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P R E F A C E .

I H a p p e n e d  to be converiing, a few  
months ago, -with a foreign gentleman 

o f  diftinguiflied knowledge and abilities, 
on a circumftance which is obferved by 
every foreigner, who is capable o f  making 
obfervations, and o f  which every native, 
whofe information extends beyond the 
produdlions o f  his own country and one 
or two among the fwarm o f  Pariiian jour
nals, muft be fufFiciently feniible : 1 mean, 
on the very flow and imperfedt manner 
in wliich the improvements o f  literature 
and fcience, that are made in feveral coun
tries abroad, become generally known in 
England ; and to the accidental occur
rence o f  this fubjedt, the prefent publica-
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tion entirely owes its rife. T h e train o f  
inch a converfation would naturally lead 
us to recoiled: many names, among the 
philofophers o f  Germany and Sweden in 
particular, o f  whom it may be faid, almoil 
in the ilrid: acceptation o f  the terms,

J'f xAfO? o7ov ¿Kso(ji.tv, ti ’liaiv'
with whofe contributions to the fum o f  
human knowledge, the Authors and Pro- 
feilbrs o f  Britain, how confident foever 
o f  their own fuperiority, might find it 
no difadvantage to be better acquainted 
than they in general appear to be.

In a review o f  this kind, it was im- 
poUible to leave, unnoticed, the merits 
o f  that original genius, whofe eflays are 
colledled into this volume, and concern
ing whom it was well obferved to me by a 
near relation o f  Bergmann, that thegreateji 
^ B e r g m a n n ’s  difcoverics was the difcovery 

^ScHEELE. It was not long before Ilearn- 
ed, during a continuance o f  our conver
fation, that my friend had, lying among 
his papers, moil o f  the following eflays, 
which he had been induced to tranflate,

at



at clifFerent periods, in confequence o f  
the folicitations o f  different perfons, who 
were eager to obtain fuller information 
concerning them than could be had from 
any Engliih book. I was no fooner appri- 
fed o f  this treafure, than I became deii- 
rous o f  laying it open to public accefs; 
and accordingly offered, when he heiita- 
ted, becaufe the tranllation was, for the 
moft part, written when his acquaintance 
with our language was very im peffed, 
and muil therefore be altogether unfit 
for the prefs, to revife and correct it as 
well as circumftances would permit. And 
m performing this taik of minute dili
gence, I have not contented m yfelf with 
a bare perufal o f  the manufcript, but 
have almoft conftantly compared it with 
two German tranilations, one by Profef- 
for K a e s t n e r  o f  Gottingen, which is by 
no means free from inaccuracies and mif- 
takes, and the other by Dr C r e l l  or 
fome o f  his coadjutors, which, though, for 
the fake o f  brevity, fome parts o f  'diffe
rent papers are omitted, and others a- 
bridged, I have found very exactly to 
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convey the author’s fenfe. Hence, al
though the moft carelefs reader o f  the 
follow ing pages will undoubtedly be of
fended with many harih conftrudlions, 
and many phrafes o f  foreign growth, yet 
I hope with fome confidence, that few 
obfcure paflages w ill occur, and ilill few 
er in which the meaning o f  the original 
has been mifreprefented. The aids which 
I have juft mentioned, have enabled me 
to exhibit a faithful tranilation; but in 
order to have flood any chance for 
attaining corrednefs o f  language, I 
muft have tranfcribed the whole manu- 
fcript, a labour to which I would never 
have fubmitted, even i f  the various en
gagements which occupied m y time had 
not rendered it impoiiible.

I have juil alluded to the Swedifh ef- 
fays, as the original; but the truth is, 
as I have been credibly informed, and it 
is a curious circumilance, that M r Scheele 
trarffaits his communications to the 
Stockholm Academy o f  Sciences, not in 
Swedilh, but in German, his native lan

guage.



guage, from which they are tranllated 
by fome Member, in order to be inferted 
in the Tranfadions. This m ay perhaps 
account for the obfcurity o f  one or two 
pailages o f  no great moment, which I am 
obliged to leave as I found them, not be
ing able to clear them up by the help ei
ther o f  the German or the French tranf- 
iation, as it occurs in the Journal de Phy~ 

ftque, Thefe paflages, which are, I 
think, not above two in number, I in
tended to point out to the reader \ but I 
negled:ed to note them, and cannot now 
difcover them.

I have, moreover, made fome additions, 
fuch as the papers o f  M r Wiegleb and 
M r M eyer, together w ith  thofe both o f  the 
author and o f  D r  Crell, which occur at the 
end o f  the volume, and are chiefly taken 
from the mofl: excellent o f  modern jour
nals. Other fources, too, would perhaps 
have afforded other additions to the au
thor’s difcoveries and corredlions o f  his 
opinions; but having fo lately annexed 
to B e r g m a n n ’s  D i s s e r t a t i o n  o n  E-
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L E C T i V E  A t t r a c t i o n s , much o f  what: 
it would have been proper to obferve con
cerning M r Scheele’s experiments and 
deductions, as far as I am acquainted 
with it, I chufe rather to refer to that 
publication, than repeat the fame things 
in the prefent. I know not whether it 
can now be neceflary to put any reader 
on his guard agalnil the notions concern
ing the compofition o f  h e a t  which run 
through moil o f  the eiTays, and are em
ployed to explain the phsenomena o f  phlo- 
giftic proceiTes, as they have been deno
minated— phasnomena, perpetually recur
ring in the operations o f  chemiilry. Y et 
erroneous as this theory certainly is, it 
required for its formation no common 
talents j it is among the moil ilriking 
proofs o f  a genius for difcovery, and im
plies nothing lefs than accuracy o f  ob- 
fervation, and equal fagacity and bold- 
nefs in deducing conclufions. T h e ne- 
ceifity o f  feme body, which ihould fup- 
ply both pure air andphlogiilon, had ne
ver been fo clearly ilated, nor had this 
principle been applied in a fyilem atical

manner.



manner, to account for the appearances-; 
The reader needs only to iubilitute w a 

t e r  for H E A T ,  and all w ill be conform
able to the moil accurate experiments 
with which we are even yet acquainted. 
Had the author but fortunately fixed up
on another element, as it was fuppofed to 
be, his view o f  chemiftry would perhaps 
have been as juft as it was extenfive. But 
what analogy led to this ? and who, with
out the moil dired: experiments, would 
have allowed him felf to imagine, that 
water was more nearly allied to phlogi- 
ilon than heat ? I know indeed, that 
this great difcovery, confirmed as it has 
been by feveral philofophers*, countenan
ced by all the phsenomena which appear 
in the leail connected with it, and, with 
a fate very different from that o f  moft o f 
the great advances in fcience, feeming at 
once likely to meet with univerfal recep
tion, without cavil or contradiction, has 
been lately called in queftion. But i f

the

• *  W a t t ,  P r i e s t l y ,  L a v o i s i e r ,  e v e n  M r  K i r -  

w a n ,  w h ile  he  maintains an hypothefis  iee m in g ly  quite 

inconfillent w ith  i t ,  feen is to  admit it.



the account o f  M r Fontana’s experi
ments, which has lately been given in a 
French Journal {Journ. de Phyf, Septem  ̂
hre 1785) be not exceedingly defeitive, 
it is certain that they do not in the fmal- 
leil degree tend to invalidate the conclu- 
iions o f  M r Cavendiih. T h ey only ihew, 
that M r Lavoifier has formed ibme opi
nions with too much precipitancy.

T h e printer’s mark iufficiently intimates 
the deiign o f  continuing-this collection. 
A t prefent, there are but few materials fo r 
a fécond volume. The continuation o f  
the experiments on Fruifian blue, and 
a few other papers o f  very recent date, be
ing, I believe, all that the author has 
publiihed, except the contents o f  this vo
lume, and the 'Treatife on A ir and Fire,
I can only therefore promife to gratify 
the impatience o f  the public as foon as 
poiîîble, and ihall be willing to publiih 
the fécond volume in three or four diffe
rent parts, o f  which the firil ihall appear, 
as foon as the author him felf ihall have 
fupplied materials for a few  iheets.

The



T h e eiTays o f  M r Scheele have been 
lately publifhed in France, with notes by 
M r Morveau; but as I have not hitherto 
been able to procure that tranilation, I 
could not borrow any aififtance from it ;  
but whatever it contains, more than the 
prefent, o f  ufeful or curious matter, fhall 
be added in the fécond volume.

T H O M A S  B E D D O E S .

E d i n b u r g h ,  Feb. 12 .  

1786.

P . S. Having fortunately procured the 
fécond part o f  the paper on Pruiîîan 
blue iince this preface went to the prefs, 
I have fubjoined it at the end o f  the pre
fent volume, that the reader might not 
be left in a difagreeable ftate o f  fufpenfe 
by the half-finiihed difcuiîîon o f  fo in- 
tereiling a fubjeCt.
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C H E M I C A L  E S S A Y S .

E S S A Y  I,
N.

O n  F l o o r  M i n e r a l ,  a n d  i t s  AeiD,- 
1 7 7 1 .

F
§ i,

^ L U O R  mineral is a kind o f ftone, 
efpecially remarkable on account o f 

the beautiful phofphoric light which it 
yields in, a dark place, when it has been 
heated. But its conftituent .parts are as 
yet little known. In order to difcover 
them, I made feveral experiments with 
this fubftance. I made ufe o f two fores, 
one o f a green colour, found at Garpen- 
berg, and a white fpecies from G iilof in 
Scania.

§  I I .

It is well known, that fluor mine
ral, after having been once thoroughly 
heated, lofes its power of becoming phof
phoric for ever after. In order to find 
out whether it thus lofes any o f its con- 
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ilituent parts, I expofed three ounces in 
a covered crucible to a ftrong fire, fo that 
it was thoroughly heated. It decrepitated, 
as foon as it grew red hot, with a loud 
noife, very like common fait. I took it 
out o f the furnace, and found, after it 
was cooled, that it had loft hardly any o f 
its weight, and that it appeared in eve
ry  refpedl like iluor mineral which had 
not been burnt, only that it, jjiy Neither 
ibowed any llgns o f decrepitation nor phof- 
phorefcence, on being heated anew ; 2dlyy 
That it was more friable than before ; and
2,dly, That the green fort had become red- 
diih, and the white had loft its tranfpa- 
rency.

§ ni.

I put a piece o f fluor heated to phof- 
phorefcence, into cold w ater: It imme
diately loft a great part o f its light, re
taining, however, fome glimmering for 
very near an hour. The fame thing hap
pened when it was put into acids, inftead 
o f  water ; but the folution o f iluor in 
acids, though made by boiling, ihewed 
no kind o f phofphorefcence. A  piece of 
iluor, in its luminous ftate, fufpended by 
means o f a brafs wire in the vacuum of 
an air-pump, continued to emit light for 
about an hour, but it was faint during 
the laft half hour»



§  I V .

The following experiments were made, 
in order to find whether the property 
o f becoming phofphoric could be reilo- 
red to the iluor, after it had been once 
iofl.

Fluor mineral that had been thoroughly 
heated, was ilratified with powder of 
charcoal in a crucible, which, after being 
well clofed, was kept hoc for two hours. 
It was then taken out o f the fire, cooled 
and heated again, but no light appeared. 
Burnt iluor was expofed to the iuniliine 
for a whole day, and afterwards heated, 
with as little fuccefs. I therefore con
clude, that its phofphorefcence does not 
depend upon a fubtile inflammable mat
ter.

§  V ,  'EffeBs o f Adds on Fluo}\

I poured two ounces o f concentrated 
vitriolic acid upon the fame quantity o f 
fiuor, which had been previoufly powder
ed in a glafs mortar, and then put into a 
retort, to which a receiver was adapted, 
an:d the jundlvire well clofed with gray 
blotting paper: A  gentle fire was then ap
plied ; the mafs began immediately to ef- 
fervefce and fw e ll; invifible vapours pe
netrated every where through the joining 
o f  the ■ vefTels ; and, towards the end o f
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the procefs, white vapours rofe, and form
ed a white matter on the whole internal 
furface o f the receiver. The lute was fo 
much corroded as to be quite friable be
tween the fingers, but its colour was un
changed. The mafs remaining in the re
tort was as hard as ilone, and could not 
be taken out without breaking the veiTel.

§  V I .

The procefs (v.) was repeated exa(5lly 
in the farrie manner, excepting only, that 
a quantity o f diililled water was put into 
the receiver'before the operation. When 
the mafs began to grow warm, and to 
fwell, a vapour rofe, which was conden- 
fed upon the furface o f the water in the 
receiver, and formed ju il in the centre 
o f it, immediately under the mouth o f 
the retort, a white round fpot; This fpot 
continually increafed, till it at laft oc
cupied the whole furface o f the water, 
forming a pretty thick cruft, which pre
vented the communication of the water 
with the new vapours'that came over; I 
therefore gently agitated the receiver, up
on which this cruft burft and fell to the 
bottom, and foon after a new cruft like 
the former was produced. At laft the re
ceiver, and ibon after likewife the retort, 
were become white in the iniide. As foon 
as the vapours ceafed to rife with a gentle

fire.



fire, the veiTels were permitted to cool. 
Their internal furface was found much 
corroded. The liquid in the receiver was 
a mixture of water, and o f an acid, which 
the vitriolic acid had expelled from the 
fiuor. The great quantity o f white mat
ter which had fettled at the bottom during 
the procefs, was feparated from it by fil
tration.

§  V I I .

The mafs remaining in the retort was 
reduced to a fine powder, and edulcorated 
with diililled water, till no veftige of acid 
appeared. This lixivium was filtered, and 
a little evaporated by boiling. In a few 
days time lelenite was depoiited, with a 
little alum, weighing about two fcruples. 
The lixivium was then evaporated anew, 
and its fuperfiuous acid faturated with ve
getable alkali; but no more cryilals were 
depofited.

§  V I I I .

The lixivium, thus infpiiTated by eva
poration, became blue on" the -addition o f 
phlogiiticated alkali. In both proceiTes, 
(v. V I . )  I ufed the green fiuor. In order 
to know whether the folutions o f every 
kind o f fiuor mineral ilietved figns o f 
iron, I made an experiment with the white 
ij.iecies, previoufly calcined wdth concen- 
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trated vitriolic acid in a crucible; but no 
Pruilian blue was obtained by means o f 
the fame phlogiilicated alkali; the green 
colour therefore is owing to iron.

§  I X .

The remaining reiiduum o f the for
mer diilillation, after being perfedlly edul
corated by means o f diftilled water, was 
boiled repeatedly with rain-water, until 
feven kannes o f water were ufed, where
by every thing foluble in water was diP 
folved, iince nothing was precipitated 
from the laft water employed, by adding 
alkali o f tartar. The mafs now remain
ing was 4 of the whole employed. It was 
reduced to fine powder, and calcined with 
acid o f vitriol to drynefs. In the begin
ning o f this operation, a quantity o f cor- 
roiive vapours were feparated from the 
mafs, which at the fame time fwelled con- 
iiderably. After the veifel was cooled, I 
reduced the mafs to a very fine powder, 
boiled it in pure water, and found it en
tirely diflblved. On part o f  this folution 
I poured fome cauftic volatile alkali, which 
produced no precipitation ; but, by means 
o f  alkali o f tartar, true calcareous earth 
was precipitated. A  kanne o f the liquor, 
from which the precipitation was obtain
ed', yielded upon evaporation vitriolated 
vegetable alkali. The alkali, at the fame

time,



time, decompofed an earthy fait, (felenite,) 
which was diifolved in the water. The 
remaining fourth part, not foluble in wa
ter, was powder o f fluor tindecompofed.

§  X .

Fluor, therefore, coniiils principally o f 
calcareous earth, faturated with a pecu
liar acid ; the nature o f which we ihall 
inveftigate hereafter. Pure clay, or, as it 
is generally called, earth o f alum and iron 
ieem to be accidental ingredients. The 
following experiments will prove this fyn- 
thetically.

I mixed diluted acid o f fluor, obtained as 
in par. vi. with lime-water, upon which 
a white powder was immediately precipi
tated. When nothing more would preci
pitate, the water was found perfedlly pure. 
The precipitate itfelf, though not o f a 
cryftalline form, proved however to be the 
fame as fluor. It yielded phofphoric light 
when put upon a red hot ftone in the 
dark, melted by means o f the blowpipe, 
and ftill more readily by adding fome 
gypfum. And when this fluor, thus ar
tificially produced, ŵ as again decompa- 
fed by means o f vitriolic acid, it fliewed 
itfelf to be the fame as the native.

§  X I .

Xlie white matter, which, during the 
Á  4 proceflTes,



proceiTes, (No. v. vi.) was depoiited in 
the receivers, after being well edulco
rated and dried, ihewed the following pro
perties : I. It was rare, friable, and white.
2. it was not fenfibly foluble in acids.
3. It did not make a tough paite with wa* 
ter, but was looie and incoherent after be
ing dried. 4. It diiTolved by boiling in 
lixivium tartari, and the folution on cool
ing aiTumed a gelatinous confiftence. 5. In 
its pure ftate it fuffercd no change in the 
ilrongeft heat; but, 6. When rnixed with 
a little alkali o f tartar, it frothed and 
boiled in a melting heat, and formed a 
glais. 7. This glafs, with three parts of 
fixed alkali melted in the fire to a bluiih 
inafs, which, when powdered and put in
to a cellar, firfl deliquiated, and then be
came gelatinous. The acids precipitated 
a powder from it. 8. It diiTolved in borax 
without any intumefcence. Thefe feveral 
properties Ihew it to be iiliceous earth.

§ xn .

That this iiliceous earth was formed
during the proceiTes themfelves, appears 
from feveral experiments.

( a )  I poured vitriolic acid upon powder
ed iluor in a cylinder o f braffi, which \y as clo- 
fed by an exaft cover, after having fufpend- 
ed over the mixture an iron nail and a bit of 
charcoal. Two hours afterwards I opened

thq



the veiTel, and found the nail and charcoal 
unchanged. I now moiftened them ,, and 
fufpended them as before. The cover 
was put on again, and, being removed in 
two hours, I found the nail, as well as the 
coal, covered with a white powder, which 
had all the properties o f filiceous earth. 
In this experiment I made no ufe o f glafs 
veiTels. The iiliceous earth, therefore, ob
tained in the experiments (v. vi.) was not 
the earth o f the glafs diifolved by the 
^cid o f iluor, and afterwards precipitated, 
as one might otherwiie i'ufpeifl, from the 
internal furface o f the glafs being fo much 
corroded.

( b )  The artificial iluor ( x . )  was treated in 
the fame manner, by means o f vitriolic 
acid, as the native, (vi.) and diililled wa
ter was poured into the receiver for the 
condenfation o f the acid. As foon as the 
fumes reached the furface o f the w âter, a 
white cruil o f iilicpous earth was formed. 
When no more acid came over, I filtered 
the liquor contained in the receiver, and 
found it to be iluor acid diluted with wa
ter. By means o f lime-water, I obtained 
a precipitate, which, like the former, was 
an artificial fluor, and its acid was extri
cated by the vitriolic, with the fame phas- 
nomena as in the former experiment. 
Upon repeating this experiment five times 
in the fame manner, I conilantly found

the
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the iiUceous earth and the acid diminiih 
coniiderably, fo that, after the ]aft eilay, 
the water had hardly any mark o f acidity.

Thence I conclude, that all the fluor 
acid united itfelf by degrees with the va
pours o f water, and thus formed the fili- 
ceous earth. It may be objeiled, that 
the fluor acid is perhaps already united, 
by nature, with a fine filiceous powder, 
which it volatilifes and carries over in di- 
ilillation, but leaves it as foon as it finds 
water to unite with, juft as muriatic acid 
parts from the regulus o f antimony, when 
butter o f antimony is dropped into water. 
But i f  this was the cafe, the fluor acid 
would leave the whole quantity o f fili
ceous earth thus combined with it in the 
firfl; diftillation, and therefore fliow no 
mark o f its prefence in the following proj-. 
cefl̂ es.

(c) When I put fplric o f wine into the 
receiver inftead o f water, no filiceous earth 
was produced ; but the alcohol became 
four.

( d )  When I put an undluous oil into 
the receiver, all the fluor acid penetrated 
through the crevices o f the lute, and did 
neither unite with the oil, nor produce a 
filiceous earth.

( e )  This alfo happened when acid o f 
vitriol was put into the receiver. If, there
fore, the filiceous earth was not a produdi:

o f



of each diilillation, but, being previoufly 
contained in the acid, was only depoiited 
from it, in confequence o f the union 
of the acid with a third fubilance, I think 
the iiliceous earth ought equally to appear 
when alcohol was put into the receiver, 
with which it unites, as well as with wa
ter'; but as this does not happen, I con
clude, that not all the iiliceous earth, 
which is depoiited upon the furface o f 
water during the diilillation o f the iluor 
acid, was previouily diifolved in this acid.

§ x n i.

I diililled one part o f powdered iluor 
with two parts o f concentrated nitrous 
acid, one part o f which went over, to
gether with the fluor acid, and upon the 
water o f the receiver there was a thick 
cruil formed. The mafs remaining in the 
retort was calcareous earth, faturated with 
nitrous acid, of a porous texture and red- 
diih colour, which attracted moiilure from 
the atmofphere.

5  X I V .

Two parts o f concentrated muriatic 
acid being diililled with one part o f the 
fpar, the fluor acid paifed over into the 
receiver with a large quantity o f the 
muriatic. The internal furface o f' the 
receiver, as well as the furface o f the wa

ter



ter contained in it, was covered with a 
white cruil. The refiduum in the retort 
was reddiih, attraded moiiUire from the 
air, and exhibited the properties o f mu- 
riated lime, (fixed fal ammoniac).

§  X V .

I f  there had appeared no filiceous 
earth, except when vitrioUc acid was em
ployed for expelling the fluor acid, it 
might feem as i f  this earth owed its ge
neration to the vitriolic acid. (Becher 
and Stahl pretend, that acid o f vitriol 
contains filiceous earth). The fluor acid, 
reduced into vapours, might be fuppofed, 
in this cafe, to deprive the vitriolic acid 
o f this earth, and to lofe that power again 
in proportion as its vapours are condenfed 
and unite with water j but as there is fi
liceous earth likewife produced, when no 
vitriolic acid has been employed, it is evi
dent that this earth has not been feparated 
from the acid of vitriol during the diilil- 
lation.

§  X V I .

I diiTolved fome Tpar in the nitrous 
and in the muriatic acid, in a fand bath. 
From thefe folutions, a calcareous earth, 
capable o f  efTervefcing with acids, was 
precipitated, by aerated or common fixed 
alkali. But i f  the precipitación was per

formed
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formed with cauftic fixed, or with volatile 
alkali, the precipitate was fluor in fine 
powder. The fame thing happened with 
aerated volatile alkali. When vitriolic 
acid was added to ,the above folutions, 
a precipitation took place immediately, 
and the precipitate was vitriolated lime. 
The fame thing happens i f  vitriolated 
magnefia, (Epfom fait), vitriolated vege
table alkali, (vitriolated tartar), or vitrio- 
lated volatile alkali, (Glauber’s fal ammo
niac), were, mixed with the above folu
tions.

§  X V I I .

I digefled powdered fluor with phof
phoric acid, which diifolved a good deal 
of it. On diililling this folution, the fluor 
acid went over, together with the watery 
particles o f the mixture ; but the remain
ing mafs in the retort had the properties 
of afhes o f bones.

It has been lately difcovered, that the 
earth of bones or horns is calcareous earth 
•combined with phofphoric acid.

Diililled vinegar and acid o f tartar had 
no effe<5l  in decompofing the fluor.

§  X V I I I .  With Alkalis*

I melted one part o f iluor with four 
parts o f cauilic fixed alkali in a cru
cible, tipon which I afterwards poured

water,



water, in order to difiblve all the foluble 
parrs. I found the alkali had not in tlie 
leaft united with the fluor ; this latter re
maining unchanged after the water had 
diifolved the alkali.

§  X I X .

I melted one part o f  powdered fluor 
with four parts o f aerated fixed alkali, 
and then poured water upon it, which 
diifolved all that was foluble ; there re
mained at the bottom calcareous earth, 
which effervefced with acids. The liquor 
before mentioned was evaporated, and con
tained fixed alkali united with fluor acid, 
which remained dry in the aln

§  X X .  With neutral Salts.

I diftilled one part o f powdered fluor 
with two parts o f muriated volatile alka
li (fal ammoniac). At firft, cauftic vo
latile alkali paifed over, then fal ammoniac, 
at lafl yellow flowers, which attached 
themfelves to the internal furface o f the 
veflTel with the fal ammoniac. The refl- 
duum in the retort was fluor unchanged.

The iron contained in the fluor was 
moil probably the caufe o f the fmall de- 
compoiition o f the fal ammoniac, which 
took place at firft.
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§  X X I .

I fublimed one part o f powdered fluor 
with two parts o f vitriolated volatile al
kali, (fecret ammoniac o f Glauber) ; and 
obtained, firft, fome cauilic volatile alka
li, then a kind o f fal ammoniac. The refl- 
duum in the retort was vitriolated lime (fe- 
lenite); the acid o f fluor confequently 
united in this procefs with the volatile al-' 
kali, forming a kind o f fal ammoniac ; and 
its earth remaining in the retort, united 
with the vitriolic acid o f the vitriolated 
volatile alkali. I diiTolved this kind o f fal 
ammoniac in lime-water, and obtained a 
precipitate, which was regenerated fluor. 
On mixing fome o f  the fame fal ammoniac 
with a folution o f vitriolated magnefla, a 
precipitation likewife took place.

§  X X I I .

lexpofed equal quantities o f  powder
ed fluor and corrofive fublimate to fub- 
limation. The mercurial fait rofe unal
tered ; but a fmall quantity o f muriatic 
acid went over towards the end o f the pro
cefs. The refiduum in the retort was fluor 
unchanged. The muriatic acid obtained 
in the receiver had been probably firil dif- 
engaged from the corrofive fublimate by 
the iron contained in the fluor; but was 
afterwards again, feparated from it by the

too



too great degree o f heat, and was thii  ̂
carried over into the receiver.

§  X X I I I .

I expofed equal quantities o f pow
dered fluor and vitriolated mercury in a 
clofe vefTel to the fire, and obtained firft 
a liquid ; but foon after, when the retort 
became red hot, fome iluor acid went 
over, and fome globules o f quickiilver 
adhered to the neck o f  the retort. The 
reiiduum was o f a reddilh colour. The 
fmall decompoiition, which took piace 
here, was likewife owing to the iron con
tained in the iluor ; for, after the iron had 
united with a part o f the acid o f the vi
triolated mercury, fome quickiilver was 
neceiTarily difengaged, and rofe ; but, 
on increaiing the heat, the vitriolated 
iron was again decompofed, and its acid 
left at liberty to unite with the calcareous 
earth o f the fluor, and thus expel the acid 
o f fluor.

§  X X I V .  With Sulphur and Affenlc*

Fluor expofed to fire in clofe veilels,; 
with an equal quantity o f arfenic, fuf- 
fered no change. The fame thing happen
ed with fulphur.

§  X X V .  On the A d d  of Fluor*

The eiFedls produced by fluor acid upon
other



other bodie.s is very remarkable. By 
the fmell alone it is not diilingiiiihable 
from the muriatic acid ; but the expe
riment in X I V .  evidently ihows, that 
thefe two acids are very ditferent. Befides 
this, the fluor could not be fixed, perma
nent, and o f a tranfparent and cryllalline 
appearance, but would be conftantly li
quid, like muriated lime. The fluor acid, 
in fome experiments, a6ls like muriatic 
acid ; in others like acid o f tartar ; but in 
others it iliows phsenomena peculiar to it- 
felf.

§  X X V I .

The fluor acid, obtained in the man
ner deicribed in vi. was filtered, and 
redified in a glafs retort, by means o f a 
gentle fire. The whole liquor which a- 
fcended at firft was o f a fouriih tafte ; 
at the end o f the procefs the vapours were 
concentrated fluor a c id ; they formed a 
white cruft upon the more diluted acid 
which came over firft. After thofe va
pours had done rifing, I found the inter
nal furface of the retort much corroded 
by the concentrated acid, and, at the bot
tom o f the retort, fome filiceous earth was - 
left behind, which had been before dif- 
folved in fluor acid, and may be feparated 
from it befides by another method, o f 
which I ihall fpeak hereafter.

V o l . L B The



The iiliceous earth thus produced tO" 
wards the end o f the procefs, was fepa
rated by filtration from the redified acid, 
with which 1 then repeated the fame pro
cefs. A t the end o f it I again found fili- 
ceous earth in the retort, as well as in the 
receiver. After a third reilification, I ob
tained the fame. Thence it feems to fol- 

‘ low with certainty, that the acid alfo, by 
itfelf, might be changed entirely, with 
vapours o f water, into filiceous earth, i f  
the diilillation was repeated with water 
always in the receiver.

§  X X V I I .  EffeSls produced by this Add ok

Aikalis,

The folution o f alkali o f  tartar in fluor 
acid immediately formed a gelatinous 
mafs, almoft without taile; I filtered and 
evaporated it, but was not able to bring 
it to cryilallifation. I evaporated it then 
to drynefs, and obtained a faline mafs, 
which only was in weight the fixth pare 
o f the fixed alkali diiTolved; did not change 
the colour o f fyrup o f violets, but pre
cipitated lime-water. The liquid above 
this precipitate was a folution o f pure al- 

^^ali in water. The fame fait likewife 
precipitated the folutions both o f  mu- 
riated lime, and vitriolated magnefia. 
The precipitate obtaiiied from the lime-

water



O N F L  tr  O R. 19

water and folution o f muriated lime, was 
regenerated fiuor.

The gelatinous folution o f fixed alkali 
in fiuor acid was well edulcorated, dried, 
and expofed to the fire in a clofe covered 
crucible. It melted without any ebulli
tion. I then took it out and powdered it. 
The tafte was cauftic. Expofed in a cel
lar, it deliquefced, and fiiowed itfelf in 
every refped to refemble the liquor fili- 
cum.

§ xxvni.

W ith mineral alkali fluor acid yielded 
exadlly the fame produils as with the ve
getable.

§  X X I X .

Volatile alkali diifolved in fluor acid 
likewife formed a jelly, which, when it 
was feparated from the liquid, and well 
edulcorated, I found to be real filiceous 
earth. The fupernatant liquid had a tafte 
refembling that o f the vitriolated volatile 
alkali, and yielded cryftals, though indeed 
very imall, with which I tried the follow* 
ing experiments :

( a )  By f u b l i m a t i o n ,  I a t  f i r f t  o b t a i n e d  

a  l i t t l e  v o l a t i l e  a l k a l i ,  a n d  a f t e r w a r d s  f a l  

a m m o n i a c ,  o f  a  t a f t e  r a t h e r  a c i d .

( b )  Upon diftillation, with a mixture
B 2 o f



o f powdered chalk and water, all the vo
latile alkali Came over immediately.

(c) On the addition of-lime-water, re
generated iluor was inftantly precipi
tated.

(d ) A  precipitate of the fame nature as 
the former was obtained, when the com
pound o f fluor acid and volatile alkali 
was put into a folution o f muriated lime. 
The liquor was a folurion o f  common fal 
ammoniac.

( e ) Regenerated fluor was likewife pre
cipitated by a folution o f lime in nitrous 
acid,

(f ) a  powder was precipitated from the 
folution o f iilver, which, by means o f the 
blowpipe, was reduced to iilver, loiing, at 
the fame time, its acid, which partly flew 
off, and in part uniting with the watery 
particles o f the flame, generated iiliceous 
earth, which appeared in the form o f a 
white circular f|X)C upon the charcoal, 
round the reduced iilver.

(g ) a  mais was precipitated from the 
folution o f quickiilver in nitrous acid, en
tirely volatile in heat; but a folution 
o f corroflve fublimate remained unchan-

(h ) A ll the lead was precipitated from 
its folution in nitrous acid.

(i) A  folution o f vitriolated magnefla 
became turbid.

(k ) Vitriolic



(k ) Vitriolic acid, mixed with the fo
lution o f this kind o f fal ammoniac, and 
diililled in clofe veifels, yielded pure fluor 
acid, which formed, at the fame time, a 
thick cruft upon the water in the receiver.

Regenerated fluor, obtained in the man
ner as mentioned c ,  D ,  E ,  is decompofed 
by digeftion with aerated vegetable alkali. 
The acid o f fluor unites with the alkali; 
but the calcareous earth, thus freed, uni
ting, at the fame time, with the aerial 
acid, falls to the bottom o f the veffel.

When the experiment was made with 
aerated volatile alkali, no decompoiition 
enfued.

§  X X X .  0/i Ahforhent Earths,

( a )  a  folution o f lime in fluor acid re
mained clear till the acid was faturated; 
but then the whole quantity o f diiTolved 
earth , united with the acid into a mafs, 
which partly precipitated and partly con
gealed with the liquid into a jelly in the 
open air, and proved to be regenerated 
£uor.

( b ) Magneiia, diiTolved in the iluor acid, 
partly precipitated immediately widi it, 
and in part formed a jelly.

(c) Pure clay, or earth o f  alum, formed 
with the iluor acid a fweet folution, which 
alfo formed a jelly.

B 3  § X X X I .



§  X X X I .  On Metals.

. The under mentioned metals were di- 
gefted with iluor acid in feparate glafs vef- 
fels for fix hours. The liquor was made 
to boil towards the end. They ihewed 
the following phsenomena:

( a )  Gold was not attacked. The fluor 
acid fliewing in fome particulars a refem  ̂
blance with muriatic acid, I was induced 
to try whether it would diflblve gold, 
when mixed with nitrous acid, as muria
tic acid does j but without fuccefs.

( b )  Neither did iilver undergo any 
change. The calx o f filver, precipitated 
by an alkali, was partly diifolved ; but 
the remainder united with the fluor acid 
into an infoluble mafs, which lay at 
the bottom o f the veifel. On pouring vi
triolic acid upon it, the fluor acid was 
expelled, under its common form o f a 
corrolive vapour.

(c) Quickiiiver was not diifolved; but 
the calx o f quickiilver, precipitated from 
nitrous acid by fixed alkali, was diifolved 
in part. The remaining infoluble part 
united with the acid, and formed a white 
powder, from which the vitriolic expelled 
the fluor acid in the form o f vapour. 
The fame powder formed, by means o f 
the blowpipe, a yellowifh glafs, which, 
however, evaporated by degrees, leaving

at



at the end a fmali globule o f fixed glafs 
behind.

(d ) Lead was not diifolved; but with 
its calx the acid formed a fweet folution, 
from which the calx could be precipitated 
by vitriolic or muriatic acid, as alio by 
fal ammoniac. After digefling a quanti
ty  o f acid with calx o f  lead, which ha
ving been previouily digefled with the 
fame calx, o f courie held ibme o f  it al
ready diflblved, a fpontaneous precipita
tion took place. The vitriolic acid ex
pelled that o f fluor from the precipitate, 
in the form o f corrofive vapours. It was 
eafily brought into fuiion b y means o f  the 
blowpipe, when the acid flew off, and the 
calx o f  lead was reduced. Part, however, 
o f  the glafs remained fixed in the fire.

( e )  O D p p e r  was partly diflblved; for the 
acid, after digeilion with this metal, grew 
bluiih, on the addition o f volatile alkali. 
The calx o f  copper was readily ibluble. 
This folution was gelatinous; yielding, 
however, blue cryilals, partly o f  a cubic, 
partly o f  an oblong form, from which the 
acid could not be feparated but by heat.

( f )  Iron was attacked with violence. 
The vapours which aroie during the fblu- 
tion were inflammable. The iblution had 
a tafte like vitriol o f  iro n ; it congealed 
during the evaporation, but was not re
ducible into cryilals, forming only a hard

B 4  mafs.



mafs, after all the liquid was evaporated. 
Vitriolic acid expelled from this mafs the 
flnor acid under the form o f vapours. The 
fame effedl was likewife produced by 
funple heat; and in this cafe a red ochre 
or calx o f iron was left behind. The calx 
o f  iron was likewife foluble in this acid; 
the folution had a tafte like alum ; it could 
not be reduced to cryftals ; upon the ad
dition o f alkali, it was decompofed, and 
the calx precipitated.

( g )  Tin was not foluble ;  but the calx 
was eaiily diil<>lved ; the folution became 
gelatinous ; it had a naufeous tafte.

( h )  Bifmuth was not diiTolved ;  but its 
calx was diiTolved by the acid, with the 
very fame phsenomena as the calx of lead.

(i) Zinc produced the lame efFecfts as 
iron with the iluor acid, excepting that 
the folution feemed to be more inclined to 
cryftallife.'

( k )  The regulus o f cobalt was not fo
luble ; but its calx diiTolved and formed 
a yellow gelatinous matter.

(l)  The regulus o f antimony was not 
attacked; neither was powdered crude an
timony ( antmonlum fulphuratum)  ieniibly 
diiTolved.

§  S X X I T .  With Solutions o f Salts.

( a )  Fluor acid precipitated fomething 
frpn> a fplution o f iilyen The fmall quan^

tity



tity o f precipitate, thus obtained, neither 
melted nor evaporated under the blow
pipe.

( b )  Quickiilver, diifolved in nitrous a- 
cid, yielded precipitate, which melted up
on the charcoal under the blowpipe, and 
was afterwards evaporated. The folution 
o f corrolive fublimate was not changed by 
the Huor acid.

(c) The folution o f lead in nitrous acid 
was not changed ; but, from the folution 
o f this metal in vinegar, all the lead was 
precipitated by the iluor acid. Upon add
ing more o f this acid than was neceiiary 
for precipitating the calx o f lead, the calx 
was diilolved, and found to be foluble af
terwards in diililled vinegar.

( d )  The folutions o f  vitriolated iron, 
copper, and zinc, o f alum and vitriolated 
magneiia, were but little afièéìed by the 
fluor acid.

§  X X X I I I .

From what has been fald o f the fluor 
acid hitherto, it follows :

( a )  Tl^ac it diifolves filiceous earth, 
(xxvi.)

( b )  That it parts from this earth as 
foon as it finds fome other fubilance, 
alkali, (xxvn , x x v in , xxix ,) abforbent 
earths, (xxx.) metals, (xxxi.) to unite with.

(c) That



(c) That the fluor, produced by are, 
(x.) was not quite pure, but mixed with 
iihceous earth ; which however does not 
miUtate againil the aflertion mentioned in 
that paragraph ; for the filiceous earth is 
obliged to remain always behind when it 
is decompofed, together with the gypfum 
that is formed at the fame time.

( d )  That the fluor acid will hardly ever 
be obtained pure, but always combined 
with fome filiceous earth, which may be 
feparated from it by volatile alkali.

( e )  That i f  pure fluor acid is to be com
bined with fome other fubflance, the furefl 
way to effeiluate this, is to make firíl 
a kind o f fal ammoniac by uniting it with 
volatile alkali.

( f )  a  c o m p o u n d  o f  f i x e d  a l k a l i  a n d  

f l u o r  a c i d  i s  c a p a b l e  o f  c o m b i n i n g  w i t h  

f i n e l y  d i v i d e d  f i l i c e o u s  e a r t h ,  via húmidâ  
( x x v i i . )

e s s a y
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O n  F l u o r  M i n e r a l .  1 7 7 1 *

§ I.

IN the year 1771, I Had the honour to 
prefent to the Royal Society fome expe

riments made with fluor mineral, which 
were inferted the fame year in the Tranfac- 
tions, and by which I proved, that the 
conftituent parts o f this foíTiI are calcare
ous earth, and a peculiar acid, to which 
I gave the name fluor acid. Two years 
afterwards, Boullanger^  ̂ in a littleTrea- 
tife, endeavoured to fliew, that this acid 
was nothing elfe than muriatic acid, inti
mately combined with fome earthy fub- 
ilance. A  ihort time after this again Mr 
Monnct f  brought forward fome experi
ments, made by himfelf upon the fame 
fubflance. He maintains, that the acid, 
which I obtained from fluor mineral, is 
only vitriolic acid volatilifed by means o f 
fome extraordinary combination with fluor.

§ II.

* Experiences et obfervations fur le fpath vitreux, 
ou fluor fpathique, par M . Boullanger, 1773.

f  Obfervations de phyf. de M . I’Abbe Rozier, 
tom. X. p. 106.



§  I I .

Thus we have three diíFerent opinions 
on the origin o f this acid. A  natural phi- 
lofopher, who feeks for truth, will natu
rally wifh to know which o f thefe opi
nions he is to follow. Far from adhering 
tenacioufly to the propoiitions advanced in 
m y former paper, I ihall ihortly examine 
the arguments adduced by both thefe Che- 
mifts in favour o f their reípeélive opi
nions.

§ in .

M r Boullanger maintains, that fluor acid 
precipitates the folutions o f filver and 
quickûlver, yielding with the former mu- 
riated filver, fvtilgo luna cornua)  ; and he 
aiïerts, that, by fubliming half an ounce 
o f the fécond precipitate, he obtained 
mercurius dulcts. It is indeed true, that 
the fluor acid precipitates filver and quick- 
filver, as I mentioned likewife in my 
Diflertation on the fluor mineral ; but 
the precipitate obtained is in very fmall 
quantity; (for the fluor mineral, as well 
as all other mineral fubftances o f a calca
reous nature, is adulterated with a fmall 
quantity o f muriatic acid) ; but the great- 
eft abundance o f the remaining acid will 
not precipitate the above mentioned me
tallic folutions ; which however ihould

happen,



happen, i f  Mr Boullanger’s opinion was 
true. He muft have alfo made ufe o f a 
very large quantity o f iluor acid, in order 
to obtain fuch a coniiderable precipitate : 
For, from the quantity o f  acid, which I 
obtained from two ounces o f perfeélly 
pure iluor, I procured only half a drachm 
of luna cornua : But I ihall ihew how to fe- 
parate this fmall quantity o f muriatic acid 
from that o f the fluor. A  folution o f iil
ver made with nitrous acid is to be preci
pitated with alkali o f  tartar ; and upon 
the precipitate, after being edulcorated, fo 
much acid o f fluor î  to be poured as is 
requiilte for giving an excefs o f acid, and 
then the folution is to be filtered. O f this 
folution o f iilver, fo much is dropped into 
the fluor acid, till no more precipitation 
enfues, then the acid is filtered through 
gray paper, and afterwards evaporated to 
drynefs in a glafs retort. Water firft comes 
over into the receiver ; this is followed by 
fluor acid, which covers the infide o f both 
the veiìèls, together with the furface o f 
the water in the receiver, with a thick fili
ceous cruft. The acid, thus rectified, does 
not precipitate the folution o f filver, and 
ihews not the leaft mark o f muriatic acid. 
Were Mr Boullanger’s opinion juft, the â  
cid, notwithftanding it has been thus pu
rified, ihould ftill precipitate the folution 
o f filver, becaufe he maintains, that, i f

the



the terreftrial part can but be feparated 
from the acid, we ihould have nothing 
left but pure muriatic acid Now we 
know that this terreftrial part o f fluor a- 
cid is a filiceous powder; i f  therefore M r 
Boullanger is able to compofe fluor acid 
with this powder, or any other filiceous 
fubftance and muriatic acid, I fhall imme
diately give my affent to his opinion, but 
not before. W hy does not fluor acid mix
ed with nitrous acid diffolve gold ? W hy 
is no corrofive fublimate produced when 
fluor acid is diftilled with vitriolated 
mercury ? W hy do we not obtain plum
bum cornuum on dropping this acid into 
a folution o f lead made with nitrous acid? 
^c. Would not all this happen, i f  muria* 
tic acid was contained in pure fluor acid ? 
I readily believe that Mr Boullanger was 
not able to expel the fluor acid from the 
fpar by the ftrong concentrated nitrous and 
muriatic acid. Had he made ufe o f thofe 
acids a little lefs concentrated, or diluted 
as they commonly are, he would have 
furely feen the fluor mineral decompofed, 
as well as it was in my experiment; for 
thefe acids have not fo ftrong an eledlive 
attra<5lion for lime as vitriolic acid has ; a 

fmall quantity o f water is therefore re
quired, and then the fluor is decompofed 
by means o f a double eledtive attradlion.

§  IV .

* E xp , &  Obf. par M . Bciullanger, p . 29.



§  I V .

I now come to M r Monnet’s EiTay, 
who maintains, in oppoiition as well to 
mine as to Mr Boullanger’s experiments, 
that iiuor mineral contains neither acid 
nor lime, but that this fubitance, being 
volatilifed when united with a fufficient 
quantity o f vitriolic acid, forms the acid 
called fiuor acid. The refiduum in the 
retort, or the cryilallifed fait which I and 
Mr Boullanger call felenite, is in his opi
nion quite a different fubilance, fince both 
this fait, and the cruft which is fublimed, 
want only a fmall quantity o f vitriolic 
acid, in order to be changed into fluor a- 
cid. Such are the conclufions o f Mr Mon- 
net. Thus we have a new kind o f earth 
hitherto unknown to Chemifts, and which 
will probably remain unknown to them 
to all eternity. It m uil be a curious kind 
o f earth which is fixed by itfelf, but not- 
withftanding is able,  ̂without the aiTiftance 
o f fire, to volatilife the vitriolic acid ; fo 
that both united together form a kind o f  
air, which even retains its elaflicity in the 
cold. I f  I ju illy  think that fiuor acid con
tains not the leafl veflige o f vitriolic acid, 
and i f  all the vitriolic acid, made ufe o f 
for the procefs, is found in the retort, af
ter the diilillation, united with the bafis 
o f the fluor; and i f  this bafis-is lime or

pure
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pure calcareous earth;— i f  I ihall be able to 
. prove this, I fay, M r Monnet’s theory 
m uil fall o f itielf.

§  V .

Upon one ounce o f pure levigated fluor 
with alcohol, I poured three ounces o f con
centrated acid o f vitriol, and diftilled the 
mixture in a fand-bath, having previoufly 
put twelve ounces o f diftilled water into 
the receiver. Then I took three other 
ounces (as exadlly weighed as the former) 
o f the fame acid o f  vitriol, diluted with 
four-and-twenty ounces o f water, to which 
I afterwards added lixivium tartari (li
quid fixed alkali) previoufly weighed, till 
I attained the exadl point o f faturation; 
then I weighed again the remaining lixi
vium tartari, after the end o f the diftilla- 
tion, which was continued for eight 
hours with fuch a degree o f heat, that 
none o f the vitriolic acid was carried 
o ver; I carefully broke the retort, took 
out the mafs, and reduced it to powder in 
a glafs m ortar: it was then boiled in a 
glafs veflel with four-and-twenty ounces 
o f water, for fome m inutes; after which,
I added juft as much lixivium tartari as I 
had found before to be requiflte for the 
faturation o f three ounces o f the vitriolic 
acid, and continued the boiling for a few 
minutes longer. When I at laft came to

examine



examine the folution, I found it to be per- 
fedlly neutrahfed, neither the acid nor al- 
kaU prevailing. It was a perfedl vitrio
lated vegetable alkali, (vitriolated tartar) 
and confequently not a drop o f the vitrio
lic acid had paifed over into the receiver. 
I afterwards lixiviated all the ialine mat
ter with hot water, dried the lime, and 
found it to weigh 9I drachms. I dif- 
folved two drachms o f this lime in di
luted muriatic acid ; there remained 
fomething which was infoluble, and 
feemed to be undecompofed iluor ; it 
weighed, after being dried, nine grains. 
Upon one part o f this folution I poured 
fome acid o f fugar, which immediately 
produced a precipitation o f faccharated cal
careous earth. To another part I added 
vitriolic acid, upon which fmall cryftals 
immediately precipitated, which were 
found to be vitriolated lime or gypfum. 
The third part o f the folution was evapo
rated to drynefs, whence a fait was ob
tained, which was deliquefcent in the air. 
The remaining part o f the aerated lime 
being put into a crucible, and burned in 
a ftrong fire, I obtained a real quicklime, 
which made with water a perfedl lime- 
water; and, when it was boiled with ful
phur, diifolved it. It is probably unne- 
ceifary to adduce any more arguments, in 
order to prove that lime is the bails o f 
ftuor. After having thus (hown, that the 

V o l . I. C whole



whole quantity o f vitriolic acid employ
ed was retained by the lime, it would apr 
pear unneceifary to mention all the expe
riments which .1 made, in order to afcer- 
tain, whether, i, iluor really contains vi
triolic acid. But, in order to ihow the 
falfehood o f Mr Monnet’s aifertion on this 
iide alfo, I ihall relate a few o f them, 
I .  Pure acid o f fiuor does not precipitate 
the folution o f the terra ponderofa. 2. Nei
ther does it precipitate the folution o f lead 
in nitrous acid. 3. Acid o f iluor, fatu
rated with alkali o f tartar, and evaporated 
to drynefs, then mixed with charcoal- 
powder, and melted, does not yield hepar 
fulphuris. Not to mention, that feveral 
other acids have the power o f expelling 
the acid from iluor. Mr Monnet, how
ever, might very eaiily fay, in anfwer. to 
this, that iluor mineral has the property 
o f volatiliiing all acids, the fixed acids o f 

‘ phofphorus and o f arfenic not even ex
cepted. But no good chemift can poilibly 
allow, th it the cruil, fublirned into the 
neck o f the retort, and into the receiver, 
as likewife the felenitic mafs remaining in 
the retort, diililled anew with vitriolic acid, 
is altogether converted into aci4 o f iluor.

§  V I .

M r Monnet, in order to give farther 
proof that fiuor contains no calcareous 
earth, adduces the following experiments : .



He melts equal quantities o f alkali and 
fluor together, and obferves, that this mi
neral is thereby little or not at all chan
ged ; for, after having lixiviated the al
kali- employed, he diifolved the fluor re
maining in the filter in nitrous acid ; and 
to the folution he added vitriolic acid : 
and becaufe he obtained no precipitate, 
he thinks it fully proved that fiuor c o q -  

tairis no lime. I maintain, on the con
trary, that all folutions of fluor yield a 
precipitate o f gypfum whenever vitriolic 
acid is added to them.

Was I to attempt an explication o f Mr 
Monnet’s experiment, I ihould be indu
ced to think, that he diluted his folution 
with too great a quantity o f water. But 
why does He take equal, quantities o f al
kali and. fluor, whereas, in m y Diiferta- 
tion on fluor,,! fay, that I took four parts 
o f alkali to one part o f fluor ? I likewife 
mentioned in the fame Diifertation, that 
fluor, melted with cauilic alkali, under
goes no Change. Now, M r Monnet un
doubtedly knows, that alkali, when expo- 
fed to a ilrong fire, without fufing, be* 
comes cauftic, the very thing which hap
pens in his experiment. The refult is 
quite different, i f  the experiment be made 
with four parts o f alkali, here the fluor 
is decompoied b y means o f a double elec
tive attradion ; and this is the reafon that 
Mr Monnet obtains pure Ume in the fil-

C 2 ter.
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ter. ■ Mr Monnet is farther o f opinion, 
that iluor may be precipitated by the phlo- 
gifticated alkali, becaufe he obtained from 
its folution a much larger quantity of Pruf- 
iian blue, though o f a paler colour than 
was to be expe(5led from the fmall quan
tity o f iron contained in the fluor. Thus 
we ihould have, according to M r Mon- 
net’s idea, a new difcovery concerning the 
conflituent parts o f the fluor, viz. a new 
ynetalllc earth, quite different from all 
others, iince metallic calces alone have the 
property o f being precipitated by phlogi- 
ftieated alkali. I f  a chemiil, however, 
fpeaks o f the lixivium fanguinis, or phlo- 
gifticated alkali, he always underftands a 
lixivium where the alkali does not pre
dominate, but where it is perfedly neutra- 
lifed ; but o f fuch an alkali Mr Monnet 
probably did not make ufe in this experi
ment ; for I can affirm with certainty, 
that phlogifticated alkali does not precipi
tate the fluor. Lajllyy M r Monnet pretends, 
in contradiifiilon to all thofe who have di
ililled the acid o f fluor, that he has never 
obferved the glafs attacked by this acid. 
Every chemiil, who has any fluor acid 
{landing in a glafs veifel, m uil be convin
ced o f the contrary by his own ocular tê  
ilimony ; And thus, 1 hope, I have de- 
monilrated, that the acid o f fluor is and re*- 
mains entirely a mineral acid fui generis.

E S S A Y



E S S A Y  IIL

C h e m i c a l  I n v e s t i g a t i o n  o f  F l u o r  

A c i d , w i t h  a  V i e w  t o  t h e  E a r t h  

W H I C H  i t  y i e l d s , B Y  M r  W i E G L E B *

§ I*

I 'H E obfervation communicated by Mr 
X  Margraaf to the Academy of Scien

ces at Berlin in 1768 that a peculiar vo
latile earth might be obtained by diftilla- 
tion from fiuor, to which vitriolic acid 
had .been added, probably gave occafion 
to Mr Scheele to make fome experiments 
with a view to this. They have ferved to 
ihew the truth o f what Margraaf had faid 
concerning the volatile earth. But Mr 
Scheele has attempted to advance farther, 
and to explain the fingular phænomenon 
which this earth exhibits.

§ n .

It appears from his EiTay, that he does 
not coniider the earthy matter as coming 
from the fiuor, from which there is only 
a very peculiar acid fui generis expelled 
by the vitriolic acid. He fuppofes that 
the fluor acid, which arifes in the form o f

C 3 vapour,
^  * Mémoires, tom. xxv. for 1768.
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vapour, combines with the water as foon 
as it reaches its furface, and thus changes 
it into earth, conilituting the cruft which 
appears on the furface o f the water du
ring the operation. At the fame time, he 
takes it for granted, without exprefsly 
mentioning it, that another portion o f the 
acid is condenfed, and forms with the 
water an acid hquor.

§  I I I .

Having moreover obferved, that the li
quor feparated by filtration from the earthy 
cruft, coagulated on the addition o f  alka
line falts, and, when it was- more dilu
ted, yielded a femitranfparent, gelatinous, 
and vifcid precipitate, he confidered the 
coagulation as a property o f the acid it- 
felf, not imagining that there took place 
a feparation o f any earthy fubftance that 
was combined with the proper acid : He 
therefore looked upon the gelatinous mat
ter, which, after edulcoration and defic- 
cation, was found to poifefs the moft di- 
ftinguiihing properties o f filiceous earth, 
as newly formed from the water and acid. 
In ihort, Mr ■ Scheele confiders both the 
cruft which forms upon the water during 
the diftillation o f  the fpar, and the iilice
ous earth obtained by precipitation, as 
an earthy fubftance originating from the 
acid o f  iluor and water,



§  I V .

Since the appearance o f Mr Scheele’s Ef* 
fay, many hands have been fet in motion 
by the fingular phsenomena related in it. 
Boullanger was probably led by the vola
tility o f this acid, and the ilrong fmell o f 
pure marine acid, which the liquor emits 
after diftillation, to look upon the acid o f 
fluor as an acid o f fea-falt. Monnet and 
Prieftley, on the other hand, declared in fa
vour o f the vitriolic acid. W ith refpeit 
to the earth, Margraaf and Achard fup
pofed that it muft proceed from the iluor 
itfelf, and conftitute an unknown fpecies. 
Profeffor Weigel maintains, that it has its 
origin in a decompoiition o f the acid. 
Such are the principal opinions hitherto 
formed concerning the earthy matter which 
appears on this occaiion.

§  V .

M r Scheele’s explanation o f the phaeno- 
mena appeared to me, on the firft reading 
o f his Eifay, fomewhat bold and impro
bable : For we are not acquainted with 
any inftance in which water is thus chan
ged into an earth b y  an acid, and ftill 
lefs with a tranfbiutation o f this liquid 
into filiceous earth. I endeavoured, there
fore, to difcover its origin by experiment. 
Having therefore firft repeated leverai ex-

C 4 periments



perlments in the way defcribed by Mr 
Scheele, accurately obferved all the phse- 
nomena that occurred, and thus fallen 
upon a track which promifed to lead to 

' the folution o f the whole problem, I pro
ceeded to ibmething which M r Scheele 
had negledled, and from which I hoped 
that it might be ultimately determined 
whether the earth proceeded from the iluor, 
or was formed o f the acid and water.

§  V I .

For this purpoie, I firfl weighed the 
retort deflined for the experiment in a 
very accurate manner, and found that its 
weight was two ounces and five drachms.
I then put into it two ounces o f cal
cined fluor in powder, and added, by 
means o f a glafs tube, ounces o f oil of 
vitriol. The retort was then placed on 
the furnace, and a receiver, which, when 
empty, weighed two ounces, two drachms, 
and thirty grains, and now contained 
two ounces o f diftilled water, luted to it. 
The diftillation was condudled with ali 
poffible care, and at lail puihed till the 

2?retort grew red hot. A  few vapours could 
not be prevented from penetrating through 
the lute. The next day, the retort being 
feparated from the receiver, was found to 
weigh, together with its contents, five 
ounces, five drachms, and thirty grains;

it



it had therefore loft one ounce, three 
drachms, and thirty grains. The receiver, 
which, with the water, had originally 
weighed four ounces, two drachms, and 
thirty grains, now weighed five ounces 
and three drachms, and had therefore 
gained one ounce and thirty grains. This 
gain, compared with the lofs o f the re
tort, ihews, that the retort loft more by 
three drachms than the receiver gained. 
Thefe three drachms muft have inevita
bly paifed out o f the veifels in the form 
o f vapour.

§ vn .

But, from this inference, we can de
duce nothing towards the determination 
of the point in difpute; it was neceifary 
to examine more narrowly what had hap
pened in the veilels. But, before I give 
any account o f that, I ihall, for the fake 
of perfpicuity, briefly ftate what has been 
juft faid.

O z. dr. gr.
The empty retort weighed 2 5 0  
The calcined fluor - 2 0 0
The oil o f vitriol - - 2 a  o

Total weight before diftillation, 7 1 0  
After it, - 5 5 30

Lofs, - -  -  3 30

The
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Oz. dr. gr,

The empty receiver weighed 2 2 30’ 
The water put into it - 2 0 0

Total weight, - - 4 2 30
Weight after diftillation, - 5 3 0

Gain, - -  - - I  o 30

I f  we now dedudl this gain from the 
above lofs, three drachms will be miiling* 
and they muft have been diffipated in the 
form o f vapour.

§ vin.

I now broke the retort, and, in the firf
place, feparated, as accurately as pofllble, 
the dry earth, both in the neck and arch 
o f  the retort; it weighed three drachnis. 
Then the refiduum in the retort was triedj 
and found to weigh three ounces, two 
drachms, and forty grains. Now, as the 
mafs in the retort had originally weighed 
four ounces and four drachms, it appears, 
by deducing the refiduum, to have fuf- 
fered, upon the whole, a lofs o f .one 
ounce, one drachm, and twenty grains.

§  I X .

In order to determine the lofs more ac
curately, I made the following calcula
tion :

( a )  The



O z. dr. gn

(a) The white earth, feparated 
from the neck and arch o f the re
tort, amounted to - 0 3 0

( b )  The gain o f the receiver, i o 30
(c) Loft in vapour, - 0 3 0

Total 1 6 30

Here, to m y great aftoniftiment, the 
matter that had come from the retort a- 
mounted to more by five drachms, ten 
grains, than the mafs in the retort had loft 
of its original weight (v iii). Now, no
thing remained for the illuftration o f this 
circumftance but to weigh the retort and 
receiver themfelves. The retort, or, more 
properly fpeaking, the pieces o f it, which 
had been carefully preferved, weighed 
an ounce, feven drachms, and fifty grains; 
whereas, before the procefs, the weight 
o f the retort was two ounces, five drachms; 
and hence it was obvious, that it had loft 
five drachms, ten grains, the precife quan
tity which the produdls o f the whole opera7 
tion had gained, and by which they ex
ceeded the lofs o f  the matter in the retort.

§ x .

This began at once to throw light on 
the controverted point. For where are 
the five drachms, ten grains, which the 
glafs o f the retort had loft, but in the

produdls



produdls obtained out o f the retort ? In 
order to examine thefe, the fluid in the 
receiver was diluted with four ounces of 
diftilled water, and poured on a filter, 
that the clear liquor might be feparated 
from the earthy cruft which floated in i t ; 
freih water was poured on the filter as 
long as the earth retained any four tafte. 
The empty receiver was found, upon 
weighing, to have loft no feniible part of 
its original weight. The earth remaining 
on the filter, weighed, after it had been 
dried, fifcy-feven grains,

§  X I .

The clear liquor was then diluted with 
more diftilled water, and afterwards pre
cipitated with fpirit o f fal ammoniac, pre
pared with fixed alkali and water, which 
was added till the fmell o f volatile alkali 
indicated the point o f faturation. Before 
any precipitate began to fall, there was a 
brifk effervefcence, that continued for 
fome time. The precipitation itfelf took 
place without efferveicence: There was 
prefent, therefore, a quantity o f unfatu- 
rated acid. The femitranfparent gelati
nous precipitate not having quite reached 
the bottom the next day, the whole was 
poured upon a filter, and when the liquor 
had paifed through, freih water poured 
upon the precipitate as long as it retained

any



any faline tafte. After drying, it weigh
ed exadlly two drachms.

§  X I I .

I f  we add together the three kinds o f 
earth obtained in the above procefs,

O z. dr. gr.

(i.) The earth in the neck, and
arch of the retort, - 0 3 0  

(2.) The earth that had form
ed a cruft on the water, o o 57 

(3.) The earth that was precipi
tated out o f the fluor acid, 0 2 0

It amounts upon the whole to o S SI

and therefore only to forty-feven grains 
more than the retort had loft o f its weight; 
which fmall excefs is to be attributed in 
part to the acid inhering in it, and partly 
to fome moifture attraded by it. To af- 
certain this, I made each by itfelf red hot 
in a fmall crucible, after which

O z. dr. gr.
(i.) Weighed - - o 2 36
(2.)
(3-) - - - -

o 0 2 1  

O I 55

In all 4 52

which is lefs b y  eighteen grains than the 
lofs of the fubftance o f  the retort ( ix ) ;

they



they m uil certainly have efcaped in the 
three drachms o f vapour,

§ Xlllt

Hence, I think, the origin o f the earth 
which makes its appearance during the di
ilillation o f fluor, rendered quite evident. 
It proceeds neither from the ipar itfelf, 
and flill lefs, aa Mr Scheele fuppofes, from 
the fluor acid and'wàter.*, nor does it ori
ginate in any other way but from the fo
lution o f the glais,

§  X I V .  

. i
Hence the idea o f the fluor acid aiTumes ' 

a totally diiFerent form. It is true, that 
fluor contains ^n acid before unknown,

and

* T o  this I am induced, by my own experience, t
accede. In diftllling fluor with t>ii o f vitriol, I have 
found the retort, as -well uè the receiver, very much, 
corroded. I poured the apid obtained fay the procefs , 
into a phial furnilhed with a glafs ftopple, and obfer  ̂ ; 
ved, after fome tim e, a confiderabie depoiitiou. I then 
poured the. liquor into another phial like the former ; 
and that it  m ight.neither, on the one hand, attack the 
glafs, nor, on the other, compofe filiceous earth with ; 
the particles o f water, according to M r Scheele’  ̂ by*. ' 
ppthefis, l  added highly reillfied fp irito f wine. I faWĵ  
however, after fome time, another confiderabie depo- 
fition.. This feemed alfo to proceed from the glafs 
that had been before diiTolved, which the acid let fall 
in confequence o f the gradual combination with the 
fpirit o f  wine j otherwife we muft fuppofe, what to 
me appears incredible, that the acid decompofes the 
fpirit, attrac'ls the water, and forms the earth. C r e l l .



and totally different from every other, 
which has the iingular property not only 
of diifolving glafs, but o f carrying it off 
in the form o f vapour: And moreover, 
that this acid forms, with all the alkaline 
falts, very peculiar neutral falts, o f which 
the ammoniacal fait ariiing from the preci
pitation (xii, &  X V I . )  furniihes an inilance.

§  X V .

I cannot leave untouched the fingular 
property o f this laft fait, in which the 
iluor acid, though in the form o f  a per- 
fcifl neutral fait, yet retains its power o f 
diifolving glafs unchanged: For, upon e- 
vaporating to drynefs in a cup o f Mifnia 
porcelain, the liquor o f § x ii. which, by 
its fmel], ihewed an excefs o f volatile al
kali, I obtained four drachms forty grains 
of an ammoniacal fait in thin prifmatic 
cryftals; but, upon examining the cup,
I found all the glazing corroded, and the 
bottom as rough as a file. During the 
evaporation, the cup was covered with 
white paper, which, when dry, appeared 
full of fmall cryftals o f  an acid tafte, ea- 
fily diftinguiihable wich the naked eye. 
Thefe, as well as the ammoniacal fait, for- 
pibly attradled moifture from the air.



§  X V I .

From the properties o f fluor acid, with 
which we are now become acquainted, all 
M r Scheele's other obfervations may be . 
quite naturally explained; as, for infl:ance, 
that regenerated fluor fl:ill continues to 
yield filiceous earth when it is diililled 
with vitriolic acid: That fluor acid, by 
being merely re(5lified, always leaves be
hind filiceous. earth, and yet paifes over : 
ilill loaded with that earth : That the am-, 
moniacal fait, in the formation o f which * 
the filiceous earth is feparated. by volatile 
alkali, yet yields an acid, when it is mix
ed with vitriolic acid, and diililled, that 
contains this earth. But the knowledge 
o f fo fingular an acid may lead to rnuch 
farther inilrudlion, as we are already cer
tain, that it completely and abundantly 
diifolves flint, quarz, and glafs., the on
ly  refradlory bodies. From this quality, 
it muil alfo be apparent to everyone, that 
the prefent can neither be the acid o f fait 
nor o f vitriol, but one totally different 
from all before known, and peculiar to 
fluor.

A t the fame time, we m uil perceive the 
almoft infuperable difficulty o f obtaining 
it pure, and afcertaining its efFedls on 
ocher bodies.

Additional '■



E S S A Y  IV.

Additional Information concerning Fluor Mi-- 
neral^. By M r MuY'E'Si.

§ I-

]T  is always o f advantage to chemiilry, 
when new and important experiments 

are controverted foon after their publica
tion. I f  any miftakes, as fo eafily hap
pens in chemical refearches, be committed 
in the experiments themfelves, or i f  a 
falfe theory be founded upon them, the 
error is not continued half a century, nor 
does it pafs from one elementary book in
to another, till at laft fome fceptic thinks 
o f enquiring more narrowly into the 
matter.

I f  the experiments be exadl, and the 
theory founded on them true, fuch a con- 
troverfy commonly gives occaiion to new 
refearches which otherwife would noc 
have been made, and the fubjedl is placed 
in a clearer point o f view.

It were indeed to be wiihed that both 
parties held truth ftri(ftly in v iew ; that 
they brought no falfe experiments into the 
difpute, and obferved and explained the 

V o l . I. D phsenomena
* Meyers Beytraage zur Kenntnifs des Jlttfspaihs. 
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phaenomena no otherwiie than a friend to 
truth, uninterefted in the controverfy, 
would do, and Advanced contradidlory 
aifertions with as much caution as poili- 
ble. It is, by no means, rare, for a man, 
eager to convidl his adverfary o f a mi- 
ilake, to commit another in the very fame 
experiment by which he thinks to attain 
his purpofe.

Truth, however, let the diipute be car
ried on in whatever manner, is common
ly  a gainer; and this is no fmall advan
tage.

§ II.

This has been the fate o f the fluor 
acid, a fubitance made publicly known 
b y that excellent chemift Mr Scheele, in 
the Swediih Tranfa<5lions.

Many doubted concerning it, but its 
moil zealous avowed oppofers were, as far 
as I know, Mr Boullanger and Mr Mon- 
nec. Though I had made but few expe
riments with it when I read Mr Monnet’s 
eiTay, yet I eaiily perceived, that, while 
he charged Mr Scheele with having ob- 
ierved wrongly, his own obfervation had 
been ilill more faulty.

I fefolved to defend m y friend ; but 
learning that he was him ielf making ex
periments in order to refute his adverfa- 
ries, I willingly relinquiihed the taik to

his



his mailerly hand. I read with facisfac- 
tion the experiments publiilied by him 
with this view, in the firft quarter o f the 
Swedifh Tranfadlions for 1 780 ; and more
over, tranflated them, in order to commu
nicate them to my countrymen in fome 
journal.

Hence I was led to repeat a few experi
ments, and thefe again fuggefted others; 
and, as I think them likely to contribute 
Ibmewhat to a more intimate knowledge 
o f this remarkable ftone, I lay them be
fore the Society.

§ Hi.

Among Mr Scheele’s experiments, I was 
particularly ftruck by one in which he 
obtained no earthy cruft on diftilling fluor 
with vitriolic acid, when he had put fpi- 
rit o f wine into the receiver. I repeated 
this experiment, in hopes, that, by putting 
but little fpirit into the receiver, I might 
procure a new kind o f aether.

With this view, I put an ounce o f fine
ly powdered fluor, that had been before 
heated red hot, into a glafs retort, and 
added three ounces o f white Englifli oil o f 
vitriol; the receiver contained three ounces 
of highly redlified French brandy.

I had continued the diftillation for three 
•hours in a gentle heat, when the acid, 
having made its way through the bottom 
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o f the retort, put a flop to the procefs, 
part o f the mixture running into the fand.

On the furface o f the fpirit, I could not 
obferve the leaft trace o f any cruft; but 
in the place where the receiver had been 
in contadl with it, there was a thin ring o f 
tranfparent jelly.

The fame mixture o f fluor and oil o f 
vitriol was again put into a retort o f very 
ftrong glafs, and the fame fpirit, as in the 
former experiment, fet in the receiver. 
The diftillation was continued in a fand- 
bath for two hours, at firft with a gentle, 
but afterwards with a ftronger heat. When 
the diftillation was half over, the fpirit 
o f wine began to change into a thin jelly; 
and, at the end o f the procefs, I found 
fome firmer pieces at the bottom. Thefe 
I waihed with fome fpirit o f wine ; and, 
in order to obtain the fpirit, together with 
the acid, in a pure ftate, I poured it into 
a large retort; as the retort grew warm, 
the opal-coloured fpirit grew clear and 
fwelled; what paifed over became again 
gelatinous. A  good deal o f earth remain
ed behind, but did not adhere firmly to 
the retort, which was fmooth in the in
iide, and yet full of broad ihallow ex
cavations : And it was evident, that it 
is not a mere cruft which fixes itfelf to the 
glafs, in treating fluor mineral with oil of* 
vitriol, but that the glafs is adlually cor

roded,



roded, which Mr Monnet, contrary to all 
experience, denies.

§  I V .

I gave over m y attempt to procure sether, 
thoroughly edulcorated the jelly and the 
earth that remained in the retort after the 
redliiication, and precipitated the earth 
that was diiTolved by the water with 
fpirit o f fal ammoniac. The quantity o f 
earth amounted in all to two drachms, 
and that which had feparated fponta- 
neouily from the fpirit was femi-tranfpa- 
rent.

Neither o f thefe earths fuffered any 
change under the blowpipe, but they 
both flowed on the addition o f a little fait 
o f tartar.

This was a large quantity o f earth from 
two ounces o f iluor ; and it could not be 
eilimated as the whole, iince the firil pro
cefs was cut fhort before it was completed.

As this earth ihewed the properties o f 
filiceous earth, and the glafs, which was 
fo much corroded, coniifts in great mea- 
fure o f it, the greatefl part might come 
from the glafs, and the reft perhaps be a 
conilituent part o f the fluor itfelf.

§  V .

In order to afcertain this, it was necef- 
fary to obtain the fluor acid quite free
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from filiceous earth. I therefore expofed 
the ley, which I had procured by the pre  ̂
cipitation o f the ear^h ’with fal ammoniac, 
to a gentle evaporation in a ilightly cover
ed glafs veifel. The product was one 
drachm fifty-fix grains o f an ammoni- 
acal fa it; the glafs did not appear to have 
been attacked.

I fublimed half a drachm o f this fait 
in a fmall retort, vvhich, towards the end 
o f the operation, I laid ppon the bare 
fire. No cruft appeared upon the furface 
o f the water in the cover. At the bottom 
o f the retort lay a little flocculent earth, 
o f a light grey colour, above which the 
internal furface was covered with a white 
pellicle that refiedled various colours, and 
in the neck there was a fublimate.

The thin pelliclc eafily feparated in ma
ny places from the glafs, which was quite 
fmooth beneath, though it was not with
out fmall furrows.

I poured water both upon the ammo- 
niacal fait and the cruft, in confequence 
o f which it acquired a very four tafte, 
and coloured the tindlure of turnfol red.

The white cruft that was left undiifolved 
behind, weighed five grains, and under 
the blowpipe ran without addition into a 
green glafs. This was nothing but the 
glafs that had been corroded by the fluor 
^cid j but, as this acid can be fet looft



only by a ftrong heat, it had done no 
more than corrode the glafs, without paf- 
fing over along with it in the form o f va
pour, and then depoiiting it again on the 
water. For, upon pouring two drachms 
o f  oil of vitriol upon half a drachm of 
this ammoniacal fait, a little moiftened, 
and placed in a glafs retort, a great foam 
arofe, and the thick vapours that afcend- 
ed covered the water in the receiver with 
a white cruft.

A  fcruple o f the fait on folution left be
hind a grain o f earth, which, as I con
jecture, it had taken up during the eva
poration in the glafs veifel.

§ VI.

In order to prevent this, I diililled half 
an ounce o f fluor with an ounce o f oil o f 
vitriol for five hours. The crufts’were 
feparated from the water ; they weighed, 
after being well wafbcd and dried, eleven 
grains; they were white and very floccu- 
len t; thirty-two grains o f filiceous earth 
were precipitated from the filtered w ater; 
the ley was then evaporated in a leaden 
veifel, and yielded eighty grains o f fait.

Glafs veifels were no longer to be trufl- 
ed ; a piece o f a gun-barrel furniihed with 
a cover and terminated by a bent tube, 
intended to ferve inftead o f the neck o f a 
retort, was ufed in the following experi- 
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ments, and the diilillation was performed 
in a fand-bath. In this apparatus, to half 
a drachm o f the newly procured ammo- 
niacal fait I added two drachms o f oil o f 
vitriol, and diililled for two hours into a 
glafs receiver, containing an ounce o f wa
ter.

No veiligi o f a cfuil could be percei
ved on the water ; but I faw fome earth 
in the receiver, where the vapours having 
afcended through the tube came into con- 
tad: with the wet glafs; and here the fur- 
face was become feniibly rough.

On the addition o f volatile alkali, a few 
flocculi o f iiliceous earth, amounting on
ly to one-fourth o f a grain, were thrown 
dovvn out o f the water.

Again, I added a drachm o f oil o f 
vitriol to l i  drachm o f the fait in the 
fame apparatus; but I now ufed a re
ceiver o f lead, containing an ounce o f wa
ter.

A t the clofe o f the diilillation, I found 
no cruil on the water which had an 
unpleafant fmell; and, on the addition o f 
fpirit o f fal ammoniac, let fall a little grey 
earth that weighed half a grain. ^

A  fcruple o f this fair, mixed with an e- 
qual quantity o f white fand in fine pow
der, and diililled in the iron apparatus 
with i~  drachm o f oil o f vitriol, an ounce 
o f water being put into the leaden recei

ver,



ver, fhewed no veflige o f a cruft. The 
water had a putrid fmell, and left on the 
filter 21  grains o f grey earth, which ran 
under the blowpipe into a grain o f lead; 
and, by volatile alkali, five grains o f grey 
earth were precipitated, which melted on 
the addition o f a little fait o f tartar in
to a black globule, tiiough tlfe blowpipe 
alone produced no change on it. This 
probably arofe from fome difiTolved lead ; 
but as there was a more copious precipi
tate here than in the preparation o f the 
ammoniacal fait without filiceous earth, it 
muft unqueftionably have arifen from a 
portion o f that earth being difiblved and 
carried over by the fluor acid.

M y ammoniacal fait being expended, I 
prepared more from a weaker acid, which 
I had remaining from another experiment, 
in a leaden vefl̂ el, but procured only thir
teen grains.

To this quantity I added a drachm of 
oil o f vitriol in the above defcribed appa
ratus, putting in moreover two fcruples 
of green glafs in fmall pieces. Scarce had 
the iron tube grown warm, when I per- ' 
ceived on the water in the leaden receiver 
a great fpot o f filiceous cruft; and I faw 
the fame appearance on the moift fides of 
the veifel. I continued the diftillation for 
two hours; but there did not feem to be 
any increafe o f the filiceous cruft;

grain



grain remained on the filter, partly con- 
Sfting o f grey earth, partly o f white 
films, which ran under the blowpipe in
to a greeniih glafs.

It feems therefore certain, that the earth 
which paifed over in thefe experiments 
comes not from the ilone, as any conili- 
tuent part o f it, but that it is iiliceous 
earth diifolved by the acid. Did the ilone 
contain an earth whi^h fo wonderfully 
altered acids, it muft be thrown down by, 
the volatile ley,

§  V I I .

To fet the matter in a ftill clearer 
light, I ufed a different fpecies. Some 
yellow cubical fluor from Saxony be
ing heated and pounded, and then di
ililled in the iron tube, with a double 
quantity o f oil o f vitriol, and with a 
drachm o f water in the leaden receiver^ 
yielded a thin pellicle, o f the appearance 
o f lead, but no filiceous cruft. By preci
pitation with volatile alkali I got 2  ̂ grains 
o f grey earth.

A  drachm mixed with the fame quantity 
o f pulverized fand aiforded a pellicle of 
lead, interfperfed with a few particles of 
white cruft, which ran into glafs under 
the blowpipe. Volatile alkali precipitated 
eight grains, a ftriking diflerence.

A



A drachm mixed with an equal quan
tity of green glafs, reduced to powder, 
fwelled a good deal, and yielded a thick 
iiliceous cruit.

§  V I I I .

Not yet fatisfied with thefe experiments, 
I added to a drachm o f green fluor, that 
had been heated and pounded, two drachms 
of oil of vitriol, ftill employing the iron 
tube. I alfo fufpended a piece o f wet 
charcoal in the infide, fixed a cover upon 
the tube, heated it in a fand-bath, and 
found, upon taking off the cover, in the 
fpace o f fifteen minutes, that the char
coal was dry, and had no earth upon it. 
I now added a fcruple o f fand in fine 
powder, wetted the charcoal, and replaced 
it ; but found after the fame time nothing 
more than at firil.

Some bits o f green glafs were now 
thrown into the mixture, when it began 
to foam fo vehemently, that it ran over ; 
and I did not now hang the charcoal in 
the tube, as it was no longer clean, nor 
was this at all neceiTary ; for, after I had 
held it a few féconds over the orifice, it 
was covered with a white powder.

Mr Scheele, in his firil EiTay, fays. That 
he obferved the white powder on a piece 
of charcoal that had been moiilened and 
fufpended over fluor, to which vitriolic

acid



acid was added. As this experiment was 
made in metallic veiTels, I conjedure that 
the mortar ufed for reducing the fluor to 
powder was o f foft glais, and that iome 
particles being abraded by the trituration, 
had occaiioned the phsenomenon.

The G L A S S  was therefore the chief caufe 
o f the produ6lion o f the filiceous pellicle 
on the furface o f the water in the receiver,

§  I X .

In order to afcertain whether, when a 
quantity o f glais fufficient for the fatu- 
ration o f the acid is added to it, it can 
carry over much more along with it, to half 
an ounce o f fluor, t\ ounce o f white oil 
o f  vitriol was added in a retort o f glafs, 
and three ounces o f water put into the 
receiver. The retort was corroded through 
in an hour’s time, and the cruil- on the 
water weighed ten grains. The water 
was filtered and divided into two equal 
parts, o f which the one being precipitated 
with cauftic volatile alkali, afibrded twen- ' 
ty-five grains o f  filiceous earth, and the 
other with aerated vegetable alkali yielded 
fixty-eighc grains o f a precipitate which 
flowed under the blowpipe, ran into the 
pores o f the charcoal, and gave out ilrong 
vapours o f fluor acid.

In this cafe, therefore, the filiceous earth 
was precipitated in a ftate o f purity by the

volatile



volatile alkali; but the precipitate by fixed 
alkali was a mixture o f filiceous earth, 
fluor acid, and alkali, as ProfefiTor Berg
mann has already obferved.

§  X ,

To a mixture o f half an ounce o f fiuor, 
and the fame quantity o f glafs in powder, 
i-i- ounce o f oil o f vitriol being added in 
a retort that was thus half filled, the in
gredients adled fo violently on each other, 
that in a fliort time the mixture rofe to 
the neck o f the retort. It was left expo- 
fed to the open air on account o f the va
pour, and the next day I found the rim o f 
the retort covered with fafciculated cry
ftals as with hoarfroft.

The fame mixture being on another oc- 
cafion made in a capacious retort, and 
thoroughly blended by agitation, became 
a thick mafs, and fwelled like dough in 
fermentation ; the bottom o f the retort 
grew very hot, and the filiceous cruft 
appeared, on three ounces o f water, which 
had been put into the receiver.

At the end o f the diftillation, which 
was continued three hours, I found fix- 
teen grains o f filiceous earth on the fur
face o f the water, and the precipitate by 
volatile alkali weighed fifty-fix grains. 
The retort was not nearly fo much cor
roded as ufual.

On



On diililling thirty grainvS o f this pre-; 
cipitate in a glafs retort, with drachm 
o f  oil o f vitriol, I faw no filicecius earth 
on the water in the receiver, nor fublimate, 
nor did fpirit o f fal ammoniac throw 
down any thing, either out o f the water 
in the receiver, or that with which the 
earth was edulcorated. I mixed the ley 
o f fluorated volatile alkali with a folution 
o f chalk in nitrous acid, till no more pre
cipitation took place. The mixture was 
paifed through nitrous acid, and the pre
cipitate edulcorated ; it weighed, when 
dry, two drachms thirty-fix grains.

Two drachms o f oil o f vitriol being 
added to a drachm o f this precipitate con
tained in a glafs retort, the precipitate 
was attacked in the cold, yet no cruft ap
peared ; but heat was fcarce applied, when 
the whole furface o f the water was cover* 
ed, and all the phsenomena which the na
tural exhibits were ihewn by this regene
rated fluor.

This fliews, that M r Scheele’s theory 
o f fluor acid is true, and that fuch an 
acid actually exifts.

5  X I .

M y firft experiments were communica* 
ted to M r Scheele, with a requeft that he 
would repeat them ; by which means I 
hoped to guard againft any new miftake.

That



That worthy phllofopher informed me, 
that he had long obferved, that a mixture 
of iluor, as tranfparent as mountaiil cry- 
ilal, and o f oil o f vitriol in a metallic cy
linder, produced no appearance o f filiceous 
earth on a wet fponge fufpended in the 
iniide.

At my requefl he made a new experi
ment, which coniiiled in adding oil o f 
vitriol to portions o f iluor o f this tranf
parent kind that were placed in two tin cy
linders ; fome filiceous earth was put into 
one, a wet fponge fufpended in both, and 
a cover fixed on them. The next morn
ing the fponge that was fufpended over 
the mixture to which filiceous earth had 
been added, was covered with that earth, 
while the other exhibited no fuch appear
ance.

However contrary this may appear to 
my experiment (§ v iii.) , I have no doubt 
of the fail, having often experienced m y 
friend’s accuracy ; I might have commit
ted a miilake before.

§ xn .

The experiment was therefore repeated, 
but no heat was applied to the mixtures 
in the tin cylinders. After the expiration 
of fifteen minutes, neither fponge had 
any earth adhering to i t ; but after con
tinuing fufpended for a whole night, the 
i refult



refult was exadlly fuch as Mr Scheele de- 
fcribed.

Here, therefore, the iiliceous earth a- 
lone, on mixture with iluor, had yielded 
the dry iiliceous earth which I obferved 
only when I added glafs. Hence it be
came neceifary to attempt a few more ex
periments.

§  X I I I .

A  drachm o f liuor, mixed with a double 
quantity o f oil o f vitriol in the iron ap
paratus, afforded, after a diilillation o f two 
hours, a thin £lm o f lead on the furface 
o f the water in the receiver, but no iili
ceous earth. While I was waihing- it out, 
I perceived fome few particles, which 
were like the filiceous cruil, but they 
were too inconiiderable to be weighed. If 
the mixture had been treated in glafs vef- 
fels, the iiliceous earth would have amount
ed to 2 i grains, which, on account o f its 
rarity, makes a tolerable bulk. In order 
to be better able to obferve it, the fame 
mixture was difpofed in the iame man
ner, except that, inftead o f the leaden re
ceiver, one o f glais, with 3 i ounces of 
water, was fo applied, that the mouth of 
the iron retort nearly touched the furface 
o f  the water. In the beginning of the 
diftillation, a fmall fpot appeared under 
the neck o f the retort, and the mouth it-
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felf was covered with white powder. Buc 
it ali ibon difappeared, and I faw no more 
of it, though the procefs was long conti
nued.

The empty part of the receiver was cor
roded, yet 1 procured, after edulcoration, 
but half a grain o f earth.

This feems further to ihew, that nothing 
but the glafs h^s any fliare in the produc
tion o f the iiliceous earth.

S  X I V .

It follows from thefe experiments, that 
uncombined iluor acid diiiblves iiliceous 
earth, and carries it up into the water in 
the receiver. I f  no water be prefent, it 
afcends in the form o f a dry vapour; a 
remarkable fadl, confidering the fixity o f 
this earth. May not this ferve to illuilrate 
the volatility o f the diamond ? I think it 
probable that fluor acid is a conilituent 
part of this gem.

The origin of the iiliceous crufl on the 
furface o f the water may be explained, 
by fuppoiing, either that the acid dif- 
folves an excefs o f the earth which is pre
fent in the glafs, and already half prepa
red for ibluiion, and that being over-fa- 
turated, it lets fall a part which it cannot 
retain when mixed with water, or that 
the alkali in the glafs comes into adion.

V o l . L E Iq



In M r Sclieele’s experiment, the iiliceous- 
earth was depoiited on the fponge, with
out any ocher circumilance to promote 
the volatilization. But it is, at the fame 
time, to be noticed, how flowly this hap
pened ; for it, doubtlefs, did not begin to 
cake place till the fmall quantity o f water 
contained in che fponge was faturated with 
the filiceous earth diifolved in the acid. 
Fluor acid, which I have kept above a 
year in a phial, has corroded the glafs in 
many points, which are furrounded with 
concentric circles, and depofited a pow
der that adheres to the bottom.

This remarkable fofiil may ilill fuirniih 
a fubjecl for many experiments. Golden 
veiTels would, in m y opinion, be the moil 
convenient in fuch an undertaking, as alfa 
for keeping the acid*.

E S S A Y

*  Thefe experiments fo clearly point out the origin 
o f the filiceous cruft, that Bergmann, who had adopt, 
ed M r Scheele’s opinion concerning its formarion du- 
ring the procefs, candidly deferted it (Opufc. vol. iiiv 
p. ^97.). T h at this fubjeit might not remain in ob- 
fcurity for want o f inveliigation, M r W enzel o f Dref- 
den likewife made a number o f experiments on flnor, 
which coincide in every eflential poiiu with thofe of ' 
M r M eyer, though they differ in a few  particulars. , 
T h e  title o f his pamphlet is, G . W e n z e l s  Chymi/che . 

Unterfuchitng des Flufs-fpaths. Drefden bey Gerlach, 
1783. 4to.

M r W enzel, in order to obtain the fluor acid free 
from filiceous earrh, performed the diftillation in a 
Jeaden retort, provided v/ith a glafs receiver j there

appeared,
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T
§ I-

"'HOUGH the different fpecies o f man- 
ganefe have attradled the attention 

o f chemifts o f late years, the refult o f 
E 2 their

Appeared, how ever, upon the water in the receiver 
a variegated cruQ, and the acid, with fixed alkali, 
yielded a gelatinous precipitate. Upon examining the 
receiver, he found that the vapours had corroded its 
internal furface, fo that it appeared as if  it had been 
rubbed with cuarfe fand. M r W enzel, how ever, ac- 
compIHhed his purpofe, by fubftituting a balloon o f 
lead in the place o f a glafs receiver, and by diililling 
with a gentle- heat. Ac the end o f the operation, 
there was no appearance o f any eanhy cruft, either 
in the retort, or on the furface o f the water in the 
receiver : T h e acid liquor gave no jelly on the addi
tion o f alkali, though there was a precipitation o f 
iron and earth o f alum.

T o  complete his proof o f  the origin o f the filiceous 
earth, he mixed finer, quarz, and vitriolic acid, and 
performed the dirtillation in his apparatus o f lead. But 
he now found the ufual cruft upon the acid liquor, and 
obiained a gelatinous precipuate on the addition o f 
alkali.

M oreover, M r W enzel obferved, that two ounces 
o f fluor loft upon calcination in open veiTels only two 
grains. W hen this experiment was performed in an 
air-apparatus, fome inflammable air was obtained, and 
a very fmall quantity o f fluor acid, which attacked the

glafs.



their experiments has gone no further 
.than to dlfclofe fuch o f their qualities as 
ferve to diilinguifli them from other mi
nerals ; at leaft nothing has been publiih- 
ed to elucidate their nature any further, 
except a diifertation by Mr Weilfeld, in 
the year 1767, in which this author firft 
examined their conftituent parts. M y ex
periments, however, will iliew, that his 
conclufions were too haftily made. I 
think it unneceifary to enumerate all the 
different kinds o f manganefe which I have 
examined, as they all agree in their prin
cipal qualities.

§  I I .  KffeBs o f Vitriolic Acid on Manganefi.
(a) Tw o drachms o f manganefe, levi

gated in a glafs mortar, were digefted with
an

glafs. Fixed alkali threw down a precipitate, amount
ing,^ after proper ediilcoration, to one ounce, twenty- 
two grains, from the acid expelled by oil o f vitriol 
from two ounces of fluor. 'i bis precipitate was very 
fufibJe, and yielded fluor acid with oil o f vitriol. Both 

.fire alone and vitriolic acid expelled a little acid o f fluor 
from the earthy cruif. W hen the precipitation from 
the fame quantity o f acid was made by volatile alkali  ̂
tw o drachms and fifty-three grains o f an infufible fub
ilance were obtained, which likewife, on addition of 
vitriolic acid, yielded fome fluor atid. It appears then, 
that a portion o f it is contained in ihe earthy cruft, and 
that even fixed alkali is not capable o f  Jeparating it 
completely from filiceous earth, but it remains united 
v/ith fome filiceous earth and alkali after precipitation.

T h e  refiduum, after diiHllation, contains calcareous 
and aluminous earth ; this, at leaft, was the cafe with 
the German fpecies examined by M r W enzel.



an ounce o f diluted acid o f vitriol for fe
veral days. No eifervefcence enfued, nei
ther had the acid loft any o f its tafte, nor 
was the manganefe diminiftied in quan
tity. I notwithftanding filtered the liquor, 
and faturated the acid with alkali o f tar
tar, whence I obtained a yellowifti white 
precipitate, (b ) Upon the remaining man- 
ganeie I poured another ounce o f diluted 
acid o f vitrio l; which, however, appear
ing to have no adion upon it, I put ano
ther half ounce o f levigated manganefe 
into the mixture, and boiled it. The fo
lution ftill retained fome acid tafte; but 
on adding two drachms more o f levigated 
manganefe its tafte grew bitter.

(c) I expofed an ounce o f powdered 
manganefe, mixed with as much concen
trated acid o f vitriol as to reduce the mafs 
to the coniiftence o f honey, in a glais re
tort to the fire, till it became red hot, 
during which operation foiT>e vitriolic 
acid mixed with water came over in the 
receiver. After breaking the retort, the 
mafs was found hard, white in the iniide, 
and red on the furface; it weighed 122 
drachms. This mafs was reduced to pow
der, and diftilled water poured upon i t ; 
in confequence o f which a great heat was 
generated, and a great deal o f it diifolved. 
The folution, after being filtered, was e- 
dulcorated. Afterwards, when it was dry„it 
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appeared o f a dark grey colour, and weigh
ed one drachm and a half. This refiduum 
was calcined in an open crucible with con
centrated vitriolic acid, till no more va
pours arofe; then it was put into water, 
when one drachm remained undiifolved, 
which was again calcined with concentra
ted vitriolic acid, and the undiifolved re
iiduum was a white powder, weighing 
half a drachm, ( d )  This white refiduum 
was further infoluble in the vitriolic acid. 
During its fufion with borax, it made 
an effervefcence, and yielded a tranf
parent brown glafs; it likewife effervef  ̂
ced with fixed alkali, changing into a 
brown mafs, which yielded an hepatic 
fmell with acids, becoming, at the fame 
time, a gelatinous mafs. ( e )  The folution 
o f manganefe obtained by calcination was 
evaporated, and, in the firil place, a few 
fmall cryilals were depofited, which were 
nothing but vitriolated lime (felenite). 
Afterwards, fome very fine large cryilals, 
o f an oblique parallelopiped form, were 
depofited, which increafed in number as 
long as there was any liquid remaining. Í 
Their tafle was very much like the taile | 
o f vitriolated magnefia (Epfom fait).
Mr Weilfeld pretends that they are alum; 
but they refemble- alum in no other re- 
fpetfl, except in containing the fame acid,

§ nt.



5 I I I ,  EffeSis o f phlogifticattd Vitriolic Acid*

I dipped, according to Stahl’s prefcrip- 
tion, fome rags into a folution o f fixed alka
li o f tartar, and, after faturating them with 
the acid o f burning brimftone, I put them 
into a retort, poured fome acid o f tartar 
upon them, and luted on a receiver which 
contained water and levigated manganefe. 
The retort was put into a fand-bath, and, 
after a warm digefi:ion o f one day, the 
liquid of the receiver had become as clear 
as water, and a little fine powder was 
precipitated to the bottom, confiding, for 
the moil part, o f filiceous earth.

. §  I V .  EffeBs o f pure Nitrous Acid'^,

( a )  I poured one ounce o f pure colour- 
lefs nitrous acid upon two drachms o f le
vigated manganefe. After this compound 
had been kept in a heat o f digeftion for 
feveral days, the menftruum was found 
to have loft nothing o f its acidity, nor 
was there any appearance o f effenvefcence.
I abftradled the acid by diftillation, pour
ed the diftilled liquor again upon the re- 

E 4 fiduum

* Under the name o f pure nitrous acid I nnderitand 
colourlefs nitrous add— the fuming acid diililled in a 
gentle heat, till the mafs remaining in the retort ap. 
pears colourlefs, and yields white vapours when heated. 
Nitrous acid of this quality muft be preferved in a 
glafs veiTcl furniflied with a ground ftopple, in a dark 
room.



iiduum, and diftilled it over again, but 
very ilowly. The refiduum was but very 
little diiTolved. I again poured the diftil
led acid upon it, and afterwards added as 
much powdered manganefe as was .necef- 
fary for the perfe(5l  faturation o f the acid, 
and found that nine drachms were re
quired for this purpofe. ( b )  The folu
tion o f manganefe being by thefe means 
faturated, was filtered and divided in
to two equal portions. Into one o f thefe 
I poured fome drops o f vitriolic acid, 
whereby a fine powder was precipitated, 
which, however, did not fettle at the bot
tom till after fome hours had elapfed. 
This powder was neither foluble in boil
ing water nor in acids.' The limpid folu
tion, after being evaporated, yielded fome 
fmall cryftals o f felenite or gypfum ; but 
would afford no others, (c) From the 
other half o f this folution, after it had 
been evaporated in a gentle heat, I obtain
ed fmall Ihining cryftals, which, as well 
as the folution itfelf, were o f a bitter 
tafte, and weighed about ten grains. On 
pouring fome drops o f vitriolic acid into 
this folution, inlpiffated by a gentle heat, 
no precipitation enfued, except o f a little 
felenite but as foon as it was infpiiTated 
to the confiftency o f honey, fome fine 
acicAilar cryftals, verging towards the 
fame centre, began to form, but they

grew



grew foft and deliquefced in a few days 
afterwards.

§ V. EffeBs o f phloglfticated Nitrous Acid.

AvS this acid fhews, in,feveral experi
ments, quite different phenomena from 
thofe which the pure nitrous acid fhews, 
I purpofed to try its efieds alfo upon man
ganefe. I therefore put a little levigated 
manganefe, mixed with fome water, into 
a large receiver, to which I luted a tubu
lated retort, and poured through the open
ing fome ounces o f common nitrous acid, 
and added, at feveral different times, fome 
iron filings, taking care to clofe the veifel 
always with a glafs flopple. The nitrous 
acid thus combined with the phlogiflon 
of the iron went over into the receiver, 
and there united wnth the black mafs a- 
bove mentioned. The manganefe was 
thus entirely diflblved in a few hours tim e; 
the folution was as limpid as water, a lit
tle fine earth excepted, which was iilice
ous. There began now to precipitate a 
white earth, o f the fame kind as that 
mentioned in § i v .  ( b ) .  In other refpedtsj 
this folution agreed with that made in pure 
nitrous acid, as it is defcribed in the pre
ceding paragraph.

§ VI. EffeBs o f common Muriatic Acid.

(a) I poured an ounce o f  purified m u
riatic



riatic acid upon half an ounce o f leviga
ted manganefe. This acid, after {landing 
quiet for an hour’s time, grew dark brown. 
A  portion -of this folution was digefted in 
an open glafs veifel in heat. It yielded a 
fmell like warm aqua regia. In a quar
ter o f an hour, the fmell was gone, and 
the folution became clear and colourlefs.
( b )  The reft o f the brown folution was 
digefted, with a view to fee whether the 
muriatic acid would be faturated with 
manganefe. As foon as it grew warm, 
the fmell o f aqua regia was confiderably 
ftronger, and an effervefcence enfued, 
which lafted till the next day, when the 
folution was found faturated. Upon the 
refiduum, which was not diiTolved, I 
poured another ounce o f muriatic acid, 
which was followed by the very fame 
phænomena, and the manganefe was en
tirely diiTolved, a fmall quantity o f fili
ceous earth remaining, (c) This yellow 
folution was divided into two portions. 
Into the one I poured fome drops o f vi
triolic acid, and the folution in a few mi
nutes turned white, and a fine powder 
was precipitated, which was not foluble 
in water. After the folution was evapo
rated, fome fmall felenitic cryftals formed, 
and the refiduum exhibited the fame phæ
nomena as are defcribed above, with the 
mixture o f nitrous acid and manganefe.

(d ) The



(d ) The other half was evaporated, and 
fome fmall angular ihining cryftals were 
obtained, which, with regard to their 
cryftallifation, agreed with thofe obtained 
by the nitrous acid.

§  V I I .  Eff'e&s of Fluor Acid.

But very little o f the manganefe, after 
being digefted with this acid for feveral 
days, was diifolved ; and it was neceifary 
to add a very large quantity o f levigated 
mahganefe before the acid was faturated. 
The folution had hardly any feniible tafte; 
a little precipitation took place on adding 
alkali. But i f  a neutral fait, compofed o f 
this acid and volatile alkali, be added to 
the folution o f manganefe in any one o f 
the above mentioned acids, a double de- 
compofition rakes place, and the manga
nefe uniting with the ñuor acid is precipi
tated.

§  V I I I .  EffeSls o f Phofphoric Acid,

One drachm o f phofphoric acid being 
boiled with half a drachm o f powdered 
manganefe, diifolved but little o f i t ; and, 
though evaporated to drynefs, the remain
der had a very four tafte. At laft, how
ever, by adding more manganefe, the a- 
cid was faturated. On adding microfmic 
fait to a folution o f manganefe, a decom- 
pofition follows, like that eifeded by the 
fluor acid. § ix.



§  IX . EffeBs o f Acid o f l*artar.

Pure acid o f tartar, digefted in the cold 
with manganefe, produced a brown fohi- 
tion ; but, on digefting in heat, more 
was diifolved with a kind o f effervefcence ; 
the whole quantity, however, was not dif- 
folved, but the acid was at lafl faturated 
b y the addition of more manganefe. On 
adding tartarized fixed alkali to a folution 
o f manganefe, a double decompolition 
happens, as § v ii. v iii. ix .

§  X .  EffeSts o f difiilkd Vinegar.

In a boiling heat little o f the manga- 
nefe was diifolved by vinegar ; but, af
ter diililling the fpirit o f verdigreafe fe
veral times from manganefe, the acid was 
faturated. On adding vitriolic acid, I ob
tained a little white precipitate, (§ iv. b ) .  

O f the remaining manganefe hardly any 
feniible quantity was diifolved by con
centrated vinegar, though repeatedly di
ililled over it. The produól o f the fo
lution upon evaporation to drynefs was 
deliquefcent in the open air.

§  X I .  EffcBs o f Acid o f Lemon.

Tw o drachms o f levigated manganefe 
were digefled with an ounce o f the acid 
o f lemon. The mixture, when cold, 
acquired a brown colour ; but, on the

application



application o f heat, the liquid began to 
eifervefce, which continued till the acid 
was faturated, when it had loft its brown 
colour. In the fame manner the remain
ing manganefe was diiTolved. More acid 
was poured upon it, and thus the whole 
was in a few hours diiTolved, a white 
earth excepted.

§  X I I .  EffeSls o f Aerial Acid.

I faturated cold water, which contained 
a little fnow unmelted, with aerial acid, 
and then put a little levigated manganefe 
into it. The phi^l which contained this 
mixture was carefully clofed, and left for 
feveral days in the cold, during which 
time it was now and then agitated. The 
liquor was afterwards filtered, and alkali 
added to it, upon which a white powder 
precipitated. The manganefe likewiic fe
parated from its folution, on ftanding a 
few days in the open air.

§  X I I I .

Such are the eiTedls of acids upon man
ganefe, What is moft remarkable in them 
is, that fome o f the acids, fuch as the vo
latile fulphureous, the phlogifticated ni
trous, the common muriatic acids, and 
the acid of lemon, completely diiTolve it. 
Others during the folution caufe a conii- 
derable effervefcence; others again pro

duce



duce the folution quietly, and others diil 
folve a part of the manganefe only. 
Before I enter upon any explication of 
thefe fingular phasnomena, it will be ne- 
ceffary to point out the general properties 
of' manganefe.

§  X I V .

(i.) Manganefe has a ftrong eledive 
attradion for all phlogiftic fubftances. 
(2.) This attraction becomes flronger, if 
there be a menftruum prefent which at 
the fame time can unite with the phlogi
fticated manganefe. In this fituation the 
manganefe is able to attrad phlogifton 
more ilrongly than the nitrous acid does 
via humidd, (3.) When manganefe is fa
turated with phlogiilon, it lofes its black 
and affumes a white colour, which how
ever difappears as foon as the phlogifton 
is feparated from it again, (4.) Without 
combining it with phlogifton, there is no 
way o f producing a colourlefs folution of 
manganefe in any acid; and, whenever 
phlogifton' is wanting, the folution be
comes blue or red. By means o f thefe 
four general qualities o f manganefe, dif
covered by a train o f experiments, all its 
known effeds are eaiily explicable, as will 
appear from the following obfervations.



§  X V .

Diluted vitriolic acid diiTolves manga
nefe only in part, whether digefted or 
boiled with it, (§ 11. a ). This part there
fore ought to be feparated from the reft, 
becaufe the folution o f manganefe is ne
ver colourlefs, except when combined 
with phlogifton, (§ x iv . No. 4.) Whence 
it follows, that this foluble part o f it is 
united with phlogifton. That manganefe 
naturally contains but little phlogifton, has 
been fome time ago taught by Mr Weft- 
feld ; but the caufe he affigns is not to be 
admitted, till it is confirmed by other ar
guments, efpecially as nitre, without the 
addition o f phlogifton, may become al- 
kalefcent, and that the fooner, i f  there be 
a body prefent which is capable o f uniting 
with the alkali, in which cafe a heat only 
half as ftrong is requifite. This happens in 
the calcination o f manganefe with nitre; 
for i f  the mixture is diftilled, nitrous acid 
is obtained in the receiver : But that fome 
phlogifton really enters into the compoii- 
tion of manganefe, the following experi
ments will ih ew : (a ) I f  the folution of 
manganefe in vitriolic acid'- (§ 11. A, b ) 
be evaporated to drynefs, and then the re
iiduum diftilled in the open fire in a glafs 
retort, with a receiver applied to it, the 
vitriolic acid does not ieparate from the

manganefe



manganefe till the retort begins to m elt; 
but it is then changed into volatile fulphu* 
reous acid. The refiduum is black, and 
nothing but common manganefe. ( b )  Let 
the folution o f manganefe in nitrous acid 
( §  IV .  a )  be put into a glafs retort, all the 
liquid abilradted, and, when it begins to 
foam, let a receiver, with fome water in 
it, be applied. By a ilow fire, the nitrous 
acid, employed for the folution, will be 
driven over in the form o f blood-red va
pours, and yield green volatile nitrous 
acid. In the retort there will remain like  ̂
wife real black manganefe. (c) A  folu* 
tion o f manganefe in vitriolic or pure ni
trous acid, {§ I I .  I V .  B ,  a )  precipitated by 
alkali o f tartar, retains its colour; but, 
when calcined in the open air, grows black 
( §  X I V .  No. 3.). Hence it follows, .that 
manganefe contains phlogifton ; and, fince 
the refiduums in the retort have lofl their 
phlogiilon, by means o f which they were 
united with the acids, they are no longer 
ibluble in pure acids. I f  therefore vitrio
lic acid be poured upon the refiduum ( a ) ,  

little or nothing o f it will be diilblved; 
but i f  the volatile vitriolic acid, which 
was driven over into the receiver, be pour
ed upon it, it will again diiTolve it, a fmall 
portion excepted, for want o f a fufficient 
quantity o f acid ; for there is fome o f the

acid



O N  M A N G A N E S E .  8i

acid loil during the diftillation through 
the lute. The fame thing happens with 
the diftillation and folution o f manganefe 
in nitrous acid, ( b ) .

§ xvi.
%

Now, iince only a part o f this mineral 
is diifolved by the vitriolic acid, it may 
be ailted, W hy the remainder does not 
diifolve ? To this l  anfwer, The undiifol- 
ved portion has parted with the little phlo
gifton it naturally pofTeiTed, to that por
tion of manganefe which is taken up by 
the vitriolic acid during the firft digeftion; 
for, without that principle, manganefe is 
infoluble. That the remaining manga^ 
nefe lofes its phlogifton, is evident from 
this, that i f  nitrous acid be abftraded 
from it, there appears little or no red va
pour. That manganefe, according to its 
fécond general property, attrads phlogi
fton more ftrongly when it is combined 
with fome acid, the following experiments 
will Ihew : (a) Levigated manganei'e di
gefted or boiled with a folution o f fugar, 
honey, gum Arabic, hartfliorn, jelly, un
dergoes no change. But on mixing the 
manganefe with fome diluted vitriolic 
or pure nitrous acid firft, afterwards 
adding fome o f thefe fubftances, and ex- 
pofing the whole to digeftion, you per
ceive with admiration how the black co~

V o l . I. F lour



lour vanilHes by degrees, and the folution 
becomes as limpid as water. During this 
phenomenon, a quantity o f air-bubbles 
is difcharged with a violent effervefcence; 
they are found to be aerial acid. Nay, 
manganefe, in fuch a combination, fhews. 
fuch a ilrong attradlion for phlogifton, that 
metals, not even the noble ones excepted, 
render it foluble in thefe acids in a limpid 
fo rm ; and what is ftill more remarkable, 
the volatile alkali, as well as the above 
mentioned vegetable and animal fubftan- 
ces, is entirely deftroyed. But o f this 
I ihall fpeak . more fully hereafter. At 
prefent I conclude from thefe experi
ments, that the faperiicial particles o f le
vigated manganefe, on touching an acid, 
acquire a great attradion for phlogifton ; 
and i f  fuch an acid contains no phlogi
fton, nor the manganefe fo much as is re- 
quiiite for its entire folution (§ ii. iv» A, a), 
thofe fuperfieial particles attradl as much 
o f the phlogifton as is required from the 
particles next adjacent to them, which 
have not yet come in contadl with the 
acid. This is the reafon why the exter
nal particles diifolve in vitriolic or nitrous 
a c id ; and the internal, or thofe lying 
neareft under the external ones, having 
been deprived o f their phlogifton, remain 
undiifolved ; but thefe likewife diifolve as 
ibon as the requifite phlogifton is com

municated



inunicated to them from the above men
tioned fubftances, fuch as fugar, Sifr.

§ X V II .

We now come to fpeak o f the eife(5ls 
of concentrated vitriolic acid on man
ganefe, (§ n. c). It is remarkable, that 
this acid diifolves the manganefe en
tirely without the addition o f any phlo
gifton. It would be difficult to compre
hend whence the phlogifton in this cafe 
ihould come, i f  we were not certain that 
feveral fubftances, which have a great at- 
tradion for phlogifton, can attrail it in 
a red heat. Quickiilver, and iilver when 
diiTolved in the pureft nitrous acid, really 
lofe the phlogiiton (§ iv.), which is a 
conftituent part o f thefe metals. This 
appears from the red vapours, under the 
form of which the nitrous acid arifes; and. 
the diiTolved metallic earth cannot be 
again reduced to its mecallic form, till 
it has again acquired the loft phlogifton, 
which is effeded either by precipita' 
tion with complete metals, or elfe by 
means o f heat alone. It is known, chat 
nitrous acid, when combined with a little 
phlogifton, adheres afterwards to abfor- 
bent bodies fo loofely, that it may be ex
pelled from them by vegetable acids. I f  
a fmall glafs retort, filled with nitre, is 
kept upon the fire, till the nitre ihall
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have been in a red fuiion for half an 
hour, it is found, after cooling, to have 
acquired fome phlogifton. For, when 
rubbed with tamarinds, a ftrong fmell of 
aquafortis rifes; and it likewife deliquefces 
in the open air, thourgh there is no mark 
of any fuperabundant alkali. And what 
elfe can be the caufe, that fuming nitrous 
acid, when diftilled, rifes at laft, when 
the retort is nearly o f a white heat, in 
blood-red vapours, whereas it afcends du
ring the diftillation in a limpid form like 
water ? I could adduce many more expe
riments to prove, that phlogifton is con
tained in fire, i f  1 was not afraid o f ren
dering this diifertation too long. This, 
liowever, 1 may add, that the following 
objedion is void o f foundation: Why,' 
i f  what I aifert was really the cafe, the 
calces o f the ignoble metals are not equal
ly reducible by heat ? iince all bodies have 
not an equal degree o f attradion to phlo
gifton.

Thus manganefe can attrad the quan
tity o f phlogifton neceiiary for its folu
tion, by means o f concentrated vitriolic 
acid, from heat. It is not probable, that 
the concentrated acid undergoes a decom
poiition in this degree o f fire ; for i f  you 
faturatc half an ounce o f this acid with 
alkali o f tartar, and afterwards calcine in 
a retort, with a receiver applied, an ounce

a n d



and a half o f powdered manganefe, with 
an equal quantity o f the fame vitriolic 
acid, then diifolve the calcined mafs in 
diililled water, and likewife waili well the 
receiver, which contains fome drops of 
vitriolic acid, which are alfo to be add
ed to the folution; and lailly, add the 
fame quantity o f alkali, there will be no 
mark either o f abundant alkali or acid. 
Thence it may be concluded, that the 
phlogiflon in the vitriolic acid (if there 
really exiils any in it) contributes no
thing to the folution. But the manga
nefe, precipitated with alkali, contains a 
coniiderable quantity o f i t ; in confequence 
of which, it is afterwards entirely foluble 
in acids, without the addition o f any 
phlogiflon.

§  X V I I I .

Manganefe is often mixed with hetero
geneous earths, which are nor to be rec
koned as its conflituent parts. Among 
thefe are, (i.) a little iron ochre. This 
was the reafon why the mafs in the retort, 
after diilillation, was red on the outiide 
( §  I I .  c), becaufe it was there expofed to 
the greateft heat; whence the vitriolic acid, 
that was combined with the iron, quitted 
it. Calx of iron is befides eaiily obtained 
from the folutions o f manganefe in acids. 
I f  a few drops o f a folution o f alkali are 
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dropped in, the iron will be precipitated 
firil, becaufe it has lefs attra6lion for the 
acid than the phlogifticated manganefe 
has. That this íinaü quantity o f calx of 
iron is only mechanically mixed with 
manganefe, has been proved by M r Pott, 
and afterwards by Mr Rinman, though 
M r WeRfeld looLs upon it as a conilituent 
part o f manganefe. (2.) Some filiceous 
earth is likewife found mixed with man
ganefe, but it does not enter into the fo
lution, ( §  I I .  d ) .  That the.iiliceous earth 
is not pure, appears from experiment; but 
it may be obtained quite pure by means 
o f proper acids. (3.) A  little calcareous 
earth, which, as far as I know, has not 
hitherto been taken notice of. It is 
this with which the feparated filiceous 
earth is mixed, (§ n . d) j and, in conle- 
quence of its abforbent nature combining 
with the vitriolictcid , it forms a neutral 
fair, which is foluble in water, and forma 
with borax a brown glafs (§ 1 1 . d ) ,  on ac
count o f the fulphur produced during the 
fufion ; o f which I ihali fpeak more par
ticularly hereafter, § x x x ii.

§  X I X .

I f  the fait, confifting o f vitriolic acid 
and manganefe (§ 11. c), be again diifol- 
ved in diililled water, and afterwards cry- 
piallifed, it will be obtained in a ílate of

purity^



purity, containing nothing o f the admix
tures, mentioned in the preceding para
graph. From it manganefe, faturated 
with phlogiilon, may be precipitated by 
alkali of tartar. That this manganefe is 
really faturated with phlogiilon, appears 
from this, that it cannot be united 
with more phlogiilon, fo as to yield any 
metallic fubilance. I f  M r Weilfeld had 
examined this precipitate a little more, 
he certainly would not have pronoun
ced it to be the earth o f alum. The 
earth, thus obtained, is without the leail 
particle o f iron, and is beiides endowed 
with all the properties which mineralo- 
giils afcribe to manganefe, after the phlo
giilon has been feparated from it by cal
cination in the open air, (§ xv. c). Thence 
I infer, that Mr Weftfeld’s Diifertation 
affords no inilrucflion whatfoever.

i  X X .

The effedls o f volatile fulphureous acid 
on manganefe clearly prove what has been 
aiferted (§ 111.). The manganefe attradls 
the phlogifton contained in this acid, 
which is the caufe o f its great volatility, 
and which renders the manganefefolublein 
the now pure vitriolic acid. I f  this folu
tion be mixed with concentrated vitriolic 
acid, and diililled, no volatile fulphure
ous acid is obtained ; and i f  it be preci- 
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pitated by means o f fixed vegetable alkali, 
vitriolated tartar is obtained. This proves 
that manganefe lias a ilrongcr attrailion 
for .phlogifton than for vitriolic acid in the 
nioift way.

§  X X I .

The eife(5ls o f nitrous acid on manga
nefe coincide, upon the whole, with thofe 
of vitriolic acid. I f  this acid could fup- 
port iiich a degree o f heat as the other in 
a ftate o f concentration, it would alfo en
tirely diifolve the manganefe without the 
addition o f any phlogifton. But as this 
is not the cafe, it is neceifary to fupply 
the defedl o f phlogifton. The extrane
ous fubftances mixed with it appear in this 
procefs more clearly, (§ x v iii.) . Here the 
pure filiceous earth remains undiifolved at 
the bottom ; but another unknown earth 
unites with the nitrous acid, and yields 
cryftals, (§ iv. c). It likewife may be 
precipitated by the vitriolic acid; and this 
is the precipitate mentioned in the fame 
place ( h ) ,  a s  infoluble in water. The 
calcareous earth, with vitriolic acid, 
forms gypfum, and the fmall portion of 
iron is readily feparated, by means of 
a few drops o f alkali o f tartar, (§ xviii. 
No. I . ) .



§ XXII.

All this appears ilill more clearly with 
phlogifticated nitrous acid. The manga
nefe decompofes this acid for the fame 
rcafon as it does the volatile fulphureous 
acid (§ XX.). That the phlogifton o f the 
acid really combines with the manganeie, 
appears from this, that on adding to iuch 
a folution fome vegetable acid, there is 
no fmell o f aquafortis obferved, (§ x v ii.)  
and the diftillation with pure vitriolic acid 
yields limpid, by no means yellow, nitrous 
acid. There appears no effervefcence 
here, as happens with the folution in pure 
nitrous or vitriolic acids, on adding a lit
tle gum or fugar {§ xvi. a). It is well 
known, that a great quantity o f aerial 
acid is conftantly developed in the decom
poiition o f any animal or vegetable fub- 
ftance. Now, iince manganefe, ailiiled 
by acids, has the fame eife(5l  upon thofe 
fubftances as air and other bodies have, 
which extract from them their phlogifton, 
there muft neceifarily be, in this procefs, 
a feparation, or perhaps a generation o f 
aerial acid. But, in the prefent cafe, with 
phlogifticated nitrous acid, no fuch eifer- 
vefcence can take place, becaufe it is com
bined with pure phlogifton ; and i f  this 
be again feparated, I do not fee why aerial 
acid ihould be extricated. Moreover, man
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ganefe, when united with nitrous acid 
and metals, arfenic or oil o f turpentine, 
is entirely diifolved without iliewing any 
eifervefcence. »

§ x x n i.

The vith  paragraph ihews the eifedls of 
muriatic acid. In this cafe, perhaps, it 
does not immediately appear whence man
ganefe ihould obtain its phlogiilon; no 
phlogiilon being added here, and the en
tire folution taking place without heat. 
There occurs, indeed, here a circumilance, 
which certainly proves that muriatic, acid 
contains fome phlogiilon; a property which 
one ihould have attributed to the nitrous 
acid, chemiils having been o f opinion that 
this principle was prefent in a pretty 
large quantity, as one o f its conilituent 
parts. But this we now reverfe, and at- 
tj'ibute phlogiilon to the muriatic acid,.

Muriatic acid, when digeiled in the cold 
with manganefe, aifumes a dark-brown 
colour (§ V I .  a )  ; for, fince this fubilance ne
ver affords a colourlefs folution without 
phlogiilon^ the prefent folution will be ei
ther blue or red (§ xiv. iv.), though the 
muriatic acid is capable o f diffolving man
ganefe, without the addition o f the in
flammable principle. In this cafe, the co
lour has more o f brown than red, on ac
count o f the fine particles o f the manga
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nefe floating in the folution, and not 
eaiily finking to the bottom ; for, with
out thefe particles, the folution is redj 
and red mixed with black yields a brown 
colour. Manganefe adheres here loofe- 
Iv' to the muriatic acid; fo that it may 
be precipitated by water; and the preci
pitate fhews the fame properties as com
mon manganefe. Whenever I expofed 
the mixture o f manganefe and muriatic 
acid to digeilion, an effervefcence enfued 
with a fmell o f aqua regia, (§ vi. b ) .  •

In order to fet this new difcovery in a 
clear Hght, I tied to the neck o f a retort, 
which contained a mixture o f manga
nefe and muriatic acid, an empty bladder, 
and put it into Hot fand. An effervefcence 
enfuing, the bladder was filled. When 
the acid no longer occafioned any eifer- 
vefcence, which was a fign o f its fatura
tion, 1 took the bladder off, and found 
that the air had rendered the bladder yel
low, as nitrous acid would have done; 
but there was not the leail mark o f aerial 
acid, only a very feniible pungent fmell, 
highly oppreffive to the lungs, and refem- 
bling the fmell o f warm acjua regia. The 
folution in the retort was clear, and o f a 
yellowiih hue, which was owing to the 
iron contained in it. I f  you wiih to be 
convinced, that the manganefe, thus dif- 
folved, likewife contains phlogifton, you 
fliould precipitate the folution with alkali

o f



o f tartar, cclulcoratc the precipitate, and 
treat it in the manner above mentioned, 
(§ X V I .  A ,  1 3 ,  c ) .  But whence did it ac
quire its phlogiilon ? From the muriatic 
acid. The matter o f heat has no iharc 
here, becaufc the folution becomcs limpid 
without it, i f  it be only expofed to the, 
air for a few hours. The following is the 
theory o f the folution : Tlie manganefe is 
firil attacked by the acid, and thus we have 
a brown folution. The manganefe, when 
diilblved, acquires, by means o f the acid, 
a flrong attradlion for phlogiilon, (§ xiv. 
No. 2.), and really attradls it from the par
ticles , with which it is combined. Thefe 
particles having thus loft one o f  their 
conftituent parts, and being but very 
loofely combined with the phlogifticated 
manganefe, are expelled from it by the 
remaining muriatic acid, which has not 
yet fuifered any decompoiition, and now 
appear with an eifervefcence, as an highly 
elailic air ; the brown colour has now 
difappeared, and the folution is become 
limpid.

§ xxiv .

The marine add feparated from phlogi
fton, one o f its conilituent parts, unites 
with water in a very fmall quantity only, 
and gives it a flight acid tafte : But, when
ever it is enabled to combine with phlo
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gifton, it aflumes its former nature, and 
again becomes a true muriatic acid. In 
order to difcover the properties o f this ae
rial fluid, it is bcft to examine it in its 
clailic ilate. Common muriatic acid is to be 
niixcd with levigated manganefe in any 
quantity in a glafs retort, which is to be 
put into warm fand, and, a glafs receiver 
applied, capable o f containing about twelve 
ounces of water. Into the receiver put 
about two drachms o f w ater; the joints 
are to be luted only with a piece o f blotting 
paper tied round them. In a quarter of 
an hour, or a little longer, a quantity o f 
elaftic acid, going over into the receiver, 
gives the air contained in it a yellow co
lour, and then it is to be feparated from 
the retort. At this time, i f  the paper 
has been -clofely applied, a portion o f the 
aerial fluid will ruili but with fome force ; 
and you therefore m uil have a cork ready 
to clofe it immediately ; and then an
other receiver, with two drachms o f wa
ter in it, ihould be applied to the retort 
as before ; and thus ieveral fuch veiTels 
may be filled with dephlogiilicated mu
riatic acid. In the proceis care ihould 
be taken, that the retort be fixed in 
fuch a poilure, that i f  a few drops ihoidd 
rile into its neck, they may run back in
to the body. The water put into the 
receivers ferves to condenfe the vapours o f

marine



marine acid, ihould any go over. I fill 
feveral glailes at once, in order to get a 
good quantity, and to avoid the trouble 
o f repeating the procefs as often as I want 
fome of the fluid for my experiments. It 
is better to make ufe o f fmall veffels for 
receivers, becaufe a great part o f the acid 
is loft every time the cork is taken out.

§  X X V .

The bodies which I wiihed to expofe to 
the adlion o f this dephlogiflicated aerial 
fluid were fixed in a glafs tube, which 
paifed through the cork o f the receiver. I 
obferved that the corks ( a )  became yel
low within the receiver, as from aquafor
tis, and the lute was likewife corroded 
during the diftillation. ( b ) Paper colour
ed with lacmus became nearly white ; all 
vegetable red, blue, and yellow flowers, 
grew likewife white in a ihort time ; the 
fame thing happened to green vegetables: 
Meanwhile, the water in the veifel was 
changed into a weak but pure muriatic 
acid. (c) The former colour o f the 
flowers, or o f the green vegetables, could 
not be recovered either by alkalis or 
acids (d), expreifed oils and animal fat, 
whether dropped into the tube, or fmear- 
ed upon it, grew in a ihort time as tena
cious as turpentine, ( e ) Cinnabar grew 
white upon the furface, and, when it was
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waihed in water, a pure folution o f cor- 
rofive fublimate was o b ta in e d b u t ful
phur was not changed ; ( f ) vitriol of iron 
grew red and deliquefcent; vitriol o f cop
per and zinc remained unchanged; ( g )  

iron filings, put into the tube, were dif- 
iblved. The folution, after being evapo
rated to drynefs, and then diftilled with 
the addition o f fome concentrated vitrio
lic acid, again yielded pure marine acid, in 
which gold remained undiifolved. ( h )  All 
the metals were attacked; and, with re
gard to gold, it is remarkable that its fo
lution in this dephlogifticated muriatic acid 
yields with volatile alkali aurum fulmi- 
nans. (i) When fome volatile alkali, prepa
red from fal ammoniac and quicklime, was 
dropped upon the tube, a white cloud was 
produced, and a great number o f air- 
bubbles were difcharged from them, which, 
on burfting, yielded a vapour, (k) Fixed 
alkali was changed into common fait, 
which decrepitated, but did not detonate 
in the fire, ( l )  Arfenic became deliquef
cent in this vapour; (m) infedls inftant- 
ly died in i t ; (n) and fire was inftanta- 
neouily extinguiihed.

§  X X V I .

This fufficiencly fliews how ftrong an 
attradion dephlogifticated muriatic acid 
has for phlogifton. Perhaps S t a h l  ob
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tained fuch a dephlogiilicated muriatic acid 
by means o f iron, and, from the yellow 
colour o f the cork, was led to fuppofe that 
the muriatic had been changed into the 
nitrous acid. I f  you make a mixture of 
manganefe, muriatic acid, or diluted vi
triolic acid and alcohol, and, after digeft- 
ing it in a well clofed phial for fome days, 
diftil it by a gentle iire, no effervef- 
cenee enfues ; but the fpirit o f wine goes 
over, and, what is very remarkable, has a 
ftrong fmell o f nitrous xther. The remain
der in the retort will have loil its acidity, 
and be faturated with manganefe. I f  me
tals, fugar, linfeed, or oil o f turpentine, 
be combined with a mixture of pulveri
zed manganefe and muriatic acid, no fuch 
dephlogiilicated muriatic acid is produced; 
becaufe, in this cafe, a fufBcient quantity 
o f phlogiilon is prefent for the elailic 
acid to unite with. It is remarkable of 
quickfilver, that a great part o f it enters 
into the folution, and may be afterwards 
again obtained by cryilallifation with all 
the properties o f corroiive fublimate. If 
plates of pure gold be put into a mixture 
o f pulverized manganefe and pure muria
tic acid, it will afterwards appear that gold 
as well as manganefe is contained in the 
ibiution,



§  X X V I I .

As iluor acid yields a precipitate with 
manganefe, (§ vii.), it is eaiily underilood 
why it diifolves ib little ; for the fait 
fornis a fine pellicle round the particles of 
the manganefe, and thus prevents the acid 
from penetrating any further. The fame 
thing happens with the acid o f phofpho- 
rus, (§ v i i i .) ;  for microcofmic fak Uke- 
wife produces a precipitation.

§  X X V I I I .

The effedls produced on manganefe by 
the acid o f tartar are remarkable, on ac
count o f the effervefcence. Manganefe 
does not enter with any acid into a colour
lefs combination, without being firft united 
with phlogifton. The fmall portion o f 
phlogifton, which it naturally contains 
(§ XV. A, B, c), may ferve to render it fo
luble in all acids; but this only in very 
fmall quantity. The effervefcence which 
happens in the prefent cafe ihews, that a 
part of the acid of tartar is entirely de
ftroyed, in confequence o f the combina
tion of its phlogiftic part with the manga
nefe, as is explained in § XXii. in which 
the deftruilion o f animal and vegetable 
fubftances is defcribed. To this it may 
be added, t;hat i f  you make the folution 
with a proper proportion o f fugar, gum, 
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t h e r e  w i l l  n o t  r e m a i n  t h e  l e a d  m a r k  

o f  t h o f e  f u b f t a n c e s ,  ( §  x v i .  a ) .  T h i s  i s  

e a f i l y  p r o v e d  ; f o r ,  i f  f u c h  a  f o l u t i o n  b e  

f i l t e r e d ,  i n f p i i T a t e d ,  a n d  i l o w l y  c a l c i n e d  

w i t h  c o n c e n t r a t e d  v i t r i o l i c  a c i d ,  t h e r e  

i h o u l d  n e c e i T a r i l y  a p p e a r  f o m e  b l a c k n e f s  

f r o m  t h e  b u r n e d  f u g a r ,  w h i c h  h o w e v e r  

d o e s  n o t  t a k e  p l a c e .  D u r i n g  t h i s  d e c o m p o -  

f i t i o n  o f  f u g a r  o r  g u m ,  t h e r e  a r i f e s  a  v a 

p o u r  t h a t  v e l l i c a t e s  t h e  n o f e ;  a n d ,  i f  i t  b e  

c o l l e c t e d  i n  a  r e c e i v e r ,  i t  a p p e a r s  t o  b e  

p u r e  v i n e g a r .  F r o m  d i l u t e d  v i t r i o l i c  a c i d ,  

f u g a r  a n d  m a n g a n e f e ,  t h i s  a c i d  i s  o b t a i n 

e d  i n  i t s  p u r e f t  f t a t e .

§  X X IX .

A m o n g  t h e  v e g e t a b l e  a c i d s ,  d i f t i l l e d  v i 

n e g a r  c o m b i n e s  m o f t  l o o f e l y  w i t h  a b f o r -  

b e n t s ; f o r  c h e  a c i d s  o f  l e m o n  a n d  t a m a 

r i n d s  e x p e l  i t  f r o m  i t s  u n i o n  w i t h  f i x e d  

a l k a l i  i n  a c e t a t e d  v e g e t a b l e  a l k a l i ,  [terra 
foliata tartari). I t s  i n f l a m m a b l e  p a r t  i s  

m o r e  c l o f e l y  u n i t e d  t h a n  i n  t h e  r e f t  o f  

t h e  v e g e t a b l e  a c i d s ,  f i n c e  i t  a r i f e s  w i t h  i t  

i n t o  t h e  r e c e i v e r ,  w h i c h  i s  n o t  t h e  c a f e  

w i t h  t h e  o t h e r  a c i d s  w h i c h  a r e  d e f t r o y e d ,  

e x c e p t  t h e  v o l a t i l e  d r y  a c i d s  o f  b e n z o i n  

a n d  a m b e r .  H e n c e - i t  a p p e a r s ,  t h a t  v i n e 

g a r  a 6 t s  u p o n  m a n g a n e f e  i n  n o  o t h e r  m a n 

n e r  t h a n  d i l u t e d  n i t r o u s  a n d  v i t r i o l i c  a c i d  

d o ,  ( §  X V .— X X I . ) .  I f  t h i s  a c i d  h a d  a  

g r e a t e r  a t t r a d i o n  f o r  p h l o g i f t i c a t e d  m a n g a 

n e f e ,



O N  M A N G A N E S E .  99

liefp, of i f  its phlogifton wa*̂  not fo dofe- 
ly combined, the manganefe would de> 
comnofe it, as reallv happens wirh phlo
gifticated vittiolic acid, with volatile ni
trous acid, and the acids o f tartar and 
lemon.

5 :Sxx.

The acid o f lemon is likewife decom-  ̂
pofed by manganefe, as well as that of am
ber. During putrefadlion and combuftion 
the acid o f lemon alfo yields a great deal 
o f aerial acid, which is here the real caufe 
o f the effervefcence during the folution. 
The brown colour affumed at firft by the 
folution, is a proof chat the acid o f lemon 
can diffolve the manganefe, wir.hout its 
being -firft united with phlogifton. The 
acid o f tartar produces likewife in the be
ginning a folution o f a fomewhat brown 
colour. The caufe o f this colour is the 
very fame with that affigned with refpedt 
to the muriatic acid.

§  X X X I .

The Xilth paragraph fhews that aerial 
acid too has fome effect upon manganefe. 
I have related this experiment to ftiew, 
that, from a folution in any acid, i f  there 
be an excefs o f the acid, all the ma.i ’a- 
nefe is not precipitated by vegetable ,ijka- 
li, though it be added till the acid is tv)m- 
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pletely faturated ; for the aerial acid, which 
is extricated from the alkali, diifolves part 
o f the manganefe.

§  X X X I I .

The peculiar kind o f earth found in all 
the limpid folutions o f manganefe, and 
mentioned § x v iii. No. 4. remains to be 
more carefully examined. I ihall here 
fpeak of a few particulars in which it dif
fers from others.

(a) The fmall cryftals which appear on
the evaporation o f the folution o f manga
nefe in nitrous and muriatic acids, § iv. c, 
§  V I .  D ,  coniift o f this earth combined 
•with thofe acids. They are eaiily foluble 
in water, and may be freed from the ad
hering folution o f manganefe, by repeated 
evaporation and cryftallifation. They are 
infoluble in fpirit o f wine, have an aufterc 
tafte, and do not attra(fl moifture from the 
atmofphere. ( b )  Diifolved in water, they 
are neither precipitated by fixed nor vola
tile cauftic alkalis, nor by lime-water j 
but, on addition o f the mild, fixed and 
volatile alkalis, an earthy precipitation 
takes place. (c) This precipitate, after 
being edulcorated and dried, is white, and 
effervefces with all the acids. I f  calcined, 
it grows a little bluiih, and produces no 
effervefcence with acids, but is diifolved 
by them when heat is applied. It is not
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foluble in water, but expels the volatile 
alkali from fa) ammoniac, ( d )  Expofed 
to the blowpipe, it is at laft changed into an 
opal-coloured glafs, which is again foluble 
in acids, ( e )  With fixed alkali it under
goes no change, ( f )  Borax diifolves it 
with eifervefcence, and thus forms a glafs, 
which is colourlefs and tranfparent as long 
•as it continues hot, but opaque when cold. 
( g ) The folution of this earth in nitrous or 
muriatic acids is not precipitated either by 
phofphoric, tartar, or iluor acid, though it 
is by all ammoniacal falts containing thefe 
acids, (n) This folution is precipitated 
by vitriolic acid, and the precipitate is in
foluble in water (§ iv. vi. b , c ) .  It islike- 
wife precipitated by vitriolated vegetable, 
foifil, volatile alkalis, and lime ; as alfo by 
iron, copper, and zinc, combined with 
the-fame acid, (i) The vitriolic acid, is 
not feparable from this earth, either by 
alkali, lime, or folution o f iilver or quick
iiiver. The only means to eifedl this fe-r 
paration is to convert the acid into fu l- . 
phur. This may be done, by mixing the 
edulcorated precipitate with alkali o f tar
tar, and a little charcoal powder, fuiing 
the mixture, afterwards diifolving the 
mafs in water, and edulcorating the pow
der that lies at the bottom, which then 
may be again diflblved in nitrous acid, 
and thus purified from the charcoal, (k)

0  3 B y



By fufing it with black flux and powder 
o f  charcoal I -obtained no metallic fub
ilance.

Hence it appears, that this earth diifers 
from all other earths hitherto known. But 
1 am alio convinced from experiments, 
that this earth is not found in manganefe 
alone : For, when you lixiviate potaihes 
made o f trees, or other fmaller vegetables, 
in order to free them from vitriolated tar
tar, and afterwards diiTolve them in pure 
nitrous or muriatic acid, filter the folu
tion, and dilate it with water ; then, on 
pounag into it fome drops o f vitriolic 
acid, you obtain, in a quarter o f an hour’s 
time, a fine white precipitate, which con- 
fiils o f this earth and vitriolic acid, and is 
exadly the fame with the precipitate of ( b ).

§  X X X I I I .  Manganefe united with Phlogijion,

In order to obtain the manganefe in 
this ftate pure, it ought to be precipitated 
from limpid colourlefs folutions by alkali 
o f  tartar. The ihorteft way to obtain it 
in this manner has been already mention
ed § X I X .  It is white like chalk, and I 
ihall call it for the future phlogifticated 
tnanganfe. That this precipitate contains 
phlogifton, has been already evinced by 
feveral experiments; and it has been like
wife mentioned that it lofes its white co
lour by calcination in an open fire. The

fame



fame circumftance is obferved when the 
folution o f manganefe is precipitated by- 
fixed or volatile cauilic alkalis : For thus 
a white precipitate is obtained, which, 
when expofed to the air, foon grows 
dark-brown, but retains its colour wiien 
kept in a clofe glafs veifel. The manga- 
neiè, however, precipitated by fixed ve
getable alkali, retains its white colour in 
the open air. The reafon o f this Is, be
caufe it is united not only with phlogiilon, 
but likew'ife with aerial acid ; the precipi
tate is confequently, properly fpeaking, a 
fait. No folution o f manganefe in acids 
is decompofed by air alone ; whence it ap
pears, that the acids enhance the at- 
traélion o f manganefe for phlogiflon. 
The manganefe, therefore, o f which Mr 
Rinman i'peaks in his Eifay, muÌl be a 
white manganefe prepared by art.

§  X X X I V .

( a )  I f  you dilute a folution o f manga- 
nele with a good deal o f water, and after
wards precipitate it with cauilic alkali, 
the precipitate from the very beginnmg is 
brow^n, and has all the properties o f pure 
manganeie. Here it evidently appears, 
that the air contained in the water is fuf- 
ficient to attrail the phlogiilon o f the 
manganefe as foon as it is ieparated iiom  
the acid. For the fame reafon, manganeie 
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precipitated from its folution by lime-wa
ter, is brown ; but, on adding more o f a 
concentrated folution o f manganefe, and 
afterwards fome ca;uilie alkali, the preci
pitate is white ; becaufe the air contained 
in the, water, being, already faturated with 
phlogiilon, is not able to combine with 
anymore.

( b ) Qn diftilling an ounce and an half 
o f phlogifticated manganefe in a glafs re
tort with a ftrong iire, a great quantity of 
aerial acid, with ibme drops o f 'water, 
came over. The retort being ftill warm, 
I poured the manganefe out upon a piece 
o f paper, when it immediately grew red 
hot, and fet the paper on fire.

(c) The fame experiment was j'epeated 
with a drachm ; and an empty bladder 
was tied to the neck o f the retort ; the 
diftillation was continued with a ftrong 
fire as long as the bladder was diftended 
b) the air.

This air occupied the fpace o f three 
ounces o f water. The refiduum iri the re
tort afterwards weighed thirty-five grains, 
was o f a light grey colour, diifolved in 
acids, without the addition o f phlogifton, 
with a great heat. A t that degree of hear, 
at which fulphur iinokes, but does not 
take, fire, it grew black, and began to 
turn red. hot. From thefe. experiments, 
it follows., -that, in clofe veifeisj phlogiftoa

does



does not feparate from manganefe, i f  the 
accefs of air be prevented, (§ x iv . No. 3.)

§  XXXV.

In § XV. I obferved that manganeie 
decompounds nitre, and that the acid paf- 
fes over. This does not happen till the 
mixture grows red hot. ( a ) If phlogifti- 
cated manganefe be mixed with an equal 
quantity of pure nitre, and diftilled in a glafs 
retort provided with a receiver, it is oblerva- 
ble, that the mixture begins to grow black 
before the retort becomes red hot, but no 
nitrous acid goes over. I f  it be afterwards 
lixiviated, there appears no mark o f any 
uncombined alkali in the Hxivium; but, 
on mixing the folution with tamarinds, 
an odour of aquafortis immediately arifes.
( b ) If three parts of phlogifticated man
ganefe, mixed with one part o f iinely 
powdered nitre, be diftilled in the fame 
manner, but the diftillation be ftopped as 
foon as the mixture grows black, the nitre 
is found to be alkalized ; no nitrous acid, 
however, is found in the receiver. All this 
proves clearly, that phlogifton is contained 
in manganefe.

§  X X X V I .

I likewife examined the efiedls produced 
on manganefe by unduous oils, and in
flammable bodies.

(A)



( a )  One part of finely powdered man- 
gar.efe, digefted with four parta oJ: olive 
oil, underwent no change , but as foon as 
the oil grew hotter, the mafs began to ef- 
fervefce violently, which ia owing to the 
extrication o f aerial acid. After the mafs 
was become cold, the manganefe was 
found to be diiTolved, and had the con- 
iiflence o f falve. (b) A mixture o f finely 
powdered manganefe and charcoal was 
diftilled in a fmall glafs retort, to which 
an empty bladder was tied. When the 
retort began to melt, a quantity o f aerial 
acid was extricated, and filled the bladder 
( §  X X I I . ) .  The remainder in the retort 
was for the greateft part foluble in fpirit 
o f vitriol, without the addition o f any 
phlogifton. Spirit-of wine, sther, oil of 
turpentine, produced no change upon 
manganefe by themfelves.

§  X X X V I I .

( a )  H alf an ouncc o f powdered man
ganefe mixed with two drachms o f pound
ed fulphur were expofed to d.iftiIlation in 
a glafs retort.. A  part of the fulphur rofe 
to the neck o f the retort, and fome o f the vo
latile acid penetrated through the lute; 
at laft the retort melted. After the reii- 
duum was cold, it weighed 5-j drachms, 
and appeared o f a yellowiih grey colour. 
It diiTolved. in fpirit o f vitriol with eiTer-
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vefcence, and with an hepatic fm ell; when 
it was filtered, fome fulphur remained on 
the filter, 't  is infoluble in water. Upon 
calcination in che open air, the fulphur 
was volatilifed, and the mafs aifumed a 
brown colour, /ifter this procefs a good 
deal o f the mafs diffolved in water, and 
fhot into cryilals, which were exadly like 
thofe of parag, xxii. The infoluble reii
duum being calcmed with more fulphur 
in the fame manner, was at lafl entirely 
reduced to fuch cryftals. This has alfo 
been obferved by Mr W eftfeld; but he 
fuppofed them to be alum, to which I can 
by no means aifent.

§  X X X V I 1 1 .  With Nitre and fixed Alkali,

( a )  Nitre triturated with manganefe to 
a fine powder, and ftrongly calcined in a 
crucible, lofes its acid, and the manganefe 
combines with the alkali, forming a dark- 
green mais, which is foluble in water, 
communicating to it a green colour. The 
colour is in reality blue (§ xiv. No. 4 .); 
for, after the folution has been kept for a 
few days in clofe veifelR, a fine yellow 
powder precipitates by degrees, which for 
the greateil part is nothing but crocus 
martis, and the folution afterwards turns 
blue, ( b ) In iuch a folution, the manga
nefe is very looiHy combined with the 
alkali j for it can be feparated from it by

water



water alone, :. This mixture is at firil o f a 
violet colour,- grows afterwards red, and 
when the red particles come into clofer 
conta(5l  with one another, the red colour 
difappears, and the powder precipitated 
has the natural cplour of manganefe. (c) 
The fame thing happens i f  -the blue folu» 
tion o f manganefe be mixed with a few 
drops o f an acid, or i f  the folution has 
been expofed for-a few days to the open 
air ; the cauftic alkali,- in this cafe, unites 
with the aerial acid, which is.prefent iu 
large quantity in the atmofphere, and for 
this reafon, the manganefe muft alfo fall 
down. , (d) Probably the fine particles of 
manganeie have naturally a dark-red co
lour, which becomes vifible when they arc 
feparated from one anóther, without, how
ever, being perfectly diifolved in a men* 
ftruum.' (E);The precipitate, produced 
by an acid) is ftill real manganefe, a part 
o f which is foluble in acid o f vitriol, but 

the whole'(§ n. a ) ,  unlefs there be add
ed, foine phlogifton. Hence it follows, 
that nitre is not: capable o f depriving the 
manganefe o f its natural fmall quantity 
o f  phlogifton (§ X V . )  ; coniequently the 
alkalifation o f nitre cannot be ali:ribed to 
the natural phlogifton o f the manganefe. 
( f )  I f  the folution ( a ) be mixed with di
luted vitriolic acid to fatur tion, the red 
colour difappears, and the folution grows

colourlefs.



colourlefs. The reafon o f this is, becaufe 
there is always ibme undecbmpofed nitre 
in the alkali o f nitre, the acid of which 
has taken fome phlogiilon from the red 
heat (§ V I I . ) .  This phlogiflicated nitrous 
acid is in the prefent cafe feparated from 
its alkah by the vitriolic acid, and dif- 
folves the manganefe according to the 
reafons mentioned in §xx. x x i i .  ( g )  Man
ganefe fuied with alkali o f tartar has near
ly the fame properties wirh that treated 
with nitre, the laft excepted from the 
want o f fulphur. (h) If charcoal in pow
der be mixed with the melted green mafs, 
an effervefcence enfucs (§ x x x v i, b ) ,  and 
the mafs ailumes a light grey colour ; it 
likewife yields a white folution with wa
ter ; what remains on the iiker is phlo- 
giilicatcd manganefe. (i) If finely pow
dered arfenic be added to fuch an alkaline 
folution o f manganefe during its ftate of 
fufion, the green colour alfo difappears, 
and a white one is produced. I f  the mafs 
be diilblved in water, phlogifticated man
ganefe is precipitated. This is certainly 
a very remarkable phænomenon. 1 here 
fee, that phlogifton adually enters into the 
compofition of arfenic. The fame thing 
likewife follows from par. xxi i. in which 
I mentioned, that arfenic is capable of 
rendering the folution o f manganefe in 
acids limpid. I here alfo recolledled the

volatile



volatile nitrous acid that is produced 
b y means o f arienic. I thought, i f  the 
arfenic could be deprived o f its phlogiilon, 
quite different properties would appear. 
The experiments which I made according 
to this conjedlure were crowned with fuc
cefs, and I found out two ways, o f refol- 
ving arfenic into its conflituent parts, 
which are a peculiar acid, and the uni
verfal inflammable principle.

§  X X X I X .  EffeBs o f Sal Ammoniac,

( a )  H alf an ounce o f phlogifticate
manganefe, mixed with an equal quanti
ty o f powdered fal ammoniac, was diftil
led in a glafs retort. I obtamed in the re
ceiver dry volatile alkali, and cowards the 
end fal ammoniac in che neck o f the re
tort. ( b ) H alf an ounce o f pure phlo
gifticated manganefe (§ xxiv . B,  c), mix
ed wich two drachms o f pounded fal am
moniac, were expofed to diftillation, and 
I obtained cauftic liquid volacile alkali. 
Both the reiiduums in the retort were 
fuied ; they were foluble in water, (c) An 
ounce o f well triturated manganefe was 
diftilled with half an ounce o f fal am> 
moniac, when a liquid volacile alkali came 
over, che iame as chac which is prepared 
by means o f quicklime. There likewife 
iui.iimed a lictle fal ammoniac; che reii
duum was put into water, but there re

mained



mained a good deal o f manganefe undif- 
folved. As manganefe is not foluble in 
acids without being combined with phlo
giilon, a queilion arifes, Whence the man
ganefe obtains the phlogifton in this pro
cefs ? ( d ) If finely pounded manganefe 
be expofed wich pure nitrous acid and 
fome volatile alkali to digeftion for feveral 
weeks, you will obferve a great number 
of air-bubbles rife to its furface. This 
kind of air, colledled in a bladder tied to 
the neck o f the flafk, is not aerial acid, 
but of a quite different nature. During 
the digeftion, the volatile alkali is entire
ly decompofed ; for i f  the folution be 
mixed and diftilled with a fuiEcient quan
tity of quicklime, not the leaft fmell of 
volatile alkali appears in the receiver. In 
this procefs, the phlogifton, one o f the 
conftituent parts o f volatile alkali, has 
combined with the manganefe, and thus 
rendered the acid o f nitre capable o f a6l- 
ing upon the manganefe. The elaftic fluid, 
colledled in the bladder, has been either 
feparated from the volatile alkali, and is 
then its other conflituent part, or it is a 
produ6l ariiing from its decompoiition. 
That the nitrous acid has no fliare here, 
is clearly proved by the following procefs:
(e ) I repeated the very fame diftillation 
with manganefe and fal ammoniac, as in 
c ; but, inftead o f the receiver^ I ap

plied



plied an empty bladder, which in thefe 
experiments ié always to be failened very 
exadly to the neck of the retort. It hap
pened here as I expeiled ; I obtained the 
fame kind of air in the bladder as in the 
preceding experiment 5 and now I under- 
ftand the nature o f the procefs in £, and 
how this procefs is to be explained. The 
manganefe had combined with the phlo
giilon o f the fal ammoniac (refolved by 
the heat into vapours), that is, the phlo
gifton o f the volatile alkali ; and thence 
arofe the elaftic fluid ; and the muriatic 
acid, which was before united with the 
volatile alkali, could not now but unite 
with the phlogifticated manganefe. But 
fince this alkali contains more phlogi- 

* fton than the manganefe requires to be 
combined with, in order to be foluble in 
muriatic acid [ÌQvnitrumJiammans will de
flagrate, but not a folution o f phlogifti
cated manganefe in nitrous acid, after be
ing evaporated to drynefs), the reft of it 
combines with another portion o f the 
manganefe, which being thus phlogiftica- 
ted, cauies the alkali to go over in a cauftic 
ftate, for the reafon aflagned in par. xxxixr 
B ; and thus it likewife appears whence' 
the air-bubbles come, which are obtained 
from cauftic volatile alkali (§ xxv. i.), vi%. 
the dephlogifticated marine acid in this 
procefs combines, in confequence o f its great
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attradlion for phlogifton, with that o f the 
volatile alkali, and thus a part o f this fak 
is neceiTarily decompofed.

§ X L .  Effe&s o f Arfenic y Orpimenty and An- 
timony. ^

( a ) Powdered manganefe, mixed with 
an equal quantity o f arfenic, was diftilled, 
when all the arfenic came over, and the 
manganeie remained behind unchanged.
( b ) Manganefe, diftilled with a n  equal 
quantity o f orpiment, yielded fome vola
tile fulphureous acid, which was followed 
by a fmall portion o f yellow fublimate, 
and at laft a little red fublimate. 1 in- 
creafed the fire by degrees, till the retort 
began to m elt; but the orpiment remain
ed attached to the manganefe. (c) The 
fame thing happened when manganefe 
was created with an equal quantity o f an
timony, which likewife yielded a pungent 
fulphureous acid, but no fublimate. In 
this procefs, as well as when united with 
fulphur alone § x x x v ii., the manganefe 
bears a very ftrong reiemblance to a me
tallic fubftance. It feems as i f  it cannot 
combine with fulphur before it is united 
with phlogifton ; it therefore firft attrafls 
the phlogifton o f the fulphur, and the vi
triolic acid, ftill retaining fome o f this 
principle, goes over in the form o f vola
tile fulphureous acid, and the remaining
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fulphur Is afterwards fixed by the phlogi
ilicated manganefe. By calcination in the 
open air, this is decompofed, as well as 
the compounds with orpiment and anti
mony, and the vitriolic acid unites with 
the phlogiilicated manganefe § x x x v ii.

§  X L I .  Wkb Cinnabar and corrofive Sublimate,

( a )  a  portion o f finely pounded man
ganefe was mixed and diililled wich an 
equal quantity o f powdered cinnabar. 
A  penetrating volatile fulphureous acid 
came over, and a little cinnabar was fu- 
blimed into the neck o f the retort, which 
was followed by quickiilver. The refi
duum ihewed the fame properties as that 
mentioned § x x x v ii. ( b ) Manganefe, 
diililled with an equal quantity o f corro
five fublimate, underwent no change; (c) 
but mixed with an equal quantity o f mer- 
curius dulcis and fublimed, there arofe firil 
corrofive fublimate, and then mercurius 
dulcis, into the neck o f the retort. Now, 
as mercurius dulcis contains crude mercury 
united with phlogiflon, but corrofive fu
blimate confifls o f calx o f mercury and 
muriatic acid, it follows, that i f  part of 
the phlogiilon o f the mercurius dulcis is ta
ken away, a kind o f corrofive fublimate 
w ill be produced; and this portion of 
phlogiilon is taken away in the prefent 
cafe by the manganefe.



§ XLii .  Wiib Glafs Fluxes,

All the phænomena hitherto obferved 
Avith manganefe I have explained from the 
four general properties laid down in §xiv. ; 
and, from the fame principles, I think the 
phænomena it ihews with glafs fluxes may
be deduced. A  colourlefs glafs flux be
comes confl;antly more or lefs red, on ad
dition o f manganefe, according to the 
quantity (§ xxxvin. d). I f  the flux be 
a little alkaline, the colour will approach 
to violet (§ X X X V I I Ï .  a ) .  It is well known, 
that arfenic, gypfum, and calx o f tin, de- 
fl:roy the red colour in thofe glafles, and 
thus render them clear and colourlefs. As 
to the arfenic, the reafon appears from its 
conftituent parts § xxxviii. i. ; for in this 
cafe the phlogifton o f the arfenic unites 
with the manganefe that is diflblved in 
the red glafs, and thus takes away the co
lour ; and the acid o f arfenic unites with 
the alkali o f the glafs, (§ x iv . No- 3.). It 
is to be obferved here, that the experiment 
hkewife fucceeds in a covered crucible, 
but it never fucceeded with me when it was 
made in that way with gypfum and calx 
of tin ; but, on adding powdered char
coal, an effervefcence enfues, the red co
lour difappears, and the glafs becomes co- 
lourlefs. Thence it may be concluded, 
that the experiments made with a view to.
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change the red colour were made upoii 
charcoal with the blowpipe ; and the phlo
gifton o f the charcoal is therefore the 
caufe o f the deftrudlion o f the colour. 
The preceding effervefcence is a neceiTary 
confequence o f the reparation o f  the phlo
gifton from the charcoal {§ xxii.).

( a ) I f  glafs coloured red by manganefe 
be mixed with charcoal powder in a cru
cible, and fufed, the colour difappears du
ring the effervefcence, without the addi
tion o f gypfum or calx o f tin. ( b ) But 
on keeping the glafs for a longv time in 
fuiion upon charcoal, by means o f the 
blowpipe, the colour does not difappear. 
Nay, i f  the colourlefs glafs ( a ) is kept in 
this ftate for a ftiort time upon charcoal, 
by means o f the blowpipe, it grows red 
again, (c) I f  to fuch a red glafs globule 
a little fulphur be added, the colour d if
appears. The fame thing; happens on 
adding a little o f any metallic calx, and 
any neutral fait containing vitriolic acid. 
Here it is to be obferved, that all metals 
o f which the calces colour glais., as, for 
inftance, copper, iron, cobalt, give their 
peculiar colour to the glafs, while they 
deprive it o f the red colour communicated 
b y manganefe. { d ) I f  to fuch a co- 
lourleis glafs nitre be added, though even 
in the fmalleft quantity, it immediately 
grows red again. The fame thing hap
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pens i f  fuch a colourlefs glafs globule is 
kept in fuiion upon an iron plate for a 
few minutes, ( e ) The appearance and 
difappearance o f the red colour may be 
produced at pleafure: By only keeping the 
colourlefs glafs apart from all phlogiftic 
matter, and in fufion, for a few minutes, 
it will grow re d ; and then, by fetting it 
upon charcoal, it will effervefce and grow 
colourlefs again. Thefe laft phasnomena, 
however, will not fucceed i f  the glais ( a ) 

be made ufe of.
From thefe experiments the following 

queftions m ay be anfwered. W h ^ ce  
does it happen, that the additions, rnen- 
tioned at letter E,  fo fuddenly deftroy the 
natural red colour o f the manganefe, 
iince, fulphur excepted, they do not con
tain any confiderable portion o f phlogifton 
that can be feparated from them, which, 
however, is neceifary for the deftruflion 
of the colour ? And why does not the red 
glafs upon the charcoal become colourlefs 
by itfelf under the blowpipe, as happens 
on the addition o f  charcoal in the cru
cible ?

Without contadl the manganefe cannot 
combine wich the phlogifton o f the char
coal, and the glafs globule touches the 
coal only in one point, and thus takes the 
phlogifton only from that poin t; all the 
remaining points are in contadl with the 
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furrounding atmofphere, which deprives 
it o f much more phlogifton (§ xv. c) than 
it is able to get from a fingle point o f the 
charcoal, and thus the natural colour of 
the manganefe muft remain ( b ) .  The 
cafe is quite diiFerent in a crucible ( a )  ; 

for here the atmofphere touches only a 
part o f the globule, and the whole mafs 
receives a fufficient quantity o f phlogifton 
from the furrounding charcoal powder to 
repair the lofs, whence a colourlefs glafs 
flux is produced. The fame is the cafe 
when any vitriolic fak or metallic calx is 
added to a borax-glafs globule in fuiion 
under the blowpipe, and coloured red by 
manganefe (c). For, iince thefe fub- 
itances attract the phlogiilon with fuffi
cient force from the charcoal, though they 
are diiTolved in the glafs, as is well known 
frqm the converfion o f the vitriolic acid 
into fulphur, and the redudlion o f the 
metallic calces, and fince manganefe is 
able to feparate the phlogiilon from me
tals (§ X V I .  x x x v ii.) , it follows, that in 
fuch a glafs globule there is much more 
matter prefent w h ich , attra6ls the phlo
gifton from the point o f the charcoal, up
on which the globule refls, as is likewife 
fufficiently evident from the effervefcence 
that takes place. I f  manganefe comes in
to conta<il with any fuch fubflance when it 
is on the point o f being converted into
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fulphur, or reduced, it is in the fame cir- 
cumilances as i f  it were in contaél with 
an equal quantity o f charcoal powder. 
Hence, therefore, the glafs muft become 
colourlefs ; and though the air every mo
ment takes away phlogifton from the fur
face of the globule that is expofed to its 
adion, the manganefe will have, notwith
ftanding, a fufficient number o f points 
through which the want o f phlogifton is 
conftantly fupplied. This is proved by 
the conftant effervefcence which takes 
place as long as the glafs globule re
mains in a liquid ftate upon the charcoal

X X I I . ) .

§ X L I I I .

, From this explanation it plainly appears 
how manganefe purifies glafs. I f  the co
lour of the glafs were to depend on a kind 
of carbonaceous matter, it would be im
prudent to add more o f the manganeie 
than is required to faturate the phlogifton 
of that matter, for the natjiral colour o f 
the manganefe would certainly be produ
ced. W ith regard to the green colour o f 
the common bottle-glafs, I was not yet 
fully convinced that it depended upon 
iron, and I therefore took this opportuni
ty to examine whether I could feparate 
iron from it. (a ) I melted green glafs 
with alkali of tartar by the blowpipe upon 
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a piece o f the fame fubftance, (for in uiing 
a crucible one may be deceived by the 
iron it contains). Upon this mafs I pour
ed a large quantity o f pure muriatic acid, 
and added ibme drops o f Uxivium iangui- 
nis, when the mixture grew a Uttle bluiih, 
and there is confequently fome iron in the 
green glafs. ( b ) This iron mull be pre- 
fent nearly in a metallic form ; fOr the 
calx o f iron renders glafs always yellow- 
iili. It is, therefore, the phlogiilon to 
which the green colour is owing. As long 
as the iron retains part o f its phlogiilon, 
it 2tlfo gives fuch a green colour to its fo
lution in acids. But i f  manganefe be add
ed to fuch a folution, the green colo\ir 
difappears during digeilion, and a yel
lowiih one is feen in its place. Nitrous 
acid likewife takes away this green colour 
during digeftion. (c) I f  nitre be add
ed to green glafs in fuiion, the green co
lour alfo difappears. Manganefe added 
in due proportion produces the fame ef
fect. I f  Mr eftfeld had not added nitre 
in his experiment, by which the green 
colour o f the glafs was deftroyed, he cer
tainly never would have eifedled any. 
change o f the glafs, nor would he have 
afcribed this property to the earth of 
alum, ( d ) But fuch a glafs purified by 
manganefe iliould have become fome- 
what yellowiih ; for manganefe was inca
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pable, in my experiment, o f taking away 
the colour o f glafs tinged by calx o f 
iron ; and that a real calx o f iron is pre
fent in this glafs, though to all appearance 
pure, I have already ihewn by the above 
experiment ( a ) .  1 performed the fuiion 
upon a plate o f colourlefs glafs. What 
can be the caufe that it becomes clear and 
colourlefs under thefe circumftances ? I 
believe, that the too fmall quantity o f 
the calx o f iron is the reafon why its na
tural yellow colour cannot be diilinguiili- 
ed. It is remarkable, that the rays o f 
light palling through fuch an uncoloured 
glafs when it is heated nearly red hot, 
appear yellow. Something like this is ob
ferved in red colours that are nor change
able by fire j fuch as minium, crocus 
martis, cinnabar, red precipitate, which, 
during the. time they are heated, appear o f 
a black colour. Before I conclude, the 
following obfervations may deferve a 
place.

§ X L i v .  Frefence o f Manganefe in Fotafbes,

Chemiils have often obferved, that al
kaline falts, when calcined, aifume a 
bluiih or greenilli colour. The caufe of 
this has been faid to be' phlogifton prefent 
in the alkali ; b'ut I have conftantly found 
fome nitre in the fixed nitre which was 
prepared with charcoal powder by a flrong

fire.



fire. Its preience was immediately difco- 
vered by the aquafortis finell that enfued 
on pouring fome vitriolic acid upon the 
mafs. To the common opinion, there
fore, there arifes an immediate objedlion; 
which is, that the green colour in this 
cafe fl:iould have been deitroyed by the 
nitre ftill remaining. I obferved, that 
fuch a green alkali fufed with nitre did 
not, however, lofe its colour. When fix
ed alkali is made to run over the cru
cible by a ftrong fire, the part that at
taches itfelf to the outfide acquires a dark 
green colour, in confequence o f the afties 
uniting with it. I f  one part o f  alkali of 
tartar be mixed with one-fourth o f fine 
fifted afhes, and one-eighth o f nitre, a 
dark green mafs is obtained, which, when 
diilolved in water, yields a beautiful green 
folution, and, when filtered, turns red 
on adding a few drop's o f vitriolic acid 
(§ xxxviii. B,  c). Some days afterwards 
I found a brown powder precipitated, 
which, though in a final! quantity, ap
peared, on experiment, to be precifely the 
fame fubftance as manganefe.

A  fufficient quantity o f fifted aihes were 
diifolved in muriatic acid in a fand-heat. 
During the digeftion, the fame fmell of 
aqua regia that arifes from manganefe 
and muriatic acid was perceptible. Some 
hours after I mixed a certain quantity of

vitriolic



vitriolic acid with this folution, in order 
to precipitate the greater part o f the cal
careous earth that was prefent. The fe- 
cond day I filtered it, and what paifed 
through the filter had a yellow colour, 
and with alkali o f tartar afforded a yel
lowiih precipitate. This powder being 
edulcorated, dried, and calcined in the 
open air upon an iron plate placed on 
burning charcoal, affumed a dark grey 
colour. It ihould have been quite blaCk 
like manganefe i f  an extraneous earth had 
not ftill been mixed with it (§ xv. c). 
This calcined powder was not entirely fo
luble in pure nitrous acid ; but, on add
ing a little fugar, a clear folution was in
ftantly procured. When mixed with al
kali it yielded a green mafs before the 
blowpipe ; with glafs o f borax it affumed 
a yellow colour. From this latter pha^no- 
menon, however, it does not follow that 
it contains no manganefe ; the yellownefs 
of the glafs is a fign that iron is at the 
fame time prefent, which is likewife con
firmed by the yellow colour o f the folu
tion in muriatic acid : Now, fince the calx 
of iron has the fame property as gypfum 
and calx o f tin (§ x l i i .  c ) ,  the red co
lour muft alfo here difappear. I f  only 
a little nitre be added to the yellow glafs, 
it becomes immediately dark red (§ x l i i , 

p). Thence it is evident, that manganefe
really



really eaters into the compoiition o f pot
aihes. In the alhes o f thyme, (thymus 
ferpillum), however, I have obferved very 
little; aihes from wood yield more.

§ XLV.

I ihall now conclude with an account o f 
fome experiments which I made with a view 
to difcover the conftituent parts o f manga
nefe. But not having yet been able to pro
duce manganefebyart,ortoconfirm byfyn- 
theiis what I have learnt by analyiis, I am 
uncertain whether my conclufions, though 
founded on experiments, are juft. I have 
obferved, that,from  phlogifticated man
ganefe, diilblved by vitriolic acid, there 
ieparates, after every calcination in the 
open fire, a quantity o f gypfum. The 
gypfum is indeed in very fmall quantity ; 
but I was curious to know whether the man
ganefe lofes o f its weight in proportion ? 
This led me to make the following tedious 
and troublefome experiments with the 
utmoft accuracy: I calcined half an ounce 
o f phlogifticated manganefe, purified from 
all fofeign particles, as defcribed § x ix , 
upon a finely poliftied iron plate till it 
grew quite black. I then diilblved it in 
diluted vitriolic acid, with the addition of 
a little fugar, in a fand-heat, till the fo
lution became limpid. After it was cooled, 
a fine ihining powder precipitated, which

proved



proved to be felenite ; this I feparated by 
filtration; then diluted the folution with 
fix ounces o f diftilled water, and precipi
tated ic with purified alkali o f tartar ; but 
as in this procefs there is always a certain 
quantity o f aerial acid expelled from the 
alkali by the acid, which may diifolve 
fome manganefe (§ xxxi.), it was necefia- 
ry to place the Whole mixture, wich its 
precipitate, in an open veifel upon hot 
fand, in order to expel the aerial acid. 
In the fpace o f  a few hours it was filter
ed, and what remained in the filter was 
edulcorated with hot diftilled Water. This 
phlogifticated manganefe was afterwards 
dried, and expofed again to calcination in 
the fame manner. All this was done with 
proper care not to loie any thing ; on 
which account the draught o f  air was 
carefully avoided. The manganefe, when 
deprived o f its phlogifton, was again dif
folved in diluted vitriolic acid, with the 
addition o f a little fugar, by which means 
I obtained as much felenite as before ; the 
folution was then , made to pafs through 
the fame filter, on which the felenite re
mained behind mixed with that o f the 
preceding operation. The filtered folu
tion was precipitated b y alkali o f tartar, 
and, by means o f heat, deprived o f the 
aerial acid ; it was afterwards purified, as 
before, from the vitriolated tartar, by

means



means o f the fame filter, edulcorated, 
then dried, and again deprived o f its 
phlogiilon by a new calcination. This 
operation I repeated eleven times, till I 
grew tired o f it. I dried the phlogiilica
ted manganefe which was laft obtained' 
upon the fame blotting paper which had 
feryed as a filter, then fubtradling the 
weight of this paper, which I had afcer- 
tained before the experiments were begun, 
I found the weight o f the manganefe to be 
three drachms and five grains, the felenite 
obtained forty-nine grains. It is impoifible 
to avoid fome lofs in the edulcoration. 
The phlogifticated manganefe thus obtain
ed had the fame property as in the be
ginning, and yielded, after the laft calci
nation and folution, as much felenite as 
after the firft. It therefore feems as i f  it was 
entirely changeable into calcareous earth, 
i f  the fame operation was long enough con
tinued. Mr Weftfeld found it eafy to 
fix his opinion about the conftituent parts 
o f manganefe ; but how near he advanced 
to the truth, thofe may determine who ftiall 
make experiments in the method juft de
fcribed. How this change o f manganefe 
into calcareous earth is produced, I dare 
not undertake to explain, having been, 
notwithftanding all poilible trouble, ne
ver able to unite phlogifton with cal
careous earth. I ihall add but one obfer-

vation,



vation, really remarkable in itfelf, and 
very well adapted to be inferted here. 
Having onceabftradled muriatic acid from 
minium, I found that the acid had not 
only the fmell o f aqua regia, but that it 
alfo was capable o f diffolving gold. If 
finely pounded minium be diflblved in 
pure nitrous acid, diluted with a triple 
quantity o f water, a black powder re
mains, which is not foluble without the 
addition o f a little fugar, upon which a 
clear folution is immediately obtained. I f  
this black powder be digefted with diluted 
vitriolic acid, no change happens ; but, 
on adding fome fugar, the powder grows 
white, and contributes to produce vitriol 
of lead. I f  muriatic acid be poured up
on the black powder, an effervefcence 
arifes in a warm place, and the acid 
grows yellowiih ; the colour afterwards 
difappears, and a ftrong fmell o f aqua re
gia rifes; but the black powder grows 
white, and is changed into muriated lead 
(plumbum corneum). I f  the black powder 
be diftilled by itfelf in a glafs retort, it 
grows yellow ag;ain, but not till it comes 
near the degree o f heat at which it melts. 
This yellow powder fliews in every refpedl 
the fame properties as common yellow 
calx o f lead, is entirely foluble in nitrous 
acid, and, on being mixed with muriatic 
acid, yields no further fmell o f aqua re

g ia ;



gia ;— a proof o f the prefence o f phlogi
ilon in heat (§ xvii.). It , feems as i f  the 
black powder was nothing elfe but calx of 
lead, which having loft its phlogifton en
tirely, or for the moft part, during a 
gentle and flow calcination, has thus ac
quired fuch a ftrong tendency to unite 
again with it, as to be able to decompofe 
muriatic acid.

Supplement



Supplement to the foregoing Differtailon on
Manganefe. By T . B e r g m a n .

Mr Scheele, after having examined the 
compoiicion o f iluor, undertook, at my 
requeft, the examination o f manganefe^ 
and has offered to the Society what 
he has learned upon the fubje(5l  by his 
numerous and ingenious experiments, 
which were continued during the ipace of 
three years. After he had finiihed thefe 
experiments, I informed him that Mr 
Sage fuppofes manganefe to be nothing 
elfe than a mineralifed mixture o f cobalt 
and zinc. He immediately made feveral 
experiments for this purpofe, but found 
not the leaft mark o f either o f thofe me
tals.

Manganefe has been claffed by all mi- 
neralogifts among the iron-ores. Mr Pott, 
however, thought the iron to be mixed 
only accidentally; and at laft Mr Cron- 
ftedt, in his Effay on mineralogy 1 758, 
placed it among the earths. For my part* 
however, I muft own there are feveral 
circumftances which make me think that 
it is a metallic fubftance.

No pure earth colours g la fs; hut all 
metallic calces have this property. Man
ganefe, therefore, in this refped, ihews a 
great refemblance to the latter, which is

V o l .  I, I further



further increafed by its fpeciiic gravity, 
and its ftrong atcra<5tion for phlogiilon. 
But what principally confirms me in my 
conjecture, is the following experiment, 
which I made with a view to determine its 
nature more particularly. It is well known, 
that fixed alkali, by a certain treatment 
with dried blood, via Jiccày or, what is 
more convenient, wich Berlin blue in the 
moiit way, may be almoft completely neu- 
tralifed. Phlogifton, it is true, is general
ly affigned as the caufe o f this change ; 
but, ia  all probability, the whole depends 
principally on an animal acid. There 
appears at leaft on the addition of Berlin 
blue an evident effervefcence,. and the fo
lution may be reduced to cryftals. Alka
li, thus changed and difiblved ia  water, is 
generally called lixivium fanguinis  ̂ and pre
cipitates all metals diffolved in acids ; but 
does not precipitate in che leaft any of the 
earths, except as far as there is any fuper- 
fluoufi alkali prefent, which may be eafily 
avoided by adding fome diftilled vinegar. 
Now, i f  a quantity o f this alkali be add
ed to a folution o f manganeie, a light 
yellbwiih grey earrh immediately precipi
tates, which is not foluble in any o f the 
mineral acids ; Both which circumftances 
happen only with metals, and thus clearly 
ihew the nature o f the precipitate. But 
what kind o f metal it is which manganefe

contains,



contains, is not fo eafily afcertained. The 
folution o f cobalt does not lofe its colour 
on adding fugar, or any other phlogiftic 
fubilance; and zinc does not impart any 
colour to acids ; thefe two fubftances con
fequently differ from manganefe, which, 
does not, indeed, entirely agree with any 
other o f the known metallic earths. I 
have, however, great reafon to conjeélure 
that it muft be platina, the earth o f which 
is not yet known ; or a new metal, which 
at leaft would agree with platina in the 
great difficulty with which it fufes. To 
afcertain this, a feries o f experiments is 
begun, which, i f  they ihall confirm m y 
conje6lure, will make manganeie a ftill 
more remarkable fubftance.

Additional



132 E s  s  A  y  V.

Additional Remarks upon M r S c h e e le ’s

Analyfis o f Manganefe  ̂ by GUSTAVUS
V. E n g e s t r o m .

The experiments I made on manganefe 
and its colour feem to differ in fome mea- 
fure from Mr Scheele’s. Hence it will 
perhaps appear how difEculc it is to mea- 
fure the degree o f fire in experiments with 
the blowpipe.

I melted manganeie and borax together 
upon charcoal by means o f the blowpipe. 
The glafs at firil aifumed the common co
lour o f manganefe ; but this colour I de
ftroyed without any addition, and impart
ed it again to the glafs ; and this I did re
peatedly to the fame globule without add
ing any thing. During the operation I 
obferved the following phenomena.

1. I f  I- took a fmall quantity o f man
ganefe, the colour was light ; i f  a larger 
portion, it became fo dark as to appear 
black. This dark or light colour, which 
manifefted itfelf during the firft melting, 
appeared again in a fécond operation upon 
the fame mafs,

2. Manganefe, on being melted with 
borax, unites with a violent eflfervef- 
certce, which, however, ceafes as foon as 
the manganefe is diifolved.

3- If



3. I f  the glafs o f borax was coloured 
by manganefe, and I wiihed to make the 
colour difappear, I always diredled the 
blue flame o f the candle upon the glafs, 
and that equally and conftantly, but not 
very violently. As foon as I blew more 
faintly, and allowed the brown flame to 
touch the place, the glafs grew dark again. 
According as the globule was larger or 
fmaller, more or lefs coloured, it required 
a longer time to make the colour dilap- 
pear. About the time when the glais be
comes colourlefs, a kind o f a fedtion or 
partition is obferved in i t ; and, as foon 
as the colour difappears, the blowing muft 
be immediately difcontinued, in fuch a 
manner that the brown flame ihall not 
touch the glafs. When it is afterwards ta
ken out with the forceps, it appears per- 
fedly colqurlefs.

4. This deftru(5):ion o f the colour does 
not feem to happen fuddenly and at once, 
but by degrees : For when 1 now and then 
difcontinued the blowing, before the true 
mark had appeared, I found the glais ge
nerally lighter than it was before, and 
this more or lefs according as I had blown 
longer or fliorter time.

5. After putting this colourlefs glafs 
again upon the charcoal, and melting it 
by the brown flame of the candle, it a- 
gain aifumed its former colour, though I

I 3 kept



kept it melted for a long time in the 
brown flame.

This change of colour I have effedled feve
ral times with the fame glafs, always with 
the fame fuccefs ; but I cannot fay whe
ther it may be repeated often: Such an 
experiment would be too diiEcult to make. 
There is fome room to doubt o f this ;— at 
leaft i f  the phsenomenon in the following ex
periment was not owing to fome accident.

6. Having already twice difcharged the 
colour, I forced the blue flame with vio
lence againft the glafs, in order to make 
the colour o f the manganefe the fooner 
difappear. I obferved fome little veiicles 
to rife in the glafs, which afterwards 
burit, and at the fame time difperfed a 
number o f  very fmall glafs globules a- 
round. I had now continued the blow
ing for a whole hour, and had been blow* 
ing very violently, I therefore was obliged, 
after a fliort blaft, to deiift for two or 
three minutes.

I found the glafs fomewhat lighter than 
it was before ; but on continuing the blow
ing with equal force, I found it impoflible 
to expel the colour from the glafs. After 
I had given over blowing, the mafs ap* 
peared to be fomewhat diminilhed, and 
was as dark as at iir it ; but o f the fmall 
globules difperfed around upon the char
coal fome were clear and colourlefs,, others 
were white and opaque, I



I attempted to give them colour by 
means o f the blowpipe alone, but with
out fuccefs.

7. In one experiment I had taken a much 
larger quantity o f manganefe in propor
tion to the borax, and happening to give it 
a very violent heat, fo as to caufe an explo- 
iion o f fmall particles, I found that the lar
ger globule conftantly retained a red colour, 
till at laft it likewife grew clear and tranf
parent during the blowing. On flopping 
fuddenly, the glafs was clear as long as it 
remained warm ; but as foon as it began 
to grow cold, a dark cloud made its ap
pearance upon the furface, which by de
grees fpread over the whole. On melting 
it fuddenly anew, it recovered its tranfpa- 
rency ; but, as it grew cold, the fame 
phenomenon as before appeared ; and the 
oftener I repeated this, the more cloudy 
appeared the globule. As loon as it had 
become cold, I obferved that it had loft 
its glaify fplendour, and had aifumed a 
very dry appearance, and was o f a grey- 
ilh red colour. . The fame thing happens 
likewife wich glafs o f borax and lime ; i f  
the latter be added in too large quantity, 
the glafs of borax lofes its glaify appear
ance nearly in thè fame manner.

That the fmall globules feparated by 
the violent heat (6.) remained colourlefs, 
though the great globule became red, feems 
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to ihew, that manganefe, or at leaft its 
colouring part, has a ftrong attraction for 
a fmall portion only o f borax j and that, 
by means o f a violent heat, the fuperflu- 
ous part may be feparated, and the reft û  
nite more cloiely with the earthy particles. 
The fame thing happened likewife with 
the fmall globules which fometimes re
mained, after the mafs was taken away, fix
ed to the charcoal by the violence o f the 
flame. I f  this is really the cafe, it would 
follow, that, by repeating the experiment, 
fome o f thefe particles would always fe
parate, i f  a fufSciencly ftrong flame was 
applied, and ic would be impoflible to ex
pel the red colour afterwards. I dare not, 
however, advance this conjecture, though 
it is grounded on fome experiments, as a 
matter o f certainty. Accidents may fome
times make a thing appear in a quite dif
ferent light from what it really is,efpecial- 
ly in experiments upon fuch a fmall íbale, 
where one cannot be careful enough in 
forming conclufions.

More experiments would elucidate this 
po in t; but it would perhaps hardly be 
worth while to make them, fince they 
feem to be more curious than ufeful.

Quite different is the cafe with regard 
to the deftru(5tion and reiteration o f the 
colour o f manganefe itfelf, by means of

tha



the iimple flam e; for the feveral experi
ments I made all agreed in the fame re
fult. In order to confirm them the more, 
I have made experiments lately with man
ganefe, from Upton Pine, near Exeter, in 
England, and have obferved no difference.

The brown ilame of the candle has pro
bably more phlogiilic particles than the 
blue one.

The prefence of phlogifton feems in 
moft cafes to communicate colour. Mine
ral fubftances, which contain little phlo
gifton, are often with great difficulty de
prived o f it; a violent and long continued 
heat is frequently required for this pur
pofe ; fometimes, however, we fucceed on 
adding more phlogifton, and by means of 
certain management with regard to the 
fire itfelf.

Defcription



Defcription o f a new fpathiform Species o f 

Manganefe from the Iron Mines o f Klap-̂  
perud  ̂ in the Parif) o f Frefko in Dahlland, 
By S e v e n  R i u m a n .

This fpecies was fent me by Baron Her- 
melin. Ic is not, as far as I know, men
tioned in any fyftem o f mineralogy, un- 
lefs that o f Baron Born, entitled, Magnefia 
textura lamellofà̂  lamellis nitentibuŝ  from 
Hirfchberg (Index Foif, p. 47.)» belong 
to it. The prefent fpecies, at iirfh view, 
refembles a brown blend, or an impure 
calcareous fpar : It coniiils o f irregular 
cubes o f the colour o f colophony, or com
mon refin ; the thin lamella are femitran- 
fparent, and o f a browniih-red colour; 
the furface has more fplendour than that 
o f blend or calcareous fpar, and in this 
refpeél it is moft like mountain-pitch. 
The fpecimens that I received were diftin- 
guiihable, with refpedl to external appear
ance, into two varieties.

1. Sparry, ihining, o f the colour o f co
lophony.

2. Compad, irregular in the fradlure, 
with a duller furface, and o f a darker co
lour.

The following general properties might 
moreover be diftinguiihed :

( a ) The



( a ) The fmooth furface, already defcri
bed, is a iufficient intimation that it does 
not foil the hands ; but, upon a part o f 
the foifil, there appears a dark-brown cal- 
ciform powder, feemingiy produced by 
expofure to the atmofphere, which does 
foil the hands.

( b ) Between the diviiions o f this fpar- 
ry manganefe, there are a few calcareous 
particles o f a bright yellow.

(c) Againil ileel or the knife, it has no 
more hardnefs than common loofe calca
reous fpar, and, when pulverized, affords 
a bright brown powder.

( d ) Placed on a piece o f charcoal, and 
heated with the blowpipe, it at firft re- 
fembles zeolite, fufing with fome eifer- 
vefcence and intumefcence o f the particles, 
which afterwards coagulate into a light- 
grey porous fcoria, that is not fufible of 
itfelf by means o f the blowpipe.

( e ) It fufes eafily with borax into a 
dark-red or garnet-coloured glafs, and the 
fufion is accompanied with a brifk effer- 
vefcence ; but, in order to be tranfpa
rent, it muft be diluted with a good deal o f 
borax, and it then appears o f a beautiful 
red oppofite the light.

( f ) When heated red-hot in a teft in an 
affay-furnace, it turns black with fmall 
ibining fcales ; but in a ftronger heat the

black



black colour paÌTes away in part, and the 
powder becomes brown.

(g ) The magnet does not attradl any 
fenfible quantity, cither before or after 
roailing.

( h ) This fpecies o f manganefe in its 
crude ilate, and reduced to a iine powder, 
does not make any eifervelcencc with 
flrong aquafortis ; but, in a gentle heat, 
it is almoil entirely diflblved without im
parting any colour to the folution.

(i) Fixed vegetable alkali precipitated a 
white powder out o f this folution, which, 
when waihed and dried, effervefced a little 
with acids, turned black upon being heat
ed red-hot ; and, when treated by the 
blowpipe upon charcoal with glafs o f bo
rax, gave it a red colour.

( k ) The roafled powder ( f ) effervefced 
ilill lefs with aquafortis ; a great part o f 
it, however, by gentle boiling, was dif- 
folved, and yielded in like manner a white 
precipitate on the addition o f vegetable 
alkali. This precipitate, when heated mo
derately red-hot, grows as black as foot, 
and gives a garnet-colour to borax. The re
fiduum, which did not diiTolve in aqua
fortis, was as black as before.

(l ) When mixed with a large quantity 
o f common enamel, confifting o f filiceous 
powder and litharge fufed together, fo as to 
form a clear yellow glafs, and expoled to a

ftream



ilream o f air in a clofe crucible for a quar
ter o f an hour, the roafted powder ( f ) 

yielded only a clear olive-colcmred gUfs, 
in which many little grains o f reduced 
lead were to be obferved. That it did 
not aifume a garnet colour,— I afcribe to 
the too great violence o f the heat. The 
redu(5lion of fome o f the lead indicates 
the prefence of phlogiilon in the pulveri
zed manganefe.

( m ) Some o f this roafted manganefe 
was rubbed in a glafs mortar with a quan
tity o f the above mentioned enamel, to 
which a little more filiceous powder and 
fome fixed alkali were added. With this 
mixture a piece o f Cologne clay burnt 
white was covered, then placed in an 
heated aifay-furnace, and taken out as 
foon as the enamel began to melt. It had 
acquired a clear and more beautiful co
lour than I could have produced with 
other manganefe.

( n ) One part o f the roafted powder, 
mixed with two o f filiceous powder, and 
four o f white potafhes, fufed in a cru
cible, placed before the bellows, in feven 
minutes. It effervefced at firil with vio
lence, and afterwards yielded a clear vio
let-coloured glafs, with which the cru
cible was likewife glazed.

The fmall quantitv o f wh’ch I was poi  ̂
feifed, and the ihortnefs o f the time, won Id

not



not permit me to make any more experi
ments. From thofe which I have related, 
ic appears that chis fpecies has nearly the 
fame properties with that examined by Mr 
Scheele. There are, however, fome points 
o f difference to be noticed ; as its ihew- 
ing the fame phasnomena as zeolite under 
the blowpipe without addition, its con
taining in all probability but little iron, 
and its yielding a very beautiful violet- 
coloured enamel, for which, and efpecial
ly for painting upon porcelain, it will be 
o f great ufe, iince, according to m y in
formation, the mine will yield a fufficient- 
ly large quancity.

It is to be obferved o f every fpecies o f 
manganefe, that the colour is the deep
er, the more violently it is roailed or cal
cined. Hence that which is ufed for 
enamel or glazing ihould be expofed for a 
long time to a ilrong heat.
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E S S A Y  VI.

O n  A r s e n i c  a n d  i t s  A c i d . 1775.

§ I.

A  FTER I had found, by my experi- 
ments on manganefe, that the in

flammable principle is not only prefent in 
arfenic, but that it may really be fepara
ted from it, I aflced myfelf, What were 
the other confl:ituent part or parts o f arfe
nic ? I found that it was an acid. Mr 
Macquer has given us fome very fatisfac- 
tory information concerning the proper
ties of this m ineral; but whether any one 
elfe has fince made any experiments upon 
iĉ  I know not,

§11. Analjfis o f the White Arfenic»

Firjl Method,

Put two ounces o f arfenic, reduced to 
a fine powder in a glafs mortar, into a 
retort of the fame m atter; pour feven 
ounces o f pure muriatic acid * upon it, 
and lute on a receiver. The mixture is

immediately

* T h e fpecific gravity o f  this acid to water is as 
10 ; 8. Tf a bottle o f water weighs one ounce, a 
quantity o f muriatic acid occupying the fame fpace will 
weigh ten drachms.



immediately to be made to boil, and kept 
in this ilate till the arfenic is diiTolved j 
then, while the folution is ilill warm, 
three ounces and an half o f pure nitrous 
acid * are to be added to it, together with 
the acid which has already gone over in
to the receiver. The receiver is then to 
be applied again, but not luted. The 
mixture foon begins to foam, and volatile 
red nitrous acid goes over. Mean\yhile the 
diflillation is to be continued till no more 
red vapours appear, when again an ounce 
o f finely powdered arfenic is to be added, 
the receiver applied as before, and a gentle 
ebullition continued, till this be likewife 
diifolved ; and afterwards an ounce and 
a half o f nitrous acid is to be added, 
whereupon a new effervefcence and red 
vapours will arife ; the recipient is to be 
applied, and the whole diililled to dry- 
neis ; there will remain a white mafs ; 
— and, laflly, the fire is to be increafed fo 
far as to make this mafs thoroughly red 
hot. The acid obtained in the receiver 
during the operation may ferve for the 
fame purpofe feveral times. After the re
tort has grown cold, it is to be broken, 
and the white mafs is to be put into a 
clofed veifel, with this fignature, Dry acid 
o f arfenic ; or, i f  you pleafe, you may re

duce
*  O f the fatne fpecific gravity as the muriatic acid 
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duce it to coarie powder in a glafs mortar, 
put it into a glafs retort, pouring a double 
quantity o f diftilled water upon it, apply 
a receiver, and boil it for a few minutes 
till the acid is diifolved ; the water that 
goes over is to be poured back into the 
retort. The folution is then to be filtered 
through blotting paper, which has been 
previouily waihed in hot water, and then 
to be preferved in a phial with a glais 
itopple, under the name o f Liquid acid of 
arfenic.

Ic is to be obferved, that arfenic m uil 
neceifarily be deprived of its phlogiilon 
before the acid can be obtained ; this is 
principally effedled by the nitrous acid. 
It may feem as i f  it ihould be fufficient 
to diilil the nitrous acid from the arfenic, 
after which the acid o f  arfenic would re
main behind ; but in this manner only a 
very fmall portion o f arfenic will be de
compounded ; for this fait requires firft 
to be diifolved in water, in order that the 
nitrous acid may a(5l  upon it in all its 
points; but nitrous acid diilblves only a 
fmall quantity o f arfenic, and that only 
in proportion to the water contained in 
the acid ; the fuming nitrous acid diilblves 
ftill lefs; but muriatic acid has a ftrong 
attradlion for arfenic, and the lefs water 
it contains the more it diifolves and car
ries over into the receiver. The above

V o l . I. K  mentioned



mentioned quantity o f muriatic acid is 
neceiTary, in order to keep the arfenic dii  ̂
folved with the aid o f heat. Now, i f  to 
fuch a folution nitrous acid be added, the 
arfenic will be calcined, becaufe its phlo
gifton is taken away by that acid, as fuf
ficiently appears from the red elaftic va
pours ; whence likewife the attraClion o f 
the muriatic acid, for the now dephlogifti
cated arfenic is diminiftied, fo that it is 
capable o f diifolving more arfenic. Aqua 
regia might be poured upon arfenic at 
firft, but then the great effervefcence carries 
the arfenic up to the furface, and thus pre
vents it from being perfeClly attacked by 
the menftruum. After all the acid has 
been diftilled over, the fire ought to be 
increafed, in order, i f  there fhould be any 
aqua regia remaining in the mafs, to ex
pel it entirely ; the remaining acid weighs 
nearly as much as the arfenic employed 
for the experiment. One would hardly 
believe that it was an acid, becaufe it has 
no tafte ; but after fome days it groŵ s 
moift in the air, and at laft deliquefces, 
and then it has the appearance o f vitriolic 
acid. As the deliquefcency o f this acid 
is very flow, I difiblve it in a certain quan
tity o f water, when a fmall quantity of 
white powder remains undiflblved, which 
comes from the retort, which is found 
much corroded after the procefs, and is

therefore



therefore nothing but filiceous powderi 
This powder ought to be carefully fepara
ted from the acid, which may be eiFeéled 
by filtration ; and in order to prevent the 
glue o f the blotting paper from mixing 
with the acid, which might lead to a dif
ferent refult, the paper ought to be, as I 
faid above, previoufly lixiviated with hot 
Water.

§  I I I .  Another Method,

A  fécond method o f decompofing arfe- 
nic is by means o f manganefe. Take 
one part o f powdered manganeie, and mix 
it in a tubulated retort with three parts o f 
the above defcribed muriatic acid. This 
mixture fhould fill one-fourth o f the re
tort; a receiver containing one-fourth o f 
white powdered arfenic, diluted with one- 
eighth of diililled water, is to be luted 
on, and the retort put into a fand-bath. 
The dephlogiflicated muriatic acid going 
over into the receiver is immediately ab- 
forbed by the arfenic. Some hours after
wards the arfenic will be diffolved, and 
two different liquid flrata, which will not 
mix together, be perceived in the receiver. 
This folution is now to be put into a clean 
glafs retort, and diflilled to drynefs^ and 
the fire at the end fo much increafed that 
the whole remaining mafs may be perfeil- 
3y red-hot. In this procefs alfo two dif- 
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ferent liquids go over into the receiver, 
which do not unite together.

O f this operation it is to be remarked, 
that the muriatic acid yields its phlogiilon 
to the manganefe ; and as the dephlogiili- 
cated acid attradls the phlogifton again, 
wherever it meets with it, very powerful
ly, it deprives the arfenic o f its phlogi
fton, and hence it reaffumes the nature o f 
common muriatic acid. This acid dif- 
iblves a portion o f the arfenic, and thus 
forms with it a liquor, called butter o f 
arfenic; but the other portion o f the 
arfenic, that has been decompofed, re
mains diifolved in the water, which was 
placed in the receiver, together with a 
little muriatic acid, and forms a liquid 
fpeciiically lighter than the butter, which 
remains at the bottom. I f  thefe two li
quids be now re<5liiied, the undecompofed 
portion o f the arfenic rifes along with the 
muriatic acid, and goes over into the re
ceiver in the form o f an heavy oil, while 
the acid o f arfenic remains behind in 
the retort. The acid obtained in this way 
has precifely the fame qualities with that 
obtained by the former procefs. It is, 
however, remarkable, that the butter of 
arfenic does not combine with the muri
atic acid when it is fomewhat concentra
ted.

§, v.



§ iv.

Before I fubjedled this acid to m y ex
periments, I was curious to know whe
ther it is as fatal as arfenic itfelf, I there
fore mixed a little o f it with honey, and 
expofed it to the flies, when I found that 
it killed them in an hour. I gave eight 
grains o f the powdered acid, inclofed in 
a piece o f meat, to a cat, which, two 
hours afterwards, feemed to be at the point 
of death ; I then gave it fome milk, upon 
which it vomited violently, and after
wards ran away.

§  V .  Fffedls o f the Acid o f Arfenic upon in-- 
fammable Subjlances,

( a )  I f  one ounce of dry acid o f arfe
nic be expofed by itfelf in a fmall glafs 
retort to fuch a degree o f heat that it be
comes nearly red-hoc, ic flows into a clear 
liquid, which, when cold, is o f a milky 
colour; but i f  the heat be increafed to 
fuch a degree that the retort begins to 
melt, the acid begins to boil, and a little 
arfenic rifes into the neck of the retort. 
The longer the boiling is continued, the 
more arfenic is obtained. After I had 
kept up this degree o f heat for an hour, 
the retort melted, and the acid ran into 
the fire. After the whole was cooled, I 
found that the acid had rifen up the fide 
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o f the r e t o r t  as high as the neck, ( b )  The 
fame quantity o f dry acid o f arfenic, 
melted in a clofe crucible in a ilrong fire, 
boils violently, and difappears in the form 
o f vapours in a quarter o f an hour ; i f  
the crucible, during the time the acid is 
evaporating, be put under a convex glafs 
veifel, the infide vv̂ ill be covered with a 
white powder, which is arfenic, and not 
acid o f arfenic. In the crucible there re
mains a little clear and difficultly fufible 
glafs, with which the crticible is likewife 
covered ; it confiils o f clay and acid of 
arfenic. (c) Acid o f arfenic digeiled with 
charcoal powder undergoes no change; 
but i f  this mixture be put into a retort, 
the mqii^ure all driven off, a receiver then 
luted on, and the heat increafed till the 
bottom o f the retort begins to grow red- 
hot, the whole mafs takes fire with vio
lence, and all the acid is reduced and fubr 
limed into the neck o f the retort; a ihining 
regulus is obtained, mixed with a little 
arfenic and charcoal duil. A  few drops 
o f water are found in the receiver, but 
they do not contain a particle of acid. 
The fame thing happens when the acid of 
arfenic has been prepared with manganefe. 
(p) The acid, after fome days digeftion 
with oil o f turpentine, undluous oil, and 
fugar, becomes thick and black. I f  fome 
muriatic acid be abftradcd with a gende

h e a t



heat from this mafs, and then, a few drops 
o f nitrous acid dropped into it, and the 
abilradion repeated, a Uttle arfenical acid 
will remain behind. It appears from this, 
that the arfenical acid attracts a little phlo
giilon from thefe oils, in confequence o f 
which fome arfenic is regenerated and 
carried over by the muriatic acid into the 
receiver. Spirit o f wine undergoes no 
change, whether it be digefled or diililled 
with arfenical acid, ( e ) Six parts o f the 
acid, digeiled with one o f fulphur, fufferno 
change ; but when the mixture is evapora
ted to drynefs, and diililled from a glafs re
tort provided with areceiver, a violent com
bination takes place, as ibon as the mix
ture is heated to that degree at which ful
phur melts. The whole mafs rifes almoil 
at the fame inilant, in the form o f a red 
fublimate ; and in the receiver there is 
found a penetrating volatile fulphureous 
acid.

It follows from thefe experiments, that 
the acid o f arfenic has coniiderable fixity 
( a ), and a ftrong attradlion for phlogifton, 
without which it cannot be reduced to 
arfenic ; whence it follows, that heat muft 
neccifarily contain phlogifton, iince it is 
capable o f reducing the arienical acid ( b ) .  

That it refembles metallic calces in this 
refpedl, that it is incapable o f uniting 
\vith fulphur, cxcept in a reguline ftate, 
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appears from the volatile fulphureous acid 
found in the receiver (c) > for when the 
arfenic has attra<5led as much phlogifton 
as is neceiTary to that ftate, the vitriolic 
acid, that is extricated, retains fo much of 
this principle as to form volatile fulphu
reous acid. That this is really the cafe, 
appears moreover from the fulphureous a- 
cid which arfenic, changed by fublimation 
with fulphur into red arfenic, affords.

§  V I. Effe&s o f faline Subjiances on Arfenic, 

Fixed vegetable Alkali,
( a )  When acid o f arfenic is faturated 

with alkali o f tartar, a neutral fait is ob
tained, which cannot be reduced to cry
ftals ; but, after being evaporated to dry
nefs, and expofed to the open air, deli
quefces. This neutral fait turns fyrup of 
violets green, but produces no change on 
the folution o f lacmus. ( b ) But i f  as 
much acid be added as ftiall produce no 
change on fyrup o f violets, and yet red
den lacmus, the folution will afford fine 
cryftals, refembling Macquer’s arfenical 
neutral fait, both in form and other pro
perties. (c) I have kept this fait in fuiion 
for an hour in a crucible, expofed to a 
ftrong heat, upon which another was 
luted ; after the whole had grown cold, 
the crucible was found to be covered in 
the infide with a white glazing ; a fait ftill

remained,



remained, which, after being diifolved in 
water, and evaporated, appeared to be the 
fame ialt, with excefs o f acid, as before. 
»(d ) This neutral fait, as it is called, was 
mixed with one-eighth o f charcoal pow
der, and diftilled in a glafs retort. When 
it began to grow red-hot, it fet to boil 
violently, without taking fire, and a very 
fine regulus o f arfenic was Ibblimed. 
The black reiiduum, when diifolved in 
water, proved to be o f an alkaline nature, 
and fhewed no veftige o f the acid o f arfe
nic. Mr Macquer thinks, that his neutral 
fait is an alkali mixed with arfenic in 
fome peculiar m anner; but it now ap
pears, that it is only one o f the conftitu
ent parts o f  arfenic with which the alkali 
is combined : And this is likewife the rea- 
fon why acids do not precipitate any arfe
nic from this fait,

§ VII. Mineral Alkali.

( a ) If mineral alkali be faturated with 
the acid o f arfenic, cryftals are obtained, 
the form o f which is entirely the fame 
wich that o f thofe juft mentioned; but 
they do not change lacmus, and they make 
fyrup o f violets green, ( b ) If acid o f arfe
nic be added, no cryftallifation enfues, 
but the mafs, after being evaporated to 
drynefs, grows moift again in the air.



§ VIII. Volatile Alkali,

( a )  Volatile alkali, faturated with the 
acid o f arfenic, affords, upon evapora
tion in the open air, an arfenical fal 
ammoniac, which, in its form, is very 
like the foregoing falts. This fait does 
not change lacmus, but turns the fyrup 
o f violets green ; it lofes its tranfparency 
when expofed to a gentle heat, and a part 
o f  the volatile alkali flying off, it after
wards ihews a fuperabundance of acid.
( b )  When it is thus fuperfaturated with 
acid, it forms long radiated acid cryftals^ 
but deliquefces again in the air. (c) A r
fenical fal ammoniac, when diftilled, yields 
a liquid volatile alkali; it then flows, and 
ai'fenic is fublimed : A  white mafs re
mains, which likewife melts in a ftronger 
heat, and proves to be the acid o f arfenic. 
Since the acid o f arfenic cannot be con
verted into arfenic without phlogifton, 
and fuch a change during the diftillation 
cannot be afCribed to the heat, becaufe the 
arfenic is fublimed before the refiduum 
or acid begins to flow, it follows, that 
the acid o f arfenic m uil decompound part 
o f the volatile alkali during the procefs. 
In m y experiments on manganefe, I ob
ferved that a peculiar kind o f air is obtain
ed whenever volatile alkali is decompound
ed. (See Diif. on manganefe, § xxxix.).

The



The fame thing happens here :— I diftilled 
an ounce o f arfenical fal ammoniac in a 
fmall retort, and applied a dry bladder in- 
ftead o f a receiver. Immediately as the 
arfenic rofe into the neck o f the retort, 
the bladder was filled. This air is per
fectly the fame with that which is obtain
ed from manganefe and fal ammoniac.

§* IX- Vitriolated vegetable and fo jjil Alkali*

(a ) I diiTolved one part o f finely pow
dered vitriolated vegetable alkali, by boil
ing it in a retort in three parts o f acid o f 
arfenic ; the liquid was firil diililled off, 
then a dry receiver was applied, and the 
fire increafed. When the retort grew red- 
hot, the mafs melted into a tranfparent 
liquor, but no acid vpent over into the re
ceiver ; however, on increafing the fire 
ilill further, till the retort began to melt, 
the mafs began to boil, and concentrated 
acid o f vitriol went over. It had the 
fmell of volatile fulphureous acid ; no ar
fenic was fublimed. (b) Vitriolated fof- 
fil alkali, or Glauber’s fait, was likewife 
decompofed, but feems not to require fo 
much heat as vitriolated vegetable alkali.

§ X. Nitre,

 ̂ I diililled a mixture o f one part o f pu
rified nitre, and three parts o f acid o f ar
fenic. As long as there remained any hu

midity



midity in the acid, pure water went over 
into the receiver; but when the mafs 
grew dry, nitrous acid rofe, and the mat
ter in the retort flowed clear. When no 
more acid came over with this degree o f 
heat, I let the retort cool. The nitrous 
acid I obtained was not fo volatile as that 
which is obtained from arfenic and nitre. 
The reiiduum, diflTolved in water and eva
porated, yielded cryilals, perfedlly agree
ing with the neutral fait obtained by 
Macquer, together with a little undecom
pofed nitre.

Arfenic certainly could not decompofe ni- 
tx*e, except by the power o f a double eledlive 
attraction, viz. in confequence o f the al
kali o f the nitre uniting with the acid of 
arfenic, and the acid combining ŵ ith the 
phlogifton of the arfenic, by which this acid 
is rendered very volatile. I f  muriatic a- 
cid had a greater affinity with phlogi
ilon, arfenic would likewife decompofe 
common ialt, as really happens with cu
bic nitre. Macquer obtained no neutral 
fait in the crucible, but alkali o f nitre 
containing a little arfenic. I have found 
that this Ialt may likewife be prepared in 
a crucible. Let nitre be melted for this 
purpofe in a crucible, which is to be red- 
hot only at the bottom, then let as much 
as will iland on the point o f a knife of 
powdered arfenic be added, and, after the

red
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red vapours and effervefcence are over, as 
much more arfenic is to be added, and fo 
on, till the nitre begins to grow thick, and 
will no longer flow in the fame degree of 
heat. I f  a part o f the mafs, thus obtain
ed, be diffolved in water, it will redden 
paper flained with lacmus. After evapora
ting the folution, a quantity o f arfenical 
neutral fait is obtained with a little nitre. 
But i f  the fire is a little increafed, the 
mafs begins to boil, and yield red vapours. 
When it grows thick, and the boiling 
with this degree o f  fire is over, a folution 
of it in water will not change paper colour
ed by lacmus, but fyrup o f violets will be 
turned green ; yet no alkaline tafte will be 
perceived. This folution does not ihoot 
into cryftals (§ vi. a ).

If at laft the fire be increafed to fuch a 
degree, that the crucible and the faline 
mafs are perfedlly red-hot, a new ebulli
tion begins, and a fmell o f aquafortis is 
perceived ; at laft the whole melts into a 
tranfparent mafs. I f  this be diffolved in 
water, it proves to be ftrongly alkaline ; 
but it contains as much acid o f arfenic as 
the firft folution. I f  one part o f arfenic 
be expofed with two parts o f nitre in a 
glafs retort, to inch a degree o f heat as 
melts the retort, no neutral arfenical fait 
is obtained, but an alkaline mafs mixed 
with fome acid o f arfenic. From this ex

periment



périment it appears, that M r Macquer ap
plied too ftrong a heat, and obtained, there
fore, no neutral arfenical fait in thecrucible.; 
But it will be afked, W hy a greater de
gree o f heat alkalifes the mafs, whereas 
nitre in an equal degree o f heat, or neu
tral arfenical fait in a ftill greater, is not 
alkalifed (§ vi. c) ? The following experi
ment gives the folution o f this problem. 
I f  acid o f arfenic be faturated with 
alkali o f  tartar, till the folution o f lacmus 
is no longer reddened, and the folution be 
afterwards evaporated to drynefs, and 
then diftilled with double the quantity of 
nitre in a glafs retort furniihed with a re
ceiver, the nitrous acid will be expelled as 
foon as the mafs enters into fuiion : This 
acid will be very volatile. I f  the diftilla
tion be continued with a ftrong fire till no 
more acid goes over, the refiduum in the 
retort proves to be very alkaline. I f  a fo
lution o f hepar fulphuris be mixed with 
this imperfeCl neutral fait, the fulphur 
w ill be precipitated ; in like manner, a 
folution o f foap is rendered turbid by it. 
It is hence evident, that the acid o f arfe
nic may be combined with a greater quan
tity o f alkali than is necefiary to its fatu- 
ration ; and that, in confequence o f this, 
the nitrous acid is expelled, whence an 
arfenical fair, with a fuperabundance of 
alkali, arifes. This attradion, however,

has



has Hkewife its lim its; for when a mix
ture of one part o f acid o f arfenic and 
fix parts of nitre is melted in a cover
ed crucible in a ilrong fire till all ebulli
tion ceafes, there will be found, befides 
the arfenical fait, a coniiderable quan
tity o f undecompounded nitre. But con
cerning the alkalifatlon o f nitre with ar
fenic, there is one principal point to be 
noticed, viz, that nitre always attradls a 
certain fmall quantity o f phlogiiloii from 
the heat itfelf, and that this phlogifticated 
nitrous acid forms with the alkali but a 
loofe union, fo that vegetable acids are 
able to expel it from its bails. This pro
perty o f nitre is the reafon w hy acid o f ar
fenic, by virtue o f its attraction for the 
fuperfiuous alkali, expels the nitrous acid 
phlogifticated by heat; whence it likewife 
follows, that, fince common fait under
goes no change in the fire, the acid o f ar
fenic is not able to alkalife it, as will ap
pear from the following paragraph.

§ XI.  Muriated fo jjil Alkali  ̂ or common Saif.

One part o f common fait was diftilled 
with three parts o f acid o f arfenic. W a
ter firft went over ; when the mafs was 
dry, I changed the receiver, and increafed 
the fire till the retort grew red-hot, when 
the mafs began to flow and to boil. This 
degree of heat was continued till the ebul

lition.



lition was over, when I found that ibmfi 
fuming muriatic acid had gone over into 
the receiver. After the refiduum in the 
retort was cool, I diifolved it in water ; 
the iblution being fihered and evaporated, 
yielded cryilals o f  common fait ; but there 
remained a thick mafs, which changed the 
colour o f lacmus to red, and would not 
cryilallife. In § Vii .  it has been obfer
ved, that mineral alkali, fuperfaturated 
with acid o f arfenic, .will not cryilallife ; 
wherefore I diluted this magma with di
ililled water, adding finely powdered chalk, 
till the folution iliewed no more mark of 
acidity ; I then filtered it. After eva
poration in the open air, cryilals were ob
tained, perfedly agreeing with the neu
tral fait § VII.

§ XII. Vpon Sal Ammoniac.

One part o f fal ammoniac was di
ililled with three parts o f acid o f arfenic. 
A  portion o f muriatic acid went over with 
the water ; I then changed the receiver, 
and increafed the heat, when fuming mu
riatic acid came over, and the mafs en
tered into fufion. Immediately after this, 
the receiver was filled with a white fmoke, 
and a white powder was fublimed into the 
neck o f the retort ; at lail a pungent vo- . 
latile alkali pailed over into the receiver ; 
and a refiduum remained in the retort,

which



which was acid o f arfenic. The powder 
fublimed into the neck o f the retort was 
diiTolved in water, and the folution was 
filtered, when there remained a white pow
der, which proved to be arfenic. The liquor 
which pafled through the filter contained 
fal ammoniac.

I repeated the fame experiment, apply
ing only a bladder inllead o f the receiver. 
When the heat became fo ftrong as to 
drive the white powder into the neck o f 
the retort, the bladder was diflended. The 
air it contained is entirely the fame with 
that o f which I fpoke § v iii. c. Hence 
ic follows, that part o f the arfenical acid 
has combined with a portion o f the phlo
gifton of the volatile alkali, and that the 
arfenic fublimed into the neck o f the re
ceiver has been thus produced. Hence, 
too, the bladder was necefiarily filled at 
the fame inilant with that air which arifes 
from the decompofition o f volatile alkali. 
Heat expels the volatile alkali from arfe
nical fal ammoniac § v iii. c ; and as any 
acid converted into vapour, when it meets 
with volatile alkali, always produces a 
fmoke, it is evident why the bladder at 
the end o f the proceis was filled with it.



§ XIII. Vitriolated Limey and Spa-
tbum Ponderofum,

One part o f powdered gypfum was mix
ed with two parts o f dry acid o f arfenic, 
and expofed to a red heat, when fome v i
triolic acid came over, with a ilrong fmell 
o f  volatile fulphureous acid, and the mafs 
entered into fuiion. After the diilillation 
was over, it had the appearance o f a mil
ky glafs. ( b ) Spathum ponderofum pro
duced the fame phsenomena, only the vi
triolic acid was not expelled till the retort 
melted. The reiiduum was a little red- 
diili. See § xx.

§  X I V .  Upon Fluor Mineral»

One part o f powdered fluor was mixed 
•with four parts o f acid o f arfenic, and 
diililled, a little water being put into the 
receiver. When the retort grew red-hot, 
firil a yellow, and afterwards a red fub
ilance, was fubhmed. Volatile fulphu
reous acid went over, but no acid o f fluor. 
The refiduum» which was o f a grey co
lour, was divided into two equal parts. 
O f thefe one was mixed with charcoal- 
powder, and diililled with a ilrong fire; 
but neither arfenic nor regulus was fubli
med ; Whence it appears, that I took too 
fmall a quantity o f acid o f arfenic to de-

compofe



compofe this fluor, which contained a fmall 
quantity o f pyrites (§ v. c). The other 
half was mixed with fonr parts o f acid of 
arienic, and the mixture was diftilled. 
When the mafs grew dry, a little yellow 
fal ammoniac was fublimed, whereupon 
the water in the receiver was covered with 
a white cruft. I frequently Ihook the re
ceiver, in order to make this cruft fall to 
the bottom, and continued the diftillation 
as long as any cruft formed upon the wa
ter. This cruft was filiceous earth, and 
the water contained acid of fluor.

§  XV. EffeBs ofthe Acid of Arfenic upon Earths» 

Lime.
( a )  When acid o f arfenic is dropped 

into lime-watei', the lime precipitates, in 
combination with the acid o f arfenic. I f  
more acid be dropped in, the precipitate is 
again diifolved. I f  the folution be eva
porated, fmall cryftals ihoot. I f  thefe be 
diifolved in a little water, and fome vi
triolic acid dropped into the folution, a 
precipitation o f vitriolated lime takes 
place. ( b ) I f  the acid o f arfenic b e 'di
luted with water, and fome powdered 
chalk added, it will at firft diifolve; 
but, on adding more chalk, the whole fo
lution will coagulate into fmall cryftals^
(c) The acid o f arfenic does not precipi
tate the folutions o f nitrated, muriated^ 
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and acetated lime ; neither are thefe folu
tions precipitated by the neutral arfenical 
fait o f Mr Macquer ; but the arfenical falts 
(§ VI. vji. VIII. A, A ,  A,) decompofe thefe 
iblutions, and form a precipitate which is 
not foluble in water, though it is o f eafy 
foiubility in acids, ( d ) If the precipitate 
o f lime, combined with acid o f arfenic, 
be edulcorated, and afterwards ftrongly 
calcined for an hour in a clofe crucible, ic 
will form a thick flu x; but it ftill retains 
the acid o f arfenic. (e ) I f  it be mixed 
with the fame quantity (in meafure) of 
charcoal-powder, and expofed to a ftrong 
fire in a retort, a fhming regulus o f arfe
nic will be fublimed. The refiduum is 
quicklime, mixed with charcoal, ftill how
ever containing fome arfenic.

§ XVI. Upon Magnejia,

( a ) Magnefia diflblves in acid o f arfe
nic ; but, when the folution comes to the 
point o f faturation, the mafs coagulates. 
This coagulum being diiTolved in a larger 
quantity o f acid o f arfenic, and evapora
ted, the folution grows gelatinous ; i f  the 
jelly be lixiviated with water, filtered and 
evaporated, a vifcid mafs remains, which 
will nor cryftallife. (b ) The folutions of 
magnefia in vitriolic, nitrous, muriatic, 
and acetous acids, are not precipitated by 
the acid o f arfenic, but very readily by

the



the neutral arfenical falts § vi. v ii. v iii. 
A, A,  A. The precipitate is eaiily foluble 
in acids, but not in water, (c) Expofed 
to the fire in a crucible with charcoal, it 
fliews the fame phenomena as the preci
pitate of lime § XV. D, E.

§ XVII. "Upon Earth o f Alum»

( a ) The earth, which is precipitated 
from a folution o f alum by alkali o f tar
tar, after being waihed with boiling water, is 
eafily foluble in the acid o f arfenic, till it 
becomes quite dry. The folution coagu
lates as foon as it arrives at the point o f 
faturation. (b ) Diifjlved in the vitriolic, 
nitrous, and muriatic acids, it is not pre
cipitated by the acid o f arfenic, but it is, 
when diifolved in vinegar. The above fo
lutions are precipitated by neutral arieni
cal falts; the precipitare eafily diifolves in 
acids, but not in water, (c) Treated in 
the crucible, it ihews the fame phenome
na as the precipitate o f lime § xv. D.

(d ) If the folution ( a ) be evaporated to 
drynefs, and then mixed with a little char- 
coal-powder, and expofed to diilillation 
with a ilrong fire, a little yellow fublimate 
rifes into the neck of the retort, as like
wife fome iliining regulus ; volatile iul- 
phureous acid paifes over into the recei
ver. The refiduum diifolves with diffi
culty in vitriolic acid ; fome cryilals o f 
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alum, however, will form in the fpace of 
two months.

§ xviH . Upon white Clay.

One part o f white clay reduced to pow
der was mixed with four parts o f acid of 
arienic, and digefted for a fortnight; but 
the acid would not diilblve any part o f it. 
The mafs was put into a retort, and diilil
led to drynefs, and the fire increafed till 
the retort began to melt. It was convert
ed into a thick flux, and a little arfenic 
was fublimed. The reiiduum, powdered 
and mixed with a little charcoal-powder, 
was expofed to diilillation in the fame 
degree o f heat when a ihining regulus wa§ 
fublimed.

§ XIX. Upon Silex. .

Liquor iilicum was precipitated by vi
triolic acid, and lixiviated with boiling 
water. While it was itill moift, acid of 
arfenic was added, and the mafs was ex
pofed to digeftion for fourteen days, but 
no folution enfued. I afterwards evapo
rated it, and calcined the produd, till the 
retort which I ufed began to melt. A 
little arfenic rofe into the neck o f the re
tort : Then the reiiduum was boiled in 
water, upon which the acid diifolved, but 
the fiiex remained at the bottom unchan
ged,



§  X X .  Upon ‘ïtrra Ponderofa,

The earth in the ponderous fpar is not 
iime, as is generally believed, but a pecu
liar kind of earth. It is the fame with 
that o f which I related fome experiments in 
my Diifertation on manganeie. M r I, G. 
Gahn afterwards informed me, that he 
found that this earth was the bails ot the 
ponderous fpar. Incited by this, I procured 
a larger quantity o f it, in order to make 
more experiments, i  Ihall here only men
tion the effeéls of acid o f arfenic. ("a ) 
Terra ponderofa diifolves readily in the 
acid o f arfenic ; but, as foon as ic has ob
tained its point o f faturation, it again pre
cipitates, combined with the arfenical acid.
( b ) Neither is its folution in nitrous, mu
riatic acetous acid, precipitated by the 
acid of arfenic j but the arfenical neutral 
falts (§ VI.  V I I .  V I I I  a , a , a ,) precipitate 
thefe folutions. (c) In the crucible, this 
precipitate ihews the fame phaenomena as 
the precipitate of lime ; as alfo when treat-» 
ed with charcoal-powder. ( d ) The i b l u -  

tion of ponderous earth in acid o f arfenic 
is again precipitated by the acid o f  vitriol, 
in the form o f a fait infoluble in water, 
viz. regenerated ponderous ipar.



§  X X I .  The FffeSis o f the Acid o f Arfenic
. upon Metals.

As che acid o f arfenic cannot be kept 
long in the crucible without being con
verted into arienic, in which ftate it fu- 
blimes (§ v. b )  \ and as in a retort it conti
nues long unchanged, and confequently acts 
longer upon metals, I rather chofe to con- 
du(il my experiments in the latter way.

In long necked flaflis I added four 
parts of the acid of arfenic to one part of 
filings o f metals. After the water was eva
porated, I poured frefti upon the mixture. 
This method 1 purfued in all the follow
ing experiments.

§  X X I I .  Upon Gold,

( a )  The acid o f arfenic has n o  effedt 
upon gold in the heat of digeftion. I put 
the mafs into a retort, and abftradled all 
the liquid, then increafed the heat till the 
acid flowed, and continued the fame de
gree o f heat for half an hour, during 
which time a fmall quantity of arfenic 
was fublimed. When the retort was grown 
cool, I poured a little water into it, and 
placed it in fand. The acid was diilolved; 
but the remaining gold being waihed and 
dried, was found to be nearly o f the fame 
weight as at firft. The retort was mark
ed with red and yellow fpots, which could

not



not be taken ofF by any menilruum. ( b )  

The folution o f gold was mixed with acid 
of arfenic, but no precipitation enfued ; 
the mafs was then abftradled in a retort 
to drynefs, and the fire increafed till it 
was in a perfedlly fluid fl;ate; the gold 
was reduced, and fome dephlogiilicated 
muriatic acid came over into the receiver. 
The retort was fpotted red and yellow, (c) 
The mixture o f acid o f arfenic and mu
riatic acid has no effedl upon gold, neither 
has a mixture o f acid o f arfenic and ni
trous acid.

§  X X I I I .  Upon Platina.

( a )  Platina digeiled in the acid o f arie- 
nic is not attacked. After all the humi
dity was abilracled, I increafed the fire 
till the retort melted. The platina lav at 
the bottom in the fufed acid ; a little 
arfenic. was fublimed. After it was cool, 
I poured fome water into the retort, which 
diifolved the acid. This acid was render
ed opaque by a white powder, which was 
afterwards lixiviated with water, and then 
dried. It grew black upon charcoal be
fore the blowpipe, had a fmell like arfe
nic, and was atcradled by the loadilone. 
The platina, after it was dried, had hard
ly loil any thing of its weight. Pure pla
tina, coni'equently, is not attacked by the 
acid of arfenic, ( b )  The folution o f pla
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tina in aqua regia is not precipitated by 
the acid o f arfenic, but readily by the 
arfenical neutral falts. The precipitate in 
this cafe is yellow ; it is foluble in a large 
quantity o f water; but it contains no 
mark o f acid o f arfenic. A  mixture o f 
acid o f arfenic and imiriatic acid has no 
effedl upon platina, neither has a mix
ture o f nitrous acid and the acid o f arfe
nic.

§ XXIV. Upon Silver,

■̂(a ) Pure iilver is not attacked by the 
acid o f arfenic in digeftion. After the 
whole o f the liquid was abftraded, I in
creafed the fire till the acid came into fu
fion. Here more arfenic was fublimed 
than in the foregoing experiments with 
gold and platina. This degree o f heat 
being continued for half an hour, the fil
ver diiTolved. After the retort was grown 
cold, I broke it, and found that it con
tained a colourlefs glaify mafs, nearly 
tranfparent. The retort was covered with 
a glazing o f a flame-colour, which could 
not be feparated from the glafs by any 
folvent. (b ) Upon the vitreous mafs, af
ter it was pounded, I poured fome diftii- 
led water, and expofed it to a fand-heat, 
upon w'hich it immediately loft its tranf- 
parency, and aifumed a brown red colour; 
the acid o f arfenic was diiTolved, and a

brown



brown powder remained at the bottom. 
The acid contained a little o f the iilver in 
folution ; for, on adding muriatic acid, 
fome luna cornua was precipitated, (c) 
The brown powder was dried, and expofed 
to fuch a degree o f heat that the retort 
melted. The powder entered into fuiion, 
but no arfenic was fublimed. When the 
retort was cooled, I broke it, and, upon 
taking the mafs out, I found it tranfpa- 
rent at the margin. (d ) A s calx o f 
iilver is reducible without the addition o f 
phlogiilon, as is likewife the cafe .with 
acid o f arfenic (§ v. b ), I tried what a 
greater degree of heat would eifedl. I 
therefore put the glaify mafs into a cru
cible, over which I luted another, and af
terwards applied as ilrong a heat as iilver 
requires for being melted. After the ap
paratus was cooled, the iilver was found 
reduced, and furrounded with a little 
white glafs. (e ) The folution o f iilver 
is precipitated by acid o f arfenic, but not 
entirely ; the precipitate is o f a brown co  ̂
lour. More is precipitated by the neutral 
arfenical fak o f Mr M acquer; but as this 
fait is iuperfaturated with acid, fome iil
ver is retained in the folution. The neu
tral arfenical falts (§ vi. v ii. v iii. A, A, A,) 
decompofe the folution entirely, (f ) If 
this precipitate o f iilver be digeiled in 
muriatic acid, the acid o f arfenic is ex
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pelled, and it is changed into muriated 
filver. In the fame manner, this brown 
precipitate is foluble in fpirit o f fal am
moniac, prepared with lime, (g ) Though 
neither the acid o f arfenic nor the muri
atic acid alone attack filver, a mixture 
o f them has confiderable adlion upon this 
metal. I f  the folution of filver in nitrous 
acid be precipitated by copper, and the 
precipitate well wailied with hot water, 
and afterwards digefled for fourteen days 
in a clofe vefiel, with two parts o f acid 
o f arfenic, and two parts o f muriatic acid, 
the filver is changed into a white powder, 
which, after being edulcorated and dried, 
is found to be muriated filver. I f  the acid 
liquor be then diililled off, muriatic acid 
goes over, which contains arfenic; for, 
when mixed with a Uttle nitrous acid, and 
again abftradled, a little acid o f arfenic 
remains behind. Hence it follows, that 
the muriatic acid attacked the earth of 
filver during the digeftion, while the acid 
o f arfenic attacked its phlogifton j whence 
the arfenic was produced, which the mu
riatic acid afterwards took over with it 
into the receiver.

§  X X V .  Upon îckftlver,-
(a ) Quickfilver was not adled upon by 

the acid o f arfenic during digeilion. I 
next put the mixture into a retort, ab-

ftradled



ilraCted all the watery part, and then in
creafed the fire. The mafs grew yellow, 
quickiilver rofe into the neck, with a little 
arfenic, and a little yellow fublimate. The 
fire was then increafed till the retort was 
near melting, but the mafs would not en
ter into fuiion. O f fix drachms of quick- 
filver which I took for this experiment, I 
obtained three drachms and a half in the 
receiver. Th\is the acid o f arfenic con
tained 2 j o f fixed quickfilver. ( b ) After 
the retort was cold, I took the mafs, which 
was a little yellow, out o f it, and divided 
ic into two parts. One I boiled in diftil
led water, but none o f it was difiblved. 
Diluted nitrous and vitriolic acids had 
hardly any effedt upon it, but muriatic 
acid diiTolved it very readily. This folu
tion being evaporated to drynefs, then 
put into a retort, and diftilled, corrofive 
fublimate rofe into the neck. The refi
duum flowed upon applying a ftrong fire, 
and proved to be acid of arfenic. The 
other portion I mixed with two parts o f 
common fait, and diftilled it. Corrofive 
fublimate rofe into the neck o f the retort,
(c) Calcined quickfilver and arfenical acid 
being reducible by heat without any ad
dition o f phlogiilon, this refiduum ( a )  

mult likewife be rediicible by a fufficient 
degree o f hear alone. One part o f quick- 
filver was mixed with fix parts o f acid o f

arfenic,



arfenic, and after all the humidity Wag 
driven off, the fire was increafed, and 
though the mafs was heated white, it̂  
however, lay unchanged in the retort j 
but when the retort melted, it ran Hke
wife into , fuiion; the quickiilver was re
duced, and rofe, together with the arfe
nic, into the neck o f the retort, a little 
quickiilver remaining behind, ( d )  It is 
known, that quickfilver, digefted with 
muriatic acid is not attacked. But i f  two 
parts o f muriatic acid, two parts o f acid 
o f arfenic, and one part o f quickiilver, 
be expofed to digeftion in a clofe phial 
for fourteen days, the acid acquires the 
tafte o f quickfilver, and that metal is 
changed into a yellow powder. I f  the 
acid be now diililled, muriatic acid im
pregnated with arfenic goes over. I f  the 
refiduum in the retort be urged by a ftrong 
heat, corrofive fublimate rifes, and the 
fuperabundant acid o f arfenic remains be
hind in the retort. The yellow powder 
is turned black by lime-water and alkalis; 
i f  fublimed, it is changed into mercurius 
dulcis. ( e )  The folutions o f quickfilver 
in vitriolic and nitrous acids are precipi
tated by the acid o f arfenic in the form 
o f a yellow powder ; but the folution of 
corrofive fublimate is neither precipitated 
b y the acid o f arfenic, nor by any o f the 
neutral arfenical falts 5 but arfenicated vo

latile



latile alkali (§ v iii.)  precipitates the folu
tion in the form of a white powder, ( f )  

The acid o f arfenic, when fublimed with 
corrofive fublimate, undergoes no change. 
But if, inftead o f corrofive fublimate, 
mercurius dulcis is employed, corrofive 
fublimate rifes, and the refiduum is the 
fame as that o f letter A .  Some writers 
aflert, that arfenic, diftilled with corrofive 
fublimate, yields butter o f arfenic; but 
they are miftaken. 1 have diftilled fuch 
a mixture in different proportions, but 
have always obtained at firft corrofive 
fublimate in the neck o f the retort, and 
afterwards arfenic. Hence it would fol
low, that as the quickiilver in the corro
five fublimate is calcined, the muriatic 
acid has a ftronger atttadlion for arfe
nic than for the calx o f quickfilver. In 
order to aicertain this point, I mixed but
ter o f  arfenic with calcined quickfilver, 
and diftilled the mixture. I firft obtained 
fome drops o f the butter in the receiver, 
then corrofive fublimate rofe into the neck 
of the retort, which was at laft fcllowed 
by arfenic. But the caie is quite different 
with the regulus o f arfenic : for i f  it be 
mixed with an equal quantity o f corro
five fublimate and diftilled, fmoking but
ter o f arfenic, mercurius dulcis, and a 
little quickfilver, a'*r' obtained. Hence it 
follows, that mercurius dulcis is decom-

pofed



pofed by a double eledlive attradllon, that 
o f the phlogifton o f the regulus for the 
calx o f mercury, and that o f the muriatic 
acid for the calcined regulus o f arfenic, 
whence the quickiilver is reduced, and 
butter o f arfenic is produced. The fame 
thing happens with a mixture o f orpi
ment and corrofive fublimate.

§  X X V I .  Upon Copper,
Copper is attacked by the acid o f arfe

nic during digeftion. The folution is of 
a green colour. A  quantity o f light blue 
powder is depofited, and attaches itfelf to 
the copper. This powder coniifts o f acid 
o f arfenic and calcined copper, ( b ) One 
part o f filings o f copper was mixed with 
two parts o f dry acid o f arfenic, reduced 
to a fine powder. The mixture was ex
pofed to diftillation, and the fire increafed 
till the retort melted. Here fome arfe
nic rofe into the neck, the mafs entered 
into fuiion, and turned blue. After the 
retort was cooled, I poured fome water 
upon it and boiled it ; the folution was 
like that o f letter A .  In the retort there 
remained a little copper which was not 
diiTolved, and the bottom o f the retort 
was tinged with brown, red, and yellow 
fpots, which were infoluble in any men- 
ilruum. ( e )  Copper diffolved in mineral 
acids was not precipitated by the acid of
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arfenic ; but when it is diifolved in vine
gar, a precipitation enfues. Neutral arie- 
nical falts precipitate the folution o f cop
per in the form o f a blue powder, which 
I. edulcorated, dried  ̂ and expofed to a 
ilrong fire for an hour. After the mafs 
was cooled, the powder appeared to be 
changed into a brown fcoria, which had 
covered the whole internal furface o f the 
crucible with a yellow enamel, ( d )  The 
fcoria was finely powdered, mixed with a 
little lamp-black, and expofed in a fmall 
glafs retort to the fire till it melted, when 
a fine regulus o f arfenic was fublimed, 
and the copper in the refiduum was found 
to be reduced.

§  X X V I I .  Upon Iron, ■
( a )  Iron is attacked by the acid o f ar

fenic during digeftion, and at lail the 
whole folution grows gelatinous, ( b )  But 
i f  the digeftion be performed in a clofe 
phial, fo that the air has no accefs to it, 
it does not grow gelatinous. One portion 
being expofed to the open air, in a couple 
of hours afterwards the folution was 
grown fo gelatinous upon its furface, that 
the phial might be inverted without any 
thing running out o f it. Another portion 
was mixed with alkali o f tartar, whence, 
a quantity of a whitilh green powder was 
precipitated, which being edulcorated and
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diililled in a glafs retort by a gentle fire, 
fome arfenic was fublimed, and the refi
duum was red ochre, (c) One part of 
iron-fihngs was diflilied with four parts o f 
acid o f arfenic. The mafs made a great 
effervefcence towards the end, and, when 
it became dry, it took fire in the retort 
upon increaiing the heat, and then both 
arfenic and regulus o f arfenic were fubli
med. After it was grown cool, the reii
duum was found to be black; it was fri
able, and contained but little acid o f ar
fenic. The retort was covered with yel- 
lowifh-brown fpots. (d ) Solutions o f iron 
in mineral acids are not precipitated by 
the acid o f arfenic, but iron diffolved in 
vinegar is precipitated in the form o f a 
dark-brown powder. Neutral arfenical 
falts precipitate all folutions o f iron. The 
precipitated powders, i f  expofed to a ilrong 
fire, enter into fufion with an arfenical 
fmell, and are changed into black fcorias, 
which, when mixed with charcoal-pow- 
der, and calcined, yield copious vapours 
o f arfenic, and are afterwards attradled by 
the loadflone.

§ x x v iii. Upon Lead,

( a )  Lead digefted with acid o f  arfenic 
turned black at firil. Some days after
wards it was furrounded with a light-grey- 
ifh powder, which is mixed with a little ar

fenic,



fenic, but this may be fublimed by a 
gentle fire. The acid contains no lead 
diilblved. (b ) One part o f ihavings o f 
lead was diftilled with two parts o f dry 
acid of arfenic reduced to powder. The 
lead was diifolved, and the mafs flowed 
clear, a little arfenic rifing into the neck 
o f the retort. After the retort was grown 
cold, I found a milky glafs in it, which I 
boiled in diftilled water, and thus a quan
tity of white powder was feparated ; the 
fuperfluous acid o f arfenic was diflblved 
in the water, (c) This powder was edul
corated, then put into a little retort, and 
kept in fufion for half an hour, but no 
arfenic was fublimed. I put ibme fmall 
pieces o f charcoal into the retort, upon 
which a violent ebullition took place, and 
fome regulus o f arfenic was fublimed. 
(d ) Lead diflblved in nitrous or muriatic 
acid or vinegar is precipitated by the acid 
of arfenic. This precipitate ihews the 
phænomena mentioned at c.

§ XX ix. Upon Tin,

(a ) Tin digefted with acid o f arfenic 
grows at firft black, and is afterwards co
vered with a white powder ; at laft the 
whole mafs grows gelatinous, (b ) One 
part o f tin-filings was mixed with two 
parts o f acid o f arfenic, and diftilled. 
When the mafs became red-hot, it took 
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iii’e in the retort, and immediately after 
both arfenic and a little regulus o f arfenic 
were fublimed. The tin was diifolved, 
and formed a limpid flux, which, after 
growing cold, was o f a'milkycolour. Upon 
this mafs I poured water, and expofed it 
to heat, in order to diifolve the acid. A 
quantity of white powder was feparated, 
which was infoluble in any acid, and 
contained very little acid o f arfenic. (c) 
The folutions o f tin in mineral acids are 
not precipitated by the acid o f arfenic, 
but its folution in vinegar is. Neutral 
arfenical falts precipitate the folutions of 
tin. This precipitate is very difliculc of 
fuiion. When it is mixed with charcoal- 
powder, regulus o f arfenic is fublimed.

§ xxx. Upon Zinc,

This is the only one o f all the metals 
and femimq.tals that effervefces when di
gefted with acid o f arfenic. The zinc 
grows black, and the tranfparency of the 
acid is deitroyed by a quantity o f black 
powder. I f  this powder be feparated, e- 
dulcorated, and dried, and then put upon 
an iron plate, heated nearly red-hot, -in a 
dark place, it burns with a blue flame 
and a white arfenical fmoke, and leaves 
a white powder behind ; it is confequent
ly for che moit part regulus o f arfenic. 
The effervefcence foon ceafes, becaufe

each



each particle o f zinc is furrounded with 
the regulus, which hinders the acid from 
having any eííé(5l upon it. ( b ) In order 
to afcertain what kind of air it is which 
rifes during the fohuion, I tied an empty 
bladder to the phial in which the mafs 
was contained. The air which I obtained 
had the following properties : i. It would 
not unite with water, nor did it precipi
tate lime-water. i .  Mixed in a glafii-vef- 
fel with two-thirds of common air, it was 
not abforbed. 3. When a burning candle 
was brought to the mouth o f the veifel, 
the air in the veifel was inflamed with de
tonation ; the flame took its diredlion to
wards the hand, which was thereby co- 
loured brown : The matter that produced 
this colour proved to be regulus o f arfe
nic, and left a difagreeable arienical fmell 
behind ; the internal furface o f the veflel 
too was covered with a brown pellicle. 
The air, therefore, which holds the regu
lus of arfenic in folution is o f the inflam
mable kind, (c) One pare o f filings o f 
zinc was mixed with two parts o f dry and 
finely powdered acid o f arfenic, and di
ililled. When the bottom o f the retort 
began to be red-hot, a violent inflamma
tion, accompanied with a very bright 
light, took place in the retort, which burfl; 
with an exploiion. in the neck were found 
regulus o f arfenic and flowers o f zinc.
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( d ) Zinc diiTolved in mineral acids is not 
precipitated by the acid o f arfenic, but 
its lolution in vinegar is precipitated. 
Neutral arfenical falts decompoie all the fo
lutions, and a white precipitate is obtain
ed, which, when well edulcorated, fufes 
in a retort on the application o f a ilrong 
heat, and, when mixed with charcoal- 
powder, yields regulus o f arfenic.

§  X X X I .  Upon Bifmuth,

( a )  Bifmuth, during digeftion with acid 
p f arfenic, is covered with a white pow
der ; water precipitates the folution. The 
powder coniiits of calcined bifmuth and 
acid o f arfenic. (b) One part o f bifmuth 
was diftilled with three parts o f dry acid 
o f arfenic. The mafs entered into fuiion, 
the bifmuth was calcined, buc remained 
at the bottom undiifolved ; a little arfenic 
rofe into the neck ; after the retorc be
came cool, water was poured upon the 
refiduum, which diiTolved the acid, buc 
the calx o f bifmuth remained unchanged, 
(c) Bifmuth diilblved in nitrous acid was 
precipitated by the acid o f arfenic. This 
precipitate, as well as the calx ( b ) ,  are 
very difficult o f fufion ; but on adding a 
little charcoal-powder, they melt immedi
ately ; the arfenic goes o ff in vapours, and 
the bifmuth is reduced.

§ xxxu ,



5  X X X I I .  upon Regulus o f Antimony,

( a ) During its digeftion with the acid 
o f arfenic, a quantity o f white powder is- 
feparated from the regulus o f antimony. 
I f  a little o f  the clear folution be dropped 
into water, a white powder is likewife 
precipitated, which confifts o f calcined re
gulus of antimony, and o f acid o f arfe
nic. It is foluble only in muriatic acid, 
and may be agaiii precipitated by water.
( b ) One part o f regulus o f antimony was 
diftilled with three parts o f arfenical acid; 
as foon as the mafs entered into fuiion, 
an inflammation enfued, and regulus of 
arfenic and a little red fublimate were 
fublimed. A  lictle volatile fulphureous 
acid came over into ̂ the receiver. The re
iiduum was boiled in water, upon which 
the acid was diifolved; a white ihining 
powder remained behind, which was mix
ed with charcoal-powder and diftilled. 
An ebullition took place, fome regulus of 
arfenic rofe into the neck o f the retort, 
and the antimony was reduced, (c) But
ter of antimony was not precipitated by 
the acid of arfenic, but readily by the 
neutral arfenical falts. The folutions o f 
glafs of antimony in vinegar and cream 
o f tartar are precipitated by the acid of 
arfenic.
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§  X X X I I I .  upon Cohalt.

( a )  The acid of arfenic digeiled with 
cobalt-aifumed a rofe-colour, but a great 
deal of the cobalt remained undiifolved.
( b ) I put the whole mafs into a retort, and 
abtlradled it to drynefs ; then, on increa
iing the heat, it entered into fuiion, and 
a little arienic was fublimed. After the 
mafs was grown cool, it had a femitranf
parent violet-colour. I then poured water 
npon it, and put it into hot fand j the 
acid was diifolved, the violet-colour dif- 
appeared, and the folution turned dark- 
red. The bottom o f the retort was blue, 
and no menftruum was capable o f taking 
this colour out o f the glafs. (c) Neither 
the folutions o f cobalt, in mineral acids 
nor vinegar, are precipitated by the acid 
o f arfenic ; but the arfenical neutral falts 
produce a precipitation o f a rofe-colour. 
This precipitate is difficult o f fufion in 
the crucible, and has the appearance o f a 
dark-blue fcoria.

§  X X X I V .  Upon Nkkle.

( a )  The acid o f arfenic digeiled with 
nickle aifumes a green colour ; a quantity 
o f green powder mixed wich arfenic is 
precipitated. The arienic may be fepa
rated from it by a gentle heat, ( b )  One 
part o f nickle was mixed with two parts

of



o f dry acid o f arfenic, and diftilled by 
a ftrong fire. The mafs melted with an 
appearance of inflammation, and fome 
arfenic was fublimed. After it was grown 
cool, it proved co be a yellow mafs, upon 
which a number o f grey elevated ftreaks ap
peared ; they were like a vegetation, and were 
formed during the diftillation. This yel
low mafs was boiled in water, when 
the acid diflblved, aud a yellow powder 
remained behind, which, when treated 
with charcoal-powder, yielded a regulus 
o f arfenic, but was not reduced itfelf.
(c) The folutions o f nickle in acids are 
not precipitated by the acid of arfenic, 
neither is there any precipitation from its 
folution in vinegar; but the neutral arfe
nical falts precipitate a whitifti-green pow
der.

§  X X X V .  Upon Manganefe*

( a ) The acid o f arfenic diflblves a lit
tle manganefe during digeftion ; fixed al
kalis precipitate a white powder from it.
( b ) When diftilled with acid o f  arfenic, 
a little arfenic was fublimed. The mafs 
entered into a kind o f  fufion, but the acid 
contained no more o f the manganefe than 
it did before, (c) Phlogifticated manga
nefe diflblves readily in acid o f arfenic ; 
but whenever the acid arrives ar the point 
o f iaturation, the folution coagulates in

to



to little cryilals. ( d )  The folutions o f man
ganefe in the mineral acids are not precipi
tated by the acid o f arfenic, though they rea* 
dilyareby the neutral arfenical falts. Man- 
ganefediifolved in vinegar is precipitated by 
the acid of arfenic. ( e )  Thefe precipitates, 
which coniiil o f phlogifticated manganefe 
and o f acid o f arfenic, were diftilled in 
fuch a heat that the retort at laft melted, 
but no arfenic was fublimed, nor would they 
enter into fuiion, but retained their white 
colour; however, when mixed with charcoal- 
powder in a crucible, they flowed, and regu
lus o f arfenic arofe in the form o f vapour, 
while the manganefe remained behind.

5  X X X V I .  Vpon Regidas o f Arfenic,

( a )  The regulus o f arfenic digefted with 
acid of arfenic, was covered with a white 
powder, which proved to be arfenic. ( b ) 

One part o f the regulus was' mixed with 
two parts o f dry acid o f arfenic, and di- 
ftilled. The regulus rofe into the neck, 
and the acid entered into fuiion. (c) If 
fmall pieces o f regulus o f  arfenic be put, 
one after another, into a retort where the 
acid o f arfenic is in a ftate of fuiion, an 
inflammation takes place, and arfenic is 
fublimed. (d) The regulus o f arfenic is 
diilolved byun6luous oils in a boiling heat; 
the folution is black, and, after it grows 
cold, o f the confiftence o f falve.

E S S A Y



E S S A Y  VII.

R e m a r k s  UPON S a l t  o f  B e n z o i n . 1775.

T'HE common way to obtain the fait 
from benzoin is by fublimation. 

This fait is fold in the ihops under the 
name o f flowers o f benzoin. I propofed 
to determine with exadlnefs how much 
fait a given proportion o f benzoin yields 
by fublimation. For this purpofe, I di- 
ftilled a pound o f benzoin in a retort, 
and, after having perfectly feparated the 
empyreumatic oil by lixiviation, I obtain
ed between nine and twelve drachms o f 
flowers. This fait may be likewife ob
tained by iimply lixiviating the benzoin 
with water; but the.fait thus obtained is 
lefs in quantity, and i f  the ley be made 
too hot, the refin eaflly runs together, and 
the whole labour is loft. The reafon why 
iimple lixiviation yields fo little fait is ea
fily afligned. The refinous particles o f 
the benzoin do not tranfmit the water ; 
the folution, therefore, takes place only 
on the furface o f the particles o f  the 
powdered benzoin.

I further boiled pounded chalk and 
benzoin in water, and then filtered the 
4gcoclion, bur, on its cooling, obtained

no



no cryftals ; but on pouring ibme drops 
o f vitriolic acid into this liquor, the fait 
o f benzoin foon afterwards precipitated; 
for this fait, which is an acid, was united 
with the chalk. The quantity o f fait ob
tained, however, was not greater than 
that obtained by lixiviation. I then fell 
upon the idea o f communicating to the 
water the power o f adling upon the reii- 
nous particles o f the benzoin, and thought 
thus to extraCl all the fait exifting in this 
reiin. I therefore boiled pounded ben
zoin with alkaline ley, and afterwards fa
turated it with an acid. I thus obtained 
the fait o f benzoin by precipitation ; but 
I here likewife met with this inconveni
ence, that the powder o f benzoin ran to
gether during the boiling and floated on the 
furface in the form o f a tenacious reiin.

There remained one way more to be 
tried, viz. To boil the benzoin with quick
lime. As the particles of the lime, by inter- 
poiing themfelves between the particles of 
the benzoin, might prevent their run
ning together, and as lime has likewife 
the property o f ad in g upon the reiinous 
particles, this promifed to be a good way of 
extrading the fait from the benzoin. The 
fait thus obtained is perfedly free from 
empyreumatic oil, with which the flow
ers of benzoin are commonly contamina
ted, it is confequently alfo free from the

fmell



fmell which they otherwife yield. An 
equal, if  not a greater quantity o f fait, 
is obtained by this procefs than by diftilla
tion. A  pound of the refin yielded from 
twelve to fourteen drachms o f fait by this 
new method, which is as follows :

LTpon four ounces o f unflaked lime pour 
twelve ounces of water, and, after the e- 
bullition is over, add eight pounds more 
(the pound twelve ounces) o f w ater; then 
put a pound o f finely pounded refin o f ben
zoin into a tinned pan, pour upon it firft 
about fix ounces o f the above lime-water, 
mix them well together, and thus fuc- 
cefTively add the reft o f the lime-water. 
I f  it be poured in all at once, it will 
not mix with the benzoin, which will 
likewife coagulate, and run together into 
a mafs. This mixture ought to be boiled 
over a gentle fire for half an hour with 
conftant agitation ; then take ic from the 
fire, let it ftand quiet for an hour, in or
der that it may fettle ; pour off the fuper- 
natant limpid liquor into a glafs veflel. 
Upon the remainder in the pan pour eight 
pounds more o f lime-water; boil them 
together for half an hour, then take it 
from the fire and let it fettle; add the fu- 
pernatant liquor to the former ; pour upon 
the reiiduum fome more lime-water, boil 
it as aforefaid, and repeat the fame pro
cefs once more. At laft, put all the re

fiduum



iiduum upon a filter, and pour hot wa-* 
ter feveral times upon it. During this 
procefs, the calcareous earth combines 
with the acid o f benzoin, and feparates 
it from the refinous particles o f this fub
ilance. A  fmall quantity o f the refin is 
diifolved by the lime-water, whence it ac
quires a yellow colour. A ll thefe yellow 
leys and decodlions are to be mixed toge
ther, and boiled down to two pounds, 
which are then to be ilrained into another 
glafs veilel.

Thefe lixivia are ini'pififated thus much, 
becaufe fuperiluous water would hold 
much fait in folution, which m uil after
wards be precipitated. Befides, a fmall 
quantity o f the refin, fufpended by the 
lime-water, likewife feparates during the 
evaporation, not being foluble in a fmall 
quantity o f water; it therefore remains 
in the ilrainer. After the two pounds of 
the evaporated leys are grown cold, mu
riatic acid is to be added, with conilant 
ftlrring, till there be no further precipica- 
tion, or till che mafs tafles a little fouriih. 
As vegetable acids have in general a 
weaker atcradlion for abforbent earths than 
mineral acids, the muriatic acid combines 
with the calcareous earth, and the acid of 
benzoin, which requires a large quandty 
o f water to its folution, m uil fall down; 
the folution, which had before but a very
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weak fmell of flowers of benzoin, acquires, 
by this precipitation, a very ftrong one.

The precipitated coagulum is then to 
be put into a filter, and, after being well 
dried, it is to be edulcorated fufficiently, 
by repeatedly pouring cold water upon it; 
it fliould be dried afterwards in a gentle 
heat. But as the water made ufe o f  for 
the edulcoration contains a little o f the 
fak o f benzoin diflblved, it ought to be 
evaporated, and afterwards fet by to cry- 
flallife. I f  you wifli to give this fait a 
fliining appearance, diflblve it in a fuffi
cient quantity— in fix ounces, for inftance, 
o f water, by gentle boiling, then ftrain ic 
immediately, while it is yet warm, through 
a cloth, into a glafs veifel which has been 
heated before; you will thus have rhe fa- 
tisfadlion to fee a number o f fine cryftals 
flioot as foon as the folution is grown 
cold. The water is then to be ftrainedfrom 
the cryftals, and the reft o f the fak, ftill 
fufpendedin this water, is obtained bv re
peated evaporation and cryftailifation. But 
as the flowers o f benzoin are, on account 
of their lightnefs, not eafily pulverized, it 
may be beft to keep the fak in the form of 
a precipitate, which is .always the fineft 
powder. To this confideration it may be 
added, that, during the cryftailifation, a 
great deal o f fak is loft.



I have recommended cloth for filtering 
the warm folution, becaufe I found it an- 
fwer bell. I f  blotting paper be ufed, the 
fair fometimes cryilallifes in the filter it
felf, and obilrudls it. The filtration it
felf might be omitted, i f  it were not una« 
voidable, in order to purify the fait from 
about two grains of refinous fubilance, 
which, having been mixed with it during 
the preceding boilings, remain united 
with it during the reft o f the procefs.
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E S S A Y  VIIL 

O n  S i l e x ,  C l a y ,  a n d  A l u m , 1 7 7 6 .

F"^ROM the writings o f Mr Baume, it 
appears that he takes the earth of 

alum to be nothing elfe than iilex, and 
common clay to be filiceous earth, com
bined with a little vitriolic acid. Alum 
he fuppofes to be the fame earth, fuperfa- 
turated with vitriolic acid. With regard 
to chemical opinions, it is my cuilom not 
to credit any, till I have brought them to 
the teil o f experiment. I therefore was 
obliged to try Mr Baume’s aifertion, that 
filex is foluble in vitriolic acid, by this 
teft. I took an ounce o f mountain cry- 
ilal reduced to powder, mixed it with three 
ounces of alkali o f tartar, and fufed the 
mixture by a ilrong fire. This alkaline 
mafs I afterwards diifolved in twenty oun
ces o f water, and poured as much diluted, 
vitriolic acid to it, as was more than fuifi- 
cient to faturate i t ; I then filtered the li
quor, collecled, edulcorated and dried, 
the precipitated filex w'hich remained on 
the filter. From the filtered liquor, after 
it was evaporated, I obtained, befides a 
fubacid vitriolated tartar, about i  ̂drachm 
of alum. The queftion now was, Whe- 
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tlier the precipitated iilex, repeatedly fuied 
with alkali, would ftill yield alum? If 
tliis was the cafe, M r Baume’s fyftem 
would gain a ilroog confirmation ; but, if 
it did not, a fufpicion would arife, that 
ibme clay was mixed with the mountain 
cry fta l; I therefore dried the precipitate, 
and mixed it with a triple quantity o f al
kali ; and, proceeding in the fame man
ner as in the foregoing experiment, again 
obtained alum. This laborious experi
ment I repeated feven times, and always 
obtained alum ; I now thought it reafon- 
able to believe that Baume was right. But, 
behold ! on examining the crucibles, em
ployed for thefe repeated fufions, I found 
them every where uneven in the infide, 
and full o f little excavations, which they 
had not before the experiment. This 
created a fufpicion that the alkali had per
haps diiTolved part o f  the clay o f thefe 
crucibles, and thus, with the fuperfluous 
vitriolic acid, produced alum ; I therefore 
now took an iron crucible, and prepared 
the liquor filicum, which I treated in the 
fame manner as before, and obtained no 
alum. How eafily may one err in ma
king experiments! Thus, all the alum, I 
obtained, came from m y crucibles, and I 
was in a f^ir way to obtain conviction of 
a falfehood: Undoubtedly the fame thing 
led Mr Baume into the miftake. I after

wards
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wards took precipitated iiliceous earth 
while it was moift, and digeiled it for a 
fortnight with diluted vitriolic acid, in 
order to find out whether, as Mr Baume 
aflerts, any thing is dilTolved, but could 
find not the leail mark o f folution.

The filiceous earth, therefore, ilill re
mains a peculiar earth. M r Baume pre
tends, that clay contains a little vitriolic 
acid, and is on this account foluble in a 
large quantity o f boiUng water. I like
wife tried this experiment, but found, 
that o f feveral kinds o f pure argillaceous 
earth not the fmalleil quantity was diilbl- 
ved, which is eafily afcertained by means 
o f  alkali o f tartar. I here likewife made 
different experiments, in order to obtain 
vitriolic acid from pure argilla, but with
out fuccefs. I could never obtain any he- 
par by means o f alkali o f tartar, nor by 
means o f powder o f charcoal ; neither 
have I obtained with clay a vitriolic neu
tral fait from the refiduum o f the diililla
tion of muriatic and nitrous acid.

I have made feveral experiments with 
alum, in order to afcertain its effedls 
when mixed with other fubflances. A  fo
lution o f alum is decompofed ( a ) by 
lime-water. I f  no more lime-water be 
added than is exadlly requifite for the 
precipitation, the earth o f alum forms à. 
tranfparent precipitate, of the appearance 
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o f boiled ftarch. I f  the clear water is filter
ed, it proves to be a folution o f gypfum.
(b ) I f  more lime-water be added to the 
Ibiution o f alum than is requifite for its 
precipitation, a white precipitate is form- 
èd, but nothing gelatinous, as in the fore
going experiment. I f  the whole be left 
together for a quarter o f an- hour, and fre
quently agitated during this tim é; and if 
it then be filtered, no gypfum, nay, not 
even lime, is found in the fupernatant 
water, luilefs there has been added too 
much lime-water ; but it will be found to 
be pure water. I was at firft at a lofs to 
imagine what was becomc o f the gypfum.
(c) On examining the precipitate, 1 found 
it to confift o f earth o f alum, lelenite, 
and lim e; for, after putting it to diifolve 
in muriaiic acid, the gypfum, wl\ich is 
not lo eafily foluble, remained l>ehind. 
'J’lie clear lolutiuu being iaturated with 
cauilic volatile alkali, a traniparent gela
tinous earth, which waA the earth of 
alum, was prccijiitatcd. Upon llraining k 
agRin, and pouring lixivium tartari to it, 
I obtained a j)rccipirate, which was lime. 
Hence I iaw that the lime and gypfum had 
feparated from the water, and united with 
the earrh o f alum.

In order to acquire a more'diftln(il idea 
o f this phenomenon (d ), I precipitated a 
folution of alum with a quantity of cauUic

volatile



volatile alkali, more than fufficient to fatn- 
rate the acid, in order that I might be quite 
certain of feparating all the vicriolic ‘acid, 
which might perhaps ftill adhere to the pre
cipitate. The precipitated earth was edulco- 
ratedj and ' mixed with a folution o f gyp* 
fum, that I might fee whether the gypfum 
would feparate from the water and preci
pitate w4th the folution o f alum ; but this 
did not happen, ( e )  I further wiihed to 
know how lime-water would adl upon 
the earth of alum. I found that it very 
foon loft its cauftic tafte, and that the 
clear earth of alum grew opaque, I ftrain- 
ed part o f this water, and dropped i()me 
lixivium tartari into it, but ic remained 
dear ; neither was there any precipitate 
formed by corroiive fublimate. I after
wards added muriatic acid to the lait men
tioned precipicacc, wlicn it diiiolved en
tirely without leaving any gypfum be
hind. Thus tlie eartii o f ahim had united 
itielf with lixne, and formed a peculiar 
com()ound,

1 now thought that this compound o f 
the earth o f alum and lime niight icpa- 
rate gypiUm from water ; (r) I iliereforc 
prepared a large quantity of this compound 
earth, mixed it with a I’olution o f gyp
fum, and fet it to reft for a quarter o f an 
hour, when I faw, to my furpt ife, that the 
gypfum remained fufpejided in the water, 
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and that the precipitate was ilill foluble in 
muriatic acid, without leaving any gyp
fum behind, ( g )  I now mixed a folu
tion o f gypfum with lime-water, adding 
alfo pure earth o f alum. This mixture 
perfectly agreed with that mentioned at 
B. The precipitate was white, and con
tained gypfum as well as lime. From 
thefe experiments I conclude, i. That 
the vitrioUc acid in gypfum is able to 
combine w'ith more lime than is requifite 
for its perfeCl' faturation, 2. That calca
reous earth is capable o f uniting with the 
earth o f alum, 3. That gypfum cannot 
combine with the earth o f alum ; but if  
a fuperfluous quantity o f lime be united 
with vitriolic acid, it then will ferve as a 
means o f union, to combine gypfum with 
the earth o f alum, and thus form a com
bination, coniiiling o f three earths. Pure 
clay has no effeCl upon lime-water.
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E S S A Y  IX.

A n a l y s i s  o f  t h e  C a l c u l u s  V e s i c a . 

1776.

HAVIN G  colledled a fufficient number 
of calculi, taken from perfons o f 

both fexes, I undertook an enquiry into 
their nature, and I now communicate fome 
obfervations, which, to m y knowledge, 
have not hitherto been communicated 
to the public.

All the calculi which I have examined, 
whether flat and poiilhed, or rough and 
angular, were o f the fame nature, and 
coniifted o f the fame conilituent parts.

§ I-
I put a quantity o f calculus, reduced 

to powder, into a fmall glafs retort, pour
ed fome diluted vitriolic acid upon it, and 
expofed it to digeftion, but the powder 
was not at all attacked. After the humidity 
was abflraded by diilillation, the concen
trated acid began to attack the powder, 
and the itone was diiTolved. After the 
acid was abitradted tO' drynefs by an in
creafed heat, a black coal remained; the 
liquid which paifed over was vitriolic acid, 
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with a ftrong fmell o f tlie volatile acid of 
fulphur.

§ n.

Neither concentrated nor diluted muria
tic acid had any effect upon the calculus, 
not even when boiled v?ith it.

§ n i.

( a )  The diluted nitrous acid, or aqua  ̂
fortis, had fome effejdt upon the calculus, 
even in the cold. On the application of 
heat, an eifer^fcence enfued, and red va
pours arole ; the calculus was entirely dii  ̂
folved. I f  the experiment be made in a 
retort, and lime-water be put into the re
ceiver, it will be precipitated.

( b )  This folution is acid, though thp 
menftruum be boiled with a fuperabun
dant quantity o f powder, fo that there 
may remain a portion o f it undiifolved.

(c) This yellow folution produces deep- 
red fpots upon the fkin in half an hour af
ter it is applied. I f  the faturated folution 
be a little more evaporated, it aifumes of it
fe lf a blood-red colour, which, however, 
difappears on dropping in a fingle drop 
o f nitrous acid.

( d ) a  folution o f ponderous earth in 
muriatic acid precipitates nothing from 
this folution.

( e )  Me-



( e )  Metallic folutions are not feniibly 
changed by this folution.

(f ) It is not precipitated by alkalis, but 
only grows a little yellower when the al
kali is fuperabundant, and then this m ix
ture, in a ilrong digefting heat, likewife 
aflumes a rofe-colour, and produces fpots 
of the fame colour very quickly, and with-, 
out any fenfc o f burning upon the ikin. 
This mixture likewife precipitates metals 
ôf different colours ; vitriol of iron, black ; 

’ vitriol o f copper, green ; iilver, grey ; cor
rofive fublimate, zinc, and le^d, white,

( g )  Lime-water decompofes this folu
tion, and precipitates a white powder from 
it, which I have edulcorated and dried. 
This precipitate is foluble in muriatic and 
nitrous acids without any effervefcence. 
Though there be an excefs o f the preci
pitated powder, the folution will be acid. 
(The fame thing happens likewife with 
animal earth and fluor fpar, i f  they be dif
folved in the fame acids). I f  the folution 
be evaporated to drynefs, it will at laft 
take fire. I f  the precipitate be heated 
only to a dull-red heat in a clofe cru
cible, it grows black, fmells like burnt 
alum, and effervefces with acids. Before 
the blowpipe it changes into quicklime.

( h )  Neither the acid o f fugar nor fait 
of forrel precipitate this folution. The

alkaline
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alkaline m ix tu r e ( f ) is alfo no t  precipita* 

ted b y  thefe acids.

§ iv.

The calculus, when pounded and boil
ed with a folution of alkali of tartar, 
remains unchanged. But perfedly pure 
or cauftic alkali, fuch as ihews not the 
leaft mark o f aerial acid, diifolves the 
calculus, even in the cold. The fo
lution is yellow, and taftes fweetiihj it 
is precipitated by all the acids, even by 
the aerial. ^Lime-water is not precipitated 
by this folution, but metallic folutions are 
decompofed. Iron is precipitated brown, 
copper grey, iilver black, zinc, corrofive 
fublimate, and lead, white. I f  there be 
a little fuperabundance o f alkali in the fo
lution, it yields a iinell of volatile alkali. 
D ry volatile alkali has no effed upon the 
ftone, but the cauftic, prepared with quick
lime, diifolves i t ; a pretty large quan
tity, however, is required for this purpofe.

§  V .

Lime-water likewife diifolves the ftone 
by means o f digeftion. Twelve grains f 
o f calculus require four ounces o f lime- 
water. The lime-water thereby lofes its 
cauftic tafte. On adding acids to this fo
lution, the calculus is partly precipitated.

§ VI. :



§  V I .

Pure water diiFoIves the calculus entire
ly, but a large quantity is requiiite for 
this purpofe. I f  eight grains o f fine
ly powdered calculus be boiled for a iliort 
time with five ounces o f water, they will 
be diifolved. The tindlure o f lacmus is 
turned red by this folution. Lime-water 
is not precipitated. As it grows cold, the 
greateil part o f the calculus feparates again 
in the form of fine cryilals.

§  V I I .  ^

On diililling, in a fmall glafs retortj 
one drachm o f calculus in the open fire, 
i  obtained a volatile alkaline liquor, like 
that from hartfhorn, but no oil. In the 
neck of the retort there was a brown fub
limate. Upon heating the retort thorough
ly red-hot, and then leaving it to cool, 
I obtained a black coal, weighing twelve 
grains, which, when put upon red-hot 
iron in the open air, retained its black co
lour. The fublimate, which feemed to 
have been fomewhat fufed, weighed twen
ty-eight grains, and on being purified by 
a new fublimation, it grew white. It had 
no fmell, but a fomewhat fouriih tafle, 
and was eafily foluble in boiling water. 
It alfo diifolved in fpirit o f wine, but a 
larger quantity than o f water was requi

fite



fite for this purpofe. Lime-water was 
not precipitated. The fubUmate feemed 
to agree, in fome refpedls, with the fal 
fuccini.

From thefe experiments I conclude, that 
iince the terra ponderofa ( §  iii. d )  is 
not precipitated, which would, however, 
be a neceifary confequence, i f  vitriolic acid 
were a conftituent part o f the calculus; 
and iince the acid o f fugar ( §  i i i ,  h ) 

does not produce any precipitation, which 
certainly would take place i f  lime were a 
conftituent part o f it,— I conclude, I fay, 
that calculus is neither calcareous nor gyp- 
ieous, but coniifts o f an oily, dry, volatile a- 
cid, united with fome gelatinous matter. 
The calculus is an oily fait, in which the a-- 
cid prevails a little, iince it is foluble in pure 
water (§ vi.), and imparts to the tindlure 
o f  lacmus a red colour. That it contains 
phlogifton, appears by its folution in cau
ftic alkalis and lime-water (5 iv . v.), but 
efpecially from the effedls produced by 
means o f nitrous acid, from which it ac
quires quite different properties than from 
being diflblved in alkalis, nor can it be pre
cipitated from this folution (§ i i i .  f ) .  

The animal gelatinous fubftance appears 
on diftillation, by which a liquor is ob
tained refembling fpirit o f hartihorn, and 
a fine coal is left behind.



§  V I I I .

I have found calculus diiTolved in all 
urine, even in that o f  children. I f  
four kannes o f limpid freih urine be eva
porated to two ounces, a fine powder is 
depofited as it cools, and a part firmly 
adheres to the glafs. This powder dif- 
folves very readily in a few drops o f cau
ilic alkali, and has moreover all the pro
perties o f a calculus veficse. The lateriti- 
ous fediment, which is depofited from the 
urine o f thofe who labour under an ague, 
is of the fame nature. I fufpedled in the 
beginning, that there was an unknown 
menftruum in this urine, which, being 
volatile in the open air, was the caufe of 
fuch a large quantity o f this powder being 
kept fufpended in tlie urine; but as fuch 
urine likewife grows turbid, and depofits 
the fame fediment when kept in cloie vef- 
fels, and redifiblves it again on being 
expofed to a fufficient degree o f heat, ic 
appears evident that fuch a menflruum is 
neither prefent nor requifite.

§  I X .

All urine contains fome animal earth 
or lime combined with phofphoric acid, 
and, by the fuperabundance o f acid, this 
earth is kept difi^olved. Ic is owing to this 
fuperabundance that urine imparts a red

colour



colour to paper coloured with lacmus. If 
this fuperabundant acid be faturated with 
volatile cauftic alkali, a white powder is 
precipitated. Three drachms and a half 
o f  this powder, when dried, are obtained 
from four kannes o f urine. I diffolved it 
in nitrous acid ; on adding vitriolic acid 
fome gypfum was precipitated. After all 
the nitrous acid was evaporated, an acid 
remained, which precipitated lime-water, 
and, when mixed with lamp-black, yield
ed phofphorus on diilillation; confequent
ly this powder really contains lime and 
phofphoric acid.

§  X .

According to thefe experiments, all u- 
rine contains, befides the fubflances al
ready known, (viz. fal ammoniac, com
mon fait, digeftive fait, Glauber’s fait, 
microcofmic fait, fal perlatum, and an oily 
extra<5live matter) a concrete acid, hi
therto unknown or the calculus, and ani
mal earth. It is remarkable that the urine 
o f the fick is more acid, and contains 
more animal earth than that o f healthy 
perfons.

Supplement



Supplement to the foregoing Dijfertation,

By T. B e r g m a n .

Without knowing any thing o f  Mr 
Scheele’s analyiis o f the calculus veiics, 
I was employed at the fame time upon the 
fame fubjed. M y experiments lead near
ly to the fame concluiion, viz. that thefe 
animal ilones coniift o f a concrete acid* 
There are, however, fome circumftances 
in which they differ from thofe o f Mr 
Scheele. Perhaps the calculi on which we 
made our experiments were really different 
in their nature; but as the differences I 
remarked were conftant with all the cal
culi on which I made experiments, I 
thought it worth while to communicate 
them to the public, efpecially as they re
late to a matter fo interefting to mankind.

I could not fucceed in entirely diffol- 
ving ftones o f the bladder or -kidney, ei
ther in diftilled water, or in nitrous acid; 
though it is true that the undiffolved part is 
the lefs, the more finelythe calculus has been 
previouily pounded ; but even in this cafe a 
part remains undiffolved, as appears clear
ly  when the experiment is made in a fmall 
cucurbit; fo that, after the mafs is cool
ed, the undiiiblved part may fettle at the 
bottom in one place. This appears in the

cleareft



cleareil manner, i f  fmall ))ieccs, or fmall 
calculi, o f a few grains weight only, be 
put hito a fuperabundant t]uantily of 
menftruum, and be kept in a degree of 
heat, very near to that which makes wa
ter boil. Here it will be obiervcil, that 
the greateft part o f the piece is diifolved, 
but that at the fame time ibme fmall white 
fpongy particles remain, upon which wa
ter, fpirit o f wine, acids, or cauftic vola
tile alkali, have no fenfible eifed. I f  the 
heat be increafed to full boiling, thefe par
ticles divide into white rare ilocculi, and 
become almoft imperceptible, but without 
being diffolved, at leaft not entirely. I 
have not been as yet able to colledl a fuffi
cient quantity o f them, in order to deter
mine exadly their nature. This, however, 
I know, that, when expofed to fire, they 
are reduced to a coal, which burns flowly 
to aihes, and is not foluble in diluted ni
trous acid.

When calculus veficx is diifolved in 
nitrous acid, no precipitation enfues on 
adding the acid o f fugar; whence one is 
readily induced to conclude, that there is 
no calcareous earth prefent, becaufe this 
experiment is the fureft way to difcover 
it. But I have found, in a variety of ex
periments concerning eledlive attraflions, 
that the addition o f a third fubftance, in- 
ftead o f difuniting two already united,

often



often unites witli.Jboth very clofcly. Th:ic 
the fame thing happciivS here, I hatl the 
more reafon to believe, becaufe the acid 
of fugar contains fome phlogiilic matter, 
though of fo fubtile a nature, that, on 
being burned, ic docs not produce any 
fenfible coal ; and the event o f my expe
riment has ihewn, thac I was not miftakon 
in my conjedlure. In order to afcertain 
this point, I burned coals o f the calculus 
to aihes, which were quite white, and 
Ihewed in every refped the fame phseno- 
mena as lime, caufed fome eifervefcence 
during their folution in acids, united with 
vitriolic acid into gypfum, were precipita
ted by the acid o f fugar, and were partly 
foluble in pure water, ÓV. Notwithftand- 
ing this, there remains about one hun
dredth part o f the aihes infoluble in aqua
fortis ; the remainder o f the above men
tioned fubilance, which, together with 
the concrete acid, conilitutes the calculus. 
I f  the calculus be diiTolved in nitrous 
acid, the folution filtered, and evapora
ted to drynefs, and thè dry mafs calcined 
to whitenefs ; a calcareous powder is thus 
likewife obtained.

As pure vitriolic acid contains no phlo- 
giilic matter, I expeded that it would, in 
the preient cafe, immediately £hew the 
prefence o f lime, a circumilance which 
really happened. I dropped ibme pure

V o l . I. O concentrated



concentrated vitriolic acid into a folution 
o f calculus in nitrous acid, and found, 
that when the folution was faturated, fome 
fmall cryftals immediately feparated from 
i t : They proved, on examination, to be 
gypfum ; and, after being diffolved in*di
flilied water, they were precipitated by 
the acid o f fugar. When the iblution of 
the calculus was very much diluted, there 
appeared no change in the beginning; 
bur, after a little evaporation, the above 
mentioned cryftals began to appear. Some 
calculi o f the bladder or kidneys at leail 
certainly contain lime, but feldom more 
than one-half in a hundred parts, or one 
in two hundred parts.

Concentrated vitriolic acid diflblves the 
calculus, when aflifled by heat, with ef
fervefcence ; the folution is dark-brown. 
I f  a little water be afterwards added, there 
feems to take place a kind o f coagulation; 
but, on adding more water, all grows 
clear again, and affumes a yellowiih brown 
colour.

The muriatic acid feems to have no ef
fect upon it. I am however in doubt, 
whether it will not extradl at leaft a por
tion o f the calcareous earth, and ihall for 
this reafon make fome farther experi
ments to determine this point.

The red colour which the folution of 
the calculus in aquafortis may be made 
to affume, is remarkable. A  faturated fo

lution



lution difcovers no fmell o f nitrous acid, 
ánd i f  evaporated by itfelf in a large 
open vbifel, the liquor aifumes at laft a 
deep-red colour, and it hardly contains 
ány nitrous acid ; for, on the one hand, 
paper tinged with lacmus fcarce ihews 
any figns o f its prefence; and, on the 
other hand, the colour is deftroyed by 
the addition o f any acid, without being 
ever afterwards recoverable, either by .al
kalis, or any other means known to me. 
If the folution be quickly evaporated upon 
a heated furnace, it at laft fwells into in
numerable bubbles. This foam grows 
redder and redder, and, after it is quite 
dry, it appears dark-red. This dry mafs 
communicates its colour to a much larger 
quantity o f water than bsfore, and dii  ̂
folves very readily in all acids, even in 
fuch as have no a<5lion on the calculus; 
but they entirely deftroy the colour, 
and that the more quickly, the ftronger 
they are. Even alum, with its fmall ex
cefs of acid, has this eífeél.. Cauftic al
kalis diifolve the colouring matter, and 
deftroy it, but more ilowly.

The nitrous acid has a peculiar effedl 
upon all phlogiftic fubftances ; and, as the 
colour o f bodies is eipecially dependent 
on phlogifton, it appears why no other a- 
cid has the power o f educing fuch a co
lour from the calculus. But, in order to
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obtain it, a proportional quantity o f acid 
is requifite. The diluied acid o f nitre 
ought therefore to be made ufe of, in or
der not fo eafily to tranlgrefs the proper 
lim its; for i f  too much be ufed, it will 
not produce the proper effedl; but, in pro
portion to its fuperabundance, goes fur
ther, and deftroys more or lefs, or the 
whole of it. I f  it be poured undiluted 
upon powdered calculus, it is converted in 
a few moments, and without any afilfl- 
ance o f heat, into a mere foam.

The acid o f calculus is the more eafily 
feparated from the aquafortis by evapora
tion, as the latter is rendered more vola
tile by the inflammable particles o f the 
former. Alkali added to them both uni
ted, does not produce any precipitation, a 
circumftance which is generally obferved 
when two acids are combined; but both 
the acids unite with the alkali, according 
to the law o f their attradion. The red mafs 
obtained after deficcation, is however very 
diflerent from the concentrated acid, fuch 
as is contained in the calculus; for it is 
o f  a darker colour, and very deliquefcent; 
the leaft particle gives to a confiderabie 
quantity o f water a rofe-colour; it is at
tacked by the muriatic and other ftrong 
acids with violence, which fooner or later 
produce a quite colourlefs folution. Such 
a remarkable change depends, as much as

I



I have hitherto been able to afcertain, 
more on the adlion o f the nitrous acid 
upon the inflammable part than upon any
thing remaining behind. Such red fpots, 
as are produced upon the fliin by the fo
lution, are likewife produced upon bones, 
glais, paper, and other fubftances; but 
then'more time is required before they 
become vifible, which however may be a 
little accelerated by heat.

I pafs over a number o f other experi
ments, made partly in a different manner 
from thofe o f Mr Scheele, which, how
ever, prove no more than may be learned 
from his excellent paper. I was alfo pre
vented from finifliing fome o f them by 
other engagements. I have been thefe fe
veral years colleding the different ftony 
concretions o f animal bodies, in order to 
inveftigate their component parts; 1 have 
been promifed ftill more o f them, and hope 
to be allifted in this matter, fo interefting 
to medical fcience, by fuch as have collec
tions of this kind. The only thing from 
which we may reafonably expe(5t the dif
covery o f proper remedies, for the relief 
o f people labouring under this complaint, 
is the juft knowledge of the nature o f the 
calculus. Did we not already know from 
experience, that lime-water and the cau
ftic lixivium are among the bcft remedies 
againft the ftone of the bladder or kid-
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neys, we might conclude this from Its 
properties, as they are now difcovered. 
From a further enquiry, we may perhaps 
be led to find out a ilill more convenient 
remedy. Whether all urinary calculi are 
o f  the fame nature, I hope to afcertain 
foon.
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E S S A Y  X.

M e t h o d  o f  p r e p a r i n g  M e r c u r i u s  

D u l c í s  V i a  H ú m i d a .  1778.

§ I-
A  K  E half a pound o f quickiilver,

_ and as much pure common aqua- 
fords, pour it into a fmall cucurbit, with 
a pretty long neck, flop the mouth with 
a little paper, and put it into warm fand. 
Some hours afterwards, when the acid ap
pears no longer to a d  upon the quickfil
ver, the fire is to be fo much augmented as 
nearly to make the folution boil. This heat 
is to be continued for three or four hours, 
and the veifel now and then to be íhaken

Towards

* One would imagine, that when the acid no long
er eíFervefces with the quickfilver, it ihould be fatu
rated ; but this is far from being the cafe. I f  the 
heat is increafed, this fokition is ftill able to diiTolve a 
great quantity ; with this difference, however, that 
whereas the quickfilver in the beginning is cal
cined, a great deal o f quickfilver, in a metallic form, 
is afterwards diifolved, as appears clearly from this, 
that not only no more elaftic vapours afcend, but alfo, 
that with fixed and volatile cauftic alkalis a black pre
cipitate is obtained, otherwife, when the folution con
tains only calcined quickfilver, the precipitate is yel
low. I f  th£ black precipitate be gently diftilled, quick-. 
filver arifes, and there remains a yellow powder, which 
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Towards the end, regulate the heat fo that 
the folution lhali gently boil for a quarter 
o f an hour In the mean time, diifolve 
4-| ounces o f pure common fait in fix or 
eight pounds o f water ; pour this folu
tion, ftilhboiling, into a glafs-veifel, and 
immediately afterwards mix with it the 
above mentioned folution o f quickfilver, 
which muft aliò be boiling, in fmall quan
tities at a time, with conftant agitation. 
When the precipitate has fettled, decant 
off the clear liquor and pour hot water 
again on the precipitate, with which it is 
to be edulcorated, till the water ftanding 
upon it iliall be entirely taftelefs. Put the 
whole obtained by thefe means together j 
filter and dry it in a mild heat f .

§11.

is precifely that part o f quickfilver, which, in the be
ginning o f the operation, was calcined by the acid of 
nitre.

* T h e fire muft neceiTarily be augmented, in order 
to keep the nitrated n)c*rcury diifolved, which is very 
nuich inclined to cryftallife, even in the heat. There 
comtnonly remains fonìe undiifolved ciuickfilver ; but it 
is alsvays better to take too much than too little, for 
the more metiillic fubitance the mercurial folution con
tains, the more mercurius'dulcis is obtained.

f  T h e mercurial folution muft be cautioufly poured 
into that o f the common fait, that no mercury may 

fefoilow. Two ounces o f fait would be fufficient for 
the preclpitarion o f all the quickfilver ; but when fo 
Imail a quantity is u fe d ^ t may „eafily happen, that

fome
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§ n.

I f  we coniider how mercurius dulcís is 
obtained in the dry way, or by fublima
tion, it will not be dlfEcult to account for 
the method I have propofed. Mercurius 
corroiivus albus is a middle fait, and con- 
iiils, as is well known, o f marine acid, 
combined with calx o f mercury. This 
fait Can diifolve a good deal o f quickfilver 
in. its metallic form : In order to this, they 
muil meet one another when feparated in
to their finallefl particles, which happens 
when, by means o f hear, they are con
verted into vapour. The fame thing takes 
place with the folution o f mercury that is 
obtained in the method above defcribed. 
This contains the calx o f mercury and 
quickfilver, divided into its fineíl par
ticles. I f  there be now added marine acid, 
or, to fave expence, common fait, the ma
rine acid will unite with the calx o f mer

cury,

fome fuperabundant corrofive fublimate may adhere to 
the precipitate, which water alone is incapable o f en* 
tirely feparating ; this is doubtlefs the reafon why it is 
generally fuppofed that white precipitate is corrofive. 
1 have found, that common fait, as well as fal ammo
niac, is capable o f diifolving a confiderable quantity o f 
corrofive fublimate. It is on this account that I take 
4̂ - ounces of fait, in order completely' to feparate all 
the corrofive fublimate. , From the above mentione^l 
quantity o f quickfilver, about ounces o f mercurius 
dulcis arc commonly obtained. •>¥



cury, by whicli genuine mercurius corro- 
fivus albus is produced ; and as the fohi- 
tion contains quickiilver in its metallic 
form, it immediately attrads as much of 
the corrofive fait as is neceiTary to its 
faturation ; and thus is produced a real 
mercurius dulcís, which, on account of 
its infolubility in water, m uil be precipi
tated.

§ in.

Experiments prove, that this precipi
tate is nothing elfe than a good mercurius 
dulcis ; as, ift. It is entirely tailelefs.

I have fublimed the precipitate, and 
examined what afcended in the beginning 
o f this procefs, which ought to be corro- 
ilve, i f  the precipitate contained this fait 
in abundance, becaufe it is well known, 
that corrofive fublimate rifes fooner chan 
mercurius dulcis ; but this, as well as that 
which was afterwards fublimed, was pure 
mercurius dulcis, and.entirely like to that 
obtained in the common manner. 34̂ ) 
I alfo mixed the precipitate with one- 
fourth part o f quickfilver (thinking that, 
i f  ic had contained too much mercurius 
corrofivus, it ought now to be able ta 
unite with more quickfilver), and fubli
med it, when I found m y quickfilver 
again with its former weight undiminiih- 
ed. 4tM)'y It is known, that cauilic alka

lis



lis and lime-water give mercurius dulcis 
a black colour. The fame thing appear
ed with mine. The black colour is no
thing elfe than quickiilver divided into 
very minute particles.

§ IV.

That the method above defcribed is 
really more advantageous than that ufual- 
ly employed, I cannot doubt; becaufe, 
\Jly The mercurius dulcis can be prepared 
with lefs difficulty, with lefs expence, and 
without employing mercurius cori;oiivus. 
idly  ̂ It can never become either more or 
lefs corrofive, i f  it be only well edulcora
ted, and confequently it is always fafe.

One is never expofed to the vapour 
which rifes in the old method during 
the faturation of corrofive fublimate with 
quickfilver, and which is fo dangerous to 
the health, This mercurius dulcis
is much finer than the common, which 
never can be reduced to fo fine a powder, 
however long it is triturated.
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E S S A Y  XL

A CHEAPER A N D  MORE CON VEN IENT

M e t h o d  o f  p r e p a r i n g  t h e  P u l -  

vis A l g a r o t h i . 1778.

T  ̂H E  preparation o f this powder, as has 
hitherto been pradifed, is an opera

tion very difficult, and dangerous to the 
health. As this powder is requifite, in order 
properly to prepare antimonial or emetic 
tartar, I refolved to try whether the pre
paration would not fucceed without corro
five fublimate, by which means two con
fiderabie advantages would be gained; 
the chemifl would be out o f danger, and 
the great quantity o f the firft mentioned 
mercurial preparation, which is now em
ployed for making this powder, would be 
faved. Both thefe purpofes we obtain by 
preparing mercurius dulcis via húmida. 
For the objeélion, that no cinnabar o f 
antimony is obtained, is groundlefs ; be
caufe this cinnabar, purified by fublima
tion, is in no refpedl different from the 
common pure cinnabar.

Before I proceed to defcribe the new 
procefs for preparing, the pulvis algarothi, 
it will be neceffary to enquire into the 
theory which has been hitherto received,

concerning



concerning the produdlion o f butter o f 
antimony, when regulus o f antimony is 
diililled with corrofive fublimate. It is 
faid, that the decompoiition o f the corro
five fublimate, which in this cafe hap
pens, takes place, becaufe the eledlive at
traction o f the regulus of antimony for 
the muriatic acid is greater than that of 
the quickiilver for the fame acid ; that it 
therefore leaves the acid, and that this lat
ter uniting with the regulus goes over in
to the receiver in the  ̂ form o f butter; 
that at lail, on increafing the heat, the 
mercury goes over by itfelf, or that it 
is fublimed in union with the fulphur of 
antimony, under the name o f cinnabar of 
antimony, provided crude antimony (an- 
timonium fulphuratum) be taken for this 
purpofe inilead o f the regulus.

This explication does not agree with 
the late obfervations in chemiitry ; for 
the butter o f antimony, or, as it is fome
times called, the antimonial cauftic, con
tains not the leail regulus o f antimony; 
but the portion o f antimony which it con
tains is half calcined, and this calcination 
cannot be owing to the muriatic acid. But 
as it is well known, that the mercury in the 
corroiive fublimate is not in a reguline 
form, but in the ftate o f a calx, and that 
the mercurial calx in this metallic fait may 
be reduced, by being put upon live.coals;

that



that fuming muriatic acid goes over, i f  
the corroiive fublimate is diililled with 
phlogiftic fubftances ; and further, that 
the corroiive fublimate is by no means dê  
compofed when diftilled with pulvis alga- 
rothi, or with a half calcined regulus o f 
antimony ; it follows that, in the prefent 
procefs, the mercurial calx, as one confti
tuent part o f the corroiive fublimate, at
tracts the phlogifton neceifary for its re
duction from the regulus o f antimony, 
whereby the muriatic acid is fet free, and 
then attacks the regulus o f antimony, 
which is dephlogifticated in the fame pro
portion, and goes over united with it in 
the form o f a thick fubftance, refembling 
butter.

The butter of antimony confifts, there
fore, o f concentrated muriatic acid, and 
of a half calcined regulus o f antimo
ny ; and it is from this partly dephlogi
fticated regulus that the antimonial tartar 
is obtained when it is united with cream 
of tartar. The regulus o f antirnony muft 
be only partially calcined, in order to be 
foluble either in the muriatic acid, or by 
cream o f tartar ; for, in its metallic form, 
it is entirely infoluble ; and the bezoar mi
neral proves, that this is alfo the cafe i f  
the metal be entirely dephlogifticated ; 
confequently, i f  regulus o f antimony, par
tially dephlogifticated, be digefted in mu

riatic
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riatic acid, this acid is not able to diiTolve 
more o f it than what has already under
gone that degree o f calcination, or what 

^^as loft fo much phlogifton, as the regulus 
’ o f antimony generally lofes when it is di

ftilled with corrofive fublimate.
It is a known fad,’ that emetic tartar 

may be prepared from liver o f antimony 
and cream of tartar ; and that, when this 
emetic tartar is diifolved in muriatic acid, 
and the folution diftilled, the caufticum 
antimoniale is generated ; there muft there
fore be contained in the liver o f antimo
ny a regulus, fo fa# calcined as to be fit 
for this purpofe ; and we ihould gain our 
end completely, i f  the half calcined regu
lus contained in the hepar could be entire
ly  freed from the hepar. This is the more 
reqtiifite, as the folution by the cream of 
tartar in the other cafe is not only very 
flow, but likewife contains (if the emetic 
tartar, which is thus prepared, be not 
'contaminated with fuperfluous cream of 
tartar) vitriolated tartar, which, though 
it be lixiviated with boiling water, cannot 
be extracted from the vitrified regulus 
with which it has been united by fu
fion. The moft proper menftruum for 
extracting thé half dephlogifticated regu
lus is muriatic acid, which afterwards 
quits the antimony i f  the butter be diluted 
with boiling water. I f  this folution be

diftilled,



diftilled, butter o f antimony is likewiie  ̂
obtained: As, however, the hepar, pre
pared with equal parts o f antimony and 
nitre, contains not only antimony ftill un- 
decoinpofed, but likewife hepar fulphuris, 
as eaiily appears, when this hepar is di
gefted with muriatic acid, not only from 
the hepatic fmell, but alio from the re
maining infoluble black powder, it is ne- 
ceifary to add more nitre; and, inftead 
of muriatic acid, which is dearer, a mix
ture o f diluted vitriolic acid and ccmmon 
fait fhould be poured upon it, with which 
it is afterwards to be digefted. Thus a 
real butter o f antimony is obtained, from 
which, when diluted with water, the pul
vis Algarothi is precipitated. The falts 
contained in this antimonial folution, viz. 
Glauber’s fait and vitriolated tartar, re
main behind in the water, and do not in 
the leaft change the precipitate.

The procefs is therefore the following : 
Take o f powdered crude antimony one 
pound, powdered nitre one pound and a 
half, which, after being well dried and 
mixed, are to be detonated in an iron mor
tar. The hepar, obtained in this manner, 
is to be powdered, and a pound o f it to 
be put into a glafs veifel, on which, firft a 
mixture of three pounds of water and fif
teen ounces of vitriolic acid is to be pour
ed, and aftervrards fifteen ounces o f pow-
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dered common fait are to be added ; the 
glafs veifel is then to be put in a fand- 
bath, and kept in digeftion for twelve 
hours ; during which period the mafs is to 
be conftantly ftirred. The folution, when 
cool, is to be ftrained through linen. 
Upon the refiduum one-third o f the above 
mentioned menftruum is to be poured, the 
mixture digefted and ftrained. From this 
folution, when it is diluted with boiling 
water, the pulvis algarothi precipitates, 
which is to be well edulcorated an<J dried,
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E S S A Y  XII.

E x p e r i m e n t s  u p o N M o L Y B D i E N A .  1778.

I Do not intend to treat here o f the com
mon molybdsna which is co be met 

with in the ihops, for that is very different 
from the fort concerning which I am now 
communicating m y experiments to the 
Royal Society. Mine is that kind which 
Cronfledt in his mineralogy calls molyhda- 
nâ  membranaceâ  nitenŝ  and with which Mr 
Quifl and feveral others made their expe
riments, The fpecimens, which I had 
an opportunity to examine, were taken 
from different places, but were all found 
to be o f the lame nature, and to confift 
of the fame conilituent parts.

§ I.
I firil wifhed to know what effeCls mo- 

lybdaena would produce in the moifl w a y : It 
was neceflary for this purpofe to have it ve
ry finely powdered. This being impoffible 
to effe<5l  -without fome ad4ition, on ac
count o f its flexible lamellae, I triturated 
it in a glafs mortar, with fome pieces of 
vitriolated vegetable alkali, and thus I at 
lafl reduced ir to a fine powder; upon 
which, after it was fifted, I poured hot 
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water, ilirring the mafs well together. Af-« 
ter the molybdsena had funk to the bot
tom, I poured off the folution, and re
peated the fame procefs feveral times, till 
all the vitriolated tartar was entirely waih
ed o ff; I then dried the powder that re
mained.

§ II.

I both digefted and boiled this mineral 
in all the known acids ; but among them 
all I found but two which have any ef- 
fedl upon it, viz- the acid o f arfenic and 
the acid o f nitre. The molybdrEna not at
tacked by the acid o f arfenic till the wa
ter is evaporated. I f  then the heat be 
increafed a little, arfenic rifes into the 
neck o f the retort, and towards the end 
yellow arfenic or orpiment is fublimed. 
Volatile fulphureous acid goes over into 
the receiver.

I poured two parts o f concentrated ni
trous acid upon one part o f powdered mo- 
]ybd$na. The mixture was hardly luke
warm in the retort, when it paffed all to
gether into the recipient with great heat, 
in the form o f dark-red vapours. I doubt 
not but this mixture would have taken iire 
i f  its quantity had been larger ; and there-, 
fore thought it more advifable to repeat the 
experiment with diluted nitrous acid.

§ in,



§ III.

I poured iîx ounces of diluted acid of 
nitre on one ounce and a half o f powder
ed molybdæna, and put it into a glafs re
tort, provided with a luted recipient, and 
placed it in a fand-bath. During the di- 
geition the acid had no effeCl upon the 
powder ; but, as foon as the mixture began 
to boil, red elaftic vapours rofe, with a 
great intumefcence ; the retort therefore 
ought to be taken large enough. The di
ftillation was continued to drynefs. Upon 
the refiduum in the retort, which was 
now of a grey colour, I poured the fame 
quantity o f diluted acid o f nitre, when 
the mafs began to effervefce confiderably 
as before. After the mixture was again 
diftilled to drynefs, the refiduum appear
ed to be o f a whiter colour than before.
1 poured upon it the fame quantity o f the 
fame acid, diftilled and abftraded it as 
before, and repeated the fame operation 
the 4th and 5th time, till at laft a powder 
as white as chalk remained in the retort. 
This refiduum, after being edulcorated 
with hot water, till it was poured off per- 
fedlly taftelefs, was dried. A t this time 
it weighed fix drachms and a half ; I 
fliall call it terra molybdænie. The lim
pid liquor obtained from the edulcora
tion was evaporated to half an ounce ; it
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then aíTumed a fine blue colour, and grew 
thick ; it contained a little iron, but 
was, befides, chiefly acid of vitriol. On 
diluting the acid with water, the colour 
difappeared ; fixed and volatile cauilic al
kalis have no efledl upon molybdsena in 
the moift way.

§  I V .

From the fine experiments o f Mr Quiil 
on molybdsena, we know that this mine
ral contains fulphur, and is almoil entire
ly volatile in the open fire. A  fmall piece 
o f it expofed upon a filver-plate to the blow
pipe makes a beautiful appearance, when 
the white vapours attach themfelves to the 
plate in the form of fmall ihining fcales, 
in the diredtion o f the flame. This white 
fublimate becomes blue whenever it is in 
contadl with the blue flame, but difap
pears and changes again to white when
ever the extreme point o f the flame is di- 
redled againft it. This white fublimate 
is the fame earth that is obtained with 
the acid o f nitre (§ iii.) , and fhews the 
fame phsenomena in the flame o f the 
blowpipe.

§  V .

One ounce o f pulverifed molybdsena was 
mixed with four ounces of purified nitre, 
and detonated in a crucible heated tho

roughly



roughly hot. The mafs thus obtained 
was of a reddiih colour ; I diffolved 
it in water ; the folution was clear and 
colourlefs ; to the bottom o f che veflè! a 
fmall quantity o f . red powder fubfided, 
which, after being dried, weighed eleven 
grains, and proved to be an iron ochre. 
From the folution I obtained, upon evapo
ration, both vitriolated tartar and nitre in 
cryftals ; but a good deal o f lixivium 
remained, which refufed to cryftallife, 
though there was no mark o f fuperfiuous 
alkali. I mixed it wich a little water, to 
which I afterwards added diluted acid o f 
vitriol, till there appeared no more preci
pitation. This precipitate, when edulco
rated with lime-water, and dried, weigh
ed three drachms. I f  too much acid o f 
vitriol is added in the foregoing procefs, 
the precipitate will be rediffolved, and the 
water itfelf retains a part o f it in folution. 
Nay, while the jfolution is hot, no preci
pitation enfues. A  precipitate is likewife 
obtained by means o f nitrous or muriatic 
acid.

§  V I .

In order 'to become better acquainted 
with this kind o f earth, I firft examined 
that obtained by means o f nitrous acid, 
via húmida ( §  I I I . ) .
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( a ) I reduced a fcruple of it in a glais- 
mortar to a very fine powder, and boiled 
it with two ounces of diftilled water for a 
quarter o f an hour. The liquid was then 
poured into another veifel, and the re
mainder again boiled with two ounces 
more o f water, which, when poured off, 
had a peculiar acid, and fomewhat metal
lic taile. I therefore repeated the fame 
procefs ten times over, always with two 
ounces o f freih water, and found at laft 
that nearly the whole was diilblved. ( b )  

Thinking that perhaps fome vitriolic acid 
might have adhered to the earth, and 
thus be the caufe o f its foiubility in wa
ter, I expofed part o f the terra molybdse- 
nse in a glafs retort to the open fire, till 
the retort was very near beginning to melt, 
and really found in the recipient ibme 
fmell o f fulphureous acid. Afterwards I 
expofed the earth in a crucible, upon 
which another inverted one was luted to 
the fire for a quarter o f an hour, when, 
on opening the crucible, the earth was 
found to be melted, and immediately a 
fmoke afcended, which fixed itfelf to a 
cold iron plate, that was held over it, in 
the form o f fmall ihining white and yel
lowiih fcales. As foon as the covercle was 
put on, the fumes ceafed ; but as foon as 
the air had accefs to it, the earth melted, 
and began again to fume, on which ac

count



count I could not colledl any flowers in 
the upper crucible. The melted earth 
was poured upon a plate, when it aflumed 
a light-grey colour, with rays emanating 
from the centre to the circumference.

Under the blowpipe this earth is foon 
abforbed by charcoal; but when placed 
upon a fllver-plate, it melts, and yields 
vapours with the fame phsenomena as mo- 
lybd^na (§ iv.). I was now defirous to 
know, whether this melted earth was ftill 
foluble in boiling water, (c) It was there
fore pulverifed, and a little o f it boiled 
in water, as before ( a ) ; but it exhibited 
the fame phgenomena, and the folution ac
quired the fame tafte. This fufed earth 
of molybdsena I made ufe o f for all the 
following experiments. The flowers which 
attached theml'elves to the iron-plate fliew- 
ed the fame phasnomena as this earth.

§ V I I .

The earth o f molybdiena is o f an acid 
nature. The folution (§ vi. c) reddens 
lacmus, coagulates the iblution o f foap, 
and precipitates hepar fiilphuris. ( b ) It 
has likewife fome effedl upon metals. I f  
it be boiled with filings o f all the ignoble 
metals, the folution is o f a bluifh caft.
(c) I f  there be added to it a little alkali 
of tartar, the earth becomes foluble in 
greater quantity in water, and after eva

poration



poration ihoots into fmall confufed cry
ftals. This fmall quantity of alkali pre
vents the earth from being volatilifed in 
the open fire (§ ,vi. b). (d) This folution, 
while hot, more clearly ftiews its acid 
property, and tinges lacmus o f a deeper 
red. It effervefces with chalk, with mag
nefia, and with earth of alum, with which 
earths it forms neutral falts, which are 
very difficult of folution in water, ( e )  

It precipitates filver, quickfilver, and lead 
difiblved in nitrous acid, as alfo lead dif
folved in marine acid. Thefe precipitates 
are reduced upon charcoal, and the melt
ed earth runs into the pores o f the char
coal. The other metals are not precipi
tated, nor is corrofive fublimate. ( f )  

Ic alio precipitates the earth o f the pon
derous fpar from nitrous or marine acid. 
This precipitate is not a regenerated fpar, 
becaufe it is foluble in cold water, a pro
perty which regenerated ponderous fpar 
does not poflefs ; the folutions o f other 
kinds o f earth are not precipitated, ( g )  

This folution alfo expels the aerial acid 
from the fixed and volatile alkalis, and 
forms with them neutral falts, which pre
cipitate all metallic folutions. Gold, cor
rofive fublimate, zinc, and manganefe, 
are precipitated in the form o f a white 
powder ; iron and tin, from their folution 
in marine acid, o f a brown ; cobalt, of

a



a rofe colour j copper, blue ; the folutions 
of alum and quicklime, white. I f  the 
ammoniacal fait formed by the earth o f 
molybdæna and volatile alkali be diililled, 
the earth parts with its alkali in a gentle 
heat, and remains itfelf in the retort, in 
the form o f a grey powder.

§ vnr.
( a )  Concentrated vitriolic acid dif- 

folves, with the affiflance o f heat, a great 
quantity o f this kind o f earth. The fo
lution acquires a very fine blue colour, 
and becomes thick on cooling ; the colour 
difappears on the application o f heat, but 
returns again when it grows a little cool ; 
as alfo in water (§ iii.) : In a ftronger heat, 
the earth parts with the vitriolic acid, and 
remains behind unaltered, ( b )  The ni
trous acid has no effedl upon it ; (c) But 
when boiled with muriatic acid it dlf- 
folves in confiderabie quantity ; and when 
this mixture is diililled to drynefs, there 
remains a dark-blue refiduum. I f the 
heat be increafed, there arife white flow
ers, with a little blue fublimate, and in 
the receiver is found fmoking muriatic 
acid. The refiduum is grey. The fubli
mate and the flowers moiilen in the open 
air, ilain metals wetted with the folution 
blue, and are only earth o f  molybdæna vo
latilifed by muriatic acid, ( d )  I f  one part of

this



this earth be diftilled with two parts o f vi
triolated tartar, there goes over at laft, when 
the heat is very ftrong, a lictle vitriolic acid. 
The remaining earth is more foluble in 
water than before, (e) Diftilled with two 
parts o f nitre, it expels fmoking nitrous 
acid. The reiiduum diifolved in water is 
a neutral fait which precipitates all metal-' 
lie folutions, and refembles the fait of 
§ VII. G. ( f ) When it is diftilled with 
two parts o f pure common fait, the acid 
is expelled in a fuming ftate, and there 
arife into the neck o f the retort white, 
yellow, and violet-coloured flowers, which 
become moift in the a ir ; and, when 
fprinkled on metals, give them a blue co
lour (c).

§ IX.

That this metal is not incapable o f at- 
tra<5ting phlogifton, appears from the blue 
colour which the fublimate receives from 
the flame o f a candle ; that it attrads it 
alfo via húmida, the blue colour likewife 
evinces (§ v ii. b ) .  ( a ) In order to ac
quire more certainty on this point, the earth 
o f molybdsena ŵ as diffolved in boiling 
water, with the addition o f a little alkali. 
Into this folution were poured fome drops 
o f muriatic acid, and it was divided into 
feveral parts; into each part there were 
put filings o f different metals ; the folu

tions



tions foon acquired a bluiili colour, which 
grew deeper and deeper, and, in an 
hour’s time, during which the bottle was 
now and then iliaken, the colour became 
a very fine and dark b lue: That this co
lour depends upon phlogiilon, may be 
concluded frogi the following confidera- 
tions: ly?, If, inilead of the metals, you 
take the different calces, no change o f co
lour takes place. '2.dly\ I f  there be drop
ped into the blue folution a few drops of 
acid o f nitre, and the folution be then put 
into a warm place, the colour difappears. 
It is therefore not a matter of furprife, 
that both iilver and quickiilver fliould be 
attacked, fmce a double attradlion takes 
place, the muriatic acid uniting with the 
metallic calx and the earth o f molybd?ena 
with the phlogifton o f the metals, gofd, 
however, is not attacked, ( b ) I f  too 
much muriatic acid be added to the folu
tion, it acquires not a blue but ayellowifli 
colour, which at lafl turns brown i f  the 
metallic mixture be digefled. Here the 
earth feems to attradl more phlogifton ; 
for i f  this folution be added to a folution 
of earth o f molybdajna, the phlogiilon is 
more divided, and the mixture grows blue,
(c) Lixivium fanguinis, in which the acid 
prevails, precipitates this earth diffolved 
in water brown, and the infufion of galls, 
dark-brown.



§  X .

I have tried the earth o f molybdæna 
with black flux and charcoal, in order to 
fee i f  I could reduce it ; as alfo, with glafs 
o f borax and charcoal, but in vain. Ï 
could not difcover the leaft metallic prin
ciple. I conjedured that inflammable bo
dies might have the fame effecl upon 
earth o f molybdæna as the air, viz* to vo
latilife it ( §  V I .  b ) .  » 1  therefore moiftened 
fome o f this earth with olive oil, put the 
mixture into a glafs retort, and continued 
the fire till the retort began to melt. But 
here arofe no fublimate ; the refiduum in 
the retort was like a black powder ; Some 
o f this powder was put into a crucible, 
and expofed to a ftrong fire, when it be
came red-hot, and fublimed in the form 
o f  white flowers. I then put the other 
part into a crucible, and luted on it an
other inverted crucible, which was like
wife expofed to a ftrong fire. An hour 
afterwards, when the whole mafs was 
grown cool, I opened the crucibles ; buc 
the earth was found with its black colour 
unchanged, without any fign o f fufion. 
This black powder ihewed the following 
phænomena ; i. It did not diffolve in boil
ing water ; 2. Nor when alkali was add
ed, and the boiling heat continued, did it 
diflblve, notwithftanding alkali on other

occafions



o c c a i i o n s  f o  r e a d i l y  d i i f o l v e s  i t  ( §  v i i .  g ) .

3. But, when mixed with a triple quan
tity o f alkali o f tartar, and expofed to fu
iion into a crucible, there arofe a ilrong 
effervefcence. I f  the mafs be then diifol
ved in water, and the fuperiluous alkali 
faturated with nitrous acid, the produdl 
will be a neutral fait, coniifting o f the 
earth o f m olybdsna and alkali, which de
compofes all other neutral faks (§ v ii. g ) .

4. Nitrous acid attacks the phlogifticated 
earth very violently in digeftion, and de
prives it o f its phlogiilon, upon which it 
grows white, and regains its former pro
perty. Vitriolic and muriatic acids have 
|iQ eifedl upon it,

§  X I .

The earth o f m olybdsna, which is pro
cured by nitre (§ v.), is in feveral circum- 
itances different from that ju fl mentioned. 
iji. It requires much more water for its fo
lution ; two ounces o f water, diffolved by 
continued boiling, 11 ~ fcruples. It
expels not the vitriolic acid from vitriolated 
tartar, It is more eafy o f fufion.

It does not fublime in an open cru
cible. When fufed with charcoal- 
powder, it affords a folution with water, 
containing a neutral fait, which precipi
tates all other neutral falts.



§ XII,

The caufe o f this great difference lies 
in the alkali, of which this precipitate ob- 
ilinately retains a part : That it contains 
alkali, though  ̂it be purified by repeated 
folutions and cryflallifations, is eafy to 
infer from the following experiments : i. 
When'to a hot folution fome concentrated 
nitrous acid is added, and the boiling con
tinued, the greateft part o f the diffolved 
earth falls to the bottom, in the form of 
fmall cryftals. I f  afterwards the clear li
quor is evaporated, fome nitre is obtain
ed. Thefe fmall cryftals have the fame 
properties with that earth o f molybd^na 
that is procured by nitrous acid (§ in.) 
2. The fait which is obtained by fufion 
{§Xi,5.) proves the fame. This neutral fak 
is produced in the following manner : The 
earth which contains only a fmall quan
tity o f alkali, and yet operates like an acid, 
becaufe it changes the colour o f lacmus to 
red, attradls phlogifton from the charcoal- 
powder that is added ; but alkali prevents as 
much earth from entering into this union, 
as is neceifary to its faturation. It appears 
from § X. 3, that alkali more ftrongly attraóìs 
the earth than the earth does phlogifton. 
This is a neutral fak, which is foluble in 
water, and is entirely like the fak o f § vii, 
G ; the charcoal which remains after the

lixiviation



lixiviation yields vapours in an open cru
cible, and gives a fublimate, containing 
phlogifticated . earth o f manganefe. 3. 
This alkali fixes the earth in the open fire 
(§ XI. 4.). 4. Flence appears likewife the 
reafon why this earth does not expel the 
vitriolic acid from vitriolated tartar ; for 
its attradive power for the alkali muft di- 
minifh in proportion as it comes nearer to 
the point o f faturation; and as the pure 
earth contains no alkali, ic attracts a little 
from the vitriolated tartar, confequently 
there can appear but a flight veftige o f vi
triolic acid (§ v i i i . d ). This fmall quan
tity of alkali occafions its more eafy folu- 
bility in water. The fame earth is found 
in § VII. c.

§ XIII.

Having now analyfed molybdæna, by 
means of the experiments which I have 
communicated, it ftill remained to be 
able to recompofe this mineral o f its 
proximate conftituent parts. That mo
lybdæna contains fulphur, is already 
known, and m y experiments fliew the 
fame thing. Some very fine pulverifed 
earth o f molybdæna (§ vi. c) was mixed 
with three parts o f fulphur. The mixture 
was diftilled in the open fire in a glafs re
tort, furnifhed with a luted recipient. 
The retort was placed in the beginning,

V o l . I. in



in fuch a manner, that the fulphur which 
rofe to the neck ihould run back again ; 
but at lail this fubilance was entirely 
driven oif. The recipient, beiides the ful
phur, was filled with a ilinking fmell o f 
volatile fpirit o f fulphur. The reiiduum 
in the retort refembled a black powder, 
which, when rubbed between the fingers, 
ilained them o f a ihining black colour, 
and ihewed the very fame phsenomena 
in every other refpe(5l, as native molyb- 
dsena itfelf. W e have then a kind of 
earth in m olybdsna, which has probably 
to this time been unknown, and which 
one may properly call acid o f molybdsena, 
as it has all the properties o f  an acid. But
I think I already hear it objedled that it 
m ay be fome metallic earth, combined 
with an acid hitherto unknown, or elfe vice 
verfa. I am content to let this opinion 
reft upon its own merit, as long as it re
mains unconfirmed by convincing proofs, 
deduced from unequivocal experiments; 
and although in certain circumftances it 
refembles a metallic earth, I believe with 
confidence, that molybdsena coniifts o f an 
acid mineralifed by fulphur.

E S S A Y
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l  PIAD the fatisfadlion o f feeing m y ex- 
r periments 011 molybdæna inferted in 
the third quarter o f the Tranfadlions o f 
laft year ; and as, in the beginning o f 
that paper, 1 advanced that the black lead 
or plumbago which is generally known 
in commerce, is very diffèrent from mo
lybdæna, I fhall now fliew by experiments, 
that this is really the cafe. The mineral 
of which I am to fpeak at prefent is called 
by Cronftedt, “  Molybdcena texiurà micaceâ 
et granulatà'̂

§ I-
Finely levigated and fifted plumbago, 

after being digefted and boiled in all the 
known acids, both concentrated and di
luted, ihewed no fign o f decompofition, 
excepting that the menftrua were impreg
nated with a fmall portion o f iron. The 
acid of arfenic is the only acid which has 
any effedl upon this mineral, but it pro
duces it only in the dry way. I mixed 
two parts o f dry acid o f arfenic with one 
part o f pulverifed plumbago ; and after 
having diililled this compound in a retort,

2 found



found the neck o f the veffel filled with 
arfenic. That this redudlion of the acid 
o f arfenic was not owing to the heat, I 
fliall iliew in the fequel o f this paper.

§ II.
( a ) Corrofive fublimate had likewife no 

effeil upon plumbago when they were 
fubjedled to fublimation together. (b) 
W ith fal ammoniac, by the fame opera
tion, I obtained fiores martiales and a little 
cauftic volatile alkali. The remainder 
was unchanged. (c) When I mixed 
plumbago with a double quantity o f ful
phur, and again feparated it by fublima
tion, I found the weight o f the plumbago 
to be the fame as before., ( d )  Upon fufing 
it with four parts o f vitriolated vegetable 
alkali in a covered crucible, I obtained 
hepar fulphuris, ( e )  When one part was 
expofed to the adiion o f heat with eight 
parts o f litharge in a clofe crucible, the 
calx o f  lead was reduced ; but no reduc
tion followed when it was treated with 
glafs o f antimony. That the calx o f lead 
adls more powerfully upon phlogifton than 
the calx o f antimony, appears upon mix
ing and fufing litharge with regulus of 
antimony ; for by this means regulus of 
lead and black glafs o f antimony are ob
tained. ( f ) By diftillation with common 
fait none o f tihe acid was expelled, ( g )

On



On diftillation with nitre, no detonation 
tx>ok place in the retort.

§  I I I .

( a ) I put two drachms o f levigated 
plumbago, together with an ounce of 
purified nitre, into a red-hot crucible. 
A t firft a ftrong effervefcence, and after
wards a violent detonation, took place. 
There remained in the crucible a black 
fiiining liquid matter, which ftill contain
ed a great deal of plumbago, ( b ) I then 
mixed one part o f levigated plumbago 
with fix parts o f nitre, and the fame de
tonation followed. The mafs remaining 
in the crucible was exadlly the fame as 
the former, (c) The fame procefs was 
repeated with eight parts o f nitre, and 
here a little plumbago remained, which 
was not calcined by the nitre. All the 
maifes remaining in the crucibles were 
iUffolved in water, when a good deal o f 
undecompofed plumbago fell to the bot
tom. The limpid folution neither con
tains hepar nor vitriolic acid; confequent
ly there is no fulphur in pure plumbago.
( d ) At laft I mixed one part o f levigated 
plumbago with ten parts o f nitre, and 
put it into a red-hot crucible ; a detona
tion followed, and after it was kept for a 
few minutes, in a ftate o f fufion, a white 
alkaline mafs appeared, which I poured 

0^3



out upon a copper plate, and afterwards 
diifolved it in water, upon winch a little 
brown powder was precipitated. From 
an ounce o f plumbago thus calcined with 
nitre, I obtained fifteen grains o f this 
brown powder, which I found to be ochre 
o f iron. Upon pouring fome vitriolic 
acid into the alkaline folution, an eifer
vefcence enfued, and the air expelled was 
aerial acid mixed with nitrous air [acidum 
nitri phlogijiicatum), and the whole mixture 
became gelatinous. I filtered the whole 
together, and found that what remained 
in the filtre was filiceous earth, mixed 
with a little earth o f alum. The faturated 
folution yielded, after evaporation, no
thing but vitriolated vegetable alkali. 
(e) But not being convinced by this ex
periment o f the exiilence o f clay in plum
bago— for I have elfewhere more parti
cularly ihewn [jDiJfertaiio7i on Jilex, claŷ  and 
alum) how unfafe all experiments o f this 
kind are in common crucibles— I made 
the fame detonation with plumbago and 
nitre in an iron crucible, and found that 
I was right in my iufpicion, for not the 
leafl mark o f clay was now to be difco
vered.

§ JV.

M r J. G. G a h k , in roafling plumbago 
upon a teft, experienced a lofs o f ninety

parts



parts in an hundred o f plumbago, with
out any vifible fm oke; and Mr P. Jo 
H j e l m ,  upon repeating the fame experi
ment, obtained the fame refult. The re
mainder is nothing but ochre o f iron. 
One ihould be eafily tempted to believe, 
that whatever has been volatlllied during 
the uftulation was nothing but phlogifton! 
For there is not any fulphureous fmell per
ceived from pure plumbago, and the cal
cination requires the free accefs of a ir ; 
and, 'idlŷ  from its detonation with nitre, 
^c. But then, the phlogifton would, ac
cording to this fuppofition, conftltute the 
greateft part o f the weight o f thb plum
bago ; but it is not probable that fuch a 
fmall quantity o f iron fliould fix fuch a 
large quantity o f phlogifton ; which would 
then be prefent in a much larger quantity 
in plumbago than even in charcoal; for 
five parts of nitre are fufficient to decom- 
pofe one part o f charcoal; whereas ten 
parts o f nitre are required to produce the 
fame effeft upon one part o f plumbago. 
This induced me therefore to examine the 
vapours which arife from it in fuch large 
quantity during detonation.

§  V .

One part o f levigated and fifted plum
bago was mixed with ten parts o f powder
ed nitre, and a little of this mixture was

0^4 put



put at intervals into a red-hot tubulated 
retort, to which a large glafs receiver was 
adapted. At laft the receiver was found 
full of nitrous air, and covered with a 
■white cruil, which was eafily foluble in 
water, and proved, on an exadl examina
tion, to be nothing elfe than nitre. Thence 
it is evident, that, during the uflulatlon 
and diftillation o f plumbago, no fublimate, 
or any thing like a fublimate, is driven 
off.

§  V I . '

There was one circumftance obfervable, 
which deferves the greateft attention, 
the aerial acid which was expelled du
ring the faturation o f the fixed alkali 
( §  I I I .  d ) .  I was led by this to mix fifteen 
grains of levigated plumbago with eight 
fcruples o f nitre, and to put it into a fmall 
retort o f thick glafy. A  large empty blad
der was adapted to the retort, and it was 
placed upon live coals. As foon as the 
nitre entered into fufion, the mafs in the 
retort took fire, and the bladder became 
diilended. After the whole was cooled, I 
detached the bladder from the neckof-the 
retort, and found thac the air contained 
in it occupied as much room as thirty-fix 
ounces o f water. Lime-water abforbed 
one-third o f this air, and by the remain
der flame was fupported. Plumbago there

fore



fore contains likewife aerial acid ; a great 
part of which is attradled by the alkali of 
nitre,

§  V I I .

One might perhaps fuppofe, that this 
aerial- acid arofe from the nitre itfelf. To 
this I anfwer, I f  fuch was really the cafe, 
we ihould obtain aerial acid in all other 
detonations with nitre, I therefore mix
ed ( a )  half a drachm o f tin filings with 
two drachms o f nitre, and detonated the 
mixture in the manner above mentioned, 
I thus obtained as much air as occupied 
the fpace o f four ounces and a half of 
water ; but this air contained not the leaft 
mark of aerial acid ; it did not extinguifli 
a candle, ( b )  From one drachm o f re
gulus of antimony, detonated with two- 
drachms o f nitre, a quantity o f air was 
obtained, which occupied the fpace o f 
eight ounces of water : It contained no 
aerial acid, but extinguiftied flame ; nei
ther in the detonation o f brimftone is there 
any aerial acid obtained. But, in order 
to remove all doubts and objedtions, I 
contrived to decompofe plumbago without 
nitre, (c) For this purpofe I repeated the 
experiment already mentioned witl\ the 
acid of arfenic § I .  I applied an empty 
bladder to the retort inftead o f a receiver. 
When the arfenic rofe into the neck o f

the



the retorc, the bladder was diftended, 
and I obtained pure aerial acid, ( d ) I 
mixed four parts o f calcined quickiilver 
with one part o f pulverifed plumbago, 
and diftilled this mixture in the fame man
ner as before. The quickfilver was redu
ced, and the bladder diftended with air. 
This air was aerial acid, and mixed with 
one-third o f pure air. ( e )  One part o f li
tharge reduced to glafs and then ground 
to powder, mixed with two parts o f plum
bago, was reduced in che retort, and the 
bladder contained pure aerial acid, ( f ) 

One part o f powdered plumbago, mixed 
with cauftic fixed alkali, and expofed to 
diftillation by a ftrong fire, yielded in
flammable air. The mafs remaining in 
the retort had loft its caufticity, and made 
a ftrong effervefcence with acids.

§  V I I I .

Hence I am convinced, that plumbago 
is a kind o f mineral fulphur or charcoal; 
the conftituent parts o f which are aerial 
acid and a confiderable quantity o f phlo
gifton. The fmall quantity o f iron can 
hardly be taken into the account; for 
ly?, It feems to be mixed with it only- 
mechanically; and, d̂lŷ  I have treated

plumbago,

*  Litharge generally containing a little aerial acid, 
it w as requifite to fufe it firft, in order to feparate the 
air.



plumbago, from which 1 obtained, after 
calcination, a little more ochre o f iron than 
ufual; and when one part o f this kind 
of plumbago was detonated with fix parts 
o f nitre, I have found fome hepar at laft. 
When therefore plumbago, during calci
nation, yields a fulphureous fmell, it muit 
be mixed with a little pyrites. That pure 
plumt>ago does not enter into any union 
with fulphur, appears from § 11. c ; and 
that it contains no fulphur, appears from 
5 I. ; for i f  this were the cafe, I fhould 
have certainly obtained in the neck of the 
retort either a red or a yellow fublimate. 
See likewife §111. c.

I f  cait-iron be diflblved in diluted vi
triolic acid, a black mafs remains, which 
is infoluble in acids, and which has been 
fuppofed to be plumbago. I fliall there
fore take this opportunity to relate the ex
periments I made with this refiduum. I 
extracted an ounce o f it by means o f aqua 
regia, which thereby acquired a dark- 
yellow colour. After having decanted 
the folution, I poured fome new men- 
ftruum upon the refiduum, and continued 
in the fame manner, till there appeared 
no more iron in the menftruum. I dried the 
refiduum, and found that it had a fliining 
black colour, and between the fingers it 
felt like plumbago. It now weighed no 
more than three drachms and a half. Mr

P.



P. J. Hjelm having roailed this reiiduum 
under the muffle, found that it calcined 
fomewhat more quickly than plumbago. 
The remainder o f this calcination was a 
very fmall quantity o f white ailies.

One part o f the above mentioned reii
duum o f cafl-iron was mixed with five, 
parts o f nitre, and put into a red-hot cru
cible ; a detonation followed, as with plum
bago ; the alkaline mafs remaining in the 
crucible, which was o f a white colour, I 
diffolved in water, whence after fome time 
a little white fedinlent precipitated, which 
however was not fufficient for making any 
decifive experiment. The folution or lixi
vium effervefced with acids, and ihewed 
the fame effedls as the lixivium o f § n i. D. 
The air, feparated during this detonation, 
was alfo colledled. It appeared to coniift 
o f  three parts o f aerial acid, and one part 
o f foul or corrupted air. Hence I con
clude, that this refiduum o f caft-iron is 
plum bago; but as lefs nitre is requiiite 
for its decompoiition than for the decom- 
pofition o f plumbago, it m uil contain lefs 
phlogiilon than that fubilance.

E S S A Y
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M e t h o d  o f  p r e p a r i n g  a  n e w  g r e e n

C o l o u r . 1778.

CH E M I S T R Y  is well known to be 
indifpenfably neceiTary in the'prepa

ration of colours for painting, and ic often 
difcovers new ones. It was the delire o f 
the Royal Academy, that the green colour 
which I obferved during m y experiments 
on arfenic might be made more generally 
known, together withj:he mode of prepa
ration.' In compliance with this deiire I 
give the prefent account of it, and chat 
with the greater pleafure, as I have found 
the colour ufeful both in oil and water 
painting, and as it has not undergone 
the flighted alteration in the courfe o f 
three years.

Diifolve two pounds o f vitriol over the 
fire in a copper vefl̂ el, in fix kannes of 
pure water, and, as foon as it is diflolved, 
take the kettle from the fire.

Then diflolve in another copper kettle 
two pounds o f dry white potaihes, and 
eleven ounces o f pounded white arfe
nic in two kannes o f pure water over

the
* i t  is always better to pound the arfenic one’s fe lf  

than to buy it ready pounded j for  this is often adul
terated with gypfum, o f  which any one may readily 
convince himfelf, by laying a .little with the point o f  a 
knife upon a red-hot coal I f  the whole evaporate 
without leaving any refiduum, the arfenic is pui-e.



the fire. When all is diflblved together, 
llrain.it through linen into another veflel.

O f this arfenical ley a little is to be 
poured at a time into the above mention
ed folution o f vitriol o f copper,^ while it 
is kept conftantly ftirred with a wooden 
fpoon When the whole has been add
ed* the mixture fliould be left co ftand 
ftill for a few hours, during which the 
green colour will be depofited at the bot
tom. The clear ley is then to be poured 
off, and a few kannes o f hot water adiled 
under continual agitation. When the co
lour has fallen again to the bottom, the 
clear water is to be poured off. This lixi
viation with hot water fliould be repeated 
a fécond time.

When the matter has been thus well 
w afliedf, the whole together is to beflia- 
ken out on a ftretched linen cloth ; and 
when the water has all dropped away, the 
colour is to be placed in fmall lumps on 
grey paper, and dried by a’gentle heat. From 
the quantities.above prefcribed, one pound, 
together Vfïûi fix ounces and a half o f a 
fine green colour, are obtained.

E S S A Y

*  As an effervefcence takes place in this operation, 
the veifel in which the mixture is made fliould hot be 
too fmall. I t  fliould contain about fixteen kannes.

T h e  w ater  with which the colour is lixiviated 
contains a little arfenic, and muft therefore be thrown 
out in a place to svhich cattle have no accefs.



E S S A Y  XV.

O f  t h e  D e c o m p o s i t i o n  o f  n e u t r a l  

S a l t s  b y  u n s l a k e d  L i m e  a n d  I r o n . 

1779. *

IT  is looked upon as a demonilrated 
truch in chemiftry, that fixed alkalis 

have a ftronger atcradion fî r acids chan 
■abforbenc or metallic earths, and chat the 
latter are precipitated by the former. There 
feems to be only two exceptions to this 
rule, namely, in favour o f ponderous 
earth, which has a ftronger affinity for all 
acids, and lime which unites more readily 
with moft acids than alkalis do. That the 
foregoing tenet ihould be ftill farther li
mited, I have difcovered by the following 
experiments.

I once found in a cellar a wooden veflel 
hooped with iron hoops, and containing 
falted turnips. The iron hoops were co
vered over wich a fait which appeared per- 
fedtly to refemble mineral alkali. This 
accident appeared very fingular, as I well 
know that the acid o f fait has a weaker 
attraction for iron than for mineral alkali; 
I could not therefore believe that the com
mon fak, oozing out through the wood, 
could be decompofed bv the iron hoops.

To



To r^folve this doubt, a clean plate o f iron 
was dipped into a faturated folution of 
common fak, and hung up in a moift cel
lar. In fourteen days mineral alkali was 
found on the plate. Tl;ere appeared alfo 
fome yellow drops containing iron, which 
was precipitated when a little o f the al
kali that was beiide them was brought 
clofe to them. I afterwards covered over 
another iron plate, with a faturated folu
tion o f Glauber’s fait, and hung it up for 
fome weeks in the cellar. The refult was,?̂  
that the foifil alkali efHorefced on its fur
face like, wool. The fame thing happen
ed upon repeating the experiment with a 
folution o f cubic nitre; but, when I ufed 
plates o f lead, tin, copper, or filver, no 
decompoiition took place. I afterwards 
prepared a mafs, conlifting o f unilaked 
quicklime moiftened with afolutionof com
mon fait, and placed it in a moift cellar; 
in a fortnight afterwards the furface was 
covered over with mineral alkali, which I 
fcraped off, and left the remainder in the 
cellar. In another fortnight more alkali 
was vifible on the furface, which was 
fcraped off. Water was poured on the re
maining mafs, and it was well ftirred and 
filtered. The folution had a ftrong tafte 
o f lime-water, on which account I let it 
ftand a few days in the open air, by which 
means the lime was precipitated. And to

determine



O N  N E U T R A L  S A L T S ,

determine with more certainty, whether 
the lime was all precipitated, I poured on 
it a folution o f corrofive fublimate, which 
remained colourlefs. The whole was then 
filtered, and a folution o f the efiiorefcenr 
mineral alkali added to it, by which a con
fiderabie quaritity o f aerated iime was pre
cipitated.

In the fame manner I made a mafs of 
quicklime and folution o f Glauber’s fait 
and cubic nitre, when the fame effed was 

^ produced, and an eiilorefcence o f foifil 
alkali ŵ as obferved : But this did not hap
pen, when, inflead of quicklime, aerated 
or calcined magnefia, or aerated lime, 
were ufed inflead o f unilaked lime.

It is certain that foifil alkali always pre
cipitates folutions o f iron and lim e; and 
it is a confequence o f this, that fixed al
kalis more readily combine with acids 
than thefe fubftances. The experiments, 
however, which I have related, point out 
a limitation in certain cafes. It is there
fore probable, that alkalis have a ilhonger 
actraflion for acids when they contain a 
certain quantity o f water ; but, when this 
is diminiihed, it is not impoffible that an 
earth or a metal fiiould obtain the fupe- 
riority, efpecially if  the alkali which is 
feparated, ihould, at the inilant o f its fe
paration, meet with a weaker acid with 
which it can unite. Such is the aerial

V o l . I. R  acid



acid in this cafe, which is always prefent 
in confiderable quantities in cellars.

It appears ftrange, that the foflil alkali, 
efilorefcing upon the iron plate, ihould not 
be able to precipitate the drops o f the mar
tial folution reiiing upon it : But the cauie 
is this, that the folution of iron in muria
tic acid, when it has become dry, ftrongly 
attraéls moifture, and the alkali which is 
then feparated and efflorefces, cannot af
terwards produce any effeil upon it.

I f  vegetable alkali, like the foflil, had 
the property o f eiHorefcing, the neutral 
falts into which it enters would probably 
be decompofed in the fame manner; but 
as they have not this property, this does 
not happen.

E S S A Y



E S S A Y  X VI.

O n  t h e  Q u a n t i t y  o f  P u r e  A i r  w h i c h  

IS  D A I L Y  p r e s e n t  I N  O U R  A T M O 

S P H E R E .  1 7 7 9 »

IT  is a known faél, that our atmofphere 
ought not to be confidered as a iimple 

fluid fubilance, for, when freed from all 
heterogeneous admixture, it is found, ac
cording to the late difcoveries, to confiil o f 
two very different kinds o f air ; the one 
is called corrupted air, becaufe it is very 
dangerous and fatal/ as well to living 
animals as vegetables ; it conflitutes the 
greateil part o f our atmofphere. The 
other is called air^Jire air. This kind 
of air is falutary, fupports refpiration, and 
confequently the circulation ; without it 
we could form no diilin<5l  idea, either of 
fire, or how it is kindled. It conflitutes 
but the fmalleil part o f the whole atmo
fphere. Now as we know that this air is 
of the mofl immediate neceifity for the 
fupport o f our health, but as it is uncertain 
whether there is always the fame quanti
ty o f it prefent in the atmofphere, I pro
pofed to make obfervations upon itthrough 
the courfe o f a whole year.

R 2 When



When this pure air meets with phlo
gifton uncombined, it unites with it, 
leaves the corrupted air, and difappears, 
i f  I may fay fo, before our eyes *. If, 
therefore, a given quantity o f common at- 
mofpheric air be included in a veifel, and 
meet there with fome loofely adhering 
phlogifton, it will at once appear, from 
the quantity o f corrupted air remaining, 
how much pure air was contained in it 
before. Though there is a variety o f in
flammable fubftances and mixtures fit for 
this purpofe, I however found a mixture 
o f iron-filings and fulphur the moft fer- 
viceable.

I reduced a pound o f fu]phur to very 
fine powder, and mixed it with two pounds 
o f iron-filings, which w'ere not rufty, 
moiftening the whole v îth a little water. 
This mixture I immediately afterwards 
put into feveral fmall flafks, which I cork
ed very exadlly f ,  taking care, at the fame 
time, not to prefs the powder too hard 
into the f la ik ; for, in twelve hours, in 
which time the union o f iron and fulphur 
takes place, as the black colour which it

aifumes

T h a t  light arifes from this union, I have already 
proved in my Treatife on air and fire.

-j- T h e  phials mnft be frequently opened, and i f  one 
contained the w hole mixture, it would be foon fpoiled 
by the frelh-wr that is admitted.



aiTumes ihews, the fpace occupied by this 
compound is greatly increafed ; the ilaik, 
therefore, would burft if  it were preifed too 
hard. I fhall now take the liberty to de
fcribe my apparatus.

In a pedeftal o f lead (b) placed in the 
middle o f a veifel ( a ) ,  I fixed a glafs tube; 
upon the top o f the tube was faftened a 
fiat piece o f wood, fuch as would fupporc 
a fmall veifel filled with the above men
tioned mixture o f iron and fulphur. This 
apparatus was covered with an inverted 
glafs cylinder ( d ) ,  and the veifel ( a )  was 
filled with water . When the cold was 
fo intenfe as to freeze the water, I made 
ufe of brandy. The glafs cylinder (d) 
was capable o f containing thirty-four 
ounces o f water. The little veifel (c), 
with its mixture o f iron and fulphur, and 
its iland, occupied the fpace o f an ounce 
of water. There remained, therefore, 
room for thirty-three ounces.

Having already learned, from the expe
riments o f others as well as my own, thac 
pure air never conilitutes more than one- 
third o f the vrhole atmofphere, I pailed 
on the outfide o f the glafs cylinder a piece 
of paper, which was equal in length to 

R 3 one-

*  T h e  original EiTay is accompanied with a figure o f  
this apparatus; but fuch affiftaiice is perfe flly  unnecef- 
fary, as no one can be at a moment’ s lofs to compve- 
liend fo very fiinple a contrivance, T ,



one-third o f the contents o f the glafs, or
11 ounce-meafures o f water. I divided this 
paper into equal parts, which 1 marked 
with black lines and fmall cyphers, fo that 
each line ihewed ^f the fpace in
the glafs. The whole piece o f paper I var- 
niihed over with oil-varniih, in order to 
prevent the efFeifl o f water upon it.

On the firft o f January 1778 I began 
m y obfervations. After having filled the 
veflel (c) with the mixture o f iron and 
fulphur, I inverted the cylinder over ic, 
obferving the degree of the barometer 
and thermometer. The water began flow- 
ly  to afcend into the cylindrical glafs. 
After eight hours it ftopped at No. 9. 
Though I left the glafs for fix hours long
er in the fame fituation, the water did 
not rife any higher. In the mean time 
the barometer and thermometer had un
dergone no fhange. The next day I re
peated the experiment, by admitting frefli 
air into * the cylinder ; but the water re
mained at the fame mark. The 3d of

January

*  In order to be fare  that there may not be any 
corrupt air remnining from the firil experiment, I aV 
ways fill the veiTel with water, w hereby the air is en- 
jirely expelled. This  water I  afcerwarcfs pour out 
in the air. \V)ien I  make experiments upon air in- 
clofed in a chamber, I  procee<l iu the fame manner, 
and pour the water out o f  the glafs into a veflel in the 
fame room.



January the air was the fame. The 4th, 
upon making a new experiment, the wa
ter rofe more flowly, and arrived only at 
its former height in fourteen hours time ; 
whence I concluded, that the mixture in 
the vefl̂ el (c) had loft moft o f its loofely 
adhering phlogifton; I therefore after
wards filled, on occafion o f every fourth 
experiment, the veflTel with a new mixture. 
With thefe experiments I continued daily 
the whole o f January, filling the glafs 
often, even in the night-time, with new 
air, but conftantly found the i'ame pro
portion o f pure air contained in our at- 
mofphere. Somedmes the water rofe a 
little higher, fometimes it was low er; but 
this feemed to depend on the rife or fall 
of the barometer and thermometer. I 
was led to think it fufficient to make my 
experiments for the following months on
ly four times a-week. In the month o f 
February the air appeared to be the lame 
as in January, but on the 23d o f March 
the water rofe only to No. 8, which was 
the more remarkable, as the cold had in- 
creaied, and the barometer had rifen. 
The 19th of April the water rofe to No, 
10. though neither the thermometer nor 
barometer fiiffered any change during 
that time. Thus the air continued till the 
2 1 ft, after which the water remained 
every day at No. 9. In May and June 
. R 4 between



between No. 8. and No. 9. The 30th of 
June it rofe to No. 10. The whole month 
o f  Auguft it was between 8. and 9. But 
from the 3d to the 15th o f September at 
No. 9. The 6th of Odlober it again rofe 
to No. 10. It afterwards kept, during 
a continuation o f very tempeiluous wea
ther, between 8. and 9. till the 4th o f 
November, when it rofe no higher than 
to No. 8. The fame was the cafe on the 
5th o f November, though the barometer 
rofe very high. After this it kept between 
No. 8. and 9. On the loth it rofe to No. 
J O .  when the barometer was as high as 
the 4th and 5th. The 2 1ft it rofe only 
to No. 8. Aftervrards it kept between 8. 
and 9. till the 8th o f December, when it 
rofe to No. 9. the barometer being low ; 
but afterwards, till the 31ft, it rofe no 
higher than between 8. and 9.

Our atmofphere, therefore, contains al
ways, though with fome little difference, 
nearly the fame quantity o f pure or iire 

.̂ir, viz, -jj, which is a very remarkable 
fa d l; and to aflign the caufe o f it feems 
difficult, as a quantity o f pure air, in fup- 
porting fire, daily enters into a new union; 
and a coniiderable quantity of it is like
wife corrupted, or changed into aerial a- 
cid, as well by plants as by refpiration; 
another freih proof o f the great care of 
our Creator for’ all thac lives.

E S S A Y



E S S A Y  XVII.

O n  M i l k  a n d  i t s  A c i d . 1780.

§ I-
T  is well known, that milk contains 

_  butter, cheefe, fugar o f milk, fome 
extradlive matter and a little fait,— the reft 
is water. But we are yet far from having 
a juft chemical knowledge o f this fubftance. 
I ftiall firft coniider a little the feparation 
of the cheefe from the ferum, ¿ v .  and 
afterwards enquire into the acid, and the 
properties which whey or milk acquires 
in a warm place.

§ n.

(a ) I f  any vegetable or mineral acid be 
mixed with milk, it is well known, that 
the feparation o f a cheefy matter enfues. 
This cheefe becomes perfect, i f  the mix
ture be ailifted by the application o f heat, 
iince in this cafe the cheefy particles all 
coagulate into one mafs. Mineral acids 
yield lefs cheefe than the vegetable.

(b ) I f  you put into boiling milk as much 
of any neutral fait as will diifolve in it, the 
cheefy parts will alfo feparate from the ferum 
or whey. The fame thing happens with

all



ail earthy arid metallic falts, and likewife 
with fugar and gum Arabic.

§ in.
Cauftic alkalis will difiblve the curds 

by the aid o f a boiling h eat; and it may 
be again precipitated by acids. Hence 
one may eafily be induced to conjedlure, 
that the cheefy part is diffolved in the 
milk by means o f an alkali. In order to 
find out whether this was really the cafe, 
I coagulated fome milk with a little nitrous 
acid, filtered and evaporated the whey, 
but not the leaft mark o f nitre was difco
vered in it, but only the common fugar 
o f milk. The coagulation o f the milk 
by acids muft confequently be owing to 
fome other caufe.

§  I V .

( a )  The curds obtained by means of 
mineral acids always manifefts figns of 
acidity. It is likewife partially foluble in 
boiling water.

(b ) I f  with eight parts o f water mixed 
with one part o f precipitated, but not dry 
curds, fo much mineral acid be mixed 
that the water acquires a fouriih tafte, 
and it be afterwards boiled, the cheefe 
will be diffolved. Vegetable acids and 
the acid o f milk diifolve little or nothing 
o f the curds. Hence it appears why

more



more curds are obtained by vegetable than 
by mineral acids (§ 11. a ) .  Hence it is 
likewife evident, why milk coagulates with 
acids. The curds attrad a certain quan
tity o f acid, and this compound requires 
much more water in order to be kept in 
folution than the milk contains.

(c) I f  milk be mixed with ten parts o f 
water, no curds are obtained by mineral 
acids.

( d ) I f  to thefe acidulous folutions of 
curds a fmall quantity of ibme concrete 
mineral acid be added, the greateft part 
of the curds will be again precipitated. 
They alfo precipitate on the addition o f al
kalis and lime-water, but i f  too much of 
thefe latter be added, the curds will be 
rediifolved.

( e ) I f  curds diifolved in quicklime or 
cauftic alkali be precipitated by vinegar, 
a difagreeable hepatic fmell is produced.

The reafon why neutral falts, whether 
faline or terreftrial, gums, and fugar, pro
duce a coagulation o f milk (§ i t . b ) ,  lies 
probably in the ftronger attradion of ŵ a- 
ter for thofe falts than for the curds. In- 
fufions o f vegetable aftringents always 
ihew marks o f an uncombined acid. Ic 
is eaiily underftood why milk is coagu
lated by them, and many, i f  not ali ve
getables, contain fome cafeous fubftance. 
It thence likewife appears why emuliions

are



are coagulated by decodlions o f the bark 
o f the cinchona officinalis.

§  V .

A s to the conftituent parts o f curds, 
they are probably, like all animal gelati
nous fubftances, ftill involved in obfcuri- 
ty. This much is certain, that the earth 
o f cheefe is the univerfal animal earth, 
and confifts o f phofphoric acid fuperfatu- 
rated with lime.. For after feveral times 
abftrailing nitrous acid from curds, I at 
laft obtained a white reiiduum, which was 
nitrated lime and animal earth. The fame 
earth I obtained from the reiiduum re
maining after the diftillation o f curds 
and its further calcination in a crucible 
by means o f nitre,— for without nitre this 
reiiduum proves very diihcult to be re
duced to aihes. Thirty parts o f dried 
curds contained about three parts of ani
mal earth.

S  V I .

No fubftance is more like curds than 
the white o f eggs boiled. It is indeed no
thing elfe but pure cheefe. The white of 
eggs coagulated by heat diifolves by means 
o f  boiling in very diluted mineral acids, 
which folution is again precipitated on 
adding fome concentrated acid. During 
this precipitation, there is likewife a fmell,

exadlly



exactly like that o f hepar fulphuris, pro
duced, which is a very iingular phseno- 
menon. Silver is coloured by it, and ace- 
tated lead rendered black ; properties, all 
of which, are likewife common to the 
curds of milk (§ iv.). It is alfo a iingu
lar fa6l, though it be generally known, 
that heat alone coagulates the white of 
eggs, and this without any lofs o f its 
weight. The true caufe o f this is, as far 
as my information reaches, hitherto un
known, but feems to me to be the follow
ing : As curds and the white of eggs 
combine with acids, and are thereby coa
gulated, and as all the fubflances which 
enter into an union with acids may be like
wife combined with the matter o f heat, 
aclrcumflance in which this principleofcen 
refembles acids, it is very probable that 
it enters into a chemical union with the 
white of eggs, and is thus the caufe of 
coagulation. What confirms me more in 
this opinion is, that I have obferved fuch 
a coagulation o f the white o f eggs pro
duced in the following manner : I mixed 
one part of white o f eggs with four parts 
of water, and added a fmall quantity o f 
a folution o f cauftic alkali, mixing at the 
fame time as much muriatic acid as was 
neceffary for its faturation ; the white of 
the egg then coagulated like curds. I 
fnixed the water with the white o f eggs,

with



with the view o f preventing the heat, 
which is expelled by acids from cauftic 
alkalis from becoming fenfible, to which 
the whole phænomenon otherwife might 
eaiily be afcribed. Here therefore a double 
decompoiition takes place, the alkali uni
ting with the muriatic acid, and the prin
ciple o f heat with the white of the eggs. 
I f  aerated alkali be employed initead of 
the cauilic in the fame procefs, no coagu
lation takes place.

§  V I I .

It is a known fad , that milk in a fhort 
time grows four and thick during the 
fummer. This fournefs daily increafes, 
and is the flrongeil after a fortnight has 
elapfed. I f  the whey be then filtered and 
evaporated to one-half o f its quantity, a 
few curds fettle to the bottom. If it 
be filtered again, and a little acid of tar
tar be added, fome time afterwards a great 
number o f fmall cryftals are generated, 
which fall to the bottom, andappear onexa- 
mination to be tartar. The origin o f this 
tartar I cannot afcribe to the fmall quan
tity o f muriated vegetable alkali, which the 
milk always contains ; for this fait exiils 
in milk in too fmall a quantity to pro
duce any effcd here ; it is rather to be 
afcribed to an eifential fait contained in 
the milk. This is further evident from

this,



this, that when whey evaporated by it
felf to drynefs, and afterwards reduced to 
charcoal in a crucible, by which procefs 
this eifential fait is deftroyed, it is found 
that this coal contains vegetable alkali, 
mixed with a little muriated vegetable al
kali, which may be obtained by lixiviation 
with water. The whey alfo contains in 
folution a portion o f animal earth, as 
may be feen, when it is faturated with 
cauilic volatile alkali, as alfo with lime- 
water. Thus the acid o f milk contains 
an eifential fait, animal earth, fugar o f 
milk, a little muriated vegetable alkali, 
and fome mucilaginous matter.. W e have 
only then to feparate all thefe heterogene
ous bodies from the acid, in order to ob
tain it as pure as pofllble. Diilillation 
would indeed be the fliortefl way, but 
this will not anfwer; for though fome 
veiliges o f an acid appear in the receiver, 
which acid is a kind o f very weak vine
gar, and the caufe o f the fourifh fmell o f 
the whey, almoil all the acid remains in 
the retort; and if  the heat be increafed, 
this acid will be decompofed ; I therefore 
make ufe o f the following procefs.

§  V I I I .

I evaporated four whey till one-eighth 
only remained. The cheefy part being 
then perfedly feparated, I ilrained the

acid.



acid. In order now to obtain the animal 
earth, as I knew that this kind o f earth is 
precipitated by hme-water (§ v ii.), I faw 
no other ŵ ay than to faturate the acid 
with Hme. I then filtered the iblution, 
and diluted it with a triple quantity of 
water. To feparate the lime again from 
its folvent, the acid o f fugar was. a moft 
excellent medium. I therefore diifolved 
a quantity in water, and afterwards add
ed this iblution to the fglution o f lime, 
till no more faccharated lime precipitated, 
obferving carefully not to add more acjd 
o f fugar than was requiiite, which I c6uld 
eaiily difcover by means o f lime-water. 
There now remained the other fubflances 
to be feparated from the, acid o f milk. 
For thi§ purpofe I evaporated it to the 
coiifiilence o f honey, then diifolved it in 
highly re<5lified fpirit o f wine, and thus 
feparated froin- it both the. fugar of milk 
and the remaining heterogeneous fubflan- 
ces. The acid alone being^thus diifolved 
in fpirit o f wine, I filtered it, and then 
mixed fome. pure water wich this acid fo
lution ; and after feparatinj^; the fpirit of 
wine by diftillation, the acid o f milk re- 
mained in the retort as pure as in my opi
nion it ever can be got by a chemical pro
cefs.



§ IX.

The nature o f  this acid, and its eiFedls 
upon earths, alkalis and metals, I found to 
be as follows : i. Evaporated to the con- 
iiftence o f a fyrup, ic yields no cryftals; 
and, vv̂ hen evaporated to drynefs, it deli
quefces again. 2. When diftilled, wacer 
firft comes over, then a weak acid, like 
fpirit o f tartar; afterwards, fome empy
reumatic oil, with more o f the fame acid, 
aerial acid, and inflammable air; in the 
retort there remained a coal. 3. Satura
ted with fixed vegetable alkali, it yields a 
deliquefcent fait, foluble in fpirit o f wine.
4. A  fait o f the fame kind is obtained 
with fixed mineral alkali, which does not 
cryftallife, but difiTolves in fpirit o f wine.
5. Combined with volatile alkali, ic pro
duces a kind o f fal ammoniac, 'which 
however deliquefces, and, when diftilled, 
yields a great deal o f its volatile alkali be
fore the acid is deftroyed by the heat.
6. Combined with terra ponderofa, lime 
and clay, ic forms deliquefcent neutral 
falts ; but with magnefia it yields fmall 
cryftals, which however at laft are again 
deliquefcent. 7. This acid o f milk has no 
effedl either in a digefting or a boiling 
heat on bifmuth, cobalt, regulus o f anti
mony, tin, quickfilver, filver and gold. 
This acid, however, having been digefted
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with tin, precipitated the gold from its 
folution in aqua regia, in the form o f a 
black powder. 8. it diifolves iron and 
zinc, and produces inflammable air. The 
folution o f iron was brown, and yielded 
no cryilals ; but the folution o f zinc cry- 
ftallifed. 9. Copper communicated to this 
acid flrft a blue, then a green, and at lail 
a dark-blue colour, without cryilallifmg. 
10. I.ead was diifolved after fome days 
digeilion ; the folution had a fweet ailrin- 
gent taile, and would not cryilallife. I 
obferved afterwards a fmall quantity of 
a white fediment in this folution, and 
found it to be vitriol o f  lead. Thus there 
is likewife fome veilige o f vitriolic acid in 
milk.

§  X .

From thefe experiments it appears, that 
the acid o f milk is an acid o f a pecuHar 
kind ; and though it expels the vinegar 
from the acetated vegetable alkali, yet it 
feems deilined, i f  I may fo fpeak, to be 
vinegar ; but, from the want o f fuch fub- 
ilances, as, during fermentation, produce 
fome fpirituous matter, it feems not to be 
volatilifed, though a portion o f it indeed 
arrives at this point, and really becomes 
vinegar ; for without a previous fpirituous 
fermentation, or, without brandy, there 
never arifes. any vinegar : But that the

milk



milk enters into a complete fermentation, 
though there is no iign o f brandy pre- 
ibnt, appears from the following experi
ment : I f  a bottle full o f freih milk be 
inverted into a veifel containing fo much 
milk, that the mouth o f the bottle reaches 
below the furface ; and i f  you expofe this 
bottle to a degree o f heat, a little greater 
than our fummer heat, you will find in 
the fpace o f twenty-four hours, that the 
milk is not only coagulaced, but likewife 
diminifhed in the bottle, and that in a 
couple of days afterwards, the aerial acid, 
extricated from the milk, will have ex
pelled the greater part o f it out o f the 
bottle. I iaid above, that the acid o f milk 
cannot be converted into vinegar, from the 
want o f fuch fubftances, as, during fer
mentation, produce brandy. This ap
pears to be evident from this : I f  to a kanne 
of milk you add five fpoonfuls o f good 
brandy, and ^expofe the veflel, well cork
ed, to heat, in fuch a manner, however, 
that you give now and then to the air, 
developed during fermentation, a little 
exit, you will find in a month, fooner or 
later, the whey changed into good vine
gar, which, when ftrained through a 
cloth, may be kept in bottles.
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E S S A Y  XVII.

O n  .t h e  A c i d  o f  S a c c h a r u m  L a c t i s .

1780.

§

' 'H E  fugar o f milk is an eifential 
filt, which is contained in folution 

in milk, and which, on account o f its 
fweetiih tafte, has been called fugar. The 
tafte o f milk is the fweeter and the more 
agreeable the more fugar it contains* 
Pharmaceutical chemiftry teaches the man
ner o f preparing it.

§ II.

Sugar o f milk yields by diftillation the 
very fame produds as other fugars do. 
There is, however, one remarkable cir- 
cumftance, that the empyreumatic oil 
fmells fomewhat like the fait o f ben
zoin. We know that common fugar con
tains an acid, which, on account o f its 
ftrong attraiSlion for all kinds o f earths, 
efpecially for lime, is indifpenfably necef- 
fary in chemical experimencs. The ori
gin o f this acid is the dephlogiftication of 
the fugar, by means of nitrous acid. 
What effects are produced on the fugar o f 
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milk by the latter acid, the following 
experiments will ihew :

§  I I I .

I poured twelve ounces o f diluted ni
trous acid upon four ounces of finely pow
dered fugar o f milk, contained in a glafs 
retort, to which a receiver was annexed. 
The retort was placed in a fand-bath. As 
foon as this mixture acquired a certain 
degree o f heat, it began to effervefce vio
lently ; I therefore took the retort out of 
the fand, with the receiver, and put it upon 
the table. The mixture however grew 
hotter and hotter, and the effervefcence 
ftronger and ftronger, with dark-red va
pours, and continued to do fo for about 
half an hour upon the table, without any 
fire. A  confiderable quantity o f nitrous 
air and aerial acid were extricated during 
that time. Whoever therefore wiflies to 
repeat this experiment, muft not take too 
fmall a retort, nor lute the retort too tight 
to the receiver. After the effervefcence 
had fubfided in fome meafure, the retort 
was again placed in the fand-bath, and 
the nitrous acid was thus diftilled off, till 
the mafs acquired a yellowiih colour; 
whereupon the retort was immediately ta
ken out o f the fire. In two days time 
the folution feemed to have undergone 
no remarkable change; there was no ap

pearance



pearance o f cryilals ; I therefore added 
eight ounces more, o f the fame nitrous 
acid, aad expofed it to the fame degree of 
fand heat. As foon as the mafs grew 
warm, the yellow colour difappeared, an 
effervefcence enfued as before, though it 
was not fo ilrong. After it was over, I 
again abilrailed the nitrous acid, till the 
folution, which meanwhile had been ren
dered opaque by a white powder, affu- 
med a yellowifh colour, whereupon the 
retort was removed from the fand. After 
it was grown cool, I found the mafs in 
the retort infpiffated ; I therefore redif
folved it in eight ounces of water, and 
paffed the whole through a filter. There 
remained on the filter a white powder, 
which, after being edulcorated and dried, 
weighed 7} drachms. The folution which 
paifed through the filter was very fo u r; 
I now evaporated it to the confiftence o f a 
fyrup, poured four ounces more o f n i
trous acid on it, and evaporated it again 
in a fand hear. After the whole was 
cool, fome fmall long acid cryftals were 
found together with a fmall quantity of 
white powder, which I feparated from it, 
and then poured fome more nitrous acid 
upon the remaining mafs, and, on evapo
ration, more fuch cryftals appeared. The 
fame procefs was repeated feveral times, 
by which means the whole mafs was at 
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lafl changed into fuch cryilals, which 
weighed about five drachms. This fait 
Ihewed in every refpeél phsenomena like 
thofe produced by the acid-of fugar.

§  IV.

The above mentioned white powder, 
which weighed 7 ̂  drachms, I took at firft 
to be faccharated lime, becaufe I thought 
that as milk always contains a little lime, 
it might enter into the fugar, as one 
o f its conflituent parts, and then, by com
bining with the acid o f fugar, would con
fequently form the faccharated lime. But 
two experiments, which I made with it, 
fiiew that I was miftaken in m y conjec
ture. I poured a folution o f acid o f fu
gar into a folution o f fugar o f milk, but 
no precipitation enfued. 1 further found 
that this powder bürned in a red-hot cru
cible like oil, without leaving any mark 
o f allies behind.

§ V.

Lime-water feemed to have no fenfible 
effedl upon this powder; but boiling wa
ter diffolved fome o f it, though but a ve.ry 
little; for one part o f this powder requi
red fixty parts o f boiling water for its fo
lution. After the iblution was cooled, 
one-fourth part o f the powder feparated 
again from the water in the form o f very

fmall



fmail cryftals. The remaining mafs being 
then colledled by evaporating the water 
from It, a fmall quantity o f acid o f fu
gar, conftituting about one-tenth of the 
powder, remained, which at firft was not 
fo exadly feparable by edulcoration. I 
now found that this powder was a fait, 
becaufe it was foluble in water ;— it was 
now purified by means o f the folution 
and cryftallifation. The properties of this 
fak are the following :

§ V i .

H alf an ounce o f it was difiblved in a 
glafs vefiel in thirty ounces o f boiling wa
ter ; and after the folution was cool, it 
was filtered. It had a fourifli tafte. The 
tindlure o f lacmus was reddened by it. 
It made an eifervefcence with chalk. Two 
drachms o f this fait were expofed to an 
open fire in a glafs retort, when it imme
diately melted, grew black, and frothed 
very much. Into the neck o f the retoiT: 
a brown fak was found fublimed, which 
fmelled like a mixture o f the fak o f ben
zoin and fait o f amber. Eleven grains 
of coal remained in the retort. The re
ceiver contained a brown liquid, without 
any mark o f o i l ; its fmell was like the 
fublimed fa it; it alfo contained fome o f 
this fak difiblved, which was feparated 
from it by a gentle evaporation. The fait

that



that was fublimed weighed thirty-five 
grains, had a four tafle, was eaiily foluble 
in ipirit o f wine, more difficultly in water, 
and burned in the fire with a flame. Concen
trated vitriolic acid expofed to difl:illatiou 
with this fait became black, frothed very 
much, and decompofed the fak entirely. 
All thefe circumftances ftiew that this 
fak is to be clalfed among the vegetable 
acids, under the title o f add of fugar of 
milk»

§  V I I .  Its Effe&s upon Alkalis.

I poured depurated acid o f fugar of 
milk, in fmall quantities at a time, into 
a hot folution o f alkali o f tartar, till there 
appeared no more effervefcence. A  coa
gulation immediately took place, in con
fequence of the formation o f finall cry
ftals, which required eight times the 
quantity o f boiling water for their folu
tion. After it was cold the greateft part of 
the cryftals feparated again from it. With 
mineral alkali this acid ihewed the fame 
phsenomena, with this difference, that 
the neutral fak thus ariiing requires only 
five parts o f boiling water for its folution. 
I f  to a iblution o f it, a folution o f alkali 
o f tartar be added, a number of fmall 
cryftals will be foon formed at the bottom 
o f the veifel, on account o f the greater af
finity o f this acid with the latter alkali.

Both



Both thefe falts are perfedlly neutral.— Sa
turated with volatile alkali it forms a kind 
of fal ammoniac, which, after being gently 
dried, has a fouriih taile. When diililled, 
the volatile alkali is iirfl feparated, the 
Hme-water precipitates, the acid remain
ing in the retort afterwards yields, with a 
ilronger heat, the fame produdls as in
§  VI.

§  V I I I .  With Earths,

The acid o f the fugar o f milk forms, 
with all the earths, falts infoluble in wa
ter. I ihall, therefore, only relate the 
experiments which I made with it in the 
way of precipitation. I f  a folution o f 
the ponderous earth in muriatic or nitrous 
acid be dropped into a cold folution o f 
our acid (§ vi.), the earth is immediately 
precipitated, in combination with this 
acid. With the fame folutions o f lime 
this acid exhibits the fame phenomena ; 
but the folucion o f gypfum remains un
decompofed. The fame thing happens 
with the folutions o f magneiia in vege
table or mineral acids, and with earth o f 
alum; all o f which, however, are decom
pofed by the neutral falts above men- 
tioned.



§  I X .  With Metals.

It produces the fame efFecfls with the 
metals as with the earths. W ith regard 
to the weaknefs o f the menftruum, fince 
the water difiblves fo little o f our acid, it 
has no fenfible eifedls upon metals ; but 
with the metallic earths, falts are formed 
very little or not at all foluble in water. 
Argentum nitrated filver is precipitated 
b y our acid in the form o f a white pow
der : and in the fame manner is the ni
trated mercury and lead. Vitriolated iron, 
copper, zinc, and manganefe, are not here
b y precipitated. Muriated tin and mer
cury are not hereby decompofed, but mu
riated lead is precipitated. By the neu
tral falts (§ V I I . )  all metallic fblutions are 
decompofed.
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E S S A Y  XVIII.

On t h e  c o n s t i t u e n t  P a r t s  o f  L a 
p i s  P 0 N D E R 0 S Ü S ,  o r  T u n g s t e n .

1781.

I T  is probable that the conftituent parts 
of this fpecies o f foifil have been hi

therto unknown to the chemifts. Cron
ftedt enumerates it among the ferrugi
nous ftones, under the name of, Fcrrum cal̂  
ciforme terrà quñdam incognita intime mixtum. 
That which 1 employed in my experiments 
was o f a pearl colour ; it was taken from the 
iron mines o f Bitfberg ; and as I made 
many experiments upon it, and have dif
covered its conftituent parts, I take the li
berty o f communicating the following ac
count to the Royal Academy.

§ I-
( a )  In the fire tungften does not un

dergo any perceptible change, nor does 
glafs o f borax produce any fenfible eífeél 
upon it ; ( b ) but with microcofmic fait it 
forms, by means o f the blowpipe, a glafs 
of a fea-green colour. I f  the globule be 
kept in fufion at the extreme point o f the 
fiame, the colour graduai.'/ difappears ; a 
yery little nitre alfo very foon deftroys

the



the colour; but k  returns whenever 
the blue part o f the flanae is driven on 
the globule ; confequently, it is the phlo
giilon o f the flame which is the caufe of 
the colour, (c) One part o f tungften, re
duced to a fine powder in a glafs mortar, 
ŵ as mixed with four parts o f alkali o f tar
tar, and placed in the fire in an iron cru
cible. The mixture, when melted, was 
poured out on an iron plate, and diflolved 
in twelve parts o f boiling w-ater. After 
Handing fome hoursj the lixivium was 
poured off" from a portion o f white pow
der which had fubfided to the bottom.
(d) This powder ŵ as edulcorated, and 
nitrous ;acid added to it, till no more ef
fervefcence could be perceived, by which 
operation great part o f it was diflblved. 
{ e )  The undiflblved pan o f the powder was 
dried, and being again mixed with four 
parts o f alkali o f tartar, was fufed as be-f 
fore : This mafs being alfo diflblved in 
water, and nitrous acid poured upon the re
maining powder, only a very fmall portion 
o f grey powder was left behind undiff 
folved. ( f ) The ley (c) was faturated with 
nitrous acid ; it grew thick by the preci
pitation of a wdiite powder, which was 
afterwards waflied with cold water and 
dried, ( g ) The folution in nitrous acid
( d ) aflbrded, on the addition o f alkali of

tartar,



tartar, a white precipitate, which was 
dried.

§ II.

( a ) Boiling water has no a(5lion upon 
tungften reduced to powder, ( b ) On one 
part of finely powdered tungften were 
poured two parts of concentrated acid of 
vitriol, and the mixture was diftilled. The 
acid pafî ed over unchanged; and the re
fiduum, which was o f a bluilli colour, 
was boiled a fiiort time in diftilled water, 
which was then filtered off, and upon 
cooling depofited fome vitriolated lime,
(c) On four fcruples o f tungften, redu
ced to a very fine powder, were poured 
twelve fcruples o f common nitrous acid, 
or pure aquafortis: No effervefcence en- 
fuedj the mixture was then expofed to a 
ftrong digefting heat, whereupon the pow
der foon afiumed a citron-yellow colour. 
The acid was then decanted off into a fe
parate phial; and the yellow powder, ha
ving been edulcorated with water, was put 
into another phial, ( d ) On this yellow pow
der I poured eight fcruples o f cauftic vo
latile alkali, and expofed the phial to heat; 
the yellow colour prefently vanilhed, and 
the powder became white. This folution 
was then in like manner poured into a fe
parate flaflc, and the powder edulcorated. 
As the matter was fenfibly diminiilied by

thefe



thefe operations, I repeated them many 
times on the fame powder, digefting ir 
firft in the nitrous acid, and then in the 
volatile alkali, till at length the greateft part 
o f it was diifolved. What remained un- 
diiTolved weighed three grains, and feem
ed to be iiliceous earth. Muriatic acid 
produces the fame eftetfl upon tungften as 
the nitrous, but the folution was of a 
deeper yellow.

§ III.

( a ) The folutions made in the forego
ing manner with the nitrous acid being 
all mixed together, ibme drops o f phlo  ̂
gifticated alkali were added, upon which 
about three grains o f Pruifian blue were 
precipitated, ( b ) The mixture was then 
faturated with cauftic volatile alkali ; but 
as no precipitate appeared, fome Iblution 
o f alkali o f tartar was added; a white 
powder now fell to the bottom, which, 
when wailied and dried, weighed two 
fcruples and five grains, and was found 
to be aerated lime unadulterated ; fo alfo 
is the earth obtained § i. (g ) .  (c )  The 
extradls procured by volatile alkali were 
precipitated with nitrous acid ; the preci
pitare was wailied with cold water anti 

dried ; it is exadlly the fame as that men
tioned § 1. ( f ) .  (d )  It is o f a n  acid na

ture, not eafily foluble in water, for near
twenty



twenty parts o f boiling water are requi
red to one o f the precipitate ; it colours 
the tindure o f litmus red, and has an acid 
taile.

§  I V .

Now, as the earth feparated from tung- 
ilen by the nitrous acid is calcareous (§ iii. 
b ) ,  it became neceflary to try whether the 
above mentioned acid, combined with cal
careous earth, would conflitute a regene
rated tungften. Having this in view, and 
knowing that tungilen is not foluble in boil
ing water (§ 11. a ) ,  I mixed one part-of 
the acid folution (§ 11 r. d) with fix parts 
of clear lime-water, upon which the mix
ture became a little turbid; but as, after 
an interval o f fome hours, there was no 
depoiition, the mixture was made to boil, 
when immediately a white heavy powder 
feparated, which, after being dried, gave 
a fea-green colour to glafs of microcofmic 
fait, became bluiih on being boiled in the 
vitriolic acid, and o f a lemon colour with 
the nitrous and marine acids, and confe
quently was pure tungilen.

§ V.
To afcertain more completely the na

ture o f this acid, the following experi
ments were made, ( a ) Under the blow
pipe the dry acid became firil o f a red-

VOL. L T  dim-



diih-yellow colouir, then brown, and at 
laft black: It neither imoked, nor gave 
any figns o f fuiion. ( b )  With borax it 
produced a blue, and with microcofmic 
fait a fea-green glafs. This colour is fub- 
je(^ to the fame changes as are related of 
the glafs § I  B .  (c) When pulverifed a- 
cid o f tungften is boiled with a fmall 
quantity of the nitrous or marine acids, 
the powder becomes yellow ; and, with 
the acid o f vitriol, bluiih. (d) I f  the Ib̂  
lution o f the acid o f tungften in water 
( §  I I I .  D.) be faturated with alkali o f tar
tar, a neutral fait is obtained in very fmall 
cryftals. ( e ) With volatile alkali thi« acid 
forms an ammoniacal fait, in ftiape like 
the points o f fmall pins. This fait, on 
diftillation, yields its alkali in a cauftic 
ftate; the acid remaining behind in the 
retort, in the form o f a dry powder o f a 
yellow colour. This ammoniacal fait de
compounds nitrated lime, in confequence 
o f which regenerated tungften is produced.
( f ) With magneiia the acid o f tungften 
forms a neutral fait o f difficult folubility 
in water, ( g )  It produces no change on 
iblurions o f alum or lime, but it decom
pounds acetated ponderous earth, and the 
precipitate is altogether infoluble in wa
ter. ( h ) The following metallic folutions 
are precipitated, o f a white colour, by the 
acid o f  tungften, viz* vitriolated iron, zinc,

and



and copper; nitrated 'filver, quickfilver, 
and lead, as alfo muriated lead; but tin, 
combined with the fame acid, is precipita
ted blue; and corrofive fublimate, and 
the folution o f gold, undergo no change.

§ VI.

When the acid o f tungften is calcined 
in a crucible, it lofes the property o f be
ing foluble in water. That the acid is 
much difpofed to attradl phlogifton, ap
pears from the blue colour it acquires 
with fluxes (§ v. A, b ). This circum
ftance induced me to mix the dry acid with 
a little linfeed oil, and to expofe the mafs 
to a ftrong fire in a luted crucible. When 
it was grown cold, I found the acid black, 
but in other refpedls quite unchanged. I 
alfo mixed one part o f the dry acid with 
two parts o f fulphur, and diftilled off the 
latter; I then mixed with the refiduum 
two parts more of fulphur, and again di
ftilled it o ff: The acid had acquired a grey 
colour, but was in other refpedls unalter
ed. Solution o f liver o f fulphur was preci
pitated o f a green colour, by acid o f tung
ften, but the phlogifticated alkali white; 
the latter precipitate is foluble in water. 
I f  a few drops o f marine acid be added 
to a folution o f the acid o f tungften in 
water, and the liquor be fpread on polifli- 
ed iron, zinc, or even tin, the acid ac-

T  1  quires



quires a beautiful blue colour ; and tho 
fame thing happens if  thefe metals be put 
into the acid.

§ vir,

As the acid of molybdæna likewife ac
quires a blue colour from-theiè metals, it 
might be natural to fuppofe chat the acid 
o f tnngrten is the fame as that o f molyb- 
,dæna ; but as, in other refpeds, it fhews 
■very different properties, it muil be o f a 
totally different nature. For, ly?, The a- 
cid o f molybdæna is volatile, and melts in 
the fire^, which is not the cafe with the 
acid o f tungilen (§ v. a ). The for
mer o f thefe acids has a ftronger attrac
tion for phlogifton, as' appears from its 
.combining with fulphur, and the change 
it undergoes on calcination wirh oil.
Lime combined with the acid o f molyb
dæna is not turned yellow by the acid of 
nitre, and is readily foluble in it : With 
tungilen it is quite the contrary. 4/̂ 6̂ , 
Ponderous tarth, combined with the acid 
o f molybdæna, is foluble in water ; but 
the combination of the ponderous earth 
with the acid o f tungften is infoluble. 
And, The acid o f molybdæna has
a weaker attradion for calcareous earth 
than the acid o f tungilen has ; for if  the

combination
 ̂ See the diflertation on molybdæna.



combination o f lime and acid of molyb
dæna be digefted in a folution o f the above 
mentioned ammoniacal fait (§ v. a ), a re
generated tungften will be obtained.

The iron procured from fome forts of 
tungften is to be coniidered as accidentally 
prefent*

T  3 Supplement



Supplement to the foregoing Effay, By 

T . B e r g m a n ,

Several years ago I began an inveftiga- 
tion o f the conftituent parts o f tungften. 
Its great fpecific gravity induced me to 
ieek for ponderous earth in i t ; but the 
procefs by which this earth is ufually ex
tradied, gave, inftead o f it, common cal
careous earth j and when the firft alkaline 
folution, made in the moift way, was 
poured off, and an acid added to the folu
tion, it gave on faturation a white preci
pitate o f an acid nature. I need not re
late the experiments, as I obtained the fame 
refults as M r Scheele: Some fmall diffe
rences, however, in m y experiments with 
the blowpipe, deferve to be mentioned.

Tungften, by itfelf, decrepitates with 
the blowpipe, but does not melt.

In a fmall gold or iilver fpoon it unites 
with mineral alkali virith fome effervef- 
cence, and the bit o f tungften falls into 
powder.

W ith microcofmic fait it effervefces a 
little at firft, and then leaves a reiiduum 
o f difficult folubility ; but the glafs glo
bule aifumes a bright iky-blue colour, 
without the leaft iign o f that rednefs, 
when it is held between the eye and the 
light, which is produced when cobalt is

ufed.



uied. I f  more tungften be added, the 
globule becomes browniih, but remain$ 
ilill tranfparenc: With a further addition» 
it becomes black and opaque.

Borax diiTolves ir without motion, and 
ahnoil without colour; buc when the 
globule is overloaded W i t h  tungften, it aC  

length becomes brown or white, and o- 
paque, in cooHng.

The acid earth by itfelf produces fome 
efFervefcence with mineral alkali. W ith 
microcofmic fait it gives a globule which 
is at firft light-blue, more o f the acid 
makes it dark-blue, but it ftill remains 
free from rednefs by refra(5lio n ; With a 
further addition it becomes brown. Bo
rax acquires a flight tinge o f blue, and with 
more o f the acid becomes o f a yellowifh 
brown colour ; but remains traniparent, 
provided no further addition be made.

This ultimate brown colour I have not 
been able to drive off, either with nitre, 
or the point of the flame.

A  very eafy method o f diftinguifiiing 
tungften from all other foflils hitherto 
known, is, to pour upon it, when it is re
duced to powder, aquafortis or marine 
acid, and to fet the mixture in a digefting 
heat. It will foon be perceived, efpecial
ly when the latter acid has been emplov- 
ed, that tiie powder gradually acquires a 
fine light-yellow colour. This happens 
not only with the ipecies from Bitiberg, 
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but likewife with all the foreign forts Ï 
have hitherto had an opportunity of try
ing. What is ufually called nsjhite tin orê  
in clujîers like grapeŝ  often belongs to this 
fpecies.

W ith refpetSl to the nature of the acid 
earth, it is nearly allied to that obtained 
from molybdæna ; and both are in a flate 
much refembling that o f white arfenic. 
It is well known, thac arfenic, in its femi- 
metallic ftate, is nothing but a peculiar 
acid, faturated with phlogifton ; and that 
the white calx is in an intermediate ftate 
between acid and metal, containing juft 
phlogifton enough to coagulate the acid ; 
but remaining ftili foluble in water, and 
ihewing figns o f acidity. I f  a concluiion 
from analogy be admiifible, ali the other 
metals ftiould coniift in a combination of 
the fame nature, o f the different radical 
acids, which, with a certain quantity of 
phlogifton, are coagulated to a dry earthy 
fubftance, and, on complete faturation, 
are brought to the ftate o f complete me
tals.

The reafons which induced me to fup
pofe that the above mentioned acid earths 
are metallic acids, reduced by phlogifton^ 
to that form of metallic calces in which 
the acid is ftill perceptible, are the fol
lowing :

I .  They



1. They both iliew a ftriking refem- 
rblance to white arfenic in form, in pro
ducing effedls hke acids, and in their Uttle 
folubility in water.

2. Their fpecific gravity ; that o f white 
arfenic is 3,750, that o f the earth o f mo- 
lybdana 3,460, and that o f the acid earth 
of tungften about 3,000.

3. Their precipitation with phlogifti
cated alkali. None 'but metallic fub
ftances are hitherto known to be precipi
tated by this alkali : Moreover, arfenic, 
properly diflblved in the marine acid, 
gives wich the phlogifticated alkali a-pre
cipitate foluble in water, juft as the acid 
earth o f tungften.

4. Their property o f tinging vitreous 
fluxes. Metallic calces, but, as far as I 
know, no other fubftances, have the pro
perty o f communicating a colour, each 
according to its peculiar kind, to clear 
glafs. The effedl o f white arfenic, in this 
refpe6l, is well known; that o f the earth 
of tungften has been defcribed above ; 
and the earth extradied from molybdsena 
is not lefs powerful ; for it gives to m i
crocofmic fait a beautiful green colour ; 
and borax well faturated with it appears 
grey when viewed by the refle<5led rays, 
but, by the refraded, o f a dark-violet 
colour.

Thefe



Thefe reafons have induced me to con
iider the acid earths obtained from mo- 
lyhdsena and tungilen as metallic calcea. 
Ocher occupations have hitherto prevent
ed me from confirming my opinion by 
redudion ; but 1 thought proper, never- 
thelefs, to mention it on this occaiion, as 
perhaps fome other perfon before me may 
be inclined, for the promotion o f fcicnce, 
to undertake the neceifary proofs#

F. S S A  Y



E S S A Y  XIX.

Ex p e r i m e n t s  a n d  O b s e r v a t i o n s  o n  

^THER. 1782.

U'NDER the term ather chemlfls un- 
derftand a very volatile, penetrating, 

colourlefs oil, which has an aromatic 
fmell, and is foluble in water. The firft 
method o f preparing this oil from vitri
olic acid and fpirit o f wine has been long 
known. In later times, feveral methods o f 
preparing a liquor o f rhe fame kind from 
nitrous and marine acids, with alcohol, have 
been propofed ; but it has been obferved, 
that this latter acid was not o f itfelf ftrong 
enough for this purpofe, but that, in or
der to produce the defired effedt, it muft 
be united with tin, or with regulus o f an
timony. The theory o f the generation 
of asther is ftill very imperfedl, from the 
want of fufficiently decifive experiments; 
— the following may perhaps contribute 
to elucidate this intricate fubjed.

§ I-
(a ) If, in the preparation o f vitriolic 

asther, a I^rge retort be made ufe of, and 
the fire be much increafed towards the 
end o f the procefs, it is found, that the

volatile



volatile fulphureous acid in the receiver 
is mixed with vinegar, without any mark 
o f aerial acid, either in the cavity o f the 
retort or of the receiver, ( b ) I f  one ounce 
o f pulverifed manganefe be put into a 
retort, with half an ounce o f vitriolic 
acid, and an ounce o f redlified fpirit of 
wine, and this mixture be expofed to a 
fand-heat, in a few minutes it will begin 
to grow hot, and will foon boil by itfelf. 
During this time fome aether, o f a moil 
agreeable fmell, goes over into the re
ceiver. I f  the fire be increafed, tov/ards 
the end a fmall quantity o f vinegar will 
pafs over, without any mark of volatile 
fulphureous acid. The air in the receiver 
is now found to be mixed with aerial acid, 
and in the retort there will remain a're
fiduum o f vitriolated manganefe, with
out any excefs of acid, (c) I f  two parts 
o f pounded manganefe and one-half part 
o f vitriolic sether be mixed with one part 
o f vitriolic acid, and the procefs carried 
on as in ( b ) ,  the mixture will likewife 
grow hot o f  itfelf in about an hour’s 
time. The serher which, a fmall portion 
excepted, is again obtained after the pro
cefs, has a finer fmell than before. There 
is likewife obtained fome vinegar, and 
fome aerial acid.



§  II .

In order to afcertain whether the vi
triolic acid is ro be looked upon as a real 
conilirnent pare of the vitriolic sther, the 
fuperiluous vitriolic acid ought to be fe
parated from it. In order to effecl this, 
I found the redlification o f the aether wich 
dry alkaline fait infufficient, becaufe the 
alkali does not touch the ¿ether in all its 
points. I therefore diffolved cauftic alka
li in fpirit o f wine, and in this alkalifed 
fpirit I diifolved as much aether as it would 
take up. 1 then diftilled the mafs again 
by means o f a gentle heat. Upon the 
iether thus obtained, after it was re<5li- 
iied, I cautioufly poured two parts of pure 
concentrated nitrons acid. The mixture 
had perfedlly the fmell o f nitrous sether. 
I evaporated the whole to within a few 
drops, and then added a little of the ib
iution o f terra ponderofa, which inftant- 
ly grew white j confequently a regenera
ted fpathum ponderofum was here pro
duced. This I think will be quite fuffi
cient to prove that vitriolic acid is a con- 
ilituent part o f vitriolic aether.

§ in .

That calx o f zinc, diflolved in muriatic 
acid, and that butter o f antimony and 
fmoking fpirit o f libavius, on diililla-

t i o n



tion with fpirit o f wine, produce sether, 
is a known fa il, and my experiments con
firm it. I ihall only add here, that in all 
thefe diftillations no aerial acid is pro
duced. W hy no aether can be produced 
from muriatic acid and fpirit o f wine a- 
lone, the following experiment may teach: 
( a ) I mixed an ounce o f pulverifed man
ganefe with four ounces o f common mu
riatic acid, and two ounces o f redlified fpi. 
rit o f wine, and put this mixture, after 
I had covered it well, afide for feven whole 
months; during which period it was now 
and then agitated. This mixture at laft 
yielded an odour o f nitrous aether, and 
I faw fome drops o f oil floating upon it. 
From this obfervation I was led to put in
to a tubulated retort two ounces o f  com
mon fait, and as much vitriolic acid; and 
after luting on a receiver, which con
tained three ounces o f fpirit o f wine, I 
placed it in a fand-bath. After fome time 
I poured this fpirit, which was now fu
ming, into a retort which contained three 
ounces o f  powdered manganefe. The 
mixture inftantly aifumed a fine green co
lour, but a few minutes afterwards it grew 
hot, upon which I immediately applied a 
receiver. The heat increafed fo much, 
that the mafs began to boil o f itfelf, and 
at the fame time the green colour difap
peared. After the ebullition had ceafed,



I p u t  t h e  c o n t e n t s  o f  t h e  r e c e i v e r  i n t o  a  

f l a i l s ,  i n t o  w h i c h  I h a d  p r e v i o u f l y  p o u r e d  

a  h t t i e  w a t e r ,  t h e  ^ t h e r  i n f l a n t l y  f e p a r a t e d ;  

i t  r e f e m b l e d  i n  i t s  f m e l l  n i t r o u s  a e t h e r ,  

w h e n  i t  i s  m i x e d  w i t h  d e p h l o g i f t i c a t e d  

m u r i a t i c  a c i d .  I l u t e d  t h e  r e c e i v e r  a g a i n  

CO t h e  n e c k  o f  t h e  r e t o r t ,  a n d  c o n t i n u e d  

t h e  d i f t i l l a t i o n  t o  d r y n e f s ,  b y  w h i c h  o p e 

r a t i o n  I o b t a i n e d  m o r e  a t h e r ;  f o m e  o f  

w h i c h  f l o a t e d  u p o n  t h e  f u r f a c e ,  a n d  t h e  

r e f t  k e p t  a t  t h e  b o t t o m ,  ( b )  1  t h e n  d i f t i l 

l e d  a  m i x t u r e  o f  t h r e e  o u n c e s  o f  p o w d e r 

e d  m a n g a n e f e ,  o n e  o u n c e  o f  v i t r i o l i c  a c i d ,  

a n d  t h r e e  o u n c e s  b o t h  o f  c o m m o n  i a l t  

a n d  o f  f p i r i t  o f  w i n e ,  a n d  o b f e r v e d  t h e  

f a m e  p h s e n o m e n a ,  a n d  o b t a i n e d  t h e  f a m e  

p r o d u f l s  a s  i n  ( a ) ,  ( c )  1  m i x e d  t h r e e  

o u n c e s  o f  p o w d e r e d  m a n g a n e f e ,  w i t h  t h e  

f a m e  q u a n t i t y  o f  c o m m o n  m u r i a t i c  a c i d ,  

i n  a  r e t o r t ,  p l a c e d  t h e  m a f s  i n  w a r m  f a n d ,  

a n d  a p p l i e d  a  r e c e i v e r ,  w h i c h  c o n t a i n e d  

t h r e e  o u n c e s  o f  f p i r i t  o f  w i n e .  The m u 

r i a t i c  a c i d  n o w  w e n t  o v e r  i n  a  d e p h l o g i f t i 

c a t e d  f t a t e  i n t o  t h e  f p i r i t  o f  w i n e ,  w h i c h  

f o o n  g r e w  v e r y  w a r m ,  t h o u g h  t h e  n e c k  

o f  t h e  r e t o r t  w a s  c o l d .  Some t i m e  a f t e t  

a l l  t h e  e f f e r v e f c e n c e  h a d  f u b f i d e d  i n  t h e  

r e t o r t ,  I p o u r e d  t h e  f p i r i t  o u t  o f  t h e  r e 

c e i v e r  i n t o  a n o t h e r  r e t o r t ,  a n d  d i f t i l l e d  i t  

b y  a  g e n t l e  h e a t .  At f i r f t  f o m e  a e t h e r  

w e n t  o v e r ,  h a v i n g  t h e  f m e l l  o f  n i t r o u s  

a t h e r .  At t h e  e n d  o f  t h e  p r o c e f s ,  a n o t h e r  

kind o f  g e t h e r ,  o r  r a t h e r  o i l ,  c a m e  o v e r ,

w h i c h



■which funk to the bottom, and at lafl mu
riatic acid paifed over, (d) I diifolved 
fome bifmuth in aqua regia, confiiling of 
three parts o f muriatic, and one part of 
nitrous acid. This folution I evaporated 
to the coniiitence o f a fyrup, then mixed 
it vpith an- equal quantity o f fpirit of 
wine, and diililled the mafs by a gentle 
fire. At firil pure fpirit o f wine paiTed 
over, which was followed by fome ^ther, 
that had exadlly the fmell o f vitriolic 
sether. ( e ) Iron was the lail among the 
metals, by means o f which I could pro
duce sether with muriatic acid. I fatura
ted muriatic acid, by boiling it with cro
cus martis (for with iron filings no sether 
can be produced). The folution I evapo
rated to the confiflence of honey, and 
then proceeded as in ( d ) .  The sether, 
thus obtained, was perfeclly like the pre
ceding. I feveral times poured fpirit of 
wine as well upon this refiduum as upon 
the refiduum of bifmuth, and conilantly 
obtained fome sether upon a new diililla
tion, In this diilillation no aerial acid is 
generated.

§  IV.

In order to determine with certainty, 
whether the muriatic acid is to be looked 
upon as a conflituent part of this sether, 
it was firil neceifary co free it from the

fuperfiuous



fuperfluous muriatic acid as well as pof  ̂
fible ; and with this view I proceeded with 
this ather as I had done before with the 
vitriolic § n . The aether, thus purified 
from muriatic acid, was mixed with a fo
lution o f iilver ; but obferving no precipi
tation to take place, I poured the whole 
mafs into a glafs veifel, and fet it on fire 
after the ^ther was confumed ; I found 
the folution o f iilver turbid, and as it 
were coagulated by the muriated iilver; 
confequently m y conjedure that the mu
riatic acid was a conftituent part o f this 
aether-was well founded.

§ V.
The adion o f nitrous acid upon fpirit- 

of wine is well known; on which account 
I lliall take no further notice of i t ; but 
the adion o f the fluor acid upon fpirit o f 
wine I was curious to learn, (a ) For this 
purpofe I mixed powdered fluor with an 
equal quantity o f vitriolic acid in a re
tort, to which I luted a receiver, contain
ing three ounces o f fpirit o f wine, and 
placed the retort in warm fand. The day 
following I poured the fpirit, which now 
fmoked, into another retort, and diililled 
it in the common manner. The fluor a- 
cid penetrated every where through the 
^ite, but no mark o f ^ther was percep
tible. (b ) I then mixed the fpirit which
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was contained in the receiver with iluor acid 
air as before; and having poured the 
mixture into a retort upon three ounces 
o f pounded manganeie, I fubjedled it to 
diftillation. 1 here obtained a quite dif
ferent refu lt; no acid penetrated through 
the lute; I only perceived the fmell of 
sether through i t ; and, after I had driven 
over all the fpirit, I poured it into another 
retort, redlified it by a gentle heat, and 
by this means obtained a fmall quantity 
o f ^ther o f a very agreeable fmell, re
fembling nearly that o f nitrous $ther.

§  V I ,

In order to procure a fuiEcient quantity 
o f concentrated vinegar, I diililled the acid 
vinegar from acetated copper, and redlified 
it by another diilillation. M y view was 
to prepare and to examine the acetous 
sether o f Count Lauragais. But» notwith- 
ilanding all the trouble I beilowed for this 
purpofe, I was not able to produce the 
leail vcilige o f fuch an s th e r ; the fame 
difappoinrment I met with, when I ufed 
vinegar obtained by diilillation from ace
tated vegetable alkali. It is iingular 
enough that fo many o f our modern che- 
miils iliould have acquiefced in the ailer- 
tion o f the Count as an indifputable 
certainty. Upon communicating my un- 
fuccefsful experiment to Profeifor Berg

man,



man, he had the kindnefs to inform me 
in anfwer, that Dr Porner was the only 
chemift who had not blindly admitted the 
Count’s aifertion, and had afferted, that he 
had not been able to obtain any æther, ac
cording to the Count’s procefs. But 
though this be certainly true, I however 
found the means o f obtaining fuch an 
æther ; it requires only the addition o f a 
lictle mineral acid before the diilillation. 
Add, for inftance, (a) to an ounce of 
concentrated vinegar (which may be ob
tained from verdegreafe, cryilals o f ver- 
degreafe, iaccharum faturni, or acetated 
vegetable alkali, by means o f  vitriolic 
acid), two ounces o f fpirit o f wine, and 
two drachms o f common muriatic acid. 
Diilil this mixture, till all the fpirit has - 
been driven over, and then, upon diilil
ling it off a fécond time to one-half into a 
receiver, which fhould contain a little wa
ter, acetous sether will be obtained. If, 
inilead o f the muriatic acid, vitriolic, ni
trous, or iluor acid be employed, the 
fame æther will be produced. This æther 
is obtained in a larger quantity than any 
other, and may be prepared in feveral dif
ferent ways, ( b )  I f  an ounce o f alkali 
faturated with vinegar be diffolved in 
three ounces o f fpirit o f wine, and then 
as much of any of the above mentioned 
four mineral acids be added as is requiii-e 
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not only to decompofe the acetated alkali, 
but that there iliall likewife be fome fu
perfluous mineral acid, and the mafs be 
then diililled, the fame aether will be ob
tained. (c) I f  acetated lead be triturated 
with a fufficient quantity o f muriatic acid, 
then mixed with fpirit o f wine and diftil
led ; (d) i f  cryftals o f verdegreafe be dif
folved in a fiifficient quantity o f muriatic 
acid, and diftilled with fpirit o f w ine; 
( e ) i f  one part o f concentrated vitriolic 
acid be mixed with three parts of fpirit 
o f wine, one part o f common fait, and 
one-half part o f powdered verdegreafe, 
and diftilled, an.sther o f the fame kind 
is likewife obtained. In the fame man
ner, i f  (f) one part o f vitriolic acid be 
mixed with four parts o f concentrated 
vinegar, and four parts o f fpirit o f wine, 
then put aflde in a well corked phial for 
a few days, i f  to this mais fome wa
ter be added, the fame fort o f aether will 
be feparated. All the sether obtained floats 
upon the water, but is not near fo vola
tile as nitrous or vitriolic sether ; it burns 
with a blue flame like fpirit o f wine. The 
union o f the component parts o f the ace
tous sther is much eafler deftroyed than 
that o f the other kinds, as the following 
experiments will prove : ( g ) I diflblved 
one part o f acetous sether in as much wa
ter as was neceflary for the folution, and

afterwards



afterwards added two parts o f cauftic fix
ed alkali. On diililling it by a gentle 
fire, I hardly obtained the eighth part of 
the aether diflblved. The acetous aether, 
thus depurated, did not indeed any longer 
afleél tinélure o f lacmus as it did before ; 
but, on pouring fome drops o f it upon 
blue paper, it immediately turned it red. 
I diflblved this sether anew in a weak al
kaline ley, and diftilled the Iblution again. 
Here it difappeared entirely; the firil li
quor that went over retained only a faint 
fmell o f aether. I faturated the remain
der in the retort with vitriolic acid, and 
obtained by diftillation acetous acid.

§  V I I .

Some phofphoric acid which was pre
pared by burning phofphorus was mixed 
with two parts o f fpirit o f wine. I di
ftilled the mixture in the common way, 
till there was nothing remaining in the 
retort but the acid. The fpirit which 
came over into the receiver had a difa
greeable fmell. I re<5lified it, in order to 
get the aether, by a more gentle degree of 
heat, but I obtained not a veftige of it. On 
mixing water with this fpirit it grew 
white like milk, and fome days afterwards 
I found a white powder precipitated, 
which was pure phofphorus. Should the 
phofphoric acid perhaps contain always a
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fmall quantity o f phofphorus undecom
pofed, the fpirit o f wine would be a good 
medium to feparate it. The difagreeable 
fmell, as it would feem, arofe from che 
phofphorus diffolved in the fpirit ; but that 
the fpirit o f wine fhould carry over along 
with it into the receiver acid o f phofpho
rus, as M r Morveau * maintains, is not 
in the leafl probable, as I found not the 
flighteft mark o f it in the fpirit thus diilil
led.

§ vin.

The cryftallifed acid o f benzoin mixed 
with fpirit o f wine yielded no æther ; but 
on diililling one part of the acid o f ben
zoin with three parts o f fpirit o f wine 
and one-half part o f common muriatic 
acid, pure fpirit firfl came over, where
upon I obferved two different liquids in 
the rerort, one white, the other brown. 
I therefore changed the receiver ; and, on 
continuing the diflillation, afterwards ob
tained an æther, one portion o f which 
floated upon water, while the other, which 
was the larger portion, fubfided to the 
bottom. This æther had the fmell o f fak 
o f benzoin, was not more volatile than 
acetous æther, burned with a clear fiame, 
and with fmoke. When diifolved in al

kalifed

*  Elemens de Chemie Théorique et Pratique, 
îom. iii. p. 338,



kalifed fpirit o f wine, and then diililled, 
ic was as eafily decompounded as acetous 
«ther; and, on diffolving the remainder 
in the retort in water, and adding fome 
acid, the whole mixture was coagulated 
by the precipitation o f fait o f benzoin.

§ IX.

I m uil not conceal the reil o f my un- 
fuccefsful experiments made upon this 
fubjed, as they may perhaps afford fome 
illuftration with regard to the theory o f 
the generation o f sether. The acid of 
tartar had no effedl upon fpirit of wine, 
not even when a mineral acid was added; 
neither did the addition o f manganefe af
ford any ^ther. Concentrated acid o f le
mon gave, in every refpecl, the fame re- 
fult. Neither does the acid o f borax af
ford any jEther, either with or without 
manganefe. The acid o f amber ads in 
the fame manner, as likewife does the 
phofphoric acid with manganefe, with 
concentrated vinegar and acid o f tartar, 
with concentrated vinegar and manga
nefe. Thefe fubftances diftilled with fpi
rit o f wine yield no asther. The fame 
thing takes place with the following falts : 
Acetated zinc, acetated mercury, muriated 
mercury and iron, muriated manganefe, 
nitrated iilver, muriated magneiia, fait o f 
benzoin and manganefe, fixed cauftic aU' 
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kali and manganefe, acid o f arfenic, acid 
o f arfenic and manganefe.

§ X.

From the foregoing experiments I ihould 
be unwilling to attempt an explanation 
o f the generation o f sether ; for though 
it might be concluded, with fome degree 
o f certainty, that there is always re
quired a fubftance to attracfl the inflam
mable principle of the fpirit o f wine, be
caufe all the experiments coincide in fliew- 
ing this ;, yet ilill I do not fee how this 
opinion can be held with regard to aether of 
vinegar and benzoin, as thefe two vegetable 
acids have as little affinity with phlogifton 
as fluor and muriatic acids have. But if  
you were even to allow that they attradl 
phlogifton, though but weakly, a que- 
ftion ftill remains, In what manner does 
this oil o f fpirit o f wine or ather feparate 
from the water with which it was fo inti
mately . united \ Perhaps, however, this 
phenomenon might be explained upon 
the fame principle as the feparation of 
fulphur from hepatic air. It is known 
that this air is, like fpirit o f wine, foluble 
in water, and that it coniifts o f phlogifton, 
the matter o f heat and fulphur. I f  any 
fubftance be added which difunites the 
phlogifton from this air, the matter of 
heat flies off, and the fulphur pj^ecipitates.
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This I apply to the explication o f the ge
neration o f æther ; and we know before
hand, that manganefe, when united with 
an acid, has a ilrong attraction for phlo
gifton. Now, i f  this metalUc calx, fpirit 
of wine, fait and vitriolic acid be mixed, 
the manganefe will unite with a part of 
the phlogifton o f the fpirit o f wine, and 
the matter 'of heat, which becomes fo evi
dent in this procefs that the mixture boils 
of itfelf { §  I.  A  J § I I I .  a ) ,  is fet free, by 
its feparation from the phlogifton ; and 
thus the oil o f fpirit of wine, or asther, 
is feparated from the water. The æther, 
in this cafe, commonly carries along with it 
a fmall admixture o f the acid, which ferved 
to its feparation from the water (§ 11. iv.) ; 
but this fmall quantity o f acid is fo infig- 
nificant in redlified æther, that it cannot be 
maintained with certainty that there exifts 
no æther at all without fome mineral acid. 
The fmall portion o f vinegar and aerial 
acid which I obferved in fome diftillations 
( §  I.  c), arifes from the total decompo
fition o f a fmall portion o f æther ; for it 
is very probable that the oil o f fpirit o f 
wine confifts o f acetous acid and phlo
gifton ; whereas calx o f iron, difiblved in 
muriatic acid (§ 11. c), and diftilled with 
fpirit of wine, yields æther ; whence it 
appears w hy the tin<5lura ferri o f the 
Pharmacopoeia Suecica in time acquires a 
fmell like nitrous æther.





E S S A Y  XX.

O b s e r v a t i o n s  o n  a  M e t h o d  o f  p r e 

s e r v i n g  V i n e g a r .  1782.

IT  is a fadl generally known, that vine
gar, o f whatever kind, will not keep 

long ; but, in the courfe o f a few weeks, 
efpecially in the warm temperature of 
fummer, grows turbid, and that its fur* 
face is covered with a thick mucila
ginous fubftance ; during which period 
the acid difappears by degrees, and at laft 
is entirely loft ; whence the vinegar muft 
very often be thrown away. Now, in or
der to avoid this corruption o f the vine
gar, four methods have been difcovered. 
The firft is, to prepare the vinegar very 
ftrong and four at firft. It is well known, 
that fuch vinegar keeps for feveral years ; 
but as there are few people who prepare 
their own. vinegar, and as moft con
tent themfelves with buying it as it is to 
be had in the fhops, there are o f courie 
but few who can make ufe o f this method. 
The fécond method is to concentrate the 
vinegar by congelation ; after which a 
hole is made in the cruft o f ice which co
vers it, through which the part that is not 
congealed is let out, and afterwards put

into



into bottles. This manipulation anfwers 
well enough ; but as nearly one-half is 
loft, becaufe that which forms the cruft 
o f ice is, for the moft part, nothing but wa
ter, good ceconomifts diflike it. The third 
method is to prevent the accefs o f air, viz. 
To fill the bottles full, and keep them 
perfe<5lly  well corked. Though vinegar 
by this method keeps very long, it is not 
much employed ; probably, becaufe it is 
troublefome to fill the bottle immediately 
again, every time you have made ufe of 
part o f its contents, with clear vinegar 
from another bottle ; after which, the vi
negar in the bottle that is not full, and to 
which confequently the air has accefs, 
foon grows turbid and vapid. The fourth 
method is to diftil the vinegar: Such vi
negar fuffers not the leaft change, though 
expofed to a warm air for years ; but, be
ing more expenfive than that which is not 
diftilled, this method is feldom made ufe 
of, efpecially as the following method to 
preferve vinegar is the eafieft of all.

It is only necefi^ary to put your vinegar 
into a well tinned kettle, and make it boil 
for a quarter o f a minute over a ftrong 
fire. It is then to be immediately bottled 
carefully j or, i f  any one fhould be afraid 
o f tin being pernicious to health, he may 
fill his bottles firft, and then put them 
into a kettle full o f water upon the fire,

After



After the water has boiled for about an 
hour’s time, the bottles are taken out o f 
the pot and corked. The vinegar thus 
boiled keeps for feveral years, as well in 
open air as in half-filled bottles, without 
growing turbid or mucilaginous. It like
wife maybe ufed with advantage for phar
maceutical purpofes, inilead of common 
vinegar; for the preparation o f the com
pound vinegars, which, i f  not prepared 
with diililled vinegar, foon grow turbid, 
and lofe their acidity.
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E S S A Y  X X L

E x p e r i m e n t s  o n  t h e  c o l o u r i n g  

M a t t e r  i n  B e r l i n  o r  P r u s s i a n  

B l u e .  1782.

'^ O W A R D S  the beginning o f the pre- 
X fent century, M r Dieibach, a manu- 

fafturer o f colours at Berlin, with the af- 
iiilance o f Dr Dippel, accidentally difco
vered the blue colour, iince called Berlin 
or Pruifian blue. They kept this prepa
ration with great fecrecy, till Woodward 
publiihed che whole procefs In 1724. A f
ter this period, feveral chemifts have en
deavoured as well to improve the colour 
as to give an explanation o f its origin. 
Brown, both the Geoffroys, and the Abbe 
Maynan, are known on account o f their 
papers written upon this fu b jed ; but it 
was referved for Macquer, who publiihed 
a diifertation upon it in 1752, toreprefent 
the whole in a connedled view. After 
him feveral have attempted to determine 
the nature o f the matter, which in gene
ral unites with the metallic calces, when 
they are precipitated from their folutions 
by the lixivium fanguinis, and which in 
the preparation o f the Pruilian blue gives 
to the iron a blue colour : But they have

advanced



advanced no further. Some are o f opi
nion that it is phlogiilon which comes in
to adlion here, and thence the name phh- 

gifticated alkali. Others think that it is an 
animal acid. The caufe o f this uncertain
ty is, that there has been hitherto no me
thod difcovered to obtain this colouring 
matter in a pei'feélly pure ilate, it being 
hitherto always united with fome hetero
geneous fubilance. Having at lail, after 
many repeated trials, found means to ob
tain it in this pure ilate, and unmixed, fo 
that I was able to make feveral experi
ments with it, I now take the liberty of 
prefenting an account o f them to the 
Royal Society.

§ I-
(a ) I f  the lixivium fanguinis, the pre

paration o f which is univerfally known, 
be expofed for fome time to the open air, 
it lofes its property o f precipitating the 
iron of a blue colour ; and the precipi
tate, thus obtained, is entirely diifolved 
in the acid. Now, in order to afcertain 
whether the air had hereby undergone 
any change, I put fome recently prepared 
lixivium into a glafs veifel, which was 
well fealed with roiin ; but fome time af
terwards I found the ìnclofed air as before, 
and the lixivium fanguinis unchanged; 
whence I conclude, that the colouring

matter



matter is not abfolutely iimple phlogiilon*. 
it  occurred to me, that the aerial acid, 
which was not prefent in fufficient quan
tity in air confined, as in the preceding 
experiments, but exiits in a much larger 
quantity in the open air, might be the 
principal caufe o f the feparation o f this 
colouring matter from the lixivium» (b ) I 
therefore filled a glafs veifel with aerial 
acid, and poured a little lixivium fangui
nis into it, carefully preventing the accefs 
o f the external air. On examining this 
lixivium the day after, I found that my 
conjedlure was well founded ; for calx of 
iron, precipitated with this lixivium, was 
entirely foluble in acids, (c) I further 
tried, whether other acids had the fame 

upon the lixivium fanguinis. For 
thi-s purpofe I fuperfaturated that pre
paration with all the known acids, add
ing afterwards a folution o f vitriolated 
iron to them ; but neither did I now ob
tain any precipitate.

§ II.

( a ) I now inverted m y experiments 5 
I mixed a little vitriolated iron with lixi
vium fanguinis, which immediately grew 
yellow ; I then poured fome o f this mix-

V o l . I. X  t u r e
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ture into a glafs veifel filled with aerial 
acid. The day after, I poured this lixi
vium into a folution o f vitriolated iron, 
then fuperfaturated the lixivium with a- 
cid, and obtained a confiderable quantity 
o f Pruifian blue, ( b )  T o  the fame lixi
vium fanguinis, in which I had diifolved 
a little vitriolated iron, I added o f the 
other acids fomewhat more than was ne- 
ceffary for faturation ; and, on mixing af
terwards a folution o f vitriol with them, 
I inftantly obtained Berlin blue, (c) I 
precipitated a folution o f vitriolated iron 
with alkali, and boiled the greeniih preci
pitate for fome minutes in lixivium fan
guinis, which diifolved part of it ; I then 
filtered the lixivium. This lixivium un
derwent no change, when expofed to the 
open air, or to the aerial acid ; it precipi
tated the folution of iron o f a blue colour, 
as well before as afterwards ; and although 
the lixivium was fuperfaturated with acid, 
and fome vitriolated iron was added, a 
very beautiful Pruifian blue was obtained. 
Hence it appears, that the calx o f iron in 
fome manner fixes the colouring matter 
in the lixivium ; fo that neither aerial a- 
cid, nor any other acid, is capable of fe
parating this matter from the alkali. This 
is likewife the reafon why the colouring 
neutral fait, which is formed on boiling 
alkali with Pruifian blue, does not fo eafi-

ly



ly lofe its power o f precipitating iron o f a 
blue colour, either by the adtion o f the 
aerial or any other acid, ( d ) But i f  lixi^ 
vium fanguinis be boiled with a perfe6lly 
calcined calx o f iron, (which I prepared 
for this purpofe from vitriolated iron, by 
boiling it in nitrous acid, and precipita
ting with cauftic alkali) no part o f it is 
diifolved ; for i f  the lixivium be after
wards fuperfaturated with acid, and vitrio
lated iron added to it, no Pruilian blue is 
obtained. The fame thing happens, i f  
fuch a folution o f perfectly calcined iron 
be precipitated with lixivium fanguinis, 
and fome acid be afterwards added to it. 
Hence it likewife appears how much the 
fmall quantity o f phlogifton, which the 
calx o f iron retains in the vitriol, contri*- 
butes to the fixing o f the colouring mat
ter.

§ III.

(a) In order now to learn whither the 
colouring matter had gone in the experi
ments § I. A, B, c, I poured fome lixi
vium fanguinis into a glafs vefiel, filled 
with aerial acid ; it was kept well corked 
during the night, and the next day I fixed 
to the cork a piece o f paper, that had been 
dipped in a folution o f vitriolated iron, 
and then pencilled it over with a couple o f 
drops of a folution o f alkali in water.
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The piece o f paper was foon covered with 
precipitated iron. A  couple o f hours af
terwards I took the paper again out o f the 
veifel, and befmeared it with ibme mu
riatic acid, when, to my great furprife, I 
faw it immediately covered wich the moil 
beautiful PruiGan blue, ( b )  The fame 
experiment was repeated with lixivium 
fanguinis, fuperfaturated with vitriolic a- 
cid. This mixture was put into a glafs 
veifel, and the piece of paper treated as 
in the laft mentioned experiment, (a ) I 
here likewife obferved, that the air was 
filled with the colouring matter; for the 
piece o f paper became blue on applying 
muriatic acid to it. (c) Though acids 
expel this matter from alkali, a confider
able quantity o f it neverthelefs remains 
in the lixivium fanguinis fuperfaturated 
with acids ; for the fame mixture, remo
ved into another veifel, imparts to the air 
the colouring quality, and that repeated
ly, according to the quantity o f air. (d ) 
When I applied upon the pieces o f paper 
a folution o f perfectly dephlogiiticated 
calx o f iro-n, initead o f  a folution o f vi
triol, no Pruifian blue was formed ; but 
the muriatic acid diifolved the calx entire
ly. This agrees witli what is faid in 
(§ IL d).



§  I V .

Being now aware that acids really at- 
traCl the alkali more ftrongly than the co
louring matter does, I wifhed to know 
what efFeil would be produced by diflil
lation. ( a ) 1 therefore poured lixivium 
fanguinis, fuperfaturated with vitriolic a- 
cid, into a glafs retort, luted on a receiver 
clofely, and diftilled by a gentle fire. 
When about one-third o f the mafs had 
paffed over, I changed (b) the receiver, 
and diftilled, till half o f the remainder 
went over, (c) The watery liquor, which 
came over firll, had a peculiar fmell and 
tafte. The air in the receiver was filled 
with the fame colouring matter as the 
glafs veffels (§ in .) had been ; paper tinged 
with lacmus was turned red by this li
quor ; but, upon difcovering afterwards, 
by means o f the folution of terra ponde
rofa, fome vitriolic acid in it, I perceived 
that I could not depend upon this pheno
menon for any conclufion. I mixed with 
one part of this water a little phlogiftica
ted calx of iron, or what comes to the 
fame thing, a little precipitate from vitrio
lated iron J and a fliorc time afterwards I 
added fome drops of vitriolic acid to it, 
by which I obtained a fine Pruifian blue. 
( d ) Part o f this water being expofed for 
fome hours to the open air, entirely loft
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its colouring quality, ( e ) The water ob-*. 
tained by the fécond diftillation ( b ) pro
duced the fame effeéls as pure water mix
ed with a little vitriolic acid.

§ V .

When I had thus difcovered the poiîîbi- 
lity o f obtaining the colouring matter, in 
its greateft purity, I proceeded to make 
fome experiments, in order to obtain it 
feparate from the blue itfelf; and this with 
a view partly to procure a larger quantity 
o f it than the lixivium yields ; partly alfo 
to avoid the troublefome calcination o f the 
blood, and preparation of the lixivium. 
This matter, though it may be feparated 
from the Pruffian blue by diftillation, yet 
it is thus mixed with fo many heterogene
ous particles, that it would not ferve my 
purpofe. On examining feveral forts of 
Berlin blue’, I found in them marks of 
fulphur, volatile alkali, vitriolic acid, and 
volatile fulphureous acid, which fubftan
ces are found as well in the lixivium fan
guinis as in the lixivium o f foot, and ad
here to the precipitate in the preparation 
o f Pruiîian blue. On diftilling one fort 
o f this preparation, I obtained in the re
ceiver a liquid, which had a fmell o f fpi- 
ritus cornu cervi, precipitated vitriolated 
iron, and, on the addition o f an acid, 
was.çhanged into Pruifian blue. In the



neck o f the retort there was a fublimate, 
which proved to be a kind o f neutral fait, 
confifting o f volatile alkali and volatile 
fulphureous acid ; the air in the receiver 
was full o f aerial acid, volatile alkali, and 
the colouring matter. The remainder in 
the retort was black, obedient to the load- 
ftone and yielded hepatic air with acids. 
Being unable by theie means to attain my 
purpofe, I refolved to -examine a little 
more clofely a neutral fait known in che- 
miftry, which is formed when lixivium 
tartari is boiled with a fufficient quantity 
o f Pruffian blue.  ̂ This fait coniifts of the 
colouring matter o f the lixivium, o f calx 
of iron, and of alkali, and is efpecially 
made ufe o f for difcovering iron in mine
ral waters ; but is not entirely to be de
pended upon for this purpofe, as long as 
chemiftry is unable to free it perfectly 
from iron j and this cannot be effected 
without decompofing this fait, of which 
the iron is conftantly a conftituent part, 
and is the medium by which the colour
ing matter is attached to the alkali (§ ii. c). 
The lixivium fanguinis is more to be de
pended upon for this purpoie, though it 
likewife, as well as the lixivium o f foot, 
ihews marks o f the prefence o f iron. 
Though I have mentioned (§ 1.), that on 
fuperiaturating lixivium fanguinis wirh 
an acid, and then adding vitriolic acid,
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no fign o f Prufiian blue is perceived ; but 
as blood and foot contain a little iron, 
there is no reafon to be furprifed that lixi
vium fanguinis fhould ‘contain iron; 
•whence it happens, that, in fuch cafes, 
there may really appear fome mark of 
Prufiian blue, and this the more readily, 
i f  the calcined maft be boiled in an iron 
vefiel. But i f  the vitriol be firft put into 
the lixivium, and then an acid be added 
to it, a great difierence is found wich re
gard to the quantity o f Prufiian blue ob
tained. I f  a perfeilly pure lixivium fan
guinis be taken, fuperfaturated with an 
acid, and vitriolated iron be added ro it, 
not the leail mark o f blue appears. Such 
a pure lixivium is not obtained in the 
common way, but on mixing the colour
ing matter in its pureil ftate (§ x.) with air 
kali o f tartar.

§  V I .

To return to the above mentioned neur 
tral ialt, I diifolved an ounce o f it in a 
glafs retort in four ounces o f water, add
ing three drachms o f concentrated vitrio
lic acid (other acids produce the fame ef- 
fedl, but I prefer the vitriolic acid in this 
procefs), and diftilled this mixture into a 
luted receiver by a gentle fire. As foon 
as the mafs began to boil, it grew thick, 
from the produdlion of a great quantity

o f



o f Pruffian blue, which was feparated. I 
perceived at the fame time a fmell, which 
penetrated through the lute, and perfedlly 
refembled the fmell o f water impregnated 
with the colouring matter (§ iv. c). I 
continued the diilillation, till an ounce 
had paifed over into the receiver, and 
then poured the water containing the co
louring matter into a phial. The air in 
the receiver had likewife abforbed this co
louring matter, which I detedled as in § iii. 
A. The blue mafs remaining in the re
tort I put upon a drainer, and into the li
quid, which paifed through, I put a 
piece o f vitriolated iron, in order to fee 
whether there was ilill remaining any o f 
the neutral fait undecompofed. But no 
Pruffian blue was produced, and thus the 
fait was decompoied during the boiling. 
The blue which now remained on the 
filter, and was free from the neutral fait, 
I again boiled with lixivium tartari ; the 
folution was freed by filtration from its 
ochre o f iron, and the mafs was then di
ililled a fécond time, with the addition of 
vitriolic acid in excefs. It now ihewed 
the fame phsenomena as at firit ; for as 
foon as it began to boil, Pruffian blue was 
again feparated, though in lefs quantity, 
and the colouring matter came over into 
the receiver. After one-third o f the mafs 
had paifed over, I added it to that obtain

ed



ed by the firft diftillation, and then fepa
rated the regenerated PruiEan blue from 
its acid, which I again extraded by Uxi- 
vium tartari, and then diftilled it the third 
time. Here I again obtained fome blue, 
and it thus evidently appears, that, by 
repeated extradions and diftillations, all 
Prufiian blue might at laft be entirely de
compofed.

It is not difEcult to account for the fe
ries o f phænomena that occurred in this 
whole procefs. The neutral fait confifts 
o f alkali, a little iron, and the colouring 
matter ; it is therefore a triple fait. Now, 
when an acid is added to this fait, the co
louring matter, in confequence o f the 
ftronger attradion o f acids for alkalis, 
muft be expelled, which immediately, on. 
account o f its volatility, goes over into 
the receiver during the diftillation. But 
as the acids are not capable o f expelling 
this colouring matter from the iron, the 
calx o f iron will contain as much as is 
requifite for its faturation, or, what comes 
to the fame, as much as is requifite for 
the produdion o f Pruffian blue ; and this 
is the part which feparates from the fait 
during the diftillation. I f  Berlin blue be 
extraded by lime or terra ponderofa, thefe 
extrads ihew the fame phænomena during 
diftillation with vitriolic acid.



§  V I I .

I f  Pruilian blue be extradled by volatile 
alkali, a compound arifes, which likewiie 
conftitutes a kind of triple neutral fait, 
coniiiling of volatile alkali, iron, and the 
colouring matter. With vitriolic acid it 
ihews the fame phasnomena as the fait o f 
§  V I .  I f  this neutral fait be diftilled by 
itfelf, after having been diffolved in wa
ter, the folution grows thick, in confe
quence o f the feparation o f Berlin blue, 
and a volatile alkaline liquor goes over 
into the receiver. I f  the diftillation be 
continued till but little liquid remains 
with the Berlin blue in the retort, no 
more fait will be found in the retort, 
but all will have gone over into the 
receiver. The liquor in the receiver 
confifts o f volatile alkali and the co
louring matter. It is not precipitated 
by lime-water ; but vitriolated iron is de
compofed by it, and, on adding an acid, 
Prufiian blue is generated. I f  a piece of 
paper dipped into a folution o f vitriolated 
iron be fufpended in the receiver, this fo
lution is foon decompofed, the air o f the 
receiver being impregnated with volatile 
alkali. I f  afterwards the fame paper be 
pencilled over with muriatic acid, it grows 
blue. I f  the whole liquor o f the recei

ver



ver be expofed to the open air, it all eva
porates, leaving behind pure water.

§  V I I I .

Am ong feveral other fruitleis attempts 
to feparate this colouring matter from the 
Pruilian blue in a more commodious way, 
I found that calcined quickiilver aiforded 
an excellent medium for accompliihing 
this purpofe. 1 obferved, that mercurius 
dulcis grew black in air impregnated with 
this colouring matter. The fame thing 
likewife happened i f  it was put into the 
tinging water (§ iv. c) ; and this water 
thence acquired an acid quickiilver taile. 
Hence it* was probable that this matter 
had united with the fublimate in the mer
curius dulcis, or at leail with the calx, 
which is its bails, and expelled the mu
riatic acid, which would give rife to the 
acid taile; and as quickfilver, in its me
tallic ilate, is not foluble in muriatic acid, 
it m uil therefore feparate from i t ; and 
this is the caufe of its black colour, 
I therefore boiled the liquor with corro- 
iive fublimate, and the mixture hardly be
gan to boil, when the blue colour had al
ready difappeared. I then boiled calcined 
mercury or re4' precipitate with Pruilian 
blue and water. The colour difappeared 
entirely, and the filtered folution had a 
ilrong taile o f quickfilver; it contained

no



no Iron, and, what is remarkable, it could 
not be precipitated either by acids, lime, 
or alkalis; but, by a long digeftion with me
tals, the mercury was reduced to its me
tallic ftate, by means o f a double ele<5live 
attradion. I f  the union of the colouring 
matter with metals be prevented, it be
comes free and uncombined, and may be 
eaiily feparated by diftillation. This may 
be effeded by means of an acid. After 
different trials, I found the following me
thod the beft.

§ IX.

To two ounces o f  powdered Prufiian 
blue, and one ounce o f calx o f quickiil
ver, prepared by means o f nitrous acid, 
I added fix ounces o f water in a cucur
bit ; I boiled this mafs for fome minutes 
with conftant agitation, when it aifumed 
a yellowiih grey colour, I then poured it 
out on a filter, and upon what remained 
in the filter I poured a couple o f ounces 
o f hot water, in order to elixiviate the 
whole thoroughly. The ftrained mercu
rial Iblution was then poured upon an 
ounce and a half of iron-filings, free from 
ruft, and contained in a glafs veffel, there 
being added three drachms o f concentrated 
vitriolic acid. The whole mafs was well 
agicated, during which, in a few minutes, 
it was turned quite black by the reduced

quickiilver,



quickfilver, and thereby completely loft 
its quickfilver tafte. It, at the fame time, 
acquired the peculiar fmell o f  the colour
ing matter. I left the mixture a few mi
nutes at reft ; then poured off the clear 
liquor into a retorc ; and diftilled the 
fourth part o f it off into a well luted re
ceiver. Here I obtained the fame colour
ing matter as from the neutral fait (§ vi.). 
It is fufficient to diftil off one-fourth ; for 
this matter is much more volatile than 
water, and goes over firft.

§ X*

' A  flight veftige o f vitriol eafily appears 
in this ( §  I X . ) ,  as well as in the preceding 
diftillation o f the neutral fait (§ vi.). This 
little vitriolic taint muft confequently be 
likewife feparated from the colouring mat
ter. I have remarked (§ i.), that aerial 
acid is capable o f diflodging this matter 
from alkali and lixivium fanguinis. The 
fame thing happens i f  this matter be com
bined with hme. It is therefore not dif
ficult to feparate the vitriolic acid from 
it. I mixed a little pounded chalk with 
the diftilled water impregnated with this 
matter, and diftilled the mafs a fécond 
time by a gentle fire. The vitriolic acid 
united during this procefs with the chalk, 
and the colouring matter went over in its 
greateft purity. In order to hinder, as

much



much as poffible, the efcape o f this vola
tile matter through the lute, and in order 
to prevent the air in the receiver from ab- 
forbing too much o f it, I make ufe o f a 
fmall receiver, pouring a little diftilled 
water into it, and place it fo that the 
greateft part o f the receiver, during the 
operation, ihall be immerfed in cold wa
ter. This matter has a peculiar, but not 
difagreeable fmell, a tafte fomewhat ap
proaching to fweet, and warm in the 
mouth, at the fame time exciting cough. 
O f its nature and conftituent parts, as 
likewife o f its adlion upon other fubftan
ces, I fliall fpeak in the fécond part o f 
this diifertation.
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E S S A Y  XX L

O n  t h e  i n f l a m m a b l e  P r i n c i p l e  i n  

c r u d e  c a l c a r e o u s  E a r t h

Y
O U  entreat me, m y worthy friend, 
to communicate to you my thoughts 

on Dr Weber’s publication, entitled, T̂ he 
Nature and Properties o f Ume and Cauflic 
Subjiances newly difcovered. I cannot but 
wonder, that the controverfy concerning 
fixed air and the acidum pingue Ihould noc 
yet have ceafed with you : That this acid 
is a mere chimsera, is acknowledged both 
by Dr Weber, and, I believe, by all che
mifts : But it would appear that the Doc
tor wiihes, by his phlogifi;on, to fupplant 
fixed air, as this has fupplanted the aci
dum pingue. Whoever is defirous o f at
tempting fatisfaólorily to prove any opi
nion in chemiftry, ought to be thorough
ly acquainted with the bodies with which 
he makes his experiments, and on which 
he refts his proofs : But, when this know
ledge is wanting, how eafily may wrong 
conclufions be drawn ! 1 do not indeed 

V o l . L Y  by

* This is a letter from M r Scheele to M r M eyer o f 
Stettin. T h e original was pubìiihéd in C r e l l ŝ AVa- 
ejltti Entdeckungen, T h . I .  p. 30. ¿rc.



by any means flatter m yfelf that we are 
acquainted fo completely as conld be wiih- 
ed with the conflituent parts o f all bodies, 
but fo much is certain, that all oily cona- 
pounds, derived froin the animal and ve
getable kingdoms, yield, when they are 
entirely deftroyed, an inflammable prin
ciple, a mild acid in an elaftic form, or 
the true aerial acid (to which the author 
afiigns the old appellation, fixed air), more 
or lefs, or no hum idity; as alfo, more 
or lefs, or no earth. Could Dr Weber 
decompound pure' .fixed air, and ihew 
demonftrably, that phlogiilon acfluálly is 
one o f its conftituent parts, his opinion 
would acquire much weight. Were this 
efFeded (which it can never be by con
jetu res), it will next be afked, What is the 
other principle contained in fixed air? 
The author’s fuppofition, that it is the 
eledrical fluid, is a mere hypothefis, juil 
as much as i f  I were to fuppofe that it is 
fome acid o f a ftronger nature. The au
thor can by no means eftablifh his opinion 
concerning the prefence o f phlogifton in 
fixed air, by faying that the vapours 
o f fixed air, extricated from chalk by mu
riatic acid, have a fm ell; fixed air fe
parated from magnefia alba by vitriolic 
acid is inodorous, and the fame fluid ex
pelled from lapis finllus by muriatic acid 
has a ftinking fmell ; and yet both thefe

fpecies



fpecies o f air coincide entirely with re- 
fpedl to their principal qualities. Dr 
Black’s experinients are fo folid and con- 

. vincing, that it feems to me impoifible to 
form any obje(5lion againil them. He has, 
indeed, puihed his concluiion rather too 
far in faying, that th-e exploiion o f ful
minating gold, and the increafe o f weight 
in metallic calces, prepared by heat, are 
owing to fixed air ; but the chief difcovery 
does not fuiÎer from thefe miilakes Dr 
Weber cannot maintain, upon the autho
rity o f his firil and fécond experiments, 
that crude calcareous earth contains phlo
giilon as a conftituent part ; for, in the 

firjl place, that which appears, is to be 
deduced from a fmall reiiduum o f decay
ing mineral fubftances ; and, in the f i '  
cond, faltpetre can be alkalifed, by being 
kept long in a red-heat, provided fome 
body be mixed with it to prevent its fu
iion. Neither will his opinion, that, in 
the diftillation o f crude calcareous earth 
(experiment 3.), thé phlogifton it con
tains paifes over along ■w'ith the moifture, 
and precipitates the lime-water in the re
ceiver, eafily find admittance. W ill any

Y  2 refieéling

* It is but jnftice to this great philofopher, whofe 
léfîures not only teach the principles o f a fcience, and 
the operations o f an art, hut contain likewife a fyftetn 
o f practical logic, that he never contended itrenuoniiv 

. for thefe conjectures, and that he ha& long abanduiftd 
them. T .



reflecling chemiil readily fuffer himfelf ta 
be perfuaded that pure phlogiilon parts 
from a body, without at the fame time 
being in immediate contad with another 
body, for which it has, a ftronger attrac
tion. W e cannot iliew that water has the 
fmalleft difpoiition to attradl phlogifton, 
coniidered in a ftate o f purity ; and we 
find in general, that acids muft be em
ployed as the means o f effeding fuch an 
union. The theory of Dr Black explains 
this precipitation fo clearly, that nothing 
can be objedled to it. When che author 
allows the lime-water to remain in the re
ceiver to the end o f the procefs, while 
there is at the fame time an excefs of 
chalk in the retorc, he finds that the lime- 
water rcdiflblves the regenerated calcareous 
earth. Now, i f  we aifume with him that 
phlogifton in excefs can diifolve even crude 
calcareous earth in water, his phlogifton 
muft either be an acid or not an acid ; in 
either cafe a few drops o f nitrous acid 
muft precipitate the folution, (he muft 
grant this, as, according to his firft expe
riment, nitrous acid is capable o f attract
ing it from lime in the fire); but no fuch 
thing happens. I have fcarce any inclina
tion to advert to the 4th experiment, as it 
contradicts all experience. The fixed air, 
expelled by nitrous acid from a quarter 
o f a pound o f calcareous earth, does not

precipitate



precipitate more than a quart o f lime- 
water. In the fifth experiment, the au
thor precipitates lime-water with an alka
line fpirit obtained from horns ; but finds 
that the earth, after it has been dried, is 
lighter than the lime employed. It can
not be unknown to the author, that the 
fixed air, feparated from the alkaline fpi- 
rit during the precipitation (for exprefs 
mention is made o f an effervefcence), 
has the properties o f an acid, and can 
therefore diifolve part of the lime. The 
lime diifolved in this manner will not fall 
down, until a good quantity o f alkaline 
fpirit is added ; and why is fo much re
quired ? becaufe it is the cauftic part on
ly o f this fpirit which effedls a precipita
tion, as it has a ftronger attraction for the 
fuperfiuous fixed air, which holds the 
earth in folution. His fuppofed reciprocal 
attra(flion has no place here. Alkaline 
fpirit, obtained from horns and hoofs, 
ihould never be ufed in exadl chemical ex
periments. That from common fal ammo
niac is the beft for thefe purpofes ; and 
this is the reafon why the author, after 

, he had faturated the fpirit from hoofs 
with muriatic acid, and diftilled the am
moniacal fait with fpirit o f vitriol, obtain
ed at the laft a volatile fpirit in the recei
ver, which effervefced with acids. Had 
the author diftilled pure but common fal
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ammoniac with oil o f vitriol, his volatile 
fpirit would certainly not have effervefced 
with acids : But why did the fpirit ob
tained by the author eiferveice ? becaufe 
it contained fome oily matter, which was 
deftroyed by the vitriolic acid on the ap
plication o f the heat; as, during the de
compoiition o f oil, fixed air is always fe
parated (let any one diftil oil of vitriol 
w'ith a little fat, he will eafily difcover 
fixed air in the receiver); and as it com
bines with the fpirit driven over into the 
receiver, the fpirit muft o f courfe effer- 
vefce with acids. That the vitriolic acid 
ihould remain in the retort, is owing to 
its fixity, a property which ic has in com~ 
mon with other known acids, which are 
more or lefs fixed as the phofphoric and 
arfenical acids, and fedative fait. The au
thor certainly does not know, that a quan
tity o f fixed air is feparated from coal du
ring its combuftion, as being one of its 
conftituent parts, otherwife he never would 
have related his 6th experiment. As the 
atmofphere always contains fome uncom
bined fixed air, what wonder that quick
lime iliould return in time to crude calca  ̂
reous earth ? Putrid vapours contain a far 
greater quantity o f this fixed air, confe
quently we know that phlogifton muft be 
combined in the air with fome fub
ftance ; for were it uncombined, fo that it

could



cotild unite with lime (I very much que
ilion, however, whether phlogiilon can 
unite with pure lime), it would much 
fooner combine with pure air, for which 
it has a very ilrong aitraélion : But we 
know, that in this cafe the air becomes 
unfit for refpiration, and therefore the 
earth m uil have long iince loil its inhabi
tants. He thinks that the loth experi
ment is fo clear and convincing, that no 
doubt can remain refpeâing his new doc
trine. But had he been better acquaint
ed with oils, he would not have looked 
on his experiment as incontrovertible ; 
for as the vitriolic acid in fulphur fixes 
the phlogiilon, even fo does the fixed air' 
in oils fix the fame principle. As, when 
we mix lime with fulphur, phofphorus, 
or regulus o f arfenic, and afterw^ards fe
parate thofe inflammable bodies from the 
lime by burning, and obtain in the firil 
gypfum, in the fécond animal earth, 
and in the third lime combined with ar
fenic : So alfo muil lime, when linfeed 
oil is burned with it, exhibit a combina
tion o f lime and fixed air. W ith refpecil 
Co the 13th experiment, I can aifure the 
author, that iron, diifolved in vitriolic a- 
eid, yields but very little fixed air ; the 
air is moilly inflammable. The author 
muil not then compare this with that air 
which is extricated from chalk by acids ^

Y  4 for



for the inflammable air is formed during 
the folution o f the metal in vitriolic or 
marine acid ; but fixed air is prefent be
forehand in chalk. That the air which is 
expired from the lungs carries along with 
it fixed air, is abfolutely certain, on which 
account lime-water is precipitated by this 
air. Fixed air is adually a conftituent 
part o f the atmofphere ; and the more ex- 
adtly the phlogifton combined with it is 
feparated from it, the more pure air mufl 
make its appearance. Fixed air is alfo 
prefent in putrefying water. That the 
earth in lime-water is reflored to its crude 
ilate by phlogiilon, the author can nei
ther perfuade me nor any intelligent che
miil. Had the author examined a little 
lefs carelefsly the precipitate which ap
pears on pouring lime-water into human 
urine, he never would have pronounced 
it to be calcareous earth, as in experi
ment 19. I can aifure him that this pre
cipitate does not effervefce with any acid, 
but is animal earth, precipitated by the 
phofphoric acid in urine. The fame may 
be faid o f the 20th experiment, which the 
author made very unneceffarily. No exadl 
chemical experiments ihould be made 
with the volatile alkali from putrid bo
dies. Other chemifls, as well as myfelf, 
have obtained by fublimation good fal 

.amrnpniac, from volatile alkali feparated
from



from fal ammoniac by lime, and after
wards faturated with muriatic acid. Nei
ther is the fixed nor volatile alkali in neu
tral falts cauilic; neither is the lime con
tained in fiDced ammoniaĉ  as it is called. 
Thefe fubftances are cauilic only, in con
fequence o f being combined with a con
fiderable portion o f the matter o f heat, 
which feparates as foon as an acid is pour
ed on them, the acid having a flronger 
attradion for the bodies than heat. I 
need not touch upon the 25th experiment. 
When the lime does not flake, it can only 
make the ley a little cauftic; for, in the 
lail cafe, or when the ley is to be tho
roughly cauilic, it m ail touch the corro
five fublimate in all poifible points. As 
the matter o f heat confifls o f phlogiflon 
and pure air, while metallic calces, prepa
red by heat, contain much heat, which 
muil be heavier than phlogiflon alone, 
what wonder that a metallic calx ihould 
be heavier than the perfect metal ? Such 
a calx does not, as Dr Black fuppoies, con
tain fixed air. When it is reduced by 
means o f charcoal, the fixed air is to be 
deduced from the charcoal, and not from 
the metallic calx. As long as the author 
confiders fixed air as phlogifton and ^ther, 
he will eafily be able to explain, why dry 
volatile alkali, abftradled from a metallic 
CfiU, becomes cauilic. But a prudent

chemiil



chemift v/ill not fo lightly yield his aifent, 
much lefs will he reafon fo much at ran
dom ; for, in this cafe, we have a double 
attraction, the fixed air, which is united 
with the volatile ialt, and conftitutes with 
it a kind o f fal ammoniac, fince it is a 
fpecies o f acid— the fixed air, I fay, uni
ting with the metallic calx, as at other 
times it does with lime, and the matter of 
heat in the calx joining the alkali. In ex
periment 31. the author diftilled fal am
moniac, prepared with volatile fpirit of 
urine and oil o f vitriol, and he obtained 
an alkaline fpirit, which effervefced with 
acids. I have repeated the experiment, 
wich this difference, that I ufed fpirit of 
fal ammoniac, and not oily fpirit o f urine 
for faturating the vitriolic acid. M y Glau
ber’s ammoniac melted during the diilil
lation, and I obtained cauftic volatile al
kali, which neither rendered lime-water 
turbid, nor effervefced with acids? The 
refiduum in che retort was vitriolic acid; 
fome o f the ammoniac was alfo fublimed. 
The 40th experiment, too, proves nothing. 
He burns terra foliata tartari, or acetated 
vegetable alkali, and obtains a*fait which 
effervefces with acids. The injudicious 
and uninftrudled may indeed be eafily led 
into miftakes by fuch experiments as this. 
He ihould know that there are oily par
ticles in vinegar, and that, i f  they were

away,



away, it would be no vinegar at all. 
Thefe oily particles, an eifential part in 
ail vegetable acids, are deftroyed by the 
heat; upon which the fixed air, the other 
conftituent part o f this oil, and indeftruc- 
tible in the fire, combines with the alkali; 
and what wonder that this elaftic acid 
fhould be expelled by a ftronger ? Experi
ment 34. is very eafy to be explained ; 
(for if  the author’s aifertions were admit
ted, calx o f iron would have a ftronger 
atcradion for phlogifton than nitrous acid). 
Alkalis, as well as nitre, when they are 
mixed with metals, or metallic calces, in 
order to prevent their fufion, lofe their 
acids on a long continued calcination, and 
immediately afterwards the matter o f heat 
unites with the alkalis, which is the only 
caufe o f their caufticity.

Lead is a metal which contains very 
little phlogifton; for I have obferved fcarce 
any fenfible mark o f liver o f fulphur upon 
ftratifyihg it with vitriolated tartar in a 
clofe crucible. Should vegetable alkali 
have reduced any calx o f lead, this might 
have arifen from the glue that the ley 
carried along with it, on being filtered 
through bibulous paper, or perhaps from 
fome impurity adhering to the alkali or 
minium. W hy is not a folution o f lead 
reduced by alkali in the humid way ? Ex
periments 42. and 43. have turned out

very



very difFerently, when made by all other 
chemifts, even by the late M r Meyer him- 
felf, as well as by me ; for cauftic fixed 
alkali always precipitates a iblution o f caU 
careous earth in a cauftic ftate. The au
thor here did not pay attention enough. 
Experiments 44. 45. and 46. are alfo in- 
fignificant. According to the 47th, ailies 
adhering to red-hot coals fiiould have loft 
their phlogifton. But, i f  fo, W hy do 
they effervefce with acids ? For, according 
to the hypothefis, the earths eifervefce, be
caufe they contain phlogifton. P. 137, 
and 145. the author mentions fome phâ - 
nomena, which, in his opinion, cannot 
be explained at all ; as, for inftance, that 
alkali does not totally precipitate vitriol ; 
that vitriolated tartar does not entirely 
precipitate the folution o f quickfilver ; as 
alfo, that the mother ley o f common fak 
cannot be completely precipitated by al
kaline fpirit. But an intelligent chemift, 
accuftomed to experiment, finds no diffi
culty in aifigning the caufes o f phsenome
na, to the author fo incomprehenfible -, but 
as they do not belong to the prefent fub- 
jedl, I pafs them over.

Thefe obfervations will, I hope, my very 
worthy friend, convince you, that the 
dottrine o f Black is not only applicable 
to all the experiments, but that it will 
maintain its ground in the principal points,

and



and is confequently true. Refer to the 
author’s analyiis o f fea fait, and you will 
find (p. 160.) that Glauber’s fait, toge
ther with the lime difiblved by marine 
acid, are to be feparated by cryftallifation. 
In like manner, he fuppofes, (p. 167.), 
that Epfom fait and Glauber’s fait are con
tained in the mother ley, together with 
calcareous earth, difiblved by marine acid. 
He fpeaks, too, o f thefe falts at p. 175. 
Now, it has been known fince the time o f 
Neumann, that vitriolic acid, and the 
neutral falts into which it enters, feparate 
calcareous earth from the muriatic as well 
as other acids.
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E S S A Y  XXII.

S o m e  i n c i d e n t a l  R e m a r k s  o n  t h e

A f f i n i t y  o f  B o d i e s

T h e  few following obfervations on 
M r Wenzel’s do6lrine of the affinity 

of bodies, are not made with a view to 
detrad from his merit, but to fhow both 
my attention to his valuable book, and 
how neceifary it is to repeat the experi
ments of others, when they do not coin
cide with the principles o f chemiftry.

Page 9. That metals diifolved in acids 
are unchanged, and remain juft in their 
former ftate, is contrary ro all experience 
in chemiftry ; which ihews, that they lofe 
their inflammable principle during folu
tion.

P, 14. The poiition, that falts do not 
ad, unlefs in folution, fails in many cafea.

When

♦ T h e name o f the excellent M r Scheele, a G er
man, and at prefent fettled as an apothecary at Koping, 
in Sweden, will ferve as a fufficient recommendation 
to all his produ£tions. T h e prefent remarks, though 
they have a reference only to M r W enzePs DoBrine of 
the o f  Bodies, bear, like all his other works, the
ftatnp of acutenefs and truth ; and as they are deliver
ed with proper candour, they rather do honour to M r 
W enzel, to whofe merits I here fubfcribe my tefti- 
mony. C r e l l  Chem. Jcurn. th. 4 .



When powdered chalk, for inftance, is 
boiled with Pruilian blue, reduced likewife 
to powder, the former.attrafts the colour
ing matter of the latter, and yet chalk is 
infoluble in water.

P. 40. Mr Wenzel does not explain the 
decompoiition of vitriolated tartar right. 
For, if  the fixed alkalis had not the pro
perty o f combining with vitriolic acid in 
excefs, the nitrous and marine acids would 
neither change vitriolated tartar nor Glau
ber’s fait into acid neutral falts, and there
fore one ihould never ;be able co pour off 
the vicriolic acid from the cryilals of nitre 5 
but ic is always combined with fixed al
kali, and cannot be feparated by any ni
trous acid.

P. 41.. I have great difficulty , in be
lieving, that cauilic volatile alkali preci
pitates the folutions of lime and lead. 
Spirit o f fal ammoniac is always obtained 
when that fait is diililled with chalk and 
water. Simple experiments give fufficient 
teilimony in this cafe.

P. 54. Both alkaline falts have not an 
equal affinity for vitriolic acid. Pour oil 
o f tartar, per dellquium, into a folution of 
Glauber’s fait, and vitriolated tartar, will 
fall to the bottom in the courfe o f a few 
minutes.

P. 72,



P, 72. and 73. The inflammable air o f 
the zinc and iron fliould have been taken 
into che account in the weighing.

P. 81. This earth o f alum can fcarce 
be without vitriolic acid j for we know, 
that a part o f this acid is very difficult to 
be feparated from it ; and, on this ac
count, it could not attrad any fixed air. 
Were thé author to diflTolve his earth in 
diftilled vinegar, and then to add a few 
drops o f a folucion o f terra ponderofa, 
the vitriolic acid would imniediately fliew 
itfelf#

P. 95. I f  coals confift o f phlogifton 
and a little earth, where does the quanti
ty o f fixed air, which makes its appear
ance during their decompofition, refide? 
This muft contribute very much to their 
weight.

P. 133. The folution o f magnefia be
comes a little turbid on the addition o f 
cauftic volatile alkali. How, indeed, ihould 
it be otherwife ? Since there is formed a 
triple falc, confifting o f che earth, the vi
triolic acid, and the volatile alkali ; and 
fince as much o f che earth muft be dif
engaged as the acid actrads o f the alkali. 
I f  fome Glauber’s ammoniac be firft add
ed to the folution o f magnefia, no pre
cipitate will be occafioned by the.cauftic 
alkali.

V o l . L Z  - P. 135,



P. 135. In my experiments, iron has ne
ver been precipitated, in its metalhc form, 
from its folution in muriatic acid by 
zinc.

P. 149. The calx precipitated from the 
butter o f antimony by oyfter-ihells, is not 
a pure precipitate ; but, according to my 
experiments, ilill contains fome muriatic 
acid. I could not accompliih the dulci
fication o f muriatic acid in the way men
tioned by the author.

P. 155. I f  much nitrous acid be taken 
for the folution o f quickfilver, and the 
whole be boiled together, the quickfilver 
is completely calcined, and then ic affords 
a white precipitate, on addition o f fpirit 
o f fal ammoniac. The quickfilver in cor
rofive fublimate is in a calcined ilate ; 
the black matter is nothing but exceeding
ly fine revivified mercury.

P. 177. It is faid, that platina is not 
precipitated by mineral alkali ; but al
though many agree in this opinion with 
the author, a precipitation does aélually 
take place.

P. 248. As the neutral fak, confiiling 
o f lemon juice and fixed alkali, is capable 
o f diffolving iron, it is no wonder that 
alkali does not caufe a precipitation. The 
fame thing has been obferved by the au
thor (p. 303.) concerning the folution of 
iron in tcfi'tar, and the reafon is the fame.

P -273-'



P. 273. The want o f fixed air is faid 
to be the caufe why acetated lead, prepa
red from minium, does not cryfi;aiiife ; 
but it is totally difierent. The author 
has not mentioned, that his fohition, after 
he had introduced fixed air to it by fiaeans 
of his apparatus, became white, though this 
was really the cafe. This whit€ matter in 
the folution o f lead is nothing but calx o f 
lead faturated with fixed air ; that is to fay, 
real white lead. I f  this fuperfiuous calx 
is feparated from the folution, the com
pound o f  lead and vinegar will iinmedi- 
ately cryilallife; and chis may be ef
fected by the addition o f gum Arabic,- 
or by adding more vinegar, in order to 
difiblve the abundant calx o f lead. Fixed 
air is feldom necefiary to bring the diffi
cultly cryflallifable iak to fiioot. Toó 
much is attributed to this mild acid ; and 
I cannot agree with the author in think
ing that the explofion o f gold is owing 
to it.

P. 286. It would be difiicujt to fliew, 
that all the fixed air obtained by Mr La- 
voifier came from the miniunj. Parc, in
deed, does ; but as we know *that char
coal confifl:s o f phlogifton and aerial acid 
or fixed air, to abide by the author’s ap
pellation, I afic. What becomes o f that 
fixed air, which thofe particles o f the 
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charcoal that part with their phlogifton 
to the lead, yield ? Recent minium gives 
out much fixed air when it is diftilled 
with charcoal.

P. 193. When fpeaking o f tartar, M r 
W . mentions an inflammable earth, 
which is feparated on faturadng tartar 
with alkali. But the tartar contains fome 
calcareous earth, which, with the acid of 
tartar, conftitutes a fait very difficult of 
folution; on which account, it falls to 
the bottom. Acid o f tartar contains much 
oily matter, wherefore a compound o f 
that acid and lime muft burn.

P. 297. We obtain cauftic alkali, and 
not a neutral fait, as the author affirms ; 
for the latter is obtained only when chalk 
is boiled with tartar ; in which cafe, it is 
not furprifing that the cauftic alkali ihould 
chryftallife on the addition o f an acid,

P. 366. It is faid that fixed air is the 
caufe o f the cryftalliiktion o f the neutral 
fait prepared from nitre and arfenic ; and 
as Mr W. could not have been acquainted 
with arfenic and its conftituent parts, he 
is not to be blamed for entertaining fuch 
an opinicxi.

P. 379. The fixing o f arfenic by cauftic 
fpirit o f fal ammoniac is truly remark
able, But it is certain, that cauftic vola
tile alkali always contains fome lime. It

appears,



appears, when it is kept long in glailes 
that are frequently opened, in the form o f 
a hard pellicle depofited on the glafs. Is 
it not this lime which adheres co the ar
fenic, and fixes ic ? I f  not, and the expe
riment be exadl, the problem is one o f the 
moil difficult in chemiftry.

P. 404. It is faid that volatile alkali ea
fily diifolves precipitated magnefia; but 
the folution is entirely owing to the water 
in which alkali is diifolved. The fepara
tion o f the earth, when the folution is ex
pofed to the open air, arifes not from the 
evaporation o f the volatile alkali, but from 
the efcape o f the aerial acid, which 
held the earth in folution in the water; 
for, from a pound o f Epfom fait, diflolved 
in 64 pounds o f water, no precipitate can 
be obtained by pure potaihes withouc boil
in g; but, when the air is driven o lfb y  
boiling, the magnefia is obtained.

P. 423. “  Fixed alkalis precipitate a fo- 
“  lution o f filver prepared with volatile 
“  alkali.”  How is that poifible ? It is in
deed true that a precipitation takes place ; 
but what a great quantity o f fixed alkali 
muft be added before all the filver is pre
cipitated. W ith what does the alkali com
bine ? It has no attradlion for che volatile 
alkali ; and, without a new combinacion, 
it is impoifible to conceive a precipitation. 
Saturate pure fait o f tartar wich abftradl- 
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ed vinegar, or even precipitated nitrous 
acid» and you will find that the fi^lution 
o f filver yields fome precipitate, I have 
never met with alkali which did not fiiew 
fome veiliges o f muriatic acid. When 
the author comes to examine the precipi
tate again, he will not fail to recogpife ic 
far Kina cornea.

P. 472. Mr W. has no doubt o f the 
prefence of a great quantity o f fixed air 
in nitre. For my part, I entertain many 
doubts whether fixed air can be obtained 
from nitre, and fi:ill more, from nitrous 
acid. I have already obferved, that a 
great deal o f fixed air is procured from 
charcoal difi;illed with recently prepared 
minium ; and the fame thing holds when 
the phlogiilon o f the charcoal unites with 
the acid o f the nitre. W hy is no fixed 
air obtained when metals are deflagrated 
with nitre ? In this cafe, corrupted air is 
obtained, which does not precipitate lime- 
water. Moreover, only one-fixth part of 
the air obtained from gunpowder is fixed 
air ; the reft ;s corrupted air.

P. 48.0. M r W. maintains, after Beaumc, 
that calcareous earth may be converted by 
a very violent fire into a vitriform earth ; 
but in this point I can neither give credit 
to Mr Beaumé nor the author.

Letter



Letter from Mr S c f i e e l e  to D r  C r e l l .

I have often prepared the colouring neu
tral fait, contained in lixivium fanguinis, 
in the following manner : I extraél Prüf- 
iìan blue with thoroughly cauilic fixed al
kali. To the liquor containing the ex- 
tradì, after it has been filtered, I add high
ly  redlified fpirit o f wine, upon which the 
fait falls in the form of flocculi to the 
bottom With refpeél to every other 
method for the purification o f the lixi
vium (thofe of-Scopoli and Weflrumb** 
not excepted), I am convinced that they 
are imperfedl ; for it is only neceiTary to 
boil a fuflacient length o f time their yel
low folution with vitriolic or muriatic 
acid, and PruiTian blue will be feparated. 
M y fait continues unaltered, even when 
expofed to the open air ; for the iron 

Z  4 ilrengthens

*  T r u th  obliges me to mention, that three months 
before I received this letter, M r  W eftrum b defcribed 
the fame experiment for purifying the lixivium fangui
nis. I  can fay nodiing further to decide the priority 
o f  the difcovery. C r e l l .

Fur an account o f M r W eftrumb’s method, fee the 
notes on Bergman’ s, Diifertation on E ledive Attrac

tions, p. 337- T .

f  M r Scheele means here the method propofed by 
M r  Weftrumb, in his EJJay on the Conßituent Parts o f  
the Blood, and the Itxtvium fanguinis, (^CreWs Neuefif 
Entdeck.)^ and not that alluded to in the laft note. T .



ilrengthens the connedlion between the 
colouring acid and the alkali, and fixes it 
fo, that the aerial acid cannot expel i t ; 
which otherwife will happen in a few 
days, provided it be not combined with 
iron o f fome other metal in the colouring 
ley. I have not yet obferved whether the 
tinging acid, for fuch is the name which 
ProfefiTor Bergman has beftowed upon it, 
faturated with alkali or lime, will yield 
cryftals ? I f  you defire to know this, the 
combinations and evaporations muft be 
performed in clofe veifels.

On



On the Cryflallifation o f the Acid of Lemons

It has hitherto been a matter of doubt, 
whether the juice o f lemons could be re
duced to the form o f cryftals; for it ap
peared, from a great variety o f experi
ments, that this juice, though evaporated 
to the coniiftence o f a fyrup, would not 
Ihoot into cryftals. I was led to make 
fome trials upon this fubjed, which I have 
communicated to our Academy o f Scien
ces, and which point out the method by 
which I at length accompliftied my pur
pofe. I conjeClured at fij'ft, that the mu
cilaginous matter in the juice prevented its 
cryftallifation ; on which account 1 mixed 
the infpiiTated juice with ftrong fpirit of 
wine, and thus produced a coagulation o f 
the whole. I then poured it out upon a 
filter, and evaporated the acid liquor 
which pafled through; but it could not 
be made to ihoot by theie means.

I therefore concluded the great quanti^ 
ty of faponaceous’ matter, which the fpirit 
holds in folution, is the impediment to 
cryftallifation. In order to feparate it, I 
employed the fame method that is follow
ed when the eifential acid o f tartar is to 
be obtained from cream of tartar. I fa

turated

* Crell’ s Chemifche Annalen. T h . 7 , ! ,  3.



turated the lemon-julce,. as it was boiling 
in the cucurbit with pulverifed chalk, the 
weight o f which was obferved ; the com
pound fell immediately to the bottom in 
the form o f a middle fait, nearly refem
bling tartarifed lime. The water, at the 
bottom o f which the precipitate lies, con
tains the faponaceous and mucilaginous 
matter, and the pure acid remains in com
bination with the calcareous earth. The 
precipitate is to be edulcorated with luke
warm water, till it appears colourlefs on be
ing poured off. The compound agrees with 
gypfum, in being very fparingly ibluble 
in water. There is next to be added to ic 
a quantity of Englifli oil o f vitriol, dilu
ted with ten times its bulk o f water, equal 
in weight to the chalk ufed for faturating 
the juice. This mixture is to be boiled 
in the cucurbit for a few minutes ; When 
the whole has grown cold, the acid is to 
be feparated from the gypfum by means 
o f the filter, and to be treated in the fame 
way as the acid o f tartar. It is however 
neccfifary to try, by evaporating the acid 
to the confiilence o f a thin fyrup, whe
ther ic ilill contains any calcareous earth. 
This appears upon mixing a fmall quanti
ty with oil o f vitriol, as, in that cafe, 
there will be a precipitation o f gypfum ; 
and it will be neceifary to add more oil of 
vitriol to the whole quantity o f acid, as

the



the prefence o f a fmall quantity o f lime 
in folution totally prevents the cryilallifa
tion. The cryftals will ihoot juft as well 
in a hot temperature as in the cold; and 
ihould there be any fuperfluous vitriolic 
acid, it will be found in the refiduum. 
This cryftallifed acid of lemons cannot be 
changed by the adlion o f nitrous acid in
to acid o f fugar ; but the faponaceous ex- 
tradl may be totally converted into that 
acid.

JXi/covery



Difcovery o f a peculiar fweet and volatile 
Matter y which is a conflituent part of ex- 
preffed Oils, and the Fat of Animals *,

Several years ago, upon dlflblving li
tharge in olive oil, I obferved a peculiar 
fweet matter, diftind from the oil float
ing on the furface, which, when infpif
fated and created wich nitrous acid, ap
peared to be a modification o f the acid of 
fugar. I have fince more particularly ex
amined this peculiar phenomenon, and 
have difcovered the iweet matter, as well 
in' linfeed oil, oil o f almonds, and of 
rape-feed, as in oil o f olives ; and, ftill more 
lately, both in hog’s greafe and butter. 
In my experiments, I made ufe o f the fol
lowing procefs : One part o f pulverifed 
litharge was diflolved in two parts o f fome 
one or other of the unCluous fubftances 
above mentioned, and fome water, the 
mixture being made to boil all the time. 
As foon as it was infpiflated to the thick- 
nefs o f falve, the whole was left to cool, 
and then the water was poured oflT. The 
water is found to contain the fweet mat
ter in queftion ; and it is to be evapora
ted to the confiftence o f iyrup. I f  the oil

or

* This is  taken from the fécond part o f CrelFs 
Chemifche Annalen, p. 99.



or fat be freih, there does not appear any 
fign of diifolved calx o f lead, on addition 
of the vitriolic acid ; but ihould either 
the one or the other be old and rancid, 
fome calx will then be diifolved, and fhould 
be precipitated by a proper quantity of 
vitriolic acid. I f  this infpiifated matter 
be ilrongly heated, the vapours that arife 
will take fire on the application o f a 
candle. In order to make it pafs over 
from the retort into the receiver, a de
gree o f • heat is requifite, equal to that 
which m uil be employed for the diftilla
tion o f vitriolic acid. H alf o f the fweet 
matter goes over unaltered, in the form 
of â thick fyrup, and ftill retains its fweet 
tafte ; what rifes afterwards has an em
pyreumatic fmell, and this is followed by 
an oil o f a brown colour, which fmells 
like fpirit o f tartar. There remains in 
the retort a light fpongy coal, which does 
not contain the fmalleft particle o f lead. 
This fweet matter cannot be made to cry- 
itallife ; nor, when mixed with water, and 
fet in a warm place, does it run into fer
mentation ; for, after the mixture had 
flood for four months, tindture of turn- 
fol did not undergo the leaft change 
when mixed with it. It will mix with 
tincture o f cauftic vegetable alkali ; though 
neither iimple fyrup nor honey will do 
this ; but they attract the alkaline fait

from



from th-e fpirit o f wine, and then fall to 
the bottofti, in the form o f a thick mu
cilage. I f  nitroüs. acid be abftradled from 
off this undluous fweet fubftance, it is at 
lafl, after many repetitions of the ope
ration, converted into aciid o f fugar, and 
the fiitrous .acid is very much phlogiili
cated. Ic would feem to follow, froiii 
thefe experiments, that the fweet inattet 
in queflion is combined with more of thé 
principle o f inflammability than fugar 
and honey.

I have alfo boiled litharge with olive
oil, feparated from foap by vitriolic acid, 
with the fame refuk ; for I here likewifè 
obtained the fweet matcer. I likewife fe- 
paraced the oil from the common falvc 
{Empì. Simp. *) ; which muil be done in 
confequence o f the laws o f double attrae* 
tions. Let the farlve be fliced and rubbed 
in a glafs mortar, with a mixture confifl*- 
ing o f eight parts o f ftrong fpirit o f wine, 
and one part of oil o f vitriol. This white 
mixture is to be poured on a filter', 
and water is co be added co the liquor

that

* T iie  authoT means, undoubtedly, the errfplajirwm 
commune o f tl ê Pharm. Suectca  ̂ in which there is no 
faille with th e 'ci‘enotniliati6n7//7T /̂i?Ai. 'TheetfipL mnffi. 
is prepared two parts of'oil o f oVi^es, and 0M6 of 
Jitharjre, which are boiled over a flow fire, with coi> 
liniial agitation, and the addition o f a little boiling wa
ter now and then, till tliey combine. Pharm. buec. 
1-779. p. 74.



that runs through, upon which the oil 
that was contained in the falve will be fe
parated. I wiihed to recompofe falve, 
by boiling this oil again with litharge ; 
but it grew thick before it could be made 
to boil. From the water, which I took 
care to decant, I obtained fome o f the 
fweet matter fo often mentioned, though 
indeed but in very fmall quantity.

Letter



Letter from M r  S c h e e l e  to D r  C r e l l

It feems as i f  the opinion maintained 
by many chemifts and philofophers, that 
fixed air is a combination o f pure or de
phlogifticated air, with a certain portion 
o f phlogifton, is not yet fo completely 
proved. Many rather fuppofe, that the 
pure air muft be further dephlogifticated, 
in order to become aerial acid ; and that, 
when it is totally free from phlogifton, 
it conftitutes nitrous acid. Pure air, fit 
for fupporting o f combuftion, is a kind 
o f fulphur, confifting of phlogifton and
the matter o f heat.------

In my EfTay upon sether, I have related 
a great number of experiments made with 
manganefe, fpirit o f wine, and acids. I 
have, at the fame time, ihewn, that ace
tous sether is never generated without the
afliftance o f muriatic or nitrous acid.-----

In your New Difcoveriesy (Part 8. p. 111.), 
there is an obfervation on m y method of 
preparing the flowers o f benzoin ■j*. Lime-

water

* Chemifche Annalen. T h . 8 f. 123.

■f- This obfervation comes from M r Gren o f Bern- 
burjT, and is t.> the following purport :

M r Scheele’s method o f preparing flowers o f ben
zoin, by boiling the refin in lim e-water, and then pre
cipitating them with vitriolic acid, is not without its

difficulties,



water i s  dlredled in the Swedifh Pharma^ 
copoeia J but, in the original paper, [Tranf 
adiions o f the Royal Academy)  ̂ I have men
tioned milk o f lim e; for the particles o f 
the lime not only diifolve the acid o f ben
zoin, but prevent, in confequence o f the 
boiling, the gum from adhering to it, which 
happens when alkaline f a l t s  are employed. 

V o l . L a  a  I

difficulties, fince the precipitated acid o f  benzoin is 
mixed with the felenite that is produced, and it be
comes neceflary to feparate it by boiling water ; but the 
hot water that is rpquiiire for this purpofe, diifolves a 
confiderable quantity o f the felenite, by which the fait 
o f benzoin is rendered impure. M r Gottling has 
therefore propofed {Almanack for Chemifisy 1782. 
p. 15? .J to ufe vegetable alkali inftead o f lime-water ; 
no great advantage will refult from this change, as 
long af' vitriolic acid is ufed for feparating the Ialt o f 
benzoin from the alkali, as the vitriolated tartar is 
difficult o f folution in cold water ; and therefore hot 
water muft be ufed for the edulcoration o f the fait o f 
benzoin, which, at the fame time, dilT)lves a confider
able portion o f it. I f  then the vegetable alkali is to be 
ufed for the extraftion, it will be neceifary to ufe fome 
other acid for the feparauon, in order to form a fait, 
which cold water will carry ofF by ftilution, from the 
acid o f berizoin. In order to extrail this acid, I ufe 
mineral alkali. I boil iixteen parts o f benzoin, with 
two or three o f the alkali, adding a fufficient quantity 
of w'aterc I then allow it to fetrle ; repeat the boiling 
with frefh alkali and water ; filter the folution while it 
is hot, and evaporate it till it becomes a little thick. 
A fter it has grown cool, I add vitriolic acid as long as 
any fait o f benzoin is feen to precipitate. I feparate 
this fait by means o f the filter from the ley, which con
tains Glauber^s fait, and edulcorate it with cold wa
ter. T .



I have by no means made ufe o f the vi
triolic acid for feparating the fait o f ben
zoin, but have direded the muriatic acid 
for this purpofe; and in this manner are 
flowers o f benzoin prepared here.

There does indeed (as Mr Grcn after
wards obferves) take place, a feparation 
o f mineral alkali, when Glauber’s fait is 
boiled with unflaked lime. We obtain, 
however, but a very fmall quantity of 
cauilic a lkali; for the greater part o f the. 
Glauber’s fait flioots again into cryilals. 
I f  they be again boiled, fome alkali will 
indeed be obtained, and fo on continual
ly ; but, W ith what immenfe trouble is 
this mode o f proceeding attended ?
- Concerning what Mr Hermbflaedt has 

faid [Part 9. p. 66.) on the fubjedl of 
lapis infernalis, it may be remarked, 
that the dark colour o f this cauflic arifes 
from copper ;• for even the fineil fllver- 
leaf contains copper, which is diifolved 
at the fame time ; but, in the melting 
heat, the copper loies its folvent fooner 
than the fllver, and being then in the 
flate o f a calx, it acquires its natural dark 
colour ; and for this reafon it is that lapis 
infernalis is commonly black. I f  it be 
diifolved in water, a black powder will 
remain behind, which is nothing but calx 
p f copper.

Letter



Letter from the Same to the Same

I believe that the volatile fvreet matter 
contained in various oily and fat fub
ftances (p.364.), maybetotally deftroyedby 
repeated diftillations. I have at leaft ob
tained, after every redliiication, a produ6l 
refembling fpirit o f tartar, and the fweet 
fubftance became every time more acrid 
and bitter. The ftrong heat, which is ne
ceifary in order to drive over, is the caufe 
o f this deftru£lion.------

Mr Kirwan’s experiments, which are 
adduced to prove that the aerial acid con- 
fifts o f phlogifton and pure air, feem li
able to fome objeilions, as long as iron- 
filings are ufed for the revivification o f red 
precipitate, and a burning-glafs for the 
calcination o f iron in pure a ir ; for iron 
commonly contains fome aerial acid, as it 
is more or lefs mixed with plumbago, 
and as this mineral confifts o f phlogifton 
and aerial acid f .  I f  thefe experiments 

A  a 2 were

* Chemifche Annaleii. St. lO. p. 328.

f  M r Cavendifli has likewife made the fame obfer- 
vation on this experiment ; and M r Kirwan, when he 
came 10 repeat the experimeut himfelf, for it was not o- 
riginally his, as M r Scheele feems to füppofe, but D r  
Prieftley’ s, foiind, upon.diftilling recent and clean iron- 
fjlings wich red precipitate, or precipitate per fe ,  in the

proportion
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were repeated with copper, they would be 
more convincing ; but the fiUngs o f cop
per mufl be free from du£l, and all other 
impurities.

E S S A Y

proportion o f two to one, that no aerial acid, nor any 
other air is produced, but the whole unices with the 
iron which is calcined, while the mercury pafles over. 
(Journal de Phyf. Août 1785, p. 146.)

-Upon this D r Metherie obferves, that the appear
ance o f air depends on the quantity o f precipitate and 
iron-filings employed. I have diililled, fays he, equal 
quantities o f thefe fubftances in a mercurial apparatus ; 
and a little air has appeared, which might probably 
have been that contained in the veiTels j it was liowever 
more impure than atmofphericair. T h e mercury was re
vivified, and arofe into the neck o f the retort. I'here 
was neither any extrication nor abforption o f air, and 
the netk o f the retort was covered with a coniiderable 
quantity o f moii^ure ; the filings were calcined, and 
lim e.water introduced into the retort, was precipitated. 
O n repeating the experiment, with two ounces o f pre
cipitate, and 72 grains of filings, a quantity o f air was 
cxtricated, which contained a little aerial acid, but con
fided chiefly o f pure air. T ,
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U p o n  t h e  R e s e m b l a n c e  w h i c h  V e 

g e t a b l e  A c i d s  b e a r  t o  o n e  a n o 

t h e r ,  P A R T I C U L A R L Y  T H O S E  O F

M u s t  a n d  S u g a r * .  By Dr C r e l l .

T ^ 'H E  acids that exift in the vegetable 
JL kingdom diiFer, in many reipeds, 

from one another. They may be divided 
into the E s s e n t i a l ,  the F e r m e n t e d ,  

and the E m p y r e u m a t i c .

The eifential are almoil entirely pure, 
as thofe of lemons, forrel, and forrel-dock; 
or but little altered by the admixture o f 
other matters, as the acids o f cherries, 
barberries, apples, unripe grapes, gooie- 
berries, currants, tamarinds, 6  c. They 
are fo much covered, as to be hardly 
diilinguiiliable in many fweet fruits, when 
they are ripe, in grapes, in various roots, 

A  a 3 ' as

*  Chemifche Annalen, St. 7. p. 89.
T l ie  obfciirity and importance o f  this fubjefl would 

alone jiiftify >ne in the eyes o f  the inteliigent chemift, 
for adding this and the two following papers ; but M r  
Schecle lias had fo great a fliarc in ttie difcovery o f  the 
new acids, that they form a peculiarly proper addition 
to his Rifays. Ic was another ftrong inducement with 
me to fuhjoin them, as they form an excellent <upple- 
ment to what is faiil. both by Bvrgmaun himlislf in his 
EiTay on Attrailion«, and in the Klotcs, p . 334. T .



as carrots, parfnips, in fugar, ^c. Thefe 
latent acids become more evident, partly 
in confequence o f fermentation, by which 
almoil all plants (a few, particularly thofe 
which bear cruciform flowers, excepted) are 
madetoyield vinegar, and partly by dry di
ftillation. In the two laft operations, all 
vegetableSj however diiferent from one 
another in tafte and other fenfible quali
ties, feem to yield producís very nearly re- 
iembling one another. But however alike, 
on the one hand, the refults may be, 
when diiferent plants are treated in the 
fame manner, the produéls, on the other, 
which are obtained from the fame plant 
by diiferent operations, are as widely dif
ferent. How diiferent are the qualities 
o f fugar, when it is diifolved in water, 
and left, to ferment under proper manage
ment, till it is converted into vinegar, 
when it is diftilled dry by itfe lf* , and 
when the acid o f fugar is obtained by 
means, o f nitrous acid f  ?. In order to be 
thoroughly convinced o f this, ic is only 
neceifary to compare, in the two laft cafes, 
the experiments made by Mr Schrickel 
and ProfefiTor Bergmann on earths, alkalis,

and

S c h r i c k e l  Di(T. d e  falibus fa c c h a r in .  v e g e t a b .  e x  

f a c c h .  albi a n a ly f i  a c id o q u e  h u j u s  I 'piritu  fp e c ia t im .  

GieíTíE, 177 6 .

t  Bergmann. O pufc. vol, i .  p. ^ 51.



and metals, with one another. I intend 
to treat, on fome other occaiion, o f the 
caufes o f the different produ(5ls that are 
obtained from the fame, plant, treated in 
different ways. I fhall at prefent confine 
m yfelf to the extrication o f the fame con- 
ftituent parts from diiferent vegetables; 
when the fame method is applied to each.

The acid which paifes over in dry 
diflillation, along with an empyreuma
tic oil,, is fcarce perceptible beforehand, 
though it is procured from very various 
plants. All vegetables that run into the ace
tous fermentation yield a-vinegar, which 
has, in all cafes, the fame eifential 
qualities. This gave rife, in the mind^ 
o f many chemifts, to this very natu- 
tural conjedlure, that the acid diffufed 
through the whole vegetable kingdom, • 
may be o f the fame kind, and the fpecies 
may proceed only from the different pro
portion of oily and mucilaginous particles 
intermixed with it. Thus it is faid by 
Mr Morveau among others, that the 
acid bails is probably the fame in all 
plants, and only modified by the various 
conflituent parts by which it is neutrali- 
ied. Moil chemifls maintain, that vine
gar is the bafis o f the eifential vegetable 
acids: Others, as Mr W eftrum bf, fup-- 

A  a 4 pole,
*  Elemens tie Chemie Theor. et Prat. T .  2. p . 9. 

t  N ru . Eiitdedv. T h . i i .  f. T09.



poie, that the acid o f fugar, or rather*, 
as M r Hgrmbilaedt, that the acid o f tar
tar conilitutes the eifence o f the other ve
getable acids. W e have not, I believe, 
fad s enough to afcertain this m atter; 
neither do I think that, as yet, the cafe 
o f  two fpeciiically different acids, co- 
cxiiling in one plant, has been conii- 
dered; but their properties have been con- 
ilantly deduced from one iingle acid. 
This, however, ieems frequently to take 
place : Thus, M r Scheele was not able to 
convert the cryilallifed acid o f lemons 
into acid o f fugar, by means o f nitrous 
acid j though he perfedly fucceeded in 
effeding this with the iaponaceous ex- 
trad , which accompanied the acid before 
it was cryftallifed. M r Hermbilaedt, in ana- 
lyiing the juice o f four cherries, obtained 
acid o f fugar with a middle fak contain
ing an excefs o f acid, which was proba
bly tartar. In order to anfwer this que- 
ftion, it would be proper to enquire, whe
ther the conftituent parts and the produds 
o f fugar, and the conilituent parts o f wine, 
the pureit fource o f vinegar, are in reali
ty fo very much alike (as is taken for 
granted, and commonly fuppofed to be

proved

* O thers hold the acid o f fugar to be an artificial 
produd, and not a natural falc. See M r VViegleb. 
Chem , A nn . T h ./ .  f. 12. and M rH erin ftaedtN . Eni* 
dcck. T h . 9. f. 17.



proved b y  too few  circumftances) ? or. 
Wherein they differ ?

The firft queftion then would be, W he
ther fugar can be excradled from the ex
prefled muft, in the fame way as Mar- 
graaf obtained it from various roocs ? 
This admits o f buc liccle doubc, fince the 
fame chemift aflercs, chat he has obcained 
fugar from very fine raifins. Ic is, more
over, necefl^ary co fubmic chis fugar o f 
wine, or ac leaft the muft, after ic has been 
properly purified and evaporated, to a dry 
diftillation, in order to fee whether theie 
fubftances would afford the fame produ(5ls 
as fugar; and whecher the acid chac is ob
tained adls upon alkalis, earths and me
tals, in the manner which M r Schrickel 
has parcicularly defcribed with refped to 
his acid. The fugar o f wine, or the 
muft, fliould be-treated wich nitrous acid, 
in order to determine whether acid o f fu
gar can be obtained from ic in equal quan- 
ticy: I fjiy, in equal quanticy ; for fome 
of this acid may well be expelled, as wine 
contains tartar, which, according to Mr 
Hermbftaedt, may be converted inro acid 
of fugar. On the other hand, a kind o f 
wine, according to the proper way o f 
proceeding, muft be obtained from fugar. 
Preferve it carefully in veffels, and cake 
notice whether any tartar is depofited 
from it. Another part of the fermented

fugar



fugar mufl be allowed to pafs into vine
gar, and afterwards combine the vinegar 
with all the common falts, earths and 
metals, in order to compare the effedl of 
vinegar obtained from wine upon the 
fame fubftances, and to determine how 
far both kinds o f vinegar coincide. The 
firfl: kind o f experiments with mufl:, may be 
very eafily made in countries that produce 
wine ; the laft, with fugar, any one may 
make who has opportunity, patience and 
time. Thefe points, however, i f  they 
were clearly decided, would not furniih 
an anfwer quite fatisfadtory to the que
ftion. Concerning the circumftances 
which it would be further neceflary to 
afcertain, I fliall take the liberty o f giving 
m y opinion on fome future occafion.

On



ar-On the Converfwn o f Vinegar into Acid of
tar y or of Sugar^, by the Same.

I have already thrown out fome reflec
tions, both on the refemblance between 
the acids contained in muft and in fugar, 
and on the diflerence between them. Now, 
when muft has undergone the fermenta
tive procefs, its acid appears under the 
two forms o f vinegar and o f tartar. Are 
both thefe acids newly generated by the pro
cefs ? or but one ? or are they only fepara
ted? To the produdlion o f tartar, fermenta
tion is not necefl^ary ; for, according to Rou
elle (Bucquet Introd. à l’étude des corps na- 
tur. T. 2. p. 177.)» it may be procured 
from the juice o f unripe grapes. Pure a- 
cid o f tartar confifts, after diftillation 

fe, o f an empyreumatic acid, and the coal 
that is left behind o f oily particles and 
calcareous earth (Bergmann de tubo ferrum, 
§ 12.), may not then the acetous acid be 
mere acid o f tartar, which did not meet 
with alkaline fait and earth enough w’ith 
which it might combine, and become more 
fixed ; but, on the contrary, attraded 
more fubtile oily particles, and thus be
came more volatile. The fixed vitriolic acid 
is converted by phlogifton into the fulphu
reous acid which is fo volatile, that the ace
tous acid may acquire its chara(iteriftic pro

perties,
1 (j infche AnnaiCn.  St. 8. 85.



perties, from the wane o f fixed conflituent 
parts, with which it might unite, may be 
deduced from the changes which it under
goes, when combined with fome fixed mat
ter, and then diflilled. Acetated vegetable 
alkali [terra foliata tartari) yields, accord
ing to M r Beaumé (Chym. exp. et raifon. 
T . 2. p. 21.), on diilillation by itfelf, buc 

o f pure acid. A ll the refi o f the acid, 
employed for faturation, is totally deflroyr 
ed, and the refiduum, both in the retorc 
and rec«iver, quite alkaline, ju fl as the a- 
,cid o f tartar is almoil wholly deflroyed 
by dry diilillation, the empyreumatic a- 
cid, which is obtained, being very weak. 
According to Beaumé (T. i .  p. 315), if  
calcareous earth, egg-fhells, for example, 
be diffolved in vinegar, and the cryilalli- 
fed fait be diililled, o f a red and very 
fpirituous and inflammable fluid, that 
fmells like empyreumatic acetous asther, 
and reddens tinélure o f turnfol, is got. 
This alfo fliews the change that has been 
wrought, and the reduélion o f the flrength 
o f the former acid. The acid in fugar of 
lead is in like manner entirely deftroyed 
by diflillation ( ‘ acqtiers DiB. vol. i.p . 328. 
of the German tranflation). It is flill fur' 
ther in confirmation o f this, that muft, 
diftilled even before fermentation, yields 
nothing but an empyreumatic add, a kind 
o f fpirit o f tartar. Whoever fliall doubt

of



o f the great diiFerence,, which the clofe 
combination or abfence o f earthy par
ticles occafions in an acid, would do well 
to compare lime combined with fomewhat 
o f an exceflive portion o f vitriolic acid, 
with the fame acid uncombined (Beaume,
I. c. p. 273) : Let him at the fame time 
imagine the earth to be fo intimately com
bined-as to be infeparable. In this man
ner, may, I think, tartar be conceived, 
iince, according to Bergmann’s experiment, 
it contains calcareous earth ; but it is uni
ted with acid in excefs, tafles four, and is 
foluble. The contrary appears, when acid 
of tartar is completely faturated with lime; 
for the felenite is exceedingly difEcult of 
folution, and has fcarce any taile.

Is it then a conjedure altogether im
probable, that vinegar and tartar have for 
their bails the fame fpecies o f acid ; and 
that this acid is only combined with a 
greater quantity o f fubtile oil in one cafe, 
and with morg earth in the other ? W ill it 
not be poiiible to bring vinegar again in 
fome meafure nearer towards the ilate of 
tartar ? In order to accomplilh this, we 
muil endeavour to take away the fine vo- 
latilifmg phlogiilon o f the former, to com
bine it with more fixed matter, and to re- 
flore its groifer oil. The latter feems to 

,be extremely difHcuk, nor will the for
mer be eafily cfFeiled. Mr Weilrumb

[Chem.



{Chem, Ann. St. 3. f ,  340.), in examining 
■whether vinegar did not contain acid of 
fagar, added nitrous acid to it in various 
proportions ; but he only produced a phlo- 
giftication o f the nitrous acid, and ren
dered the vinegar more free from phlogi
fton. The properties o f vinegar, fo much de- 
phlogifticated, elude, he adds, further exa
mination, as it would be impoifible entire
ly  to feparate the one acid from the other. I 
think, however, that this might have 
been done by vegetable alkali, lime and 
heavy earth. The nitrous acid, combined 
v̂ îth vegetable alkali, would have iliot in
to the ordinary hexangular cryftals ; the 
acetous acid, had it remained unchanged, 
would have formed the difficultly cryftal- 
lifable compound,; and had it approach
ed to acid o f fugar, it would ftill have con- 
ftituted a neutral fak, that does not readily 
cryftallife. Nitrous acid only forms difficult
ly cryftallifable compounds, while the cry
ftals vinegar forms with it are fo little liable 
to deliquefce, that they eiHorefce in the 
open air The effeils produced by thefe 
acids on heavy earth would have been di- 
red ly  oppofite, the nitrous acid forming 
falts difficult o f folution, the acetous fuch 
as deliquefce (Bergm. Op. vol. 3. p. 391.)' 
But fliould the latter have approached to

the

* Perhaps alfo fpirit o f wine would fepai’ate nitra
ted from acerated lime.



the nature o f acid o f fugar, tranfparent 
cryilals would immediately have fallen 
down (1. c. p. 392.). I think therefore 
that one might feveral times diilil off ni
trous acid from vinegar ; and when the 
former, upon being newly added, yields 

.no more red vapours, fatunite with calca
reous or heavy earth, and feparate the ley, 
that will not fhoot, from the cryilals. The 
nature o f the fak, which does not con
tain nitrous acid, may be more certainly 
determined by its figure, or the efFedls of 
other falts, in confequence o f a double 
eledlive attradion. One might add frefli 
nitrous acid to the feparated fait, or to the 
whole mixture, without any feparation of 
the nitrous fak, till the earthy fak, which 
does not contain nitrous acid, be faturated. 
Were the vinegar unaltered, it would di
ilil off f i f  it were converted into acid of 
fugar, it would not be diilodged from the 
lime by nitrous acid..

In like manner, diililled or Weflendorf’s 
vinegar, ihould be faturated with chalk  ̂
the compound fhould be reduced to cry
ilals, and then expofed to as flrong a fire 
as it can bear without the expulfion of' 
the acid, in order to feparate fome o f the 
phlogiilic particles. Next, let it be d if
folved, filtered, and fet to cryllallife again; 
then let it be treated with nitrous acid. 
The vinegar may, perhaps, by fuch a com

bination,



bination, acquire more fixity; fo that the 
nitrous acid fliall be able to produce a 
greater .change. Should it pais over again 
in the form o f vinegar, let it be combi
ned once more with calcareous earth, and 
let the foregoing experiment be repeated» 
in order to try whether fome fenfible 
change will not enfue. Should this me
thod fail, let the oppofite be tried; endea
vour to add more grofs phlogiftic matter 
to the vinegar; try to combine ftrong 
vinegar, and that o f  Weftendorf, with 
unctuous oils {See Macquer s Di£}, Th, 2. 

f .  126, G, T.) as, for inftance, with oil 
from tartar, b y  means o f digeftion or di
ftillation ; and afterwards ic may be join
ed with calcareous earth. Thus we might 
attempt to bring ic nearer to tartar, and 
again, by means o f nitrous acid, to con
vert it into acid o f fugar.



Extra& of a Letter from Dr C r e l l  to M r
D ’A r c e t * .

The chemifts have always been miich 
occupied in the inveftigation of the na
ture o f the vegetable acids; and the dif* 
covery o f their conftituent parts would 
certainly be an highly interefting event. 
I think I can ihew that they may all be 
converted into one ; and that this primi
tive acid is contained in the pureft fpirit 
o f wine« The following are my proofs:

1. I f  the reiiduum o f dulcified fpirit o f 
nitre be boiled with a large quantity o f 
nitrous acid, care being at the fame time 
taken to condenfe the vapours by a proper 
apparatus; and i f  the liquid which has 
pafied over be faturated with vegetable al
kali, nitre and terra foliata tartari will be 
obtained. I f  the latter be feparated by 
nr^ans o f fpirit of wine, the vinegar may 
be got by the ordinary procefs.

2. Upon boiling the refiduum over again 
with nitrous acid, the fame produdls are 
obtained. The oftener this procefs is re
peated, the lefs is procured o f acid of fu
gar, and at length no veftige o f it is to 
be found.

3. I f  pure acid o f fugar, completely 
formed, be boiled with twelve or fourteen

V o l . I. B b times
Juurnal de Phyfique. O itob . 1785. p. 297.



times its quantity o f nitrous acid, the for
mer difappears, and the receiver is found 
to contain phlogiilicated nitrous acid, vi
negar, aerial acid, phlogifticated air ; and 
in the retort there remains a little calcare
ous earth.

4. If acid o f fugar be boiled with fix 
times its quantity o f vitriolic acid, there 
are found in the receiver, vinegar, phlogi
fticated vitriolic acid, aerial acid, and in 
the receiver pure vitriolic acid.

5. By faturating the refiduum o f dulci
fied fpirit o f nitre with chalk, there is 
formed an infoluble fait, which, ori being 
treated with vitriolic acid, yields a real 
acid o f tartar j for, with vegetable alkali, 
it conftitutes cream o f tartar.

6. If the liquor, from which the tar- 
tarifed lime (tartareous felenite) was pro
cured, be evaporated, there will remain a 
dark-coloured matter, which yields, on 
diftillation, empyretimatic acid o f tartar, 
and a fpongy coal. Hence it appears, 
that fpirit o f wine coniifts o f acid o f tar- 
tar, of water, and phlogifton; ib that it 
is a native dulcified acid; and nitrous acid, 
on being mixed with it in moderate 
quantity, diilodges the acid o f tartar. If 
more nitrous acid be added, the acid o f  
tartar is converted into acid o f fugar and 
phlogifton; and, by adding a new por-

cioa



tion of nitrous acid, the acid o f fugar is 
changed into vinegar.

7. I f  one part o f acid o f fugar, toge
ther with one and one half part o f man
ganefe, be boiled with a fuiEcient quan
tity of nitrous acid, the manganefe will 
be almoil entirely diifolved, and vinegar, 
with phlogifticated nitrous acid, pafs over 
into the receiver.

8. I f  acid o f tartar and manganefe be 
boiled with vitriolic acid, the manganefe 
will be diifolved, and vinegar, with vi
triolic acid, be obtained.

9. When acid o f  tartar, manganefe and 
nitrous acid, are boiled together, the man
ganefe is diifolved, and vinegar, together 
with phlogifticated nitrous acid, is ob
tained.

I o. I f  acid of tartar and fpirit o f wine 
be digefted together for feveral months, 
the whole is converted into vinegar, and 
the air in the veifel becomes partly fixed, 
and partly phlogifticated air.

11. I f  fpirit o f wine be boiled with vi- 
triolijp acid and manganefe, it will be con* 
verted into vinegar, and phlogiilicated 
air.

12. Spirit o f wine, by being diftilled 
upwards of twenty times from off cauftic 
alkali was changed into vinegar, and a 
confiderable quantity o f water was ob
tained.

B b 2 Hence



Hence it follows, that the acids o f tar
tar, and fugar, and vinegar, are modifi
cations o f the fame acid, as it contains 
more or lefs phlogifton. The acid of 
tartar has the greatefl quantity ; the acid 
o f  fugar, a little lefs ; and vinegar has the 
fmalleit quantity. In thefe experiments, 
it is neceifary to employ nitrous acid and 
fixed alkali, without any admixture o f ma
rine acid ; otherwife the obferver will be 
led into miflakes.

14. By diililling vitriolic acid from off 
manganefe, an acid is obtained, which is 
alone capable o f difi^lving gold, filver  ̂
and mercury, very readily*

The analyfis o f camphor ha& been en
tered upon. By feveral difl:illations with 
red bole, a fubftance like an sethereal oil is 
obtained. It has all the properties of 
fuch an oil, being foluble in fpirit of 
wine, and feparable again on the affufion 
o f water.

On diftilling dephlogiilicated nitrous 
acid eight times with camphor, a fait is 
obtained in the form o f a parallelopiped, 
having an acid and bitter taile, and 
changing the juice o f violets and turnfol 
to red. This fait, when combined with 
vegetable alkali, affumes an hexagonal 
form, yields regular cryftals, with foffil 
alkali ; and, with volatile alkali, conili- 
tutes partly cryflalline maifes, and partly

acicular



acicular and prifmatic cryftals; with 
magneiia, it forms a white powder, which 
diifolves in water. It diifolves copper 
and iron. The latter folution yields, upon 
evaporation, a yellowiih white powder, 
which is infoluble. It likewife diiTolves 
zinc, bifmuth, arfenic and cobalt. With 
manganefe, it forms cryftals, o f which 
the planes are parallel, and which, - in 
fome meafure, refemble bafaltes. It does 
not precipitate lime from the marine a- 
cid, a circumftance, which, together with 
its eflfedls on iron and magneiia, diftin- 
guifties it from acid o f fugar.

According to Mr Weftrumb’s analyiis, 
a reiin may be obtained from the reiidu- 
um o f vitriolic sether, which contains vi
triolic acid, vinegar, Glauber’s fait, fele
nite, calcareous earth, iilex, iron, and 
phofphoric acid.

Three varieties o f  zeolite have been 
difcovered in the mountains o f the Hartz, 
and the Tourmalin, or Mount Gothard 
in Switzerland.

In Cornwall, two mines have been 
found, extremely rich in the new mine
ral or acid, tungitein, which the experi^ 
ment o f Bergmann and Scheele have ren
dered fo famous.

PrulTian blue is half compofed o f iron, 
although Bergmann has maintained the 
contrary.

B b J.



M r Scheele has juft difcovered, that the 
fait obtained from urine, and known un
der the name o f acidum perlattim, is not a 
peculiar acid ; but that it is only phof
phoric acid, difguifed by a fmall quanti
ty o f foifil alkali, that is united with it. 
The analyiis is coniirmed by fyntheiis ; 
for, by combining foifil alkali, with phof
phoric acid, the author has obtained a true 
perlate acid. Journal dc Pbyjique, / . 316« 
QBobre 1785.
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D i s s e r t a t i o n  o n  P r u s s i a n  B l u e .

Part II. 1783.

§ XI.

^a) T ^ H E  colouring liquor rectified, as 
JL diredled in the preceding para

graph (p. 335.)» appears to be neither acid 
nor alkaline ; for it neither reddens pa
per dyed with lacmus, nor does it re- 
ilore the colour o f fuch paper after it has 
been made red j but it renders turbid the 
folutions of foap and hepar fulphuris. 
( b )  The fame liquor, mixed with fixed al
kali, produces a compound, which, though 
it contains a fuperabundance of the co
louring matter, reftores the blue colour 
of paper reddened by an acid. I f  this 
compound be diililled to drynefs, there 
goes as much o f the colouring matter over 
as can djfengage itfelf from the alkali. 
The refiduum is foluble in water, and 
the folution has all the properties o f the 
beil lixivium fanguinis. This folution is 
decompofed by all acids, even by the aeri
al acid (§ in .). (c) Combined with cau
ilic volatile alkali, it forms a kind o f am
moniacal fait, which has the fmell o f vo
latile alkali, though the colouring matter 
be fuperabundant in the compound. This 
ftk  inftantly rifes by diftillation; and there 
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remains nothing but pure water in the re
tort. I doubted at iirfl whether this matter 
could enter into an union with the volatile 
a lkali; but was foon convinced, when I 
faw that the folution o f magnefia in the 
colourin’g matter was precipitated by vo
latile alkali. Befides, this ammoniacal 
fait Ihewed the fame phenomena in the 
precipitations as the pure lixivium fangui
nis does, ( d ) Magnefia, precipitated from 
Epfom fait by cauftic volatile alkali, was 
found difiblved in the colouring matter* 
after they had been allowed to ftand to
gether for feveral days in a well clofed 
bottle. When this folution was expofed 
to the open air, the magnefia feparated 
from it, on account o f its greater eledlive 
attradlion for the aerial acid, and formed 
on the furface o f the water a pellicle like 
that o f cream o f tartar. This folution 
was likewife decompofed by alkalis and 
by lime-water, ( e ) This matter difiblves 
but a very fmall quantity of terra pon
derofa (barotes o f M r Morveau), which 
may be afterwards precipitated by vitrio
lic acid, and even by aerial acid, ( f )  Pure 
clay, or the bafis o f alum, is not attack
ed by it. ( g ) Lime is difiblved in a cer
tain quantity by this matter. The fuper- 
^bundant portion fiiould be feparated by 
means o f the filter ; and as the liquor con
tains, befides the combined lime, the por

tion



tion which water itfelf is able to take up, 
in order to free it from this, precifely the 
fame quantity o f water, impregnated with 
aerial acid, is to be added, as is requifite 
for precipitating an equal quantity o f lime- 
water. The colouring matter, thus fatu
rated with lime, is to be filtered again, 
and then to be preferved in a well clofed 
bottle, in order to prevent the accefs of 
the aerial acid. A ll acids, even the aerial, 
^nd the fixed cauftic or pure alkalis, de
compofe this folution. Moreover, i f  it be 
diftilled to drynefs, a portion o f the co
louring matter is difengaged at the very 
beginning o f the diftillation from the 
lime ; and there remains, at the end of 
the diftillation, nothing behind but pure 
lime. As it appeared to me that the colour
ing matter was, i f  I may fay ib, completely 
neutralifed by the lime, in the manner 
juft mentioned, (though this folution, as 
well as that o f magnefia and terra ponde
rofa, ftill reftores the blue colour o f turn- 
fol which has been turned red), I refol- 
ved to employ it, in preference, for pre
cipitating all the metallic fubftances ; and 
I ihall confequently call it the precipitating 
liquor,

§ X I I .

(a ) The colouring matter has no fen
fible adion, either upon metals or upon

metallic



metallic folutions, except upon nitrated 
iilver, which is precipitated in the form 
o f  a white pow der; nitrated mercury, 
which is precipitated in the form o f a 
black powder; and the folution o f iron 
in aerial acid, which is precipitated firft 
o f  a fea-green colour, but at laft changes 
to a blue colour. The other metallic fo
lutions undergo no change. (b ) This 
matter has a more feniible adlion upon 
the calces and metallic precipitates : All 
the calces, however, are not attacked; for 
it  produces no eifedl upon the calces of 
platinum, tin, lead, bifmuth, iron, man
ganefe, and antimony as little docs it 
act upon the acids o f molybdsna and o f 
arfenic. The following are the ph^no-i- 
mena which it prefents with the other 
metallic calces : Gold, precipitated by 
aerated alkali, becomes white. From iii*? 
ver, precipitated by the fame alkalis, it 
difengages the aerial acid with a ilight ef
fervefcence, but the calx preferves itS' 
white colour. It diifolves the calx o f quick
iilver, and yields cryftals by means o f a 
gentle evaporation. The calx o f copper, 
precipitated by aerated alkali, eifervefces, 
and aifumes a faint citron colour. Calx 
o f iron, precipitated from its folution in 
the vitriolic acid by the fame alkali, ef- 
fervefces, and ailumes a dark blue colour. 
Precipitated cobalt ihews fome figns o f

an



an effervefcence, and changes into a yel- 
lowilli brown colour. Calx of manga
nefe, precipitated from its folution by 
aerated alkali, is not attacked.

§  X I I I .

The precipitating liquor (§ xi, g )  ailing 
upon the metallic folutions by means of 
a double elective attrailion, muft prefent 
phsenomena wich thefe folutions different 
from thofe which the pure colouring mac- 
ter produces, ( a )  I f a quantity o f this 
liquor be poured into a well faturated fo
lution o f gold, the gold precipitates in the 
form o f a white powder; but i f  it be 
added in excefs, the precipitate will be 
rediffolved. This ibiution is colourlefs, 
like water. The precipitate is not foluble 
in ^cids. ( b .)  The folution o f platinum is 
not changed, (c) Silver is precipitated 
of a white colour, and o f  a confiftence like 
that o f cheefe. I f  more o f the liquor 
be added, the precipitate is rediffolved. 
This folution is not decompofed either by 
fal ammoniac or by muriatic acid. The 
white precipitate is infoluble in acids, 
( d )  Corroiive fublimate feems to undergo 
no change on pouring this liquor into a 
folution o f it, though it is really decom
pofed, being, o f all ■ the metallic calces, 
the only one which can be diffolved by 
ihe colouring matter (§ x ii. b ) .  ( e )  Mer

cury



cury diiTolved in nitrous acid, wlthoue 
the appUcation o f heat, is precipitated in 
the-form o f a black powder, which is re-* 
duced mercury, ( f ) Tin diiTolved in aqua 
regia is precipitated o f a white colour ; but 
as the mixture gave out a imell very 
much refembling the fmell o f the colour
ing matter, I examined the precipitate, 
and found that it was nothing but the 
pure calx o f tin foluble in acids, ( g )  

The folution o f bifmuth Ihewed the fame 
phænomena. (h) The liquor alfo produ
ced the fame effeds upon the folution o f 
butter o f  antimony ; (i) as likewife upon 
the folution o f well dephlogifticated calx 
o f  iron, (k) Vitriolated copper, diiTolved 
in water, was precipitated o f a yellow ci
tron colour. I f  more o f the precipitating 
liquor be added, the precipitate will be 
rediifolved, and this folution will be co
lourlefs. This precipitate likewife dif- 
folves in volatile alkali without any co
lour. I f  more o f  the folution o f vitrio- 
iated copper be added, the precipitate like- 
wiie difappears, and the folution aifume? 
a green colour. Acids diiTolve a portion 
o f  this precipitate, and what remains of 
it is white. The muriatic acid diifolves 
the yellow precipitate completely ; but it 
is again precipitated by water, ( l)  The 
folution o f vitriol o f zinc in water yields 
a white precipitate, which is not redii^

folved



folved on adding more o f the precipitating 
liquor ; but it is fohible in acids. Thefe 
folutions have the fmell o f the colouring 
matter, which latter may really be fepa
rated from them by diftillation. ( m )  V i
triol o f iron is firft precipitated of a yel
lowiih brown colour, which foon changes 
to green, and then becomes blue on the 
furface. Some hours afterwards the preci
pitate fubfides to the bottom o f the veifels, 
and then the whole mixture turns blue ; 
but, on adding any acid, the precipitate 
becomes inftantly blue. I f  a very fmall 
quantity o f vitriolated iron be put in
to the precipitating liquor, the precipi
tate entirely difiTolves, and imparts to the 
mixture a yellow colour (§ 11. A, c). (n) 
From the folution o f cobalt, a brown yel
low precipitate is thrown down, which 
does not difiblve on adding more o f the 
precipitating liquor ; neither will it dif- 
folvein acids, (o) Lead difiTolvedin vine
gar is precipitated in the form o f a white 
powder, which more liquor does not dif- 
folve ; but, when well edulcorated, it is 
foluble in acids. I f  the folution be di
ftilled, the colouring matter goes over in
to the receiver.

(p) Vitriolated manganefe fuffers no de- 
compofition.



§  X I V .  On the. conjiituent Paris o f the cô
lourhig Matter.

I met by accident with a very remark
able phsenomenon : As I was one evening 
about CO pour the liquor o f the firft diftil
lation o f the colouring matter out o f the 
receiver into a bottle (§ vi.), and a burn
ing candle happened to be ftanding near 
the orifice, the air contained in the 
receiver inftantly took fire, without, how
ever, any explofion. As long as the mafs 
continued warm in the receiver, (for the 
diftillation was forced rather a lictle too 
much), I was able to inflame this air fe
veral times, till at laft ic would no more 
take fire. As all the phlogiftic fubftances, 
from the vegetable as well as animal king
dom, contain aerial acid as one o f their 
conftituent parts, I wiflied to know whe
ther there was any o f this acid contained 
in the colouring matter. I therefore filled 
a fmall retort half full with this latter, 
and, after applying a receiver, gave it 
immediately a pretty ftrong heat. The 
receiver foon grew hot, and as it was at 
the fame time filled with thick vapours o f 
the colouring matter, I feparated it from the 
retorc, and prefented to its orifice a little 
burning fulphur^, which I introduced

even
* W hen we make ufe o f a candle for this purpofe, 

we can never be fure that the aerial acid does not
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even into its cavity. The air in the 
receiver took fire inftantly. I after* 
wards poured fome very clear lime-water 
into it, which was immediately pre
cipitated. Hence it may be concluded, 
that the aerial acid and phlogifton exift 
in this colouring matter. But feveral 
chemifts having aiTerted thac the Pruf
fian blue conftantly yields volatile alkali 
upon diftillation, in order to verify this 
obfervation, I prepared on purpofe fome 
perfedly pure Prufiian blue from vitriol 
o f iron, and from the precipitating li
quor.

§  X V .

I diftilled this Prufiian blue in a glafs 
retort, to which I adapted a receiver, in 
which I had put a little diftilled water. 
I pufhed the fire till rhe bottom o f the 
retort was red hot. After the diftillation 
was over, I found that the water in the 
receiver contained colouring matter and 
volatile alkali, buc no oil. The air in the 
receiver was impregnated with the fame 
matter, and with aerial acid. What re
mained in the retort was black, and obey
ed the loadftone. It therefore appears,

that

come either from the taUow or from the wick. I  '»vas 
thus deceived feveral times, on fetting fire to inflam
mable air. It is, therefore, better to ufe a little brim- 
ftoce fixed upon the end o f  an iron wire.



that the volatile alkali enters into the com- 
poiition o f the colouring matter. I thought 
it, however, o f  importance to examine 
what phsenomena the other metallic pre
cipitations, prepared with the fame pre
cipitating liquor, would ihew when diilil
led in the fame manner, ( b ) The yellow 
brown precipitate o f cobalt (§ x iii.  n ) 

yielded ju il the fame produdls as the pre
cipitate o f iron. The reiiduum in the re
tort was black. (c) The yellow preci
pitate o f copper took fire, and emitted, 
from time to time, ilight fparks during 
the diilillation. It yielded but a very 
fmall quantity o f colouring matter ; buc ' 
much more aerial acid and volatile alkali 
than the precipitates before mentioned. 
There was likewife a fublimate in the neck 
o f the retort ; but in too fmall a quanti
ty for making experiments. The refi
duum in the retort was reduced copper. 
(d) The precipitate o f zinc ihewed the 
fame phsenomena as Pruifian blue, ( e )  

The precipitate o f  filver yielded likewife 
volatile alkali and aerial acid, but chief
ly  colouring matter. There was like
wife a little fublimate in the neck o f the 
retort, which contained fome filver in 
combination. The refiduum was re
duced filver. ( f ) The compound form
ed by the calx of mercury diifolved 
in the colouring matter, and cryilal-

lifed



Hfed (§ X I I .  b ) ,  yielded, by means o f di
ilillation, a little o f the colouring matter; 
but hardly any mark o f volatile alkali. 
In the neck o f the retort there was like
wife fome mercury fublimed, with a por
tion o f the original compound.

( g )  Hence I was difpofed to believe, 
that the conflituent parts o f the colouring 
matter were volatile alkali, and an oily 
fubflance. In this opinion I was the more 
confirmed, when I faw, that, on diffol- 
ving martial vitriol in fpirit of hartlhorn, 
recently diflilled, and adding to it m u
riatic acid, I obtained Pruifian blue. I 
however diflilled oxes blood, till nothing 
more would pafs over into the receiver, 
and the retort was red hot. I filtered the 
liquor o f the receiver, in order to fepa
rate from it the empyreumatic oil, and 
then difiblved a little martial vitriol in it, 
and added a fuperabundant quantity o f 
acid; and thus likewife obtained Prufiian 
blue, (n) I then refolved to make feve
ral experiments, the principal purpofe o f 
which fliould be, to unite the volatile al
kali with fome oily fubflance. For this 
purpofe, I diililled a mixture o f concrete 
volatile alkali and unduous o il; a mix
ture o f the fame alkali with animal fa t; 
.and, on another occafion, with oil o f tur
pentine ; a mixture o f quicklime, fal ammo
niac and axung.ej the fame mixture with 
♦ V o l . L C c  ojj



oil o f hartihorn; likewife a mixture of 
potaihes, fal ammoniac, and empyreumatic 
oil; the fame mixture with axunge; but 
all in vain. The liquors obtained in the 
receiver, which coniifted o f phlegm, mix
ed with volatile alkali and oil, never 
yielded even the ilighteft mark of Pruilian 
blue. Hence I concluded, that, though 
aerial acid and phlogifton are obtained e- 
very time any oil is decompofed, it at the 
fame time contains water intimately com
bined with the other conftituent parts, 
and that it is abfolutely neceiTary that 
this water ftiould be feparated from them, 
before a perfedl union o f the volatile al
kali can take place. We know that char-̂  
coal-powder, brought into fuiion with 
fixed alkali, yields likewife a kind o f lixi
vium fanguinis, though weak. I digeft-. 
ed the colouring matter with concentrated 
vitriolic acid, and the mixture remained 
colourlefs. I f  this matter had contained 
any oily principle, the mixture would 
have become black or brown. Having 
reduced fome pulverifed blood, by calci
nation, to a coal, viz, the refiduum in 
the retort (§ xv. o), I mixed with it aji 
equal quantity o f alkali o f tartar, and 
expofed this mafs in  the ordinary man
ner to a red heat, and thus I obtained a 
very good lixivium fanguinis. It is hence 
evident, that no oily matter is required

far



for che produdlion o f the colouring mat
ter.

§  X V I .

Laftly, I made the following experi
ments, which convinced me o f the truth 
o f my conclufion. I mixed three table- 
fpoonfuls o f charcoal-powder, with an e- 
qual quantity o f pulverifed alkali o f tar
tar, and put thé mixture into a crucible.
I filled another crucible with a like mix
ture, and placed both of them at the fame 
time upon burning charcoal. I kept them 
red hot for a quarter o f an hour, and 
then threw one o f the portions, which 
was perfedlly red hot, into eight ounces 
o f water. At the fame time, I put into 
the other half an ounce o f fal ammoniac, in 
fmall pieces, agitated the whole brilkly 
together, taking care at the fame time to 
puih the fal ammoniac down towards the 
bottom o f the crucible, which I then a- 
gain placed in the fire. Obferving, a 
couple o f minutes afterwards, that there 
arofe even then no more ammoniacal va
pours, I threw the whole, mafs, red hot as 
it was, into eight ounces o f water. I 
now filtered the firil lixivium, and trying 
it in the ordinary way, with vitriol of 
iron and acids, it yielded little or no Pruf- 
fian blue, (or at leail not any fenfible quan
tity) ; but it would perhaps have yielded
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a little, i f  the fire ha-d been puilied till the 
mafs ran into fufion. I now filtered the fé
cond lixivium, and tried it in the fame 
manner, with vitriol o f iron, which im
mediately grew yellow, as i f  lixivium fan
guinis had been added ; and, on adding a 
fufiicient quantity of acid, the fame phæ- 
nomena were obferved, as the befl lixi
vium fanguinis would have produced, and 
a great quantity o f Pruifian blue was pro
cured. I mixed plumbago with the fame 
alkali, and proceeding in the fame man
ner with fal ammoniac, obtained a mid
dling lixivium. From thefe experiments, 
it appears, that the volatile alkali is ca
pable o f uniting wich the carbonaceous 
matter, after it has been fubtilifed by a 
ilrong heat ; that it thus acquires the re
markable property o f combining fo firm
ly with alkali o f tartar, as to be able to 
fupport the moft violent degree o f heat, 
(§ XI.  b )  ̂ and when this alkali is difïbl- 
ved in water, there is obtained lixivium 
fanguinis, as it is called. It is now eafy 
to explain what happens in the diftillation 
o f Pruffian blue, as well as o f the other 
above mentioned metallic precipitates, 
( § x v .  A — f ). In the diftillation o f Pruf
fian blue, for inftance, the calx o f iron 
attraéls a portion o f phlogifton from the 
colouring matter. The aerial acid being 
thus difengaged, muft go over into the

receiver



receiver with the volatile alkali, which is 
fet free at the, fame inftant; but as the 
calx o f iron in the heat of this diftillation 
cannot unite with more phlogiilon, a por
tion o f the colouring matter, nor decom
pofed, muil likewife arife. I f  the calx o f 
iron could combine with the whole of 
the phlogifton, there would come nothing 
over into the receiver, but aerial acid and 
volatile alkali. In order to prove this, I 
diililled a mixture o f iix parts o f manga
nefe, finely powdered, and one part of 
pulverifed Pruilian blue, and I obtained 
in the receiver nothing but aerated vola
tile alkali, without the leafl mark o f co
louring matter.

It may be obferved, i . That it is pro
bable that this matter may be made to af- 
fume aerial form, though I have hitherto 
not been able to eiFedl this.

2. It is remarkable, that our colour
ing matter, after it has united with the 
alkali, or with the lime, forms a men- 
ilruum, capable not only o f diffolving 
metallic calces, but alfo o f conflituting 
a triple fait, which is not decompofed 
by the aerial acid, as happens with the 
lixivium fanguinis and the precipitating 
liquor, when expofed to the free accefs o f 
air. Iron is not the only metal which 
has the property o f fixing the colouring 
matter (§ n . c), the fame quality belongs

likewife



likewife to gold, filver, copper, and pro
bably to feveral other metallic calces ; for 
i f  after thefe calces have been precipitated, 
a fufficient quantity of precipitating liquor 
be added, in order to rediffolve them, the 
folution remains clear in the open air, and 
in this fiate the aerial acid does not pre
cipitate the metallic calx.

3. It is another remarkable circum
ftance, that except nitrated filver, nitra
ted mercury, and aerated calces (§ x ii. a ), 
this matter does not decompofe me
tallic folutions by a fingle eledlive attrac
tion. Now, as we know that Pruffian 
blue is not foluble in acids, it naturally 
follows, that the colouring matter has a 
greater affinity with iron than acids have, 
notwithftanding there is no precipitation 
perceived when this matter is mixed with 
the folution o f vitriol o f iron. It may 
not be an eafy matter to give a fatisfac- 
tory explication o f this phsenomenon.
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