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Tin(v) sulfide (SnS;), as a mid-band-gap semiconductor shows good potential as an excellent photo-
catalyst due to its low cost, wide light spectrum response and environment-friendly nature. However, to
meet the demands of large-scale water treatment, a SnS, photocatalyst with a red-shifted band gap,
increased surface area and accelerated molecule and ion diffusion is required. Doping is a facile method
to manipulate the optical and chemical properties of semiconductor materials simultaneously. In this
work, SnS, photocatalysts with varied Ag doping content are synthesized through a facile one-step hydro-
thermal method. The product is characterized by XRD, SEM, TEM and UV-Vis spectrometry. The photo-
catalytic activity of the as-prepared Sn;_,Ag,S, is studied by the degradation of methylene blue (MB) dye
under solar light irradiation. It is found that increasing the Ag dopant concentration can effectively
increase the solar light adsorption efficiency of the photocatalyst and accelerate heterogeneous photo-
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1.8251 hour™. This study demonstrates that an optimal amount of Ag doping can effectively increase the
photocatalytic performance of SnS, and will promote the commercialization of such photocatalysts in the
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1. Introduction

Due to the fast development of science and technology,
environmental deterioration has become an emergent
problem worldwide in recent decades. In particular organic
dyes, which exist in all kinds of articles of daily use by
humans, have become one of the most serious water pollu-
tants. According to the literature, ~12% of industrial dyes that
are highly cytotoxic to living bodies* and difficult to degrade
naturally,® leach out in the dyeing process, and ~20% of the
dyes are disposed of into waste water effluents.* Therefore,
developing a semiconductor photocatalyst to satisfy the
increasing demand for environment remediation has attracted
tremendous attention. Currently, TiO, is the most commonly
used photocatalyst for dye degradation, due to its low cost,
eco-friendly nature, good stability and high catalytic activity.>
However, limited by its wide bandgap (3.2 eV), TiO, can only
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photocatalytic degradation of organic compounds.

respond to ultraviolet light (4 < 390 nm), which only accounts
for a small amount of sunlight.

Recently, many efforts have been devoted to developing semi-
conducting transition-metal sulfides as visible-light driven
photocatalysts, owing to their mid-band-gap properties and high
activity in the visible to near-infrared regions.”'® Among these
materials, CdS stands out due to its unique optical properties
with a band gap of 2.4 eV, but its hazards to human health
hinder its further development. Compared with TiO, and CdS,
SnS, shows good potential as an excellent photocatalyst due to
its low toxicity, low cost, wide light spectrum response and good
chemical stability. Hence, this compound has found wide appli-
cation in many fields, including lithium ion batteries,"* solar
cells">"* and photocatalysts.'*"'> For example, Li et al. developed
SnS,/TiO, nanocomposites that displayed excellent photo-
catalytic activity and good stability;'® Yu et al. reported a SnS,
nanosheet photocatalyst that exhibited much higher photo-
catalytic H, evolution activity than P25-TiO,."* However, to meet
the demands of large-scale water treatment, SnS, photocatalysts
with superior optical and electrical properties are required.

To improve the performance of a semiconductor material, a
band gap shift to the visible to near-infrared regions, an
increase in the surface area to volume ratio, accelerated mole-
cule and ion diffusion, and avoiding electron-hole recombina-
tion, are all favorable strategies."” >’ Among various
techniques, doping with metal ions has proven to be a facile
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method to manipulate the optical and chemical properties of
semiconductor materials simultaneously, and to modify their
crystallinity and morphologies as well."***** It has been
reported that a certain amount of extrinsic impurities can
efficiently narrow the band gap, reduce the particle size, facili-
tate mass diffusion and serve as electron/hole trap centers as
well. Recently, silver has attracted much attention as a dopant
for photocatalysts due to the antibacterial nature of silver and
silver ions.>” In addition, the Ag dopant has been reported to
effectively trap excited electrons and red shift the optical
response.””> Thus, through partially substituting Sn with Ag,
the photocatalytic activity of SnS, is expected to improve.

In this study, a Sn;_,Ag,S, photocatalyst is synthesized
through a simple one-step hydrothermal method with a varied
Ag doping amount. The effects of the dopant on the crystalli-
nity and morphology are explored via XRD, SEM and TEM. The
photocatalytic activity of the as-prepared Sn,_,Ag,S, nano-
particles is studied by the degradation of methylene blue (MB)
dye under solar light irradiation. Moreover, the effect of the
dopant concentration on the visible light driven photocatalytic
activity is investigated by varying the Ag doping concentration
from 1% to 7%. Due to the defects introduced by the Ag
dopant, the as-prepared Sn,_,Ag,S, demonstrates significantly
improved photocatalytic activity compared to pristine SnS,. In
addition, the photocatalytic activity of Sn;_,Ag,S, is optimized
by tuning the dopant concentration, and it is observed that the
Sny.05Ag0.05S, photocatalyst shows the highest performance.
These results indicate that a proper amount of Ag doping can
effectively red shift the band gap, increase the surface area and
facilitate the mass diffusion of SnS, which will promote the
commercialization of the photocatalyst in the photocatalytic
degradation of organic pollutants.

2. Experimental
2.1 Sn,_,Ag,S, synthesis

Sn;_,Ag,S, photocatalysts were synthesized using a facile
solvothermal method. 24 mM of tin(wv) chloride pentahydrate,
110 mM of thioacetamide, 1.2 mM sodium dodecyl sulfate as a
surfactant and silver nitrate were dissolved into ethylene glycol
under magnetic stirring. The molar concentration of silver
nitrate was set to be 0.01, 0.03, 0.05 and 0.07 with respect to
tin(v) chloride pentahydrate. The respective samples were
labeled as Sn;_,Ag,S, (x = 0.01, 0.03, 0.05 and 0.07). After
stirring for 30 min, the obtained mixture was then poured into
a stainless steel Teflon-lined autoclave. The autoclave was
heated to 180 °C. After 24 hours, the autoclave was cooled to
room temperature naturally. Then the precipitate was washed
with DI water and ethanol several times. For comparison
purposes, pristine SnS, was synthesized without adding silver
nitrate using the same method.

2.2 Characterizations

The crystallinity of pristine SnS, and Sn,_,Ag,S, with different
silver concentrations was studied by X-ray diffraction (XRD)
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using a Rigaku MiniFlex diffractometer with Cu Ko radiation
operated at 30 kV and 15 mA with a scan rate of 2° min~". The
morphologies of the nanoparticles were demonstrated by an
FEI Quanta 3D FEG scanning electron microscope (SEM) at an
accelerating voltage of 20 kV. High-resolution transmission
electron microscopy (HRTEM) images of Sn;_,Ag,S, were
taken using a JEOL HRTEM (JEM-1400) electron microscope
with an acceleration voltage of 120 kV. The UV-Vis absorbance
spectra were measured by a Perkin-Elmer Lambda 900 system
with an integrating sphere from 800 to 300 nm at 1 nm
intervals and with a 0.2 s dwell time. A tungsten lamp was
used for excitation with the wavelength selected with a dual
monochromator system and the spectra were collected with a
photomultiplier tube.

2.3 Photocatalyst measurement

A solar light simulator (model: 67005, Oriel) that simulates
sunlight under one sun giving AM 1.5 G (100 mW cm™?)
illumination provided by a 150 W xenon arc lamp (model:
6256, Oriel) with a 400 nm cut-off filter was used as the light
source. 4 mg of Sn;_,Ag,S, photocatalyst was added into 40 ml
of MB aqueous solution in a beaker with an initial concen-
tration of 10 mg 17". The vertical distance from the lamp head
to the liquid surface was ~8 cm. Before starting light
irradiation, the photocatalyst was added into the MB solutions
under magnetic stirring. Then, the mixture was kept in the
dark for 1 h to establish an adsorption/desorption equilibrium
under stirring. After that, the solar light was irradiated on the
surface of the solution and the instant MB concentration was
monitored every 10 min by measuring the light absorption
intensity at 664 nm using a UV-vis spectrophotometer (DR/
4000U spectrophotometer, HACH). Each experiment was
repeated twice. The degradation efficiency is calculated by
using the following equation:

1= (Co—C)/Co x 100% (1)

and the photocatalytic degradation rate of organic dyes fol-
lowed the Langmuir-Hinshelwood mechanism in eqn (2):

In(Co/C) = Kapp (2)

where k,pp is the apparent rate constant of pseudo-first-order,
t is the irradiation time, and C, and C are the initial and
instant residual concentration of the MB solution, respectively.
To study the stability of the Sn,_,Ag,S, photocatalyst, MB
degradation experiments were carried out on a recycled
Sn,_,Ag,S, sample. The used Sn;_,Ag,S, photocatalysts were
washed with ethanol and water several times, then dried at
60 °C overnight.

3. Results and discussion

The crystallinity of pristine SnS,, and Sn,_,Ag,S, with various
dopant concentrations is studied by powder XRD. As shown in
Fig. 1, all the diffraction peaks of pristine SnS, can be indexed
to hexagonal berndtite SnS, with lattice parameters of
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Fig. 1 (a) Powder XRD patterns of pristine SnS,, and Sn;_,Ag,S, with
various dopant concentrations, (b) (110) and (c) (101) peaks of pristine
SnS,, and Sn;_,Ag,S, with various dopant concentrations.

a =3.640 A, ¢ = 5.866 A. It is also observed, compared to the
standard pattern, that the peaks for the as-prepared pristine
SnS, tend to shift to higher 26 angles. For example, 26(go1) =
15.06°, 26(101) = 32.29° and 26(;,0) = 50.09° for the as-prepared
pristine SnS,, while 2640) = 15.03°, 26(101) = 32.13° and
20(110) = 49.96° for the standard pattern, indicating shrunken
lattice parameters due to ions tracked by the surfactant
through nucleation and crystal growth.”® As shown in the XRD
spectrum of Sn; ,Ag,S,, no formation of a new phase is
observed after doping with silver, illustrating the single phase
and purity of the materials. Meanwhile, it is noted that, due to
the decreased crystallinity, the width of all the diffraction
peaks is evidently broadened with the increased doping
content. With the doping content increasing, more and more
Sn** ions are substituted by Ag* ions, and larger numbers of
defects are introduced to the lattice. Therefore, lattice distor-
tion and lattice strain are significantly intensified, which dis-
turbs the crystallization and leads to decreased crystallinity.>”
As displayed in Fig. 1(a), the majority of the peaks from
Sn;_,Ag,S, slightly shift to lower 20 angles and this becomes
more pronounced with increasing dopant content. For
example, as shown in Fig. 1(b), 26,10y = 50.09°, 50.04°, 49.98°,
49.93° and 49.86° for pristine SnS, and Sn;_,Ag,S, (x = 0.01,
0.03, 0.05 and 0.07), indicating that Sn** ions have been par-
tially substituted by larger Ag" ions, leading to the expansion
of the crystalline lattice along the a axis of the hexagonal struc-
ture. However, to balance the deformation and residual stress
at grain boundaries, the ¢ axis of the crystal must deform in
the other direction.””””® Therefore, some peak positions will
shift in the opposite direction with the increased dopant
content. For example, as shown in Fig. 1(c), 26(101) = 32.29°,
32.68°, 33.45°, 33.52° and 33.61° for pristine SnS, and
Sn;_,Ag,S, (x = 0.01, 0.03, 0.05 and 0.07). The lattice para-
meters for hexagonal pristine SnS, and Sn;_,Ag,S, with
various dopant concentrations are shown in Table 1. Overall,
silver ions have been doped into the SnS, lattice, and the
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Table 1 Lattice parameters of pristine SnS, and Sn;_,Ag,S, with
various dopant concentrations

Sample a(A) c(A)

SnS, 3.640 5.866
Sno.09Ag0.01S2 3.645 5.829
Sn.07AZ0.0352 3.647 5.692
SN .05Ag0.0552 3.650 5.628
SN.03Ag0.0752 3.656 5.602

increased silver doping content results in intensified lattice
strain and stress leading to intensified lattice distortion.

The morphologies of pristine SnS,, and Sn,_,Ag,S, with
various dopant concentrations are then studied by SEM. As
shown in Fig. 2(a), the pristine SnS, sample is composed of
clusters of very fine nanoparticles with an average size of
about 20 nm. Due to the binding of surfactant molecules, the
surface energy of the SnS, nuclei centers is significantly
reduced, which inhibits them from growing into flake-like 2D
structures as shown in Fig. 2(f) and results in ellipsoidal nano-
particles with reduced sizes.”>***° The surface morphology of
Sn,_,Ag,S, with various dopant concentrations is displayed in
Fig. 2(b)-(e). It is found that the average particle size is signi-

Fig. 2 SEM images of (a) pristine SnS, (b) SngooAdo.oiS2 (c)
SNo.97Ad0.0352, (d) Sno.95Ad0.05S2., (€) Shp.o3Ado.07S2 and (f) pristine SnS,
prepared by the same method without adding surfactant.

This journal is © The Royal Society of Chemistry 2016
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ficantly reduced by introducing the Ag dopant. With the
increased dopant concentration, the particle size decreases
continuously, because the larger Ag' ions residing at the
boundary of the nuclei centers slow down the diffusion rate of
ions which results in inhibited crystallization and reduced
particle size.>" Due to the evidently increased surface area to
volume ratio, the ultra-small particle size will drive faster
heterogeneous catalysis and thus lead to enhanced catalytic
performance.**”*

The chemical states and bonding conditions of pristine
SnS, and Sng 95Ag0.05S, are studied by XPS as shown in Fig. 3.
It can be observed that, besides C and O from surface contami-
nation, only Sn and S peaks exist in the survey spectrum of
pristine SnS,, indicating the purity of the material. As dis-
played in Fig. 3b, the peaks at 493.4 eV and 485.0 eV in the Sn
3d region of pristine SnS, indicate a 3d doublet peak splitting
of 8.4 eV, showing the 4" state of Sn without any impurities.*®
It is clearly shown in Fig. 3b and c that Ag doping causes an
obvious peak shift of both Sn 3d and S 2p to lower energy
regions, demonstrating the formation of Sn-Ag-S bonding and
Ag-S bonding in the doping process. As shown in Fig. 3d, the
peaks at 372.1 eV (Ag 3d;5,) and 366.1 eV (Ag 3ds/,) indicate
the formation of Ag ions.*”*®

TEM with selected-area electron diffraction (SAED) is per-
formed to confirm the crystallinity and structure of the
Sn,;_,Ag,S, samples. As shown in Fig. 4(a), Sng 95Ag0.05S, nano-
particles have a diameter of ~15 nm with uniform size. It can
be seen that introducing the Ag dopant has no effect on the
morphology of the SnS, nanoparticles and the sample is only
composed of one type of particle without the formation of any
second phase. Fig. 4(b) displays the HRTEM image of
Sno.05Ag0.05S, with the lattice fringe spacings of 3.13 A and
5.98 A indexed to the (100) and (001) planes of hexagonal
Sny.95Ag0.05S2, respectively. In addition, as observed in the
inset of Fig. 4(b), the SAED pattern is in good agreement with
the XRD results in Fig. 1.

The optical properties of pristine SnS, and Sn;_,Ag,S, with
various dopant concentrations are investigated by diffuse
reflectance spectroscopy (DRS) from 300 nm to 800 nm. As
shown in Fig. 5, the absorption edge of pristine SnS, appears
at the shortest wavelength; after silver doping, the absorbance
shoulder apparently shifts to the longer wavelength regions,
indicating an evident narrowing of the band gap. By increasing
the Ag content, the edge wavelength keeps increasing and
extends to the longest value when x is increased to 0.07. The
band gap energy values are determined by using a Tauc plot,
as shown in Fig. 6. By plotting (aAv)* vs. photon energy (hv),
the band gap energy can be estimated by using the equation:

(ahv)* = A(hv — Eg)

where « is the absorption coefficient, hv is photon energy, E,
is the band gap energy, and 4 is the slope constant. The absor-
bance coefficient () is calculated by the Manifacier model. By
extracting the straight line portion of the graph and extending
it to zero absorption on the photon energy axis, the band gap

This journal is © The Royal Society of Chemistry 2016
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Fig. 3 XPS (a) survey spectra, and (b) Sn 3d, (c) S 2p and (d) Ag 3d core
level spectra of pristine SnS; (black) and Sng 95Ado 0552 (red).

energy is determined by taking the intercept. As summarized
in Table 2, the band gap of pristine SnS, is 2.04 eV. By doping
it with 1% Ag, the band gap is significantly narrowed to
1.86 eV and keeps decreasing with the increased Ag content

Dalton Trans., 2016, 45, 16290-16297 | 16293
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Fig. 4 (a) TEM image and (b) HRTEM image of Sng 95Ado.05S2. Inset: the
corresponding SAED pattern.
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Fig. 5 UV-Vis absorption spectra of pristine SnS,, and Sn;_,Ag,S, with
various dopant concentrations.

until x = 0.05 (1.52 eV), indicating a significantly narrowed
band gap, which can efficiently red shift the wavelength range
for the photocatalyst’s electron activation. However, further
increasing the doping content to 7% does not decrease the
band gap and the band gap of Sng ¢3Ag0.07S, is maintained at
1.52 eV. This phenomenon occurs because excessive Ag cannot
enter the lattice of the crystals or further alter the band gap
due to the intensified lattice disordering with the increased
doping content.

As shown in Fig. 7, the overall degradation rate of methyl-
ene blue (MB) upon pristine SnS, and Sn,_,Ag,S, with various

16294 | Dalton Trans., 2016, 45, 16290-16297
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Fig. 6 (ahu)? vs. photon energy (hv) for pristine SnS,, and Sny_,Ag,S.
with various dopant concentrations.

dopant concentrations is evaluated by measuring the concen-
tration of MB in an aqueous solution under dark conditions
and visible light irradiation. It can be seen that all the photo-
catalysts reach an adsorption/desorption equilibrium in
45 min and further extending the dark time does not increase
the adsorption amount. It is found that the increase in the Ag
dopant content effectively enhances the overall degradation
efficiency. The final degradation rates of MB under visible
light after 60 min of irradiation over pristine SnS,, and
Sn,_,Ag,S, with x = 0.01, 0.03, 0.05 and 0.07 are 63.88%,
70.96%, 82.34%, 96.81% and 96.75%, respectively, compared
to its initial concentration. The optimal concentration of the
Ag dopant is found to be 5%.

Fig. 8 displays the MB adsorption capacities of pristine
SnS,, and Sn;_,Ag,S, with various dopant concentrations in
the dark. As shown in Fig. 7, the adsorption/desorption equili-
brium is achieved within 45 min for all the samples. It is
observed that the adsorption capacities increase with the
increased Ag dopant content. The pristine SnS, only adsorbs
45.07% of the MB in the solution, while the adsorption ratio
increases to 51.48% after 1% Ag doping. By increasing the
Ag content, the adsorption capacity increases continuously
and reaches 87.41% for Sngo3Ago.0,S,, indicating that
Ag doping effectively increases the affinity of MB molecules
towards the photocatalyst. The enhanced adsorption is driven
by the increased surface area contributed by the significantly
reduced particle size achieved through Ag doping.

The photocatalytic activities of pristine SnS, and Sn;_,Ag,S,
with various dopant concentrations are evaluated by measur-
ing the decomposition of MB in an aqueous solution under
visible light irradiation. It can be seen in Fig. 9 that the
increase of the Ag dopant concentration from 1% to 5% effec-
tively enhances the degradation efficiency. However, further
increasing the Ag doping decreases the photocatalytic activity.
To quantify the reaction kinetics of MB photocatalytic degra-
dation, a pseudo-first order model for low dye concentrations

This journal is © The Royal Society of Chemistry 2016
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Table 2 Calculated band gaps of pristine SnS,, and Sn;_,Ag,S, (x = 0.01, 0.03, 0.05, 0.07)
Samples SnS, Sno.90Ag0.0152 Sno.97Ag0.0352 Sno.05A80.0552 Sno.93A0.0752
Band gap 2.04 eV 1.86 eV 1.73 eV 1.52 eV 1.52 eV
100 ] \ —m-sns, 18+ —m—Sns, .
P ®-5n,_Ag,, S, 1 - Sn,,Ag,,, S,
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Fig. 7 Time profile of C/Cy for methylene blue (MB) under visible light
irradiation in the presence of pristine SnS,, and Sn;_,Ag,S, with various
dopant concentrations, where Cy and C are the initial and instant con-
centrations of the MB aqueous solution, respectively.
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Fig. 8 Methylene blue adsorption capacity of pristine SnS,, and
Sn;_xAgyS, with various dopant concentrations.

is applied: In(Co/C) = kappt, where C, and C are the concen-
trations of dye in the aqueous solution at the initial time
to and irradiation time ¢ respectively, and kpp, is the pseudo-
first order rate constant.>® As plotted in Fig. 10, the calculated
degradation rate constants of MB under visible light over pris-
tine SnS,, and Sn;_,Ag,S, with x = 0.01, 0.03, 0.05 and 0.07 are
0.4633, 0.5142, 0.8041, 1.8251 and 1.4872 hour™", respectively.
Sng.95A80.055, is demonstrated to have the highest k.,,. The
mechanism of the photocatalytic reaction has three steps.
First, electrons in the photocatalyst are excited into the con-
duction band by incident photons and holes are left in the
valence band. Second, the excited electrons and holes migrate
to the catalyst surface. Third, the oxygen donors from the dyes

This journal is © The Royal Society of Chemistry 2016

Fig. 9 Photodegradation kinetic curves of MB photodegradation in the
presence of pristine SnS,, and Sn;_,Ag,S, with various dopant
concentrations.

1.8251
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Fig. 10 The apparent rate constants (k,op) of MB degradation under
visible-light irradiation in the presence of pristine SnS,, and Sn;_,Ag,S,
with various dopant concentrations.

react with the surface electrons to form "O,~, while H,O serves
as an electron donor to react with holes to form "OH and
decompose the dyes as a result. Through Ag doping, the band
gap is effectively narrowed, thus significantly red shifting the
wavelength range for the photocatalyst’s electron activation
and increasing the solar light adsorption efficiency in step 1 as
a result. Additionally, the doping of Ag' ions introduces
defects into the crystal, leading to increased charge carrier
density.'”*® Therefore, electron and hole transfers in step
2 are largely accelerated and electron-hole recombination is
effectively suppressed by the enhanced grain boundaries.
Meanwhile, due to the evidently increased surface area to
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Fig. 12 (a) Time profile of C/Cy for methylene blue (MB) under visible
light irradiation, (b) photodegradation kinetic curves of MB photodegra-
dation in the presence of fresh and reused Sng 95Ado.05S2.

volume ratio, the heterogeneous catalytic reaction is effectively
enhanced in step 3. However, when the doping Ag content
increases to 7%, the photocatalytic performance is not further
increased. This is because lattice disorder is intensified with
the increased doping content. Over a certain concentration,
the strong lattice distortion and strain will finally disturb
crystal growth and excessive Ag cannot enter the lattice or
further alter the band gap. In addition, the formation of tiny
catalytic inert Ag,S may block the active surface of Sn;_,Ag,S,.
Therefore, the mechanism of MB photodegradation is illus-
trated in Fig. 11. Due to the narrowed band gap through
Ag doping, SnS, can be excited by solar light more easily to
produce electron-hole pairs. Simultaneously, electron-hole
recombination is suppressed owing to the direct oxidization of
MB. To study the stability of the photocatalyst, MB degradation
experiments were carried out on a recycled Sng.osAgo.05S,
sample. As shown in Fig. 12, the reused Sng ¢5Ago.05S, photo-
catalyst has an overall degradation rate of 92.59% and a k,pp, of
1.3325 hour™, which exhibits no significant performance loss,
indicating Sng.9sAgo.05S, maintains a good stability.

4. Conclusions

In this work, a Sn;_,Ag,S, photocatalyst with varied Ag doping
content is synthesized through a facile one-step hydrothermal
method. The resultant Sn, ,Ag,S, shows a significantly

16296 | Dalton Trans., 2016, 45, 16290-16297
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narrowed band gap with increasing Ag doping content which
reaches a minimum of 1.52 eV at 5%. Further increasing the
Ag concentration does not further decrease the band gap. The
photocatalytic activity of the Sn;_,Ag,S, nanoparticles is
studied by the degradation of methylene blue (MB) dye under
visible light irradiation. Through increasing the Ag dopant
concentration, the wavelength range for the photocatalyst’s
electron activation is red shifted evidently and the solar light
adsorption efficiency is increased effectively. In addition, due
to the increased charge carrier density, electron and hole
transfers are largely accelerated. Meanwhile, because of the
increased surface area to volume ratio, heterogeneous catalysis
is facilitated. The optimal concentration of the Ag dopant is
found to be 5%. Because the lattice disorder is intensified
with the increased doping content, excessive Ag cannot enter
the lattice of the crystal and tiny catalytic inert Ag,S blocks the
active surface of Sn,_,Ag,S,, further increasing the Ag dopant
content to 7% does not further improve its photocatalytic
performance. This study indicates that a proper amount of
Ag doping can effectively increase the photocatalytic perform-
ance of SnS, and will promote the commercialization of such
photocatalysts in the photocatalytic degradation of organic
compounds.
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