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 WO3/Ag3VO4 photocatalyst was synthesized for benefiting the visible region of  

solar spectrum for degradation of antibiotic pollutant. The prepared catalyst 

was characterized by using scanning electron microscope (SEM), X-ray 

diffraction (XRD), infrared spectroscopy (IR) and energy-dispersive X-ray 

spectroscopy (EDX). The photocatalytic performance of material was evaluated 

by the photoredution of degradation of Amoxicillin (AMX) antibiotic under 

visible light. Results show that the obtained WO3/Ag3VO4 photocatalyst can 

significantly enhance photocatalytic activity in comparison with the pure WO3 

and Ag3VO4. The enhanced photocatalytic activity of WO3/Ag3VO4 was 

predominantly attributed to the synergistic effect which increased visible-light 

absorption and facilitated the efficient separation of photoinduced electrons 

and holes.  
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I ntroduction 

 

Photocatalytic degradation of antibiotics pollutants has  

recently become novel technology for wastewater 

purification [1-3]. Numerous photocatalysts including 

TiO2, ZnO, WO3, BiVO4, g-C3N4, FeVO4, Ag3VO4, AgI 

and Ag3PO4 have been investigated for photocatalytic 

degradation of various organic pollutants [1-8]. 

However, the wide band gap energy (Eg ≥ 3,0 eV) 

and/or fast recombination rate of photo-excited 

electrons and holes are major disadvantages of these 

photocatalysts, leading to their low photocatalytic 

activity and/or the solar light could not be utilized as 

excitation source for photocatalysis. An efficient 

photocatalyst working well under visible light for 

degradation of organic pollutants (pesticides, 

antibiotic…) should have narrow band gap energy [9]. 

Recently, tungsten materials, in particularly WO3, which 

are narrow band gap energy materials (2.8 eV), have 

been considered as ideal visible light-driven 

photocatalysts utilizing incident solar light for 

photocatalysis [4, 9]. However, the use of single WO3 

as photocatalyst for degradation of antibiotics 

pollutants has been limited because of the fast 

recombination of photo-excited electrons and holes. In 

addition, the photocatalyst could only utilize photo-
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excited holes in the valence band to react with H2O fo r 

production of HO• (a strong oxidative radical 

degrading organic pollutants into harmless inorganic 

compounds such as CO2 and H2O). Therefore, various 

studies have been conducted to enhance 

photocatalytic activity of the WO3 photocatalysts. Many 

previous studies have been reported that combination 

of WO3 with another photocatalyst to establish a 

heterojunction system could enhance electron and 

hole separation efficiency as well as prevent the 

recombination of photo-excited electrons and holes 

leading to increase in its photocatalytic activity [4, 9, 

10]. Due to its high stability and responsiveness to 

visible light, silver vanadate (Ag3VO4), another 

moderate band gap energy material that has attracted 

significant attention [11-13]. However, the 

photocatalytic activity of the g- Ag3VO4 still suffers 

from low conversion efficiencies due to the fast 

recombination of generated electrons and holes, which 

is usually considered as a major barrier in the single 

component semiconductor photocatalyst. It is still 

necessary to find appropriate compounds to further 

enhance the photocatalytic performance of Ag3VO4. 

The Ag3VO4 modified by using other semiconductors 

to establish a heterojunction or direct Z scheme system 

have exhibited novel photocatalytic activity even und er 

visible light [11-15].  

In  this paper, we intend to the development of 

coupling Ag3VO4 with WO3 as a high-performance 

visible light photocatalyst. The well aligned straddling 

band structures in hybrids can restrain the 

photoinduced charge recombination and enhance the 

transfer of electron-hole pairs. The degradation of 

AMX as a model pollutant under visible light to 

evaluate photocatalytic activity of WO3/Ag3VO4.  

 

Experimental 

 

Photocatalyst synthesis 

To synthesize WO3 photocatalyst, sodium tungstate 

dihydrate (Na2WO4.2H2O) was mixed with citric acid 

(C6H8O7) (ratio 5:3) before dissolving in deionized 

water by stirring (10 mins) to attain a clear solution, 

which was continuously added HCl solution (6M) to 

adjust pH to 1 to obtain a yellow solution. The solut io n 

was kept stirring for 30 mins before conducting 

hydrothermal process at 120 oC for 12 hours. The 

obtained product was washed by distilled water to 

achieve neutral pH. The cleaned product was 

continuously calcinated at 500 oC for 2 hours to 

achieve WO3. 

To synthesize Ag3VO4, 10 g AgNO3 was dissolved in 

distilled water and stirred for 1 h at room temperature. 

Then, 5 M NaOH was wise-dropped to the solution to 

achieve pH 10 (solution A). Solution B containing 2.3 g 

NH4VO3 dissolving in distilled water was slowly mixed 

and stirred with the solution A for next 1 h before 

centrifugating to achieve participate. Distilled water 

was also used to wash the participate to reach neutral 

pH before drying at 60 ◦C for 24 h to obtain Ag3VO4. 

 To synthesize Ag3VO4/WO3, WO3 was firstly dispersed  

in distilled water and AgNO3 solution was dropped to 

the WO3 suspension before stirring for 1 h. Then, the 

solution of NaOH (5 M) was also used to adjust pH of 

the suspension to 10. The NH4VO3 solution was wise 

dropped into the adjusted pH suspension, which was 

continuously stirred for next 7 h in dark condition 

before centrifugating to achieve participate. Distilled 

water was also used to wash the obtained participate 

to reach neutral pH. The washed product was dried at 

60 ◦C for 24 h to get Ag3VO4/WO3 (WA). 

Characterization methods 

 The prepared materials were carefully analyzed by an 

X-ray diffractometer (XRD, Bruker, AXS D8) to 

investigate their microstructure. UV–vis absorption 

spectra of these photocatalysts have been conducted 

on a UV – Visible spectrophotometer ((UV–Vis, 

Shimadzu, UV-3101PC)). Infrared spectroscopy was 

recorded on an 760 IR spectrometer (Nicolet-USA). 

Photoluminescence spectra (PL) were carried out on a 

Fluoromax-4-type spectrophotometer (Jobin–Yvon Co , 

France). Energy dispersive X-ray spectroscopy was 

determined on a S-4800 spectrophotometer (EDX, 

Hitachi – Japan). 

 

Photocatalysis test 

 

Photocatalysis experiments were carried out with an 

aqueous solution of amoxicillin solution (20 ppm) with 

a dosage of 0.5 g/L. The adsorption-desorption 

equilibrium was archived after 150 minute stirring 

without irradiation. After that, a LED lamp (220 V-30 

W) was turned on to provide visible light. During 

irradiation time, every 30 min, 5 mL sample was taken 

out for filtration to determine remained amoxicillin. In 

detail, the filtrated solution was mixed with another 

solution containing benzoic acid, hydrochloric acid, 

sodium nitride and ammonium hydroxide for 

complexion. The obtained product was analyzed by an 

UV–vis absorption spectrometer at 435 nm.  
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Results and discussion  

 

Mate rials characterizat ion  

 

The crystalline structures and phases of Ag3VO4, WO3 

and WO3/Ag3VO4 photocatalysts were characterized 

by XRD. The XRD patterns of the  obtained materials 

were shown in the Figure 1. 

        

 
 

Figure 1: XRD patterns of WO3, Ag3VO4 and 

WO3/Ag3VO4 

According to the XRD pattern of the WO3 indicated 

that observed peaks at 2θ of 19.33◦, 30.98◦, 32.42◦, 

35.21◦, 35.98◦ and 38.97◦ and 54.27◦ in the Ag3VO4 

XRD pattern were indexed as (011), (−121), (121), (301), 

(202), (022) and (331) planes of the monoclinic typical 

Ag3VO4 sample (JCPDS No. 43-0542) [16, 17]. Major 

triplet peaks of pure WO3 XRD pattern exhibited majo r 

triplet peaks at 2θ of 23.23◦, 23.72◦, and 24.41◦, which 

corresponded to (002), (020), and (200) planes of the 

typical monoclinic WO3 sample (JCPDS No. 43-1035) 

[18]. For WO3/Ag3VO4 material showed two sets of 

characteristic peaks attributing to the WO3 and Ag3VO4 

phases, suggesting that both components existed in 

the synthesized materials.  

The optical properties of WO3, Ag3VO4 and 

WO3/Ag3VO4 were investigated by UV–Vis DRS. As 

shown in Figure 2, all samples exhibit strong 

absorption in the ultraviolet and part of the visible 

region (250–460 nm) and weak absorption in the 

visible region (460–800 nm). The optical absorption 

spectra also show that visible light absorption of the 

prepared WO3/Ag3VO4 materials were better than that  

of single WO3 and Ag3VO4 materials.  

 
Figure 2: UV–Vis diffuse reflectance spectra of WO3, 

Ag3VO4 and WO3/Ag3VO4 

The calculated band-gap energies of the WO3, Ag3VO 4  

and WO3/Ag3VO4 were 2.78, 2.21 and 2.74 eV, 

respectively (Fig. 3). 

 

Figure 3: Tauc plots of WO3, Ag3VO4 and WO3/Ag3VO4 

The PL emission spectra were employed to investigate 

the combination and separation of the photoinduced 

carriers, which played a crucial role in photocatalytic 

reactions. The WO3, Ag3VO4 and WO3/Ag3VO4 PL 

spectra were shown in Figure 4. Pure WO3 and Ag3VO4 

had strong PL peak intensity, the WO3/Ag3VO4 

heterojunction displayed lower intensity. The low PL 

emission intensity corresponds to the high 

photocatalytic performance due to the lower 

recombination efficiency of the photoinduced electron-

hole pairs [4, 9]. Thus, the formation of heterojunction 

successfully solved the problem of easy recombination 

of photogenerated charges of single materials. The 

photocatalyst WO3/Ag3VO4 shows a lowest 

luminescence emission among the prepared  materials. 

https://pubs.acs.org/doi/10.1021/acsomega.1c06377#fig5
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Figure 4: PL spectra of WO3, Ag3VO4 and WO3/Ag3VO4 

 

Figure 5: EDX spectra of Ag3VO4 (a), WO3 (b)  and 

WO3/Ag3VO4 (c) 

Elemental composition identified by EDX is compatib le 

with the chemical structure of WO3, Ag3VO4 and 

WO3/Ag3VO4 materials. The WO3, Ag3VO4 and 

WO3/Ag3VO4 EDX spectra were shown in Figure 5.  

The obtained EDX spectrum (Fig 5) showed that 

tungsten (observed peaks at 7,43, 8,45 and 9,64 keV ), 

oxygen (0,51 keV), silver (3,1 keV), and vanadi (0,45 and  

5,42 keV) were all detected. This indicated 

WO3/Ag3VO4 was successfully synthesized. 

The molecular structure of the synthesized WO3, 

Ag3VO4 and WO3/Ag3VO4 was studied using infrared 

spectroscopy with a spectrometer in the range 500–

4000 cm-1. The IR spectra of synthesized samples are 

shown in Figure 7. In the IR spectrum of Ag3VO4, the 

absorption peak at 745 and 868 cm-1 corresponds to 

Ag-V and V-O in VO43- group [12]. For the WO3 

crystalline structure, the active mode vibrations of the 

W=O (870 cm-1), W–O (686 cm-1) bonds are owing to 

the octagonal structure [19]. In the binary component 

of WO3/Ag3VO4, two the characteristic peaks of 

Ag3VO4 at 745 and 868 cm-1  were obscured after the 

introduction of WO3 and vibrational modes at 830–

852 cm-1 corresponding to the W–O–W bonds is WO4 

or WO6. The peak at 912–938 cm−1 indicates the 

vibration of the W–O− and W=O bond of WO4 and 

WO6, indicating the coexistence of  WO3 and Ag3VO4 

semiconductors. 

 
Figure 6: IR spectra of  WO3, Ag3VO4 and WO3/Ag3VO4 

 

Photocatalytic activities 

 

The AMX removal using WO3, Ag3VO4 and 

WO3/Ag3VO4 materials were presented in the Figure 7 .  

The change in AMX concentration during 

photocatalysis under visible light was followed up by 

absorbances collected from UV-visible 

spectrophotometer at 435 nm.  
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Figure 7: Conversion of AMX using WO3, Ag3VO4 and 

WO3/Ag3VO4 

Figure 7 indicates that the photocatalytic activity of 

WO3/Ag3VO4 was better than those of WO3 and 

Ag3VO4. After 180 min irradiating by visible light, AMX 

degradation of the bare WO3 and Ag3VO4 samples 

were 38.5 and 32.3%, respectively. When Ag3VO4 was 

hybridized with WO3 to form Ag3VO4/WO3 

heterojunction, its photocatalytic amoxicillin 

degradation was remarkedly enhanced (79,86%) as 

compared to these pristine WO3 and Ag3VO4 materials. 

Because of well hybridizing and matching band 

potentials between Ag3VO4 and WO3, the photo-

excited electrons at WO3 conduction band would be 

transported from boundary to Ag3VO4 valence band 

and combined with its holes to inhibit charge 

recombination in each material resulting in 

accumulation of huge amounts of available electrons 

at Ag3VO4 conduction and holes in WO3 valence (Fig. 

8). The generated electrons and holes, which were high 

redox potentials, effectively participated in degradation 

of amoxicillin.  

 

Figure 8: Amoxicillin degradation mechanism of the 

WO3/Ag3VO4 photocatalyst. 

 

Conclusion 

 

WO3/Ag3VO4 photocatalyst was synthesized and its 

characteristics were analyzed by XRD, SEM, IR and 

EDX. Photocatalyst particles were all in crystalline form. 

The estimated energy band gaps of the WO3 and 

Ag3VO4 were 2.78 and 2.21 eV, respectively. Thus, both 

WO3 and Ag3VO4 in WO3/Ag3VO4 photocatalyst had 

suitable energy band gaps to absorb provided visible 

light for electrons jumping from VB to CB leaving holes  

at the VB. The WO3/Ag3VO4 photocatalyst possess 

significantly improved visible light photocatalytic 

activity for AMX degradation compared with WO3 and  

the Ag3VO4. The enhancement of photocatalytic 

efficiency under visible light is mainly attributed to the 

match of conduction and valence band levels between 

the WO3 and Ag3VO4, which can induce the high 

separation of photo-generated electron–hole pairs in 

the heterojunction system.  
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