI.
Thunder and Lightning 278.
Tfihirnhaufin'% famous Convex 144. Eifeds

Vegetables examined in their natural ftate 
36. Burnt examined 172, Putrified 
produce fomewhat inflammable 182. 
W hac parts -of them in the A ir  282. 
Volatile, acrid, alcaline, fcarce any 
Sale in their Aihes 17. Acid yield a 
great deal ihid. A nalogy betwixc 
them and Animals 41. 371.

VeiTels Chemical 500.
Vilely his famous Speculum 134.
Vinegar, the ftrongeft but rpth part Acid 

-219. Experiments upon it with other 
Liquors with regard to the produdion 
o f  Heat ihid. M ay caufe Heat with 
our Oils ihid. Power o f cooling don’ t 
depend upon any natural Cold in it 
217. Produced from W ine in three 
days thac was faftened in a Bottle to 
the Sail o f  a Windmill 46p. Grew 
infipid, and acquired an aromatic 
Smell by being kepc in a glafs herme
tically fealed 470. Ics Spiric by cor
roding Lead becomes oily 472. Its 
Spirit, how procured m oil perfed.

So



So excellent a Menßruum, that all 
other Menßruums have hence been 
called Vinegars.

Vitriols 33. Acid Salt46<î.
Vitrification the ukim ateeffeiftof Fire 145.
Vulcano'% one poiTible caufe o f them 433.
U rine freih mixed with various Liquors in 

order to difcover the Heat produced 
200. Putrified likewife ¿Hi/. N ot na
turally alcalious 42. Grows fo by pu
trefadion ibid» Surprizing property 
in Vacuo 302. Grown thick with cold, 
becomes clear again w ichheat4i9.

W .
W a r, A r t  o f  it 62.
W ater defined 3 19. Alw ays contains Fire 

ibid. Rendered impure by the A ir  and 
its contents ibid. Proper weight difîiculc 
tofind320. W e l l3 2 1.. Fluidity 322. 
Depending folely on Fire 323. W hen, 
once fluid, its fluidity not to be in
creafed 324. Its Elements fm allf3>iW. 
Lefs perhaps than thofe o f A ir  325. 
V ery  penetrating By Cold alone 
become lefs 327. Alw ays in Mocion 
328. Immutable Its Elemencs 
not flexible 329. N ot compreiTible 
ibid. Exceeding fimple 330. M ild 
ibid. Anodynibid. Diifolving power 
ibid. Upon fimple Salts 332. Upon 
compound Salts 334. U pon vegeta
ble and animal ones ibid. Quantity ne- 
ceffary to dilute Salts 335. Don’ c 
diifolve all mecallic Salts 337. Dif
folves Alcohol 338. W ith Salcdon’ c 
ibid. A ttrads Alcohol, and depofites 
Salt ibid. Diifolves the A lcohol ouc 
o f  O il, Refins and Camphire 339. 
Difiblves S o a p s A i r  340. Other 
Bodies firit prepared ibid. Increafes 
the weight and bulk o f  Bodies 3 4 1., 
Becomes concreted u'ich faline Bodies 
342. W ith  Sulphurs ibid. W ich Earthy 
Bodies 343. W ich che folid parrs o f 
Anim als 343. W ich OWiibid. W ith 
Alcohol ibid. Does noc produce every 
thing 345. Repulfive force, with re
gard to fome Liquids 346. AndSolids 
ibid. Rain various 347. Snow pureft

o fa ll3 4 S . Spring 351. River 353. 
Pond 344. Vehicle o f  Aliments in 
Anim als 35*6. H o t, its Vapours 
ad ive  360. Heavier than Ice 359. 
Contains fomething fubtler than Air
361. W onderfully concealed where 
there is moil o f  ic ibid. A  wave 
3 62. Can it be converted into Earth ?
362. Methods o f  ' examining its 
purity 3 4 f. H ow  much heavier 
than A ir  321. M akes the greateft 
part o f the animal Fluids 42, W hy 
keeps T in  from melting 158. W hen it 
boils, diifolves as much Saltas ever it 
w ill 416. M ixed with Alcohol, grows 
hoc 215. W ith  Spirit o f W ine grows 
hot 214. N o t changed by time 361. 
In great quanticy in the A ir  relaxes 
Bodies very fuddenly and powerfully 
282. T h e  higher ic is, the fooner it 
freezes 277. Salt, how much exhales 
in 24 hours 323. Thames, and other 
ftink andgrow fw eet again 353. Wich 
Thunder differenc from other 347. 
Rain in different feafons o f  the Year 
different ibid. M ay increafe the 
ftrengch o fF ire  173. Exhaling from 
the Mediterranean 269. Its natural 
ftace Ice 356. Petrifying §52. Con
fidered as 3, Menftruum 41 S' Experi
ments upon ics diifolving o f  Salts 416. 
Ph<znomena\n its folution o f chem 4i7. 
W hat Bodies it dififolves in all degrees 
ofH eaC42o. Diifolvesearchy Bodies, 
corroded by Acids 424. Noc by A l
cali’s ibid. Boils in 213 degrees of 
H eat 429.

W a x  not diffoluble m Aqua Fortis E x
trads a tindure from Coral 487. Sur- 
prizingly altered by diftillation, with
out any feparation o f  its parts fO.

W ine, method o f  making ic 71.
W ind don’ t cool a Thermometer 116. 

H ow  much the fwifceft moves in a fe
cond 1 12. Greac fervice o f  it 323,

W orld, Prophefy o f  ics being turned to 
Glafs 243. Caufes o f  its fpheroidal 
figure 9 1, 102.
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