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Abstract

In this paper, we relate the synthesis of silver selenite (Ag.SeQz) by different methods
[sonochemistry, ultrasonic  probe, coprecipitation, and  microwave-assisted
hydrothermal]. These microcrystals presented structural long-range order as confirmed
by X-ray diffraction (XRD) and Rietveld refinements, and structural short-range order as
confirmed by Fourier transform infrared (FT-IR), and Raman spectroscopies. X-ray
photoelectron spectroscopy (XPS) provided information about the surface of the samples
indicating that they were pure. The microcrystals presented different shape and size due
to synthesis method as observed by field emission scanning electron microscopy (FE-
SEM). The optical properties of these microcrystals were evaluated by ultraviolet—visible
(UV—vis) spectroscopy and photoluminescence (PL) measurements. Thermal analysis
confirmed the temperature stability of the as-synthetized samples. Further trapping
experiments prove that the holes and hydroxyl radical, in minor extent, are responsible
for the photocatalytic reactions. To complement and rationalize the experimental results,
first-principles calculations have been performed within the framework of density
functional theory. The experimental results are sustained by DFT calculations that
decipher the geometric, energetic, and structural parameters as well as vibrational
frequencies; further, the electronic properties (band structure diagram and density of
states) of the bulk and corresponding surfaces of Ag2SeOzwere also investigated. On the
basis of the calculated values of the surface energies, a map of the available morphologies
was obtained by using Wulff construction and compared to the experimental FE-SEM
images. By determining the energy profiles associated with the transformation process
between different morphologies obtained along the synthesis method, we are capable to
find a correlation between morphology and photocatalytic activity, along with
photodegradation of Rhodamine B dye under UV light, based on the different numbers



of unsaturated superficial Ag and Se cations (local coordination, i.e., clusters) of each
surface.
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Introduction

In recent decades, metallic selenites have attracted great attention because of their
different chemical structures and advanced physical properties such as pyroelectricity,
ferroelectricity and piezoelectricity, and their important role in the human health specially
because selenium is an elemental component of several selenoproteins 1. Selenites can be
considered important lone-pair oxyanions, in which the presence of stereoactive
nonbonded electron pairs are presented 2 and active free electron pair of the Se** cations
can induce second-order Jahn-Teller distortions and the formation of non-
centrosymmetric or polar structures. 2°

Some examples of metallic selenite include Pb(SeQ3), and two modifications of
Sn(Se0s): (a- and B-) which were synthesized at low-hydrothermal conditions ©. Crystal
structures of SrSeOsz and CaSeOs and their respective relationships with molybdomenite-
and monazite-type compounds were also prepared by hydrothermal methodology .
AGasFs(Se0s)2 (A = Rb, Cs) & materials were also studied. Hydrothermal synthesis of
Mn(SeOs), °, and orthorhombic phase of B-ZnSeOs 1° which was prepared by treating
ZnO with selenous acid solutions were easily obtained. Moreover, orthorhombic
isomorphs crystal chemistry of many transition metals of MSeOs and MTeOz (M = Mg,
Mn, Co, Ni, Cu, and Zn) obtained under high pressure and temperature were considered
11 as well as bismuth >4 and indium selenite *°. Other compounds containing selenium
and rare earth elements of different structure type were studied in terms of its solubility,
magnetic susceptibility among other properties 162,

Silver-contained materials can be considered outstanding compounds for
biomedical application because of its low toxicity and bacteriostatic properties, and they
can also be used as biomarker and other medical applications. These materials have
already been studied as candidates for antibacterial agents, besides their SPR effect. 2224
Our research group has demonstrated in other works the successful synthesis,
characterization, as well as photocatalytic, photoluminescent and bactericidal

applications of silver-based materials such as AgaWO4 32, AgaM00Q4 3%, Ag2CrO, %~



38 AgVO; 3942 AgsV,07 ©44 and AgsPOs*>#'. All of these materials present different
morphologies due to synthesis methods used which in turn are responsible for different
applications. Moreover, high efficient photocatalytic activity of these materials due to
different methods “84° or use of surfactant ! were recently obtained.

Based on the above considerations, the coupling of Ag and Se in a single building
block could give rise to functional activity over others metallic selenites. However, to our
best knowledge, there is no work related to the structure, photoluminescence (PL)
emissions, and photocatalytic activity of silver selenite Ag>SeOs. Accordingly, in this
paper, we report the synthesis of Ag.SeOz by sonochemistry (SC), ultrasonic probe (UP)
coprecipitation (CP), and microwave assisted hydrothermal (MH) methods. These
microcrystals were structurally characterized, and first-principles calculations within the
framework of density functional theory (DFT) were employed to obtain atomic-level
information on the geometry and electronic structure, local bonding, band structure, and
density of states (DOS). In addition, the experimental and theoretical structure,
vibrational frequency and morphology are compared to rationalize the PL emissions and

photocatalytic activity, for first time.

Experimental Section

Synthesis

Ag2Se0s was synthesized by the SC, UP, CP, and MH methods. Silver nitrate (AgNOs),
and selenium oxide (SeO2) were purchased from Sigma-Aldrich. In a typical procedure,
stoichiometric amounts of Ag* and SeOs* solutions were prepared and mixed to form a
suspension. In the SC methodology, the suspension was ultrasonicated for 1h at room
temperature in a Branson (model 1510) ultrasonic cleaner, and the crystals were collected
after turning off the ultrasonic equipment. In the UP methodology, an ultrasonic probe
sonicator (Sonics, GEX 750) was used with the probe inserted into the suspension and
maintained for 1 hour at room temperature. Along the CP method, the suspension was
maintained under stirring at 90 °C for 1h and the precipitated was collected after turning
off the stirring. In the MH method, the suspension was transferred to the MH system and
maintained at 140 °C for 1h. After that, all the samples were naturally cooled to room
temperature, the precipitates were separated by centrifugation, washed with deionized
water to remove any remaining ions. Finally, the crystals were collected and then dried

in an oven at 60 °C for 12 h.



Characterization

Thermal behavior was studied with a STA (TG/DTA) 409 Netzsch instrument. Samples
weight were about 24.5 mg and heating rate was 3 °C/min. The measurement was carried
out in O2 (50 mL/min) atmosphere. The materials were structurally characterized by X-
ray diffraction (XRD) using a D/Max-2000PC Rigaku (Japan) diffractometer with Cu Ka
radiation (A = 1.5406 A) in the 20 range from 10° to 60° in the normal routine with a
scanning velocity of 2°/min and from 5° to 110° with a scanning velocity of 0.2°/min in
the Rietveld routine. X-ray photoelectron spectroscopy (XPS) was performed using a
ScientaOmicron ESCA+ spectrometer with a high-performance hemispheric analyzer
(EA 125) with monochromatic Al Ka (hv = 1486.6 €V) radiation as the excitation source.
The operating pressure in the ultrahigh vacuum chamber (UHV) during analysis was
2x10° mbar. Energy steps of 50 and 20 eV were used for the survey and high resolution
spectra measurements, respectively. All data analysis was performed using CASA XPS
Software (Casa Software Ltd, UK). Micro-Raman spectroscopy was conducted on a
Horiba Jobin-Yvon (Japan) spectrometer charge-coupled device detector and argon-ion
laser (Melles Griot, United States) operating at 633 nm with a maximum power of 17
mW. Fourier transform infrared (FTIR) spectroscopy was performed at room temperature
using a Jasco FT/IR-6200 (Japan) spectrophotometer operated in diffuse reflectance
mode (DRIFT). The spectra have a resolution of 4 cm™ and 32 accumulations per
measurement in the range of 400—4000 cm 1. These measurements were performed on
powder mix which was composed of 1% by weight of each sample mixed with 99% by
weight of KBr (99%, Sigma-Aldrich). UV-vis diffuse reflectance spectroscopy (UV-vis
DRS) were taken using a spectrophotometer (Varian, model Cary 5G) in a diffuse-
reflectance mode. The shapes and sizes of these microcrystals were observed with a field
emission scanning electron microscope (FE-SEM) model Inspect F50 (FEI Company,
Hillsboro, OR) operated at 5 kV. Photoluminescence (PL) measurements were performed
at room temperature with the samples excited by a 355 nm laser (Cobolt/Zouk) focused
on a 20 um spot, 50 W of power. The backscattered luminescence was dispersed by a
20 cm spectrometer with the signal detected by a charged coupled device detector (Andor

technologies).



Theoretical methods and model systems

First principle calculations were carried out using the CRYSTAL17 computational
package 2. The crystal structure of Ag>SeOs was studied by means of DFT calculations
at the hybrid exchange-correlation functional level, developed by Lee, Yang and Parr
(B3LYP) . It was used extended Gaussian basis sets type 86- pob TZVP >* for the Se
and O atoms, while the core pseudo-potential SC-doll 1998 > was chosen for Ag. The
accuracy of the Coulomb and exchange integral calculations (TOLINTEG) was
controlled by five parameters set to 10®, 107, 10%, 10®, and 107'®, which provide high
numerical accuracy. In addition, to provide a more accurate description of the structure
crystalline the Mohnkhost-Pack *® network was defined as 8, featuring eight k-points to
describe the region of high symmetry of the crystalline structure. The electronic band
structure, DOS and partial DOS projected on atoms and orbitals of Ag>SeOs were
calculated along the appropriate high-symmetry directions of the corresponding
irreducible Brillouin zone.

The equilibrium morphology of the crystal of Ag.SeOs monoclinic (P21/c) was
calculated based on the classic Wulff construction °’, by minimizing the total surface
energy (Eg,r) at a fixed volume, providing a simple relationship between the Eg,, s of
the plane (A7) and its distance in the normal direction from the center of the crystallite

58, Eight surfaces with index: (011), (100), (001), (021), (111), (110), (010) and
E(hkl)

surg Wwere the

(101) were used to model the ideal morphology and by tuning of the
complete map of available morphologies is obtained, which were compared with the
experimental morphologies obtained from FE-SEM images. Eg,,r is calculated

according to equation:

E(hkl) _ Esiap — NEpuik
surf 24

Eq.1

where Eg,,;, is the total energy per repeating cell of the slab, Ej,;; is the total energy of
the perfect crystal per molecular unit, n is the number of bulk units, and A4 is the surface
area per repeating cell of the two sides of the slab. The electronic properties of the surfaces
studied, are also are reported. In order to analyze the relation between E,,r and the
geometric characteristics of the exposed surfaces, the dangling bond density (D,) was
calculated from the number of broken bonds created per unit cell (N,) on a particular

surface of area A, according to the expression: >°



To rationalize the pathways connecting the different morphologies shapes

predicted, the polyhedron energy (E,,;,) Was calculated by summing the contributions

of each facet to the morphological shape and the corresponding Ej,,,., values, according

to the expression:

hkl
Epoly = Z C(hkl) Es(urf) Eq 3

where ¢y is the percent contribution of the surface area to the total surface area of the

polyhedron, and Eﬁﬁf]ﬁ) is the surface energy of the corresponding surface.

Photocatalysis

The photoactivity of the samples obtained was investigated for the degradation of
Rhodamine B (RhB) under ultraviolet (UV) irradiation using 6 lamps (Philips TUV, 15
W). 50 mg of each catalyst were used, which were added to a beaker containing 50 mL
of RhB (1.0 x 10 mol / L). The suspension was placed in an ultrasonic bath (Branson,
model 1510; frequency 42 kHz) for 10 minutes and then stirred in the dark for 30 minutes
for the absorption-adsorption equilibrium process. The suspension was then exposed to
UV light, under constant stirring and maintaining the temperature at 20 °C and at certain
times, aliquots were removed, which were centrifuged and the supernatant were
monitored through the maximum absorption wavelength of RhB (Amax = 554 nm) using a
UV-vis spectrophotometer (V-660, JASCO).

Results and Discussion

Thermal analysis

TG/DTA measurements were carried out to determine the decomposition
temperatures and phase transformations of the Ag.SeOsz samples. The curves are
presented in Fig. 1. The results may suggest the following thermal processes which occur

under the experimental conditions in O, atmosphere °°:



Ag,5e03 sy = Ag,Se0; (D
A925603 ) - ZAg(S) + SeOZ + 1/2 02 @ (2)

Through the DTA curve, at 535 °C, there was an endothermic process related to
the melt of Ag.SeOs, showed by the reaction (1). Reaction (2) represents the
decomposition of the Ag>SeOs between 560 °C to 930 °C with a = 40% reduction in
sample mass, corroborating the two exothermic processes between 640 °C and 730 °C,
determined in the DTA curve , except for the Ag>SeOs-UP sample that in this region
presented an endothermic process. The endothermic peak at 946 °C was attributed to the
melt of the metallic Ag, as shown by reaction (3) 86, In a nitrogen atmosphere, reaction
(2) takes place at a slightly lower temperature (the difference in DTG maxima is ca. 10
°C) than in air, thus corroborating the oxygen evolution 36262, TG curves of the samples
at a temperature close to 1000 °C, show no stabilization of any silver oxide, which
corroborated with the thermodynamic studies at high O pressures between 1 to 100 atm

by Assal et al. .
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Fig. 1. Simultaneous TG and DTA curves for the thermal decomposition of the samples
in Oz using a heating rate of 3 °C.min%. (a) Ag.SeOs-SC, (b) Ag2SeOs-UP, (c) Ag2Se0s-
CP, and (d) Ag.SeO3-MH.



XRD

Fig. 2 shows the XRD patterns of the Ag.SeOs samples. It was observed well
defined and intense peaks related to the monoclinic phase and space group P2i/c (Z = 4)
which agrees with the inorganic crystal structure database (ICSD) card no 78-388. These
results confirm that all samples are monophasic and without secondary phases, indicating

they are crystalline and present structural long-range order .
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Fig. 2. XRD patterns of the (a) Ag2SeO3-SC, (b) Ag2SeOz-UP, (c) Ag>SeOs3-CP, and (d)
Ag2Se03-MH samples.

Structural properties of the Ag>SeOz samples were performed by Rietveld
refinement method. The refined parameters include preferred orientation, lattice
parameters and shift lattice constants, atomic functional positions among others
instrumental and sample parameters. The background was adjusted by a Chebyshev
function and the peak profile by a convolution of Thompson-Cox-Hastings pseudo-Voigt
(pV-TCH) function. The asymmetry function and the anisotropy in the half-width of the
reflections was considered according to Finger et al. % and Stephens °, respectively. The
experimental lattice parameters, unit cell volume, statistical parameters of quality (y* and
RBragg), and the atomic positions of Ag.SeOs microcrystals in different synthesis methods
were evaluated using the general structure analysis system (GSAS) software .

Fig. SI-1 (a—d) shows the Rietveld refinement graphic of Ag.SeO3z microcrystal
obtained by different synthesis methods. It can be observed that all data present a good

fit between the calculated and observed XRD patterns, which is confirmed through the



goodness of fit (x?) and R-value (Rergg), presenting satisfactory values for a quality
refinement (see Table 1). Table 1 shows the experimental obtained and theoretical
calculated data from Rietveld refinement method, such as lattice parameters, cell volume
and the statistical parameters (x? and Reragg). It is possible to confirm by the Rietveld
refinement method the absence of additional phase in Ag.SeOs microcrystal obtained by
SC, UP, CP and MH methods, showing that the Rietveld refinement method was
performed effectively, corroborating with XRD patterns and ICSD N° 78-388 card ®°,
which belongs a monoclinic phase and space group P2i/c (Z = 4).

No significant changes were observed among the samples, attesting the structural
long-range order of all samples. Table SI-1 presents the atomic coordinates (X, y, z) for
Ag, Se and O atoms obtained by Rietveld refinements and Table SI-2 shows the
crystallographic data of Rietveld refinement. It is possible to note a local distortion in the
atomic positions (X, y, z) of the atoms, being more prominent in the O positions. Finally,
all synthesis methods were efficient to obtain the phase, without amorphous phase.
Moreover, all methods enhance the organization of the [SeOs] and [AgOe] clusters within
the crystal lattice, preventing the formation of structural defects (stresses and strains), as

observed by the higher crystallinity of all the samples.

Table 1. Lattice parameters, unit cell volume and statistical parameters of quality
obtained through Rietveld refinements of Ag.SeOs microcrystal obtained by SC, UP, CP
and MH methods.

Lattice Parameters (A)

Refined formula Cell volume (A%  Rerag (%) 72 (%)
A928803 a b c
Ag.SeO3-SC  4.857(9) 10.338(2) 6.957(1) 349.34(8) 3.53 1.55
Ag2SeO3-UP  4.860(0) 10.334(5) 6.959(2) 349.49(6) 3.95 1.50
Ag.SeO3-CP 4.857(9) 10.340(1) 6.956(9) 349.35(2) 3.70 1.33
Ag2SeO3-MH  4.859(9) 10.339(5) 6.956(1) 349.49(9) 3.25 1.26
AQg2SeO3-Theo  4.955 10.600 7.129 374.40 - -

ICSD n° 78-388  4.854(1) 10.332(3) 6.956(2) 348.79(0) - -

A representation of the unit cell for the monoclinic Ag.SeQs structure is presented
in Fig. 3. This unit cell was modelled using the visualization for electronic and structural

analysis (VESTA) program ®"%8 version 3, and were modelled using lattice parameters



and atomic positions obtained from the Rietveld refinement data and from the optimized
structure of the theoretical calculation (Ag>SeOs-Theo). Fig. 3 shows the existence of two
types of distorted octahedral polyhedrons for the Ag sites, Agl and Ag2, and a trigonal
pyramid for the Se site. These polyhedrons, namely, the [AgOs] and [SeOs] clusters,
respectively, are related to their local coordination and are responsible for the structural

and electronic degree of order-disorder in the crystal lattice.
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Fig. 3. Schematic representation of the monoclinic Ag.SeOs. The two distorted

octahedral [AgOs] clusters and the trigonal pyramid [SeQO3] cluster are highlighted.

XPS

XPS was used to evaluate the surfaces of the Ag.SeOs samples and provide
information about chemical composition, binding energy, atomic bonding configuration,
electronic structure and oxidation state of the constituent atoms. XPS spectra of the
samples are presented in Fig.4, where the C, Ag, Se, and O peaks are clearly observed for

the samples and no other elements due to impurities were detected.
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Fig. 4. XPS spectra of the (a) Ag2Se03-SC, (b) Ag>SeOz-UP, (c) Ag.SeO3-CP, and (d)

Ag2Se0s-MH samples.

The Ag 3d high-resolution spectra in the range of 380-364 eV show two peaks, as
presented in Figs. SI-2(a-d). Two deconvolution components located around 367.5 and
373.5eV (A =6 eV) are ascribed to Ag 3dsz and Ag 3ds2, respectively, confirming the
presence of the Ag* ion. Two deconvolution components identified around 368.4 and
374.4 eV (A = 6 eV) are due to the presence of Ag°that can be attributed to the surface
coating of Ag nanoparticles on the materials "%, The Se 3d high-resolution spectra in
the range of 70-52 eV is shown in Figs. SI-3(a-d). The Se 3d peak has overlapping spin-
orbit components (A = 0.86 eV, intensity ratio = 0.735). As stated by previous studies,
the doublet Se 3d peak around 58.47 eV (Se 3ds12) and 59.33 eV (Se 3ds) is attributed to
Se (1V) oxidation state "4, The O 1s high resolution spectra in the range of 540-527 eV
are presented in Figs. SI-4(a-d), which shows three main spin-orbit components around
530.6, 532.1, and 533.6 eV. In general, the component located at 530.6 is regarding to
lattice oxygen, which corresponds to Ag—O and Se—O bonds, related to the host lattice of
the materials. The component at 532.1 eV corresponds to the oxygen vacancies and the
component at 533.6 eV is regarding to OH groups and water adsorbed on the surface of
the materials. 7582 Therefore, all of these results confirm the existence of Ag, Se, and O
elements as well as the purity of the samples. Table SI-3 lists the XPS elements positions

and concentration of the area components for Ag, Se and O of the Ag.SeOs samples.



Raman

The structural order in the short range for the Ag.SeOs samples were determined
by Raman spectroscopy. According to factor group analysis, the P2i/c structure of
AQg2SeOs presents 72 modes, as stated by the following irreducible representation: I' =
18Ag + 18A, + 18Bg + 18By. Fig. 5 shows the Raman spectra of Ag.SeOs samples excited
at 633 nm. The experimental and calculated vibrational bands of Ag>SeOs are listed in
Table 2. Clearly, intense and defined Raman modes are found at 63, 135, 153, 239, 380,
401, 438, 670, 683, 704, and 760 cm™, which can be assigned to the Ag, Ag, Bg, Ag, A,
Bg, By, Ag, By, Bg, and Aq modes, respectively.

—(a) A
—(b)
(c)
(d)

v Raman modes

Intensity (arb. units)

l(I)O I 2(I)0 I 3(I)0 I 4CIJO I S(I)O I 6CIJO I 7(I)0 I 8(I)0 I 900
Raman shift (cm™)
Fig. 5. Raman spectra of the (a) Ag2SeOs-SC, (b) Ag2SeOs-UP, (c) Ag2SeO3-CP, and (d)

Ag2Se03-MH samples.

FTIR

The FTIR spectra in the 4000-400 cm™ range of Ag.SeO3 samples are presented
in Fig. 6. The characteristic bands of to SeOsz units with Csy point symmetry at 430, 675,
750, and 815 cm? can be sensed. The bands at 675 cm™, 750 cm?, and 815 cm
correspond to the symmetric and asymmetric stretching modes of Se-O, while O-Se-O
bending mode is observed at 430 cm™.98% The 900-4000 cm? region of the spectra
present bands characteristic of CO2 and H.O arising from the room atmosphere and
humidity. The symmetrical stretch of carboxylate group can be ascribed to the band
identified at 1340 cm™. The bending vibration band of molecular H2O appears at 1650

cm. The modes at 2360 cm™ and 2340 cm™ and a large mode centered at 3200 cm™ is



related to O-H stretching modes of the adsorbed H.O. 8% The experimental and
calculated IR bands of Ag>SeOs are also listed in Table 2.
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Fig. 6. FTIR spectra at room temperature of the (a) Ag2SeOs-SC, (b) Ag2SeO3-UP, (c)
Ag2Se03-CP, and (d) Ag2SeO3-MH samples.

Table 2. Experimental and theoretical values of the Raman and IR vibrational modes of
AQ2Se0s.

Position (cm™1)

Raman IR
Modes Experimental Theoretical | Modes Experimental Theoretical
Ag 63 58 Ay 430 426
Ag 135 134 Bu 675 666
By 153 145 Bu 750 758
Ag 239 247 Au 815 764
Ag 380 381 - - -
By 401 391 - - -
By 438 440 - - -
Aq 670 668 - - -
By 683 686 - - -
By 704 719 - - -
Aq 760 763 - - -




FE-SEM

FE-SEM images of Ag2SeOs samples are shown in Fig. 7(a-l). All samples present
irregular cub-like rods microparticles of different width and length sizes, in the range of
50-800 nm and 1-15um, respectively. They are agglomerated and present polydisperse
size distribution and shape. As shown in the Fig. 7, the particles present smooth surface
and well-defined morphology. Figure 7 (c, f, i, and I) also shows the correspondent planes
values obtained by DFT calculations which were responsible for the morphologies
experimentally observed.

An analysis of the FE-SEM images for the Ag.SeO3-SC microcrystals shown in
Fig. 7(a-c) show several elongated rod-like structures, and it is possible to state that
microcrystals present a well-defined face-squared and face-rectangular shapes. Fig. 7(d-
) shows the Ag.SeOs-UP particles of similar morphology, but the average size of these
particles is smaller than the Ag>SeOs-UP microcrystals. Drastic reduction on length is
observed for the Ag.SeOs-CP as it can observed in Fig. 7(g-i). Finally, the Ag>SeOs-MH
crystals observed in Fig. 7(j-1) present rod/cubic morphologies.

The formation of these particles may involve three main steps: self-aggregation,
Ostwald ripening (OR) and self-organization. The OR occurs when the medium attain an
equilibrium condition among the solubility and precipitation processes. It happens when
small particles in suspension redissolve and are deposited into larger ones. Moreover, this
process can arise in two steps: a very slow or fast nucleation step, leading to the formation
of polydisperse or monodisperse particles, respectively. &

Fig. 7(a-c) display the Ag.SeOs crystals obtained when the SC method is used.
The crystals have a rod like flat and elongated shape. The size distribution of the particles,
can be related with the crystal sizes that are big enough to be comparable with the ones
of the cavitation bubbles. 8 Thus, the longer crystallite fragment are observed. Similar
qualitative results were obtained for rod shape obtained along UP method as depicted in
Fig. 7(d-f). Fig. 7(g-i) show the morphology of the product obtained by the CP method.
It is possible to observe different crystals, some representing a rod like short shape, and
the other being nanocrystals formed through crystallographic alignment of the one along
a specific crystal surface. The junctions and defects observed in these morphologies, such
as twins and staking faults, are a direct evidence of the oriented attachment (OA) growth
mechanism. %! FE-SEM images presented in Fig. 7(j-I) correspond to sample for

Ag>SeOs crystals obtained by MH and have a hexagonal corner-truncated morphology.
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Fig. 7. FE-SEM images of the (a-c) Ag2Se0Os-SC, (d-f) Ag2SeO3-UP, (g-i) Ag2SeOs-CP,
and (j-1) Ag2SeOz-MH samples.

Theoretical results
Surfaces

The mechanism of the morphological transformation and the properties of the
monoclinic Ag.SeOs, at the atomic level, were performed by DFT calculations to
calculate Esurs of the (100), (010), (001), (110), (101), (011), (021) and (111)
surfaces modeled through of an unreconstructed slab model containing 12, 10, 10, 12, 10,
12, 16 and 16 molecular units, respectively. All possible stoichiometric terminations of
each surface were tested, and the optimized surface structure of stable terminations with

the lowest value of Ej,,., are shown in Fig. 8.
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Fig. 8. Structure of the (100), (010), (001), (110), (101), (011), (021) and (111)
surfaces based on slab models. Gray, dark cyan and red balls represent Ag, Se and O
atoms, respectively. The more superficial Ag and Se clusters are also shown in each
surface.

The superficial clusters at the (100), (010), (001), (110), (101), (011), (021)
and (111) surfaces of Ag>SeOs are presented in Table 3. The vacancies of O atoms (V)
of the Ag clusters are classified by using the Kronger-Vinger notation.®? It is important
to note that all considered surfaces are Ag, Se and O terminated, with Ag atoms
incompletely coordinated ([Ag0, ], with y = 2, 3, 4, 5) whereas the Se atoms are fully
coordinated when compared with the clusters of Se atom in the bulk, i.e., during the slab

construction process on each surface, no Se—O bond is broken and the [SeO5] cluster is

maintained.



Table 3. The clusters at the (100), (010), (001), (110), (101), (011), (021) and (111)
surfaces of Ag>SeOs. The vacancies of O atoms in the Ag clusters are indicated by using
the Kronger-Vinger notation.

Surfaces Clusters
(100) [Ag0, - 20],[AgO0s - 0] and [Se05]
(010) [AgO, - 40],[Ag0s - 0],[Ag0¢l,; and [SeOs]
(001) [Ag0, - 20],[AgO0s - 0],[Ag0¢l, and [SeOs]
(110) [Ag0, - 40],[AgO0, - 20],[Ag0s - 0] and [SeOs]
(101) [Ag0, - 40],[Ag05 - 20],[Ag0, - 0] and [SeOs]
(011) [Ag0s - 0],[Ag0¢la and [Se0s]
(021) [Ag0s - 30],[Ag0, - 20],[Ag0s - 0] and [SeOs]

(111) [AgOs; - 30],[Ag0, - 20],[AgO0s - 0],[AgO¢], and [SeOs]

The stability order of the surfaces decreases as follows: (011) > (100) >
(001) > (021) > (110) > (111) > (010) > (101) (Table 4). The (011) displays the
lower number of broken bonds. The (001) and (010) surfaces exhibit the same number
broken bonds, however (001) surface showed higher stability than (010) surface. By
analyzing the structure of each surface, it can be noted that [AgOs-
0],[Ag0¢),4 and [SeO5] clusters are common in both surfaces, however, while (001)
surface present [AgO, - 20] clusters, (010) surface present [AgO, - 40] clusters as well
as area smaller than (001) surface. These two characteristics mean that the chemical
environment is different on the two surfaces and that the interatomic interactions become

more important on the (010) surface, making it more unstable.



Table 4. Calculated surface energy values (Es,,), energy band gap (Eq,,), broken bonds
(Np), Area, broken bond density (D,) for (011), (100), (001), (021), (110), (111),
(010) and (101) surfaces of Ag.SeOs.

Surfaces Eg¢(Jni?) Egp (eV) Area(nni’) N, Dy(nmi?)

(011) 0.23 3.56 06327 3 474
(100) 0.24 3.74 07558 6  7.94
(001) 0.30 3.62 05284 5 946
(021) 0.35 3.37 08804 9  10.22
(110) 0.36 3.73 08343 9  10.79
(111) 0.37 3.74 09908 12 12.11
(010) 0.64 3.60 03534 5  14.15
(101) 0.70 2.94 09257 16  15.12

To further compare the electronic properties of the eight surfaces, the band
structure of (011), (100), (001), (021), (110), (111), (010) and (101) surfaces are plotted
in Fig. 9. The results reveal that the (100), (110) and (111) surfaces show a Egap around
3.74 eV, slightly higher that the Egap 0f the bulk, whereas (001) and (010) surfaces with
Egap OF 3.62 and 3.60 eV, respectively, very close to the calculated Egap 0f 3.64 eV for
bulk Ag2SeOs. On the other hand, the lower Egap 0f 3.56, 3.37 and 2.94 eV were observed
for the (011), (021) and (101) surfaces, respectively. The DOS of (011), (100), (001),
(021), (110), (111), (010) and (101) surfaces are plotted in Fig. 10. The composition of
the VB and CB are the same as that in bulk of Ag>SeOs, with contributions of O 2p and
Ag 4d orbitals at the VB and Se 4p, Ag 5s5p and O 2p orbitals for the CB. In (100), (001),
(021), (110), (111), (010) surfaces the dispersion of the valence band is smaller in
comparison with the bulk while the CB in these surfaces show similar characteristic that
observed for the bulk. On the other hand, both VB maximum and the CB minima in (101)
surface are flat and more disperse in comparison with the bulk. Besides, in the region of
VB (0.5to0 0 eV) and CB (2.0 to 2.5 eV), the DOS of the (011) surface is more localized
than that of the (010) surface.
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Fig. 9. Band structure for the (011), (100), (001), (021), (110), (111), (010) and (101)
surfaces of Ag>SeO:s.
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Fig. 10. DOS for the (011), (100), (001), (021), (110), (111), (010) and (101) surfaces of
AQ2Se0s.

Morphology

Considering the experimental results shown in Fig. 7, the theoretical calculations
were performed to rationalize the morphologies of Ag.SeOs obtained by means of the
different synthesis methods. The ideal Wulff’s representation of the optimized Ag>SeQOs
exhibited a cubic corner-truncated shape with the (011) and (100) surfaces
predominantly exposed and in minor extent the (110) surface. Furthermore, assuming
different values of the Esut for the different surfaces, a complete map of available
morphologies that are compared with the experimental FE-SEM images are illustrated in
Fig. 11.

The formation of Ag2SeOs-SC, Ag.SeOs3-UP and Ag.SeOz-CP samples
comprises two processes which could be related to the OA process: (i) the formation of
small Ag.SeO3 nanoparticles as the primary crystal nuclei which exhibited an elongated
cube with the exposed (100), (001) and (010) surfaces (Al shape in Fig.11); and (ii) the
subsequent crystal growth to form single-crystalline Ag.SeOs. Under ultrasound



conditions the stabilization of the (101) surface is favored which leads to the flat primary
particles (A2 in Fig. 11). The OR process of the primary particles A2 is believed to occur
by the coalescence, leading to the formation of A3 crystal (See Fig. 11). The FE-SEM
images of Ag>SeOs-SC and Ag.SeOs-UP (Fig. 7(a-c) and 7(d-f) confirm a change in the
size and shape of the particles, i.e., the particles initially formed grow preferentially in
the (010) direction to form elongated and flat structure). In the case of the Ag.SeOs-CP
the interaction between the primary particle units occur through of (001) surface of the
Al shape, as marked by a double arrow in Fig. 11, leading to the formation of a
monocrystal.

On the other hand, when the MH radiation is used, the primary crystal nuclei
(B1 shape in Fig. 11) is a hexagonal corner-truncated shape with the more exposed (011)
and (111) surfaces and, in minor extent, the exposed (021) and (010) surfaces. The MH
method promotes the appearance of the unstable (010) and (111) surfaces, derived from
the destabilization of (100) and (110) surfaces with subsequent growth of crystal in the
direction (100) to get to render the B2 morphology, and finally, by the stabilization of
(021) surface the B3 shape is obtained.

Fig. 12 displays two reaction paths constructed from the calculated E,,,, values
(Table SI-4). The reaction path A corresponds to a process that goes through a high energy
intermediate (Al) until it reaches the final morphologies (A2 and A3) which showed a
rather similar stability to the ideal Ag2.SeOz morphology. Along the reaction path B,

morphologies with higher E,,,, were obtained (B2 and B3).
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UV-vis spectroscopy

Fig. 13(a-d) illustrate the UV-vis diffuse reflectance spectra of the Ag.SeOs

samples within the range of 300-800 nm. The samples presented absorption in the



ultraviolet range of approximately 350 nm. The absorption arises from electronic
transition between the VB formed by the hybridization of the Ag 4d orbitals and the O 2p
orbitals, and the CB which has major contributions from the Ag 5s orbitals and the Se 4p
orbitals.

Reflectance (%)
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Fig. 13. UV-vis diffuse reflectance spectra of the (a) Ag.SeO3-SC, (b) Ag.SeOs-UP, (¢)
Ag2Se0s-CP, and (d) Ag.SeOs-MH samples.

The band gap energy (Egap) Values were acquired by linear extrapolation of the
UV-vis curves in the [F(R«)hv]" versus ho graph, which were calculated using the relation
of the Kubelka-Munk and Wood Tauc function %%, F(R..) is the Kubelka-Munk function,
ho is the photon energy, and n is a constant related to the type of electronic transition of
a semiconductor, with n = 0.5 for direct allowed, n = 2 for indirect allowed, n = 1.5 for
direct forbidden, and n = 3 for indirect forbidden. The theoretical calculation predicts an
indirect allowed transition for Ag>SeOz with the P21/c space group, which accounts for n
= 2. The Egap values obtained were 3.54, 3.59, 3.44, and 3.52 for the Ag>SeOs-SC,
Ag>Se03-UP, Ag>SeO3-CP, and Ag.SeOs-MH samples, respectively (see Fig. SI-5).

These results show a slight decrease in the £,,, of Ag>SeOs obtained by CP method with

ap
respect to that obtained with SC, UP and MH methods. It is believed that CP method can
generate a high degree of structural defects (short, medium and long range) which can be
a consequence of interparticle interactions in the crystal growth process. Under the other
synthesis conditions, radiation causes a reduction of structural defects in the Ag.SeOs
crystals, which is evidenced by the higher in Egap values.

The band structure of Ag>SeOz monoclinic was calculated by DFT/B3LYP. The

band gap energy theoretically estimated (3.64 eV) is in the range of the experimental



values (3.54, 3.59, 3.44, and 3.52 eV for the Ag.SeOs-SC, Ag>SeOs3-UP, Ag.SeOs-CP,
and Ag>SeO3-MH samples, respectively).

As depicted in Fig. 14, the top of the VB is located in the B point and the bottom of
the CB is located in the I point on the first Brillouin zone. This implies that Ag.SeOs is
an indirect band gap semiconductor. As shown in Fig. 14, the CB of Ag.SeOs is
constructed by the Ag 5s, Se 4p and O 2p orbitals whereas the VB is constructed by the
hybridized orbitals (O 2p + Ag 4d). In effect, these hybridized orbitals (O 2p + Ag 4d)
have already been related in others previously reported Ag-containing photocatalysts, and
usually lead to absorption of visible light. 2%, More specifically the VB is formed by the
Ag 4dy;, 4d;? orbitals and O 2p,and the CB by the Se 4p, and 4px orbitals and the O 2p;

orbitals.
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Fig. 14. (a) Structure band and DOS and (b) PDOS of Ag.SeOs calculated by DFT.

Photoluminescence emissions

Fig. 15(a-d) display the PL spectra of Ag.SeOs samples under the excitation
wavelength of 355 nm. All samples present a broadband profile covering the region of
550-950 nm, with maximum PL intensity at 689 nm. This behaviour is due to the radiative
transition within the octahedral [AgOe] cluster. Moreover, this PL profile is related to
structural and electronic defects of the [SeOs] and [AgOs] clusters, and is similar to other
selenite matrices. Emissions in the red region have also been reported in others Ag-
containing photocatalysts, and are associated with the distorted and undercoordinated
clusters at the exposed surfaces, which induce structural disorder and deeper defects in

the band gap region. Among the samples, it was noted that the Ag.SeO3-SC sample had


https://link.springer.com/article/10.1007/s11164-014-1856-6#Fig8

the lowest PL intensity, associated to a lower recombination rate of electron-hole (e'—h*®)

pairs compared to the other samples. %
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Fig. 15. PL emissions of the (a) Ag>Se03-SC, (b) Ag.SeOs-UP, (¢) Ag.SeO3-CP, and (d)
Ag.SeOs-MH samples. Inset: corresponding optical image of the Ag.SeO3-CP sample

under laser illumination.

Fig. 16 shows the deconvolution of the PL emissions for the Ag.SeOs samples.
The Voigt area G/L function was used for the deconvolution process, resulting in three
components centred at 680 nm, 766, and 876 nm for all samples. An analysis of the results
shows that the Ag.SeO3-CP and Ag.SeOs-MH samples have a larger percentage of
emission for the 680 nm component. The longer wavelength region of the PL spectra can
be related to the presence of vacancy defects and shorter wavelength region is ascribed to
intrinsic structural defects. Thus, these samples may present larger numbers of defects,
which generate intermediate energy levels between the VB and CB.

Fig. 17 shows the CIE chromatic diagram and the respective positions of X, and y
coordinates of the Ag.SeO3 samples obtained through the PL emission spectra. The (x;y)
chromatic coordinates positions are located at Ag>SeO3-SC (0.72;0.28), Ag>SeOs-UP
(0.72;0.28), Ag.Se03-CP (0.71;0.28), and Ag2SeOs-MH (0.71;0.28). All samples present
intense emitting colour in the red region, and the (X;y) coordinates are all located near the
red edge of diagram, confirming the pureness and brightness of the emitted colour. These

results are promising to apply these materials as optical devices.



3000001 (a) 61.1% | g00000] () 60.2%
250000 /N 31.0% A 31.2%
7.9% 8.6%
200000 6000001
150000 \
A 400000 |
& 100000 , /
B / \ 200000 / \
£ 50000 / /
S / - ‘
9 0 , ; ; , — 0 ; ; ; / —
o) 400 500 600 700 800 900 1000 400 500 600 700 800 900 1000
>
2 1200000{ (c) 64.2% | go0000d (@) 65.8%
2 [ 28.4% ~ 28.2%
£ 1000000 \ 7.4% 6.0%
600000
800000
600000 4 4000001
400000 B\ //\
/ \ 200000 /
200000 y
0 2N 0 =
400 500 600 700 800 900 1000 400 500 600 700 800 900 1000

Wavelength (nm)
Fig. 16. PL deconvolution spectra of (a) Ag2SeO3-SC, (b) Ag>SeO3-UP, (¢) Ag2SeO3-CP,
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Fig. 17. CIE chromatic diagram of (a) Ag.SeOs-SC, (b) Ag2SeOs-UP, (c) Ag2SeO3-CP,
and (d) Ag2SeO3z-MH samples.



Photocatalytic activity

Photocatalytic tests of Ag.SeOs3-SC, Ag.SeOs-UP, Ag2SeO3-CP and Ag2SeOs-
MH samples were performed under UV light irradiation for photodegradation of RhB.
The aliquots removed at certain times (0, 2, 5, 10, 20, 30, 40 and 60 minutes) were
monitored by spectrophotometry using the RhB maximum absorption wavelength (Amax
= 554 nm). The absorbance spectra are shown in Fig.18(a-d) where it is observed that all
samples show photocatalytic activity for RhB degradation.

In a similar work, Yang et al. ® related the photocatalytic activity of TiO, (P25)
using RhB dye and UV light irradiation. It was observed that in 30 minutes of irradiation,
approximately 90% of the dye is degraded, however the UV lamps used have a power of
500W, about 8 times the power used in our study. The mass of the catalyst and RhB
concentration are very close to that used in this work, thus, the Ag>SeOs samples,
highlighting the Ag2SeOs-SC, have very promising photocatalytic activity, degrading all
dye in approximately 60 minutes of UV light irradiation, using only 60W of power.
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Fig. 18. UV-vis absorption spectra of RhB upon photodegradation in the presence of (a)
Ag>Se03-SC, (b) Ag2SeO3-UP, (c) Ag2SeO3-CP, and (d) Ag2SeO3-MH samples.

Fig. 19(a) shows the relative absorbance of each sample as function of irradiation
time (t), with Ao being the absorbance at time 0, after the adsorption-desorption period
and A being the absorbance at certain times of UV light irradiation. Note that the

AQg>Se03-SC sample degraded practically all RhB in about 1 hour of exposure to UV



light. An experiment under the same conditions without the presence of catalysts was
performed and is shown in Fig. 19(a). Using a pseudo-first order kinetic model
(Langmuir-Hinshelwood) and considering the equation —In (A/Ao) = kt %8, it was possible
to obtain the reaction rate constant (k) (Fig 19 (b)).
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Fig. 19. Photocatalytic degradation of RhB (1.0x10~° mol/L) in the absence and in the
presence of different photocatalysts (a) and in log plot for the determination of the rate

constant.

Fig. 20 (a) shows the values found for k, being 0.01214, 0.024, 0.0248, 0.05512
and 6.00 x 10 min for Ag2SeOs-CP, Ag2SeOs-MH, Ag.SeOs-UP, AgSeOs-SC, and
without catalyst, respectively, proving that the Ag.SeO3-SC sample had the higher
photocatalytic activity among the samples, being about 2 times faster than the Ag.SeOs-
MH and Ag.SeOs-UP samples and approximately 4 times faster than the Ag.SeO3-CP
sample. The photocatalytic activity presented by the Ag.SeOs-SC sample can be
explained by the lower recombination rate of the e’—h*® pairs, as seen in Fig. 15. A lower

intensity of PL indicates a lower recombination rate, increasing the availability of the



e'—h*® pairs to act in the photodegradation of RhB, both directly and forming the radical
species that can also act on photodegradation. The Ag.SeOs-CP sample showed the
lowest photocatalytic activity and the highest PL intensity, confirming that a higher
recombination rate can interfere in the photocatalytic activity of the material, since the
e'—h* pairs are not available to act on the degradation of RhB. The Ag.SeO3-MH and
AQ>SeOs3-UP samples showed intermediate PL intensities, and consequently their
photocatalytic activities were higher than the Ag.SeOs-CP sample and lower than the
Ag.Se0s-SC sample. Another point that can explain the higher photocatalytic activity of
the Ag>SeO3-SC sample was the change in its particle morphology, which preferably
grown in the direction (010), forming an elongated and flat particle, which may have
contributed to its photocatalytic response.

In order to understand which radical species are responsible for the degradation
process of the RhB dye, radical capture experiments were carried out using tert-butyl
alcohol (TBA), ammonium oxalate (AO) and benzoquinone (BQ), respectively, as
scavengers of hydroxyl radical (OH*), h®, and superoxide radical (O2"), respectively.
These experiments were carried out under the same conditions as the previous tests and
using the Ag>SeO3-SC sample, which showed better photocatalytic activity. Fig. 20 (b)
shows total inhibition of photodegradation when AO is added, indicating that the h*® act
directly on the degradation mechanism. When TBA was added, there was a decrease of
about 50% in the percentage of degradation, revealing that the OH* species participates
to a lesser extent in the degradation process. When adding BQ, there was no change in
degradation, revealing that the O.' species is not participating in this mechanism.

In addition to the excellent photocatalytic efficiency, the reuse and stability of the
photocatalyst is of utmost importance and was studied using the Ag.SeO3-SC
photocatalyst, which showed higher photocatalytic activity. The stability was tested by
performing 3 running cycles of RhB photodegradation under UV light irradiation and the
results are shown in Fig.20 (c). Note that from the first to the second cycle the material
remains stable and in the third cycle the photocatalytic performance shows a slight
decrease. This result can be explained by the photodecomposition and formation of Ag°.
% Fig.S1-6 shows the XRD of Ag,Se0s-SC after the photodegradation cycles, and it is
possible to observe a peak at 26 = 38.1° which corresponds to facet (111) of the cubic
AgP, confirming the formation of Ag® during the photocatalysis process. The Ag° formed
under the surface of the catalyst prevents the incidence of light, and consequently, reduces
the photocatalytic activity of the material. 1% The Ag° formed under the Ag.SeOs-SC did



not significantly affect the photocatalytic activity, being possible the degradation of
approximately 97% of RhB in 1 hour of UV light irradiation, showing that the material

developed in this study has a good stability, being possible its reuse.
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Fig. 20. Degradation rate constants (k) of RhB (a), photocatalytic degradation of RhB
using Ag>SeOs-SC in the presence of different scavengers under irradiation of UV light
(b), and cycling runs for RhB photodegradation over Ag>SeOs-SC under UV light
irradiation (c).

Photocatalytic mechanism for the degradation of RhB
In order to propose an adequate photodegradation mechanism, an energy band
diagram is obtained by calculating the CB and VB potentials of the Ag.SeO3-SC sample,

using the following empirical equations °:

EVB = X - Ee + O.SEgap

Ece = Ewvs - Egap

where Evg is the valence band potential, Ecg is the conduction band potential, Ee is the
free electron energy on the hydrogen scale (~ 4.5 eV), Egap is the semiconductor band gap
energy and y is the Mulliken’s electronegativity of the semiconductor. The y of Ag>SeOs
was calculated from the geometric mean of the electronegativity of the constituent atoms,
with the value found being 6.06 eV. Thus, using equations above and the Egsp value of
3.54 eV, the Eve and Ecg values of 3.33 eV and -0.21 eV were obtained for the Ag>SeOs-
SC sample.

The proposed degradation mechanism for the Ag.SeOs3-SC sample was made
using the Kroger-Vink notation °2 and is shown in Fig.21. Ag.SeOs is formed by clusters
of [AgOs]* and [SeOz]* with neutral charge. When the material is irradiated by UV light,
[AgOs]* clusters are formed, with positive charges in VB that act as h*® and [SeOs]'

clusters with negative charge in CB that act as e’, according to the following equation.

[AgOe]* + [SeOz]*+ hv > [AgOs]® + [SeOs]’

As seen in Fig. 17 (b), h* is the predominant species in the photodegradation of RhB,
thus the [AgOs]*® cluster, which acts as h®, may be acting by directly degrading the dye
102 forming colorless organic compounds (COC), water (H20), carbon dioxide (CO2) and

[AgOe]* cluster, as shown in the equation below.

[AgOs]® + RhB = COC + H20 + CO; + [AgOe]*



The [AgOs]*® cluster may also be acting in the production of the OH* radical, which had
a relevant participation in the photodegradation process. This radical is generated in the
VB of Ag>SeOs-SC sample, as its potential is higher than for the OH*/H.O reaction
potential (2.70 eV) 1%, oxidizing H20 by the cluster [AgOs]®, and generating OH* and
proton H®, as shown in the following equation:

[AgO¢]® + H.O - OH* + H*® + [AgOs]*

The [SeOs]' cluster present in CB, acting as €', reduces the O, because the potential of
the O2/ O;' reaction (-0.046 eV) 1% is higher than CB of Ag2Se0s-SC sample.

[SeOs]' + O, > O2' + [SeO3]*
However, as seen in Fig.20, the O species does not participate effectively in the

photodegradation mechanism. Therefore, the whole mechanism occurs through oxidative

pathways, by the h® and OH* species.

m "77.0.046 eV {0,/0,)
T
< 10 ,
2
‘. TN T
% -~ 2.70 eV (H,0/OH*)
3.0
- --3.33eV
4.0 _
H,O

Fig. 21. Proposed photocatalytic mechanism for the Ag>SeO3-SC sample.



Conclusions

In summary, Ag.SeOs monoclinic structure with different morphology has been
successfully obtained by four synthesis methods, for the first time. Thermal analysis
confirmed the phase stability up to 535 °C. XRD results confirmed the crystallinity of the
samples without secondary phases, attesting long-range order of all samples. XPS
analysis confirmed that the materials were pure and presented Se** species in all samples.
Raman and FTIR spectroscopies attested the vibrational modes related to Se-O and Ag-
O bonds indicating short-range structural order. FE-SEM images showed rods-, cube-,
and faceted-like morphologies due to different methods of synthesis. UV-vis DRS and
PL emissions are connected with results of photocatalytic activity, which attested
Ag.Se0s-SC as the best performance photocatalyst and Ag.SeOs-CP as the higher PL
intensity emission. Based on scavenger trapping experiments, the holes and hydroxyl
radical, in minor extent, are the main reactive species during the photodegradation
process, and a possible photocatalytic mechanism is proposed. The experimental and
theoretical results, supported by first-principles calculations, at the DFT level, were
analyzed in terms of the structural and electronic order/disorder effects. The relative
stability of the eigth low-index surfaces of Ag.SeOs were calculated to rationalize the
crystal morphologies observed in FE-SEM images (using the Wulff construction) and
different energy profiles associated with the transformation processes among
morphologies were determined. Present results confirm the Ag.SeO3 based materials are

promising photocatalyst with enhanced optical properties.
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Synopsis: Silver selenite (Ag2SeOs) appears as a multifunctional material that can act
both for photoluminescence (PL) or photocatalytic (PC) applications. Different synthesis
methods employed allow modulation of its properties and morphologies. PL emission
spectra present an intense band in the red region, which is useful for optical devices. PC
analysis attest material’s efficacy in degradation of Rhodamine B, being an indicative for
others catalysis routes. Finally, DFT calculation performed corroborate with the findings
herein described.



	Abstract
	Introduction
	Experimental Section
	Synthesis
	Characterization
	Theoretical methods and model systems
	Photocatalysis

	Results and Discussion
	Thermal analysis
	XRD
	XPS
	Raman
	FTIR
	FE-SEM
	Theoretical results
	UV-vis spectroscopy
	Photoluminescence emissions
	Photocatalytic activity
	Photocatalytic mechanism for the degradation of RhB

	Conclusions
	Conflicts of interest
	Acknowledgments
	Supporting Information
	References
	For Table of Contents Only

