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Abstract 

In this study, the Ag-loaded Sb2WO6 photocatalysts have been successfully 

synthesized by a facile solvothermal method. The as-prepared Ag doping Sb2WO6 

microspheres were characterized by X-ray diffraction (XRD), scanning electron 

microscope (SEM), high-resolution transmission electron microscopy (HRTEM), 

high angle annular dark-field transmission electron microscopy (HAADF-STEM), 

energy-dispersive X-ray spectroscopy (EDS), X-ray photoelectron spectroscopy 

(XPS), UV-Vis diffuse reflectance spectroscopy (UV-DRS) and the 

Brunauer–Emmett–Teller (BET) method. Results indicate that metallic Ag was 

successfully grown on Sb2WO6. The photocatalytic activities of the Ag-Sb2WO6 

photocatalysts were evaluated by degradations of MO, RhB and MB under UV 

light and visible light. It is found that the photocatalytic activity is excellent and 

superior after the decoration of the metallic Ag nanoparticles. A possible 

photocatalytic mechanism was proposed. 
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1. Introduction  

Pollution becomes a serious and worldwide problem following the accelarations of 

industrialization and urbanization. Environmentally harmful wastewater is one of the 

most common polluted substances within such an issue [1, 2]. In most cases, 

wastewater often contains high-level organic pollutants such as phenol and 

polychlorinated biphenyls. It causes considerable damages to ecosystem and human 

health due to high toxicities and carcinogenic characters of the pollutants [3-5]. Up to 

date, various methods have been developed to decontaminate pollutants in wastewater. 

Among them, photocatalysis is considered as the most promising cleantech thanks to 

its efficient, economical, and environmentally viable merits [6-9].  

As a heterogeneous semiconductor photocatalyst, the Aurivillius-structured 

bismuth tungstate (Bi2WO6) has attracted enormous attentions due to its excellent 

materials properties such as non-toxicity, resistance to corrosion, and ferroelectric 

features [10-15]. Similar to the Bi2WO6, the Sb2WO6 consists of perovskite 

(Am-1BmO3m+1) layers that are composed with the (WO4)2 and (Sb2O2)
2+. As a typical 

n-type semiconductor, it can also be employed as an efficient photocatalyst [16-18]. 

However, the sysnthesis of the Sb2WO6 was scarcely reported [16]. Furthermore, its 

catalytic ability is still limited due to high recombination rate of photo-generated 

electron–hole pairs in the process of photocatalytic reaction. This common problem in 

photocatalysis may be solved via materials engineering routes such as shape tuning, 

combination with noble metal elements. It is noticed that metal nanoparticle loading 

can hold the photoexcited electrons and induce plasmonic effect [17 Cao, Mat. Phys. 
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Chem. 158: 89-95 (2015)], resulting in improvement of the separation efficiency of 

photo-generated charges. Especially, the catalytic activity is substantially enhanced 

when noble metals, such as Au, Ag, Cu and Pt nanoparticles are introduced into the 

semiconductors [19-21]. Thus it is interesting to investigate the photocatalytic activity 

of noble metal doped Sb2WO6. 

In the present study, the Ag-loaded Sb2WO6 microspherical photocatalysts have 

been successfully synthesized by a facile hydrothermal method. The as-prepared 

Ag-Sb2WO6 photocatalysts showed higher photocatalytic abilities than the 

corresponding pure Sb2WO6 in degradations of Methyl orange (MO), Rhodamine B 

(RhB) and Methylene blue (MB) aqueous solution under UV light and visible light 

irradiation. Moreover, a possible photocatalytic mechanism of photoelectron-hole 

pairs separation and transfer was proposed. 

2. Experimental 

2.1. Preparation of Ag-Sb2WO6 microspheres  

Sodium tungstate (Na2WO4•2H2O, analytical grade), antimony trichloride (SbCl3, 

analytical grade) and silver nitrate (AgNO3, analytical grade) were employed as 

tungsten, antimony and sliver sources. All the other chemicals used in the experiments 

were also of analytic reagent grade without further purification. Deionized water was 

used throughout the experiment. 

The catalysts were synthesized by a facile hydrothermal method. The preparation 

was carried as follows: 1 mmol sodium tungstate (Na2WO4•2H2O) was suspended in 

8 mL deionized water at room temperature under stirring until it dissolved completely. 
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2 mmol antimony trichloride (SbCl3) was dissolved in 8 mL absolute ethanol to form 

a solution. Then the antimony trichloride solution was dripped into the sodium 

tungstate aqueous. The resulting yellowish suspension was stirred for 10 min. Then 

0.2 mmol (0.4 mmol, 0.6 mmol) silver nitrate (AgNO3) was added into the suspension. 

Here the [AgNO3]: [SbCl3] molar ratio was tuned to 10% (20%, 30%). Under 

vigorous stirring for 30 min, the pH value of the suspension was adjusted to 2 by the 

dripping of 1 mol/L NaOH/HNO3 solution. After being stirred 10 min, the suspension 

was transferred into a 20 mL Teflon-lined stainless steel autoclave. Then the autoclave 

was sealed, heated under autogenous pressure at 180℃for 24 h, and then cooled down 

to room temperature. The obtained product was filtrated and washed three times with 

absolute ethanol and deionized water, finally dried at 60℃ in vacuum for 12 h. 

Samples were named S1 ([AgNO3]: [SbCl3] =10%), S2 ([AgNO3]: [SbCl3] =20%) and 

S3 ([AgNO3]: [SbCl3] =30%) in turn. For comparison purposes, the Sb2WO6 without 

Ag loading was prepared by the same above mentioned method and labeled as S0. 

2.2. Characterizations of Ag-Sb2WO6 microspheres 

The crystal structure of the synthesized catalysts were characterized by X-ray 

diffraction (XRD) on a Rigaku D/max-2500 diffractometer at 40 kV and 40 mA with 

Cu-Kα radiation in a 2θ range of 10° to 90°. The morphology of the photocatalysts 

was observed using a JEOL JSM-6700F scanning electron microscope (SEM). TEM 

images, HRTEM images, HAADF-STEM images and EDS elemental mapping 

images of the catalysts were obtained by high-resolution transmission electron 

microscopy (JEM 2014) at 200 kV. X-ray photoelectron spectroscopy (XPS) 
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measurements were recorded on a PHI5300 with a monochromatic Mg Kα X-ray as 

the excitation source to explore the elements and chemical states on the surface. 

Binding energy was calibrated with respect to the signal for C 1s of 284.8 eV. The 

UV-Vis diffuse reflectance spectrum was measured using a UV-2550 Shimadzu 

ultraviolet visible near infrared spectrophotometer in the range of 200–800 nm. 

Nitrogen adsorption–desorption isotherms were carried out on a nitrogen adsorption 

apparatus (TRISTAR II 3020, USA). 

2.3. Photodegradation experiments 

The photocatalytic activities of the as-prepared samples (50 mg) for RhB, MB and 

MO degradation were tested by measuring the concentration of RhB, MO and MB 

(50mL) in aqueous solutions. Initial concentrations of dyes were 10 mg/L. The 

degradation reaction was conducted under irradiations of ultraviolet light (using an 

Hg lamp equipped with a 365 nm cut-off filter, 500 W), visible light (using a 300 W 

xenon lamp with a 420 nm cut-off glass filter) for 3 h (or 2 h). The dye solution was 

placed into a cylindrical glass reactor (diameter 12.5 cm; height 6 cm). The distance 

between the sample and lamp was 10 cm. During the reaction, a water-cooling system 

cooled the water-jacketed photochemical reactor was used to maintain the dye 

solution at about 25℃. To eliminate the adsorption/desorption equilibrium effects of 

RhB, MO and MB on the samples, all the sample dye mixtures were stirred 

magnetically in the dark for 30 min before the UV irradiation. Each 30 minutes (or 20 

min), 4 mL solution was taken out and centrifuged to remove the catalysts. The colour 

of the samples was detected by a lambda 25 UV-Vis spectrophotometer (Perkin-Elmer, 
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USA) with a scan range of 300-700 nm. The quartz colorimetric cell was used for 

recording the absorption spectra at ambient temperature. The RhB, MO and MB 

absorption peaks locate at 552, 462 and 664 nm, respectively. They were used to 

detect the degradation of RhB, MO and MB. The final degraded solution samples for 

MB under visible light were tested by TOC (total organic carbon) analysis on a 

Shimadzu TOC L-CPH analysis meter. 

3. Results and discussion 

3.1. Structural analysis 

Fig. 1 shows the powder XRD patterns of the as-prepared samples. For comparison 

purpose, those of metallic Ag and Sb2WO6 (JCPDS) were also provided. It can be 

seen that all the diffraction peaks of the as-prepared sample without Ag are readily in 

accordance with 2θ values of Sb2WO6 (JCPDS NO.47-1680). Diffraction peaks at 

2θ=20.3°, 26.8°,29.2°, 29.89°, 40.2°, 47.31° and 48.57° are indexed to the (011), 

(111), (003), (11-2), (202), (02-3) and (114) crystal planes, respectively. No 

characteristic diffraction peaks of other impurity phases were detected. And the peaks 

of Sb2WO6 were also observed in other samples. The diffraction peaks at 38.12°, 

44.27°, 64.43° can be assigned to the (111), (200), (220) reflections of the metallic Ag 

(JCPDS NO.04-0783), respectively. After introducing the Ag to the composites, the 

(111) plane at 2θ=26.8° of Sb2WO6 has an obvious redshift, denoting a distortion of 

Sb2WO6 crystal lattice. Meanwhile, XRD peaks of the metallic Ag become more 

pronounced following the Ag content increase. No shift was observed for these peaks. 

Thus, change of Sb2WO6 lattice and emerging of Ag peaks prove the successful 
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combination of the metallic Ag with the semiconducitve Sb2WO6. 

 

Fig. 1 

3.2. Morphology analysis 

The SEM images of the as-prepared samples are given in Fig. 2. From Fig. 2a, it is 

clear that the pure Sb2WO6 sample has obvious layered microsphere structures piled 

up from a large quantities of smooth microsheets and microwires with length about 

1µm. S1 and S2 also show a microspherical morphology, but the nanosheets and 

nanowires become shorter and thinner compared to S0. This is due to the existence of 

element Ag significantly tunes the morphology of the Sb2WO6 matrix. Moreover, 

more decorating Ag nanoparticles lead to rougher Sb2WO6 surface. At the 30% Ag 

load, the nanowires and nanosheets turn to slenders and stretch out from the 
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microspheres (Fig. 2d).  

 

Fig. 2 

In order to confirm the results obtained from XRD and SEM, we carried out TEM 

and HRTEM to explicate the structure of the as-prepared photocatalysts. From the 

TEM images of Fig. 3a-c, it is obvious that the samples own a well-defined 

microspherical shape. The diameter of the microspheres are within 5.0-5.8 μm, with 

an average value of ~5.5 μm. The microspheres are piled up from a large number of 

nanosheets with a width of about 15-25 nm. The results are consistent with the SEM 

observation. Images taken from the edge of the individual microsphere are used to 

further investigate the composition of the sample. As shown in Fig. 3c, materials are 

highly crystallized. Fig. 3c also shows many Ag nanoparticles with an average 

diameter of 6-10 nm were loaded in the nanosheets. In addition, from the HRTEM 

image shown in Fig. 3d, the lattice fringe of d=0.236 nm matches well to the (111) 

plane of the Ag nanoparticles, and the lattice fringes with an interplanar spacing of 
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0.206 nm, 0.217 nm, 0.224 nm and 0.221 nm can be attributed to the (122), (121), 

(202) and (121) facets of Sb2WO6, respectively. The nanoparticles were also found in 

the interior of nanosheets, further indicating that the successful loading of the Ag 

nanoparticles in the Sb2WO6 photocatalysts. 

 

Fig. 3  

To study more structural information about the Ag-Sb2WO6 composites, the high 

angle annular dark-field transmission electron microscopy (HAADF-STEM) and EDS 

elemental mapping images of S2 were used to further confirm the distribution of Ag 

NPs, which are shown in Fig. 4a-g, confirming the existence of Ag, O, Sb and W 
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elements in the Ag-loaded Sb2WO6 . As shown in Fig. 4a and b, some bright spots on 

the Ag-Sb2WO6 microsphere surface should be ascribed to Ag nanoparticles, and the 

Ag deposited on the surface of Sb2WO6 layered microsphere can also be confirmed by 

the signal intensity of different elements. The STEM images and EDS mappings 

confirm that Ag is highly dispersed on the Sb2WO6 layered microsphere substrate. 

 

Fig. 4  

3.2. XPS analysis 
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XPS analyse was performed to elucidate the chemical states of constituent elements 

and the chemical compositions on the surface for as-prepared samples. Fig. 5f shows 

a full survey of S2, where Sb, W, Ag, and O are detected in the photocatalysts. The 

peak at 284.78 eV (Fig. 5d) is assigned to adventitious carbon 1s, and it was used for 

reference [22]. The high resolution XPS spectrum of the Sb 3d was obtained to gain 

insight into the Sb state, as given in Fig. 5a. Two peaks at 539.8 eV and 530.4 eV are 

corresponding to 3d3/2 and 3d5/2 of the Sb3+, respectively [23, 24]. Peaks at 37.7 and 

35.6 eV, respectively belong to 4f5/2 and 4f7/2 (Fig. 5c) of the W6+ oxidation state [25]. 

Moreover, the characteristic signal of O 1s in the S2 photocatalysts locates at 530.38 

eV. The rather broad nature may arise from O of two chemical states: crystal lattice 

oxygen and surface adsorbed oxygen [26]. The peaks at 372.58 and 366.68 eV can be 

respectively assigned to 3d3/2 and 3d5/2 of the metallic Ag. These peaks bear small 

redshifts in the samples, which can be ascribed to the possible interaction between the 

Ag and Ag+, due to small amount of Ag+ existed in samples [34]. The XPS data 

confirms the existence of metallic Ag in Sb2WO6. 
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Fig. 5  

3.3 Optical properties 

The optical properties of the as-synthesized samples are shown in Fig. 6. It is 

obvious that the adsorption edge of pure Sb2WO6 (S0) centred at about 500 nm, 

exhibiting weak adsorption in the visible light regions. Then, the as-prepared Ag 

doped Sb2WO6 samples (S1, S2 and S3) have strong adsorption in the visible regions 

with adsorption edge between 500 and 550 nm. The band gap energy Eg of the 

as-prepared samples can be calculated by the formula: Eg = 1240/λ, where λ is the 

band gap wavelength. Band gaps are calculated to be 2.46, 2.30, 2.33 and 2.29 eV for 

S0, S1, S2 and S3, respectively. From the Fig. 6, it can conclude that all the samples 

exhibit photo-adsorption abilities in the visible light regions. Such an optic property 

refers to possible usages as photocatalyst under visible light irradiation.  
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Fig. 6  

3.4 BET analysis 

The BET analysis was carried out to measure surface area and pore structures of 

as-prepared samples by nitrogen adsorption-desorption at 77 K. Results were depicted 

in Fig.7 for samples S0-S4. The adsorption-desorption isotherms of all samples can be 

assigned to type IV isotherm with an H3 type hysteresis loop, indicating the presence 

of mesopores (2-50nm in size) [27, 28]. The hysteresis loops of all the samples shift 

approach p/p0 = 1, which suggests the presence of macropores (> 50 nm) [29]. The 

existence of Ag in Sb2WO6 has an obvious effect on the pore structure as shown in 

Table. 1. With the increase of Ag loading, the BET surface area of S1, S2 and S3 

become larger than S0. Moreover, the pore volume of S2 and S3 is bigger than S0 and 

S1 and the pore average diameter of samples is larger than that of pure Sb2WO6. 
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Fig. 7 

Table.1 

3.4. Photocatalytic activities  

The Methyl orange (MO), Rhodamine B (RhB) were selected as model organic 

pollutants to evaluate photocatalytic activities of the as-prepared samples under 

different radiation sources. The UV light irradiation has a maximum wavelength of 

362 nm, and the visible light source was employed too. The degradation curves of 

MO under UV light were shown in Fig. 8 for Sb2WO6 samples with different Ag 

weight loads. During a 30 min balance process of adsorption/desorption, the 

concentration of MO in solution decreased in the presence of the samples in the dark. 

The removal efficiencies are 5%, 25% and 10% for as-prepared samples S1, S2, S3, 

respectively. Fig. 8a, b and c present the UV-Vis absorption spectra of MO solution 

Sample BET surface area 

(m2/g) 

Pore volume (cm3/g) Average pore diameter 

(nm) 

S0 30.4675  0.153090 18.97488  

S1 31.2162 0.141663 25.61111 

S2 31.8964  0.165286 21.17715 

S3 32.5485  0.183404 23.36926  
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with different samples. The characteristic absorption peak at λ=462 nm of MO is 

continously redshifted with the UV irradiation time. This denotes a chemical 

catalystic degradation rather than a physical adsorption during the MO removal 

process. After 150 min UV light irradiation, the photocatalysis systems showed 

distinct degradation rate for MO. Compared with other samples, the S2 exhibited the 

highest degradation efficiency, with a final decomposition rate up to 92% as shown in 

Fig. 8d. The enhanced adsorption ability and photoactivity are probably due to the 

synergy effect between Ag atoms and Sb2WO6. The strong adsorption ability can 

absorb MO molecules on the surface of Ag and Sb2WO6, promoting the efficient 

contact of contaminated substrate and photo-induced holes. Consequently 

photocatalytic efficiency is enhanced. Interestingly, the S3 and S1 exhibited lower 

degradation efficiency than S2, indicating that the content of doped Ag could 

influence the photocatalytic activity in the removal of MO. During the photocatalytic 

process, it can’t capture enough charges to separate photo-produced carriers 

effectively when Ag content <20%. As more Ag was loaded, the photo-generated 

charges and holes would recombine easily to lower the photoactivity. Hence, the 20% 

is the suitable content for the composite. At this percentage, the migration efficiency 

of photo-induced electron is optimized, and inhibits the recombination of charges and 

holes effectively. As a result, the suitable ion doping has significant influence on 

photocatalytic activity of materials [30, 31]. 
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Fig. 8 

Fig. 9a, b, c show the UV-vis adsorption spectra of RhB solution over different 

samples under UV light irradiation. The RhB characteristic absorption peak at λ=552 

nm gradually blue shifted with the increase of irradiation time. This is attributed to the 

fact that RhB was changed to some small molecule and then the conjugated structure 

was degraded under UV light irradiation. After 120 min of UV light irradiation, the 

absorption peak with the S2 disappeared, showing that almost all RhB pollutant was 

degraded, up to 98%. In contrast, the S1 and S3 sample didn’t completely remove 

RhB. The degradation efficiencies are 64%, 89%, respectively (Fig. 9d). Hence, the 

S2 showed the highest photocatalytic ability. On the other hand, it can be seen that all 

the samples exhibited different degree adsorption on RhB, which were similar to 

those in MO solution. Moreover, the difference is that the degradation time of MO is 

longer than that of RhB. The results revealed that the Ag-loaded Sb2WO6 has a certain 
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selectivity in degradation of pollutants. 

 

Fig. 9 

The photocatalytic experiments were then carried out under visible light. The 

Methylene blue (MB) and Rhodamine B (RhB) were chosen as model pollutants. As 

shown in Fig. 10a, degradation rates of MB are 58.2%, 95.9%, 94.2% and 86.5% for 

S0, S1, S2, and S3, respectively. For comparison purpose, the MB without 

photocatalysts was also carried out. Only ~10% of MB was removed under visible 

light. In order to accelerate the photocatalytic degradation process, 3 drops of 30% 

H2O2 were added into MB solution. As shown in Fig. 10b, degradation rates for MB 

solution reached 99.2%, 99.3%, 99.5%, 99.4% and 34% for S0, S1, S2, S3 and the 

blank, respectively. With regard to S1, S2 and S3, the blue colour from the MB 

dispersion solution with H2O2 became colourless with 60 min visible light irradiation. 
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From the Fig. 10c, it can be seen that only 84.6%, 96.7%, 95.7%, 91.8% and 26.1% of 

RhB in RhB solution were removed for S0, S1, S2, S3 and blank, respectively. The 

degradation efficiencies of the samples for RhB were lower than that for MB at the 

same condition compared to Fig. 10b. This can be attributed to the complicated 

molecule structure of RhB. In all, the Ag doped Sb2WO6 samples show enhanced and 

excellent photoactivity compared to pure Sb2WO6 both under UV light and visible 

light irradiations. 

The stability and reusability of photocatalysts are significant factors to meet 

economic and ecological demands in terms of “green chemistry”. The as-prepared 

samples also possess stability and reusability in visible light driven degradation 

process for MB. As shown in Fig. 10d, the efficiency over S2 with existence of H2O2 

for MB is up to 94.9% after four cycles of degradation process. The results show that 

as-prepared samples can be reused. 
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Fig. 10 

Fig. 11 shows the comparative test between S2 and S0 for the degradation of MO，

RhB after 90 min of UV light irradiation and MB, RhB after 80 min (or 90 min for 

MB without H2O2) visible light irradiation with 3 drops of 30% H2O2. After 90 min of 

UV light irradiation, the removal rate of S2 and pure Sb2WO6 are 82% and 35% for 

MO, and 87%, 38% for RhB. Moreover, with the visible light irradiation for 80 min, 

the removal rate of MB and RhB with 3 drops of 30% H2O2 is up to 92, 73% for S0, 

99, 90% for S2, respectively. The S2 possessed highest photocatalytic ability among 

the Sb2WO6 samples both in degradations of MO and of RhB. Results demonstrate 

that metallic Ag doped in Sb2WO6 eventually enhanced the photocatalytic ability. 

 

Fig. 11 

In order to confirm the photodegradation degree of MB solution, the final solution 

samples which were treated by the photocatalysts S0, S1, S2 and S3 under visible 

light irradation (3 drop 30% H2O2 added) were tested by TOC analysis. Table. 2 

shows that the amount of residual total organic carbon is 10.9%, 8.89%, 10.4% and 

10.3% for S0, S1, S2, S3, respectively. It indicates that the samples have excellent 

photoactivity under visible light and can oxidize MB pollutant to H2O and CO2. 

Table.2 
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3.4. Photocatalytic mechanism 

 

Fig. 12 

For the degradation of RhB, MO and MB, a possible photocatalytic mechanism of 

photoelectron–hole pairs separation and transfer was proposed. In previous studies, 

the high photocatalytic activity under light irradiation is attributed to the synergy 

effect of many factors, such as generation efficiency and separation efficiency of 

photoelectron–hole pairs, hierarchical structure, surface areas and band gap of 

material itself. Here, the metallic Ag nanoparticles were loaded on the hierarchical 

material, benifiting the photocatlytic degradation of RhB and MO. The SPR (Surface 

Plasmon Resonance) effect which is induced by the light irradiation can produce 

strong local electronic field to enhance the energy of trapped electrons [32-37]. As 

shown in Fig. 12a, the photo-induced electrons can migrate from Sb2WO6 through a 

Schottky barrier to metallic Ag, which could lower the recombination rate of 

Sample S0 S1 S2 S3 

TOC(C/C0)(%) 10.9 8.89 10.4 10.3 

TC(C/C0)(%) 11.6 9.59 13.1 11.1 
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photoelectron–hole pairs [38, 39,40 Shi et al., Small, 14:1704526 (2018)]. With the 

UV light irradiation, the electrons in valence band of Sb2WO6 was excited to the 

conduction band and migrate to Ag. The excited state of photo-induced electrons and 

holes can react with charge acceptor or donor to produce radicals such as •O2
- and 

•OH. Moreover the strong adsorption ability of the samples can absorb MO, MB and 

RhB molecules on the surface of Sb2WO6 or Ag nanoparticles. The absorbed species 

can be directly oxidized by these active radicals and turn to final products as H2O and 

CO2. The microsphere with a great many number of nanosheets can improve the 

utilization efficiency of UV light by reflecting light multiply [40, 41]. For these 

reasons, the catalysts exhibited higher photocatalytic efficiency than the pure 

Sb2WO6. As shown in Fig. 12b, under the visible light irradiation, electrons are 

transferred from the conduction band of Sb2WO6 to Ag. The excited state of 

photo-induced electrons can react with H2O2 and O2 to produce radicals •OH and •O2
-, 

which increase photocatalytic efficiency. 

In order to further confirm the above proposed photocatalytic mechanism for the 

Ag-Sb2WO6 system, experiments with certain scavengers and without any 

scavengers-loaded conditions were conducted. The isopropanol (IPA, 1mmol), 

benzoquinone (BQ, 1mmol) and disodium ethylenediaminetetraacetate (EDTA-2Na, 

1mmol) were used for the •OH, •O2
− and hole (h+) scavengers, respectively. The 

experiment has been performed to investigate the photocatalytic degradation process 

of RhB under ultraviolet light irradiation by S2 sample. As observed from Fig. 13, the 

photocatalytic degradation of RhB was substantially suppressed after IPA was added, 
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which indicates the •OH plays an important role in the degradation reaction. It can 

obviously observe that the addition of BQ also inhibited the degradation of RhB, 

suggesting that •O2
− also is the main active specie of Ag-Sb2WO6 for degradation of 

RhB. However, ambiguous inhibition in the photocatalytic degradation efficiency was 

observed when EDTA-2Na was applied as h+ scavenger. The free radicals trapping 

experiments indicate that the •OH and •O2
- are the main active species to oxidize the 

dye solution, while h+ plays a relatively minor role for dye degradation. 

 

Fig. 13 

4. Conclusions 

In summary, the Ag-loaded Sb2WO6 photocatalysts with well–defined microsphere 

morphology have been successfully synthesized by a facile solvothermal method. 

Sodium tungstate, antimony trichloride and silver nitrate were used as W, Sb and Ag 

sources, respectively. Results show that the metallic Ag was doped in Sb2WO6 

successfully and samples have larger BET surface area with a relatively narrow band 
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gap compared to the pure Sb2WO6. The photocatalytic results exhibit that the 

photocatalytic activity of Ag-Sb2WO6 is excellent and superior to that of pure 

Sb2WO6. The high photocatalytic ability of the Ag loaded system originates from SPR 

effect between Ag and Sb2WO6, synergy effect of low recombination rate of 

photoelectron–hole pairs, and strong adsorption ability for pollutant. 
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Figure and table captions 

Fig. 1. XRD patterns of S0; S1; S2; S3 samples. 

Fig. 2. SEM images of S0 (a); S1 (b); S2 (c); S3 (d). 

Fig. 3. TEM (a, b) and HRTEM (c, d) images of S2 composite. 

Fig. 4. Nanostructure of S2. (a-b) HAADF-STEM image, and (c–h) the corresponding 

EDS elemental mapping images, (g) a typical EDS spectrum. 

Fig. 5. XPS spectra of S2 (a)Sb 3d; (b) W 4f; (c) O 1s; (d)C 1s; (e) Ag 3d; and (f) 

survey. 

Fig. 6. UV-Vis diffuse reflectance spectrum of S0; S1; S2 and S3.  

Fig. 7. Nitrogen adsorption-desorption isotherms for the S0; S1; S2 and S3. Inset: the 

corresponding pore-size distribution of S0; S1; S2 and S3. 

Fig. 8. UV-Vis absorption spectra of MO solution after being treated with as-prepared 

samples S1 (a); S2 (b); S3 (c) and (d) Time-course variation of C/C0 of MO 

solution under UV light irradiation in the presence of the as-prepared 

samples. 

Fig. 9. UV-Vis absorption spectra of RhB solution after being treated with as-prepared 

samples S1 (a); S2 (b); S3(c) and (d) Time-course variation of C/C0 of RhB 

solution under UV light irradiation in the presence of the as-prepared 

samples. 

Fig. 10. (a) Time-course variation of C/C0 of MB solution under visible light over the 

samples of S0, S1, S2 and S3; (b) Time-course variation of C/C0 of MB 

solution with H2O2 under visible light over the samples of S0, S1, S2 and 
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S3; (c) Time-course variation of C/C0 of RhB solution with H2O2 under 

visble light over the samples of S0, S1, S2 and S3.(d) Cycle experiments of 

MB degradation over S2.  

Fig. 11. Comparative test between S2（Ag/Sb2WO6）and S0（pure Sb2WO6） for 

degradation of MO, RhB after 90 min of UV light irradiation and MB, RhB 

after 80 min (or 90 min for MB without H2O2) of visible light irradiation 

with 3 drops of 30% H2O2. 

Fig. 12. Schematic illustration of the photocatalytic mechanism of Ag/Sb2WO6 

microspheres under a (a)UV light irradiation (b) visible light irradiation. 

Fig. 13. UV-Vis absorption spectra of RhB solution over the obtained S2 in the 

presence of different scavengers: (a) EDTA-2Na; (b) BQ; (c) IPA. (d) 

Time-course of the photodegradation of RhB with S2 as the photocatalyst 

in the presence of various scavengers. 

Table. 1. BET surface area, pore volume and average pore size of the samples. 

Tabel. 2. The C/C0 of final TOC and TC in MB solution under visible light over the 

samples of S0, S1, S2 and S3 

 

 

 

 

 

 


