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ABSTRACT: Dual functional heterostructure of Bismuth vanadate and Tungsten trioxide (BiVO4/WO3) was developed and 

its use in the generation of hydrogen and the degradation of dyes was shown. BiVO4 was synthesized by the sol gel method, 

and its heterostructure with WO3 was created by the solvothermal method. To study the morphological, structural, and optical 

characteristics of BiVO4 and BiVO4/WO3, X-Ray diffraction (XRD), Field emission scanning electron microscope (FESEM), 

UV-visible spectroscopy (UV Vis), Raman spectroscopy and X-Ray photoelectron spectroscopy (XPS) was performed. Using 

Electrochemical Impedance Spectroscopy (EIS) and Linear Sweep Voltammetry (LSV), the electrochemical characteristics 

were ascertained. When exposed to visible light, BiVO4 alone demonstrated a 73.4% degradation efficiency for methylene blue; 

however, the hybrid system yielded an 87.2% degradation efficiency. In the presence of 1M KOH solution an increase in 

current density and a lower value of onset potential (0.388 V vs RHE) was observed for the BiVO4/WO3. Similarly, EIS 

indicated a decrease in charge transfer resistance (83.92K𝛺) in the case of hybrid. Better performance from the hybrid system 

in HER further presented its capacity to both clean up the environment and produce energy from renewable sources.  
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1. INTRODUCTION 
 

In recent decades, there has been a growing interest in the 

field of photocatalysis, which is a fascinating process that 

involves the use of light to accelerate the rate of a chemical 

reaction. No doubt around the buzz, as the potential lies in its 

application towards building a safer and healthier 

environment for future generation. In this direction towards a 

sustainable and carbon zero world, we must develop reliable 

and clean renewable energy sources. This leads us to one of 

the current topic in this area of research, solar water splitting 

using semiconductor photocatalysts. This process allows the 

storing of solar energy by converting it into a different form. 

The ideal way of storing sunlight energy is in the form of 

hydrogen [1]. Solar water splitting has spurred extensive 

research, leading to the development of various potential 

catalysts [1, 2]. Thermodynamically, the amount of energy 

required for splitting water is about 1.23 eV, but considering 

the over-potential losses, the actual energy requirement 

ranges from 1.6 eV to 2eV [3]. 

Initially, photocatalytic studies were focused on binary 

metal oxides [4] made from abundant elements like TiO₂ [5], 

ZrO₂, α-Fe₂O₃, ZnO, and WO₃ [6], mainly because they’re 

affordable and chemically durable. But there is a fundamental 

drawback to these binary metal oxides: their valence bands, 

which are usually made up of O 2p orbitals, limit the 

absorption of visible light and have an impact on the 

conduction band [4]. Recently, researchers have been 

exploring on elements like cerium, zinc, and bismuth 

vanadate which are ternary metal oxides, as a new 

photocatalysts for degradation of dyes and hydrogen 

production [7]. Among the semiconductor materials 

investigated for photocatalysis, bismuth vanadate (BiVO₄) 

stands out as a promising candidate as it shows excellent 

visible light absorption , appropriate bandgap, and exhibit 
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high stability [8]. Being a non-toxic yellow pigment that has 

been regarded as an extremely intriguing substitute, BiVO4 

has been widely used in pigment applications in previous 

years[9, 10]. The remarkable ferro-elasticity, gas-sensitive, 

coloristic qualities and ionic conductivity make bismuth 

vanadate very promising and have recently attracted the 

interest of researchers for possible applications like 

photocatalytic degradation and hydrogen evolution reactions. 

In addition, its narrow band gap of approximately 2.4 to 2.5 

eV makes it an excellent photocatalyst for hydrogen 

generation and the decomposition of organic pollutants [11, 

12]. Clinobisvanite, Pucherite and Dreyerite are the 

three polymorphs of BiVO4, according to the literature. 

Clinobisvanite has monoclinic scheelite (m–s) structure, 

dreyerite shows tetragonal zircon (t–z) structure, and 

Pucherite is a naturally occurring polymorph of BiVO4 with 

orthorhombic structure [13, 14]. Among the three phases, the 

monoclinic scheelite form exhibits greater coloristic qualities 

and significantly stronger photocatalytic ability when 

exposed to visible light [15, 16]. There are several ways to 

prepare the monoclinic scheelite phase of BiVO4, like sol-gel 

method, hydrothermal treatment, coprecipitation method, or 

template method [17, 18]. Studies revealed that the BiVO4 

photocatalyst's low electron hole separation and tiny surface 

area made it unsuitable for photocatalysis [19]. In order to 

deal with this issue many approaches have been put forth, 

such as the creation of heterojunction structures [20], doping 

with metals or nonmetals [21], and the use of co-catalysts 

[22]. 

In this work, we aim to reduce recombination and 

enhance electron transport by utilizing tungsten trioxide 

(WO3) to form a heterojunction. This will assist to address 

both of the issues that were present in BiVO4. With a bandgap 

value between 2.7 and 2.9 eV, WO3 is an indirect bandgap 

semiconductor. In terms of photo corrosion, it is extremely 

stable. Combining BiVO4/WO3 semiconductors can increase 

the system's absorption capacity. Apart from absorption, the 

heterojunction system has the potential to enhance the 

system's charge separation. Additionally, through facilitating 

electron separation between BiVO4 and WO3, the type 2 

heterostructure that was developed substantially minimized 

charge recombination [23]. Moreover, the hybrid's oxygen 

vacancy enhances its charge separation which is necessary 

for the hydrogen evolution as well as the degradation of dyes. 

In this research, we synthesized pure BiVO4 using the 

sol-gel method, which is a versatile and cost-effective 

technique that allows for precise control over the material’s 

composition and shape. And then created its heterostructure 

with WO3 using the solvothermal method, which is known 

for producing highly crystalline materials with well-defined 

nanostructures. For the detailed information on the 

crystallinity, morphology, optical properties and charge 

transfer characteristics of the BiVO4 and BiVO4/WO₃ 

samples, various characterization techniques, including X-

ray diffraction (XRD), Field emission scanning electron 

microscopy (FESEM), Micro Raman spectroscopy, UV-Vis 

spectroscopy, X ray photoelectron spectroscopy (XPS), linear 

sweep voltammetry (LSV), and electrochemical impedance 

spectroscopy (EIS) were used. We explored the combined 

effects of BiVO₄ and WO₃ in two important photocatalytic 

applications: breaking down methylene blue, a common 

organic dye used as a model pollutant, and the hydrogen 

evolution reaction (HER), which is a critical step in solar 

water splitting for sustainable hydrogen production. 

Numerous companies frequently utilize methylene blue dye, 

which raises serious environmental problems when it is found 

in water bodies. Real-world environmental uses of the 

BiVO₄-WO₃ heterostructure may be demonstrated if this dye 

could be efficiently broken down under visible light.  

Our research showed that, although the pure BiVO4 was 

degrading at a respectable pace, the hybrid was achieving 

remarkably higher rates of degradation.  Along with 

pollutant degradation we also observed that in the case of 

BiVO4/WO3, HER activity was increased. To summarize, this 

research delves into the creation of a BiVO₄/WO₃ 

heterostructure and its use in the hydrogen evolution and 

photocatalytic degradation of methylene blue. This work 

enhances the development of effective photocatalysts for 

energy and environmental applications by overcoming the 

constraints of BiVO₄ through heterostructure creation. The 

results highlight the versatility and efficacy of the 

BiVO₄/WO₃ system as a photocatalyst, paving the way for 

further advancements in this area. 

 

 

 

2. EXPERIMENTAL DETAILS 
 

2.1. Synthesis of bismuth vanadate (BiVO4) 

 

The synthesis of bismuth vanadate (BiVO4) powder using 

sol-gel method is shown in Figure 1. Initially bismuth nitrate 

pentahydrate (Bi(NO3)3·5H2O) and ammonium vanadate 

(NH4VO3) were utilized in the molar ratio of 1:1. In Solution 

1, 0.7276 g of Bi(NO3)3·5H2O in 50 ml of 4M nitric acid 

(HNO3) was dissolved. On the other hand, 0.175 g of 

NH4VO3 was dissolved in 50 ml of 4M ammonium hydroxide 

(NH4OH) for Solution 2. The two solutions, each of which 

consisted of Bi and V elements, were then mixed and stirred 

for 30 minutes, which finally led to the appearance of the 

yellow colour. And after that, ethanol (C2H5OH) of 100 ml 

was poured into the mixture, which was kept at 70°C while it 

was kept stirring for 1 hour. After that, 50 ml of DI and 5 ml 

of 1M acetic acid (CH3COOH) were added to the yellow sol, 

which then turned into a yellow gel. It was dried in an oven 

for 48 hours at 100°C and then calcined in a muffle furnace 

at 500°C for 2 hours, the BiVO4 obtained is thus marked as 

BVO. 

 

 

2.2 Synthesis of tungsten trioxide (WO3) 

 

For the preparation of WO₃ powder, two solutions were 

initially prepared. For Solution A, 5 ml of 65% nitric acid 

(HNO3) was added dropwise to 25 ml of DI, and for full 

dissolution the mixture was continuously stirred for 10 
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minutes. Parallel to this, for solution B 0.45g of sodium 

tungstate (Na₂WO₄·2H₂O) was dissolved in 10 ml of DI, 

under continuous stirring until a transparent solution was 

achieved. After that, Solution B was gradually added to 

Solution A while stirring continually. This caused a white 

precipitate to gradually turn light yellow, signifying the 

development of precursors for tungsten trioxide. To make 

sure of consistency and a full reaction, the mixture was 

agitated for a further forty-five minutes. This homogenous 

mixture was processed hydrothermally for 24 hours at 180°C 

in a stainless-steel autoclave lined with Teflon. 

Centrifugation was then used to gather the yellow precipitate 

that resulted. The precipitate was then washed with ethanol 

and DI to remove any residual impurities or unreacted 

precursors. Finally, the cleaned product was dried for 6 hours 

at 60°C to obtain the final WO3 powder (Figure 2). The 

synthesized WO3 was named as WO. 

 

 
 

Fig. 1. Schematic diagram of synthesis of BVO powder using sol gel method. 

 

 

 
 

Fig. 2. Schematic diagram of synthesis of WO by hydrothermal method. 
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Fig. 3. Schematic diagram of synthesis of BVO/WO by solvothermal method. 
 

 

2.3. Synthesis of BiVO4/WO3 

 

For solution A, 40mL of ethylene glycol was used to dissolve 

0.2g of WO3 and 0.2mmol of Bi(NO3)3, while 40mL of hot 

water was used to dissolve a stoichiometric quantity of 

NH4VO3 in relation to Bi(NO3)3 for the preparation of sol B. 

To guarantee the solutes dissolved fully and produced a 

transparent, homogenous solution, two solutions were 

vigorously agitated. The WO3/Bi(NO3)3 mixed solution was 

stirred while the NH4VO3 solution was gradually added. 

Following 30 minutes of magnetic stirring the 

aforementioned combined solution, the suspensions were 

placed in Teflon lined beaker and heated to 100 °C for a 

duration of 12 hours. After the resultants had cooled to room 

temperature, they were collected and thoroughly cleaned 

using ethanol and DI [24]. Lastly, the synthesized products 

were dried for six hours at 60°C to produce BiVO4/WO3 

powders (Figure 3). The synthesized heterostructure was 

named as BVO/WO. 

 

 

2.4. Photocatalytic activity test  

 

To determine the photocatalytic activity, we measured the 

quantity of Methylene blue (MB) that degraded when 

exposed to visible light. For this we used a 300W Xenon lamp 

as the light source. A precise quantity of 50 mg BVO and 40 

mL of concentrated MB (10 mg L-1) were put in the solution. 

To achieve the adsorption equilibrium, the suspensions were 

magnetically agitated in the dark for 30 minutes after being 

ultrasonically sonicated for five minutes. Samples were taken 

at regular intervals of 15 minutes over the 90 minute 

degradation experiment. Prior to analysis, the collected 

samples underwent filtration and centrifugation for five 

minutes to eliminate any remaining catalyst particles. Then 

by plotting the absorbance vs wavelength graph, the extent of 

MB degradation was determined. 

 The Degradation efficiency (%) was calculated from 

the following expression: 

Degradation Efficiency (%) = (
𝐶0−𝐶

𝐶0
)*100      (1) 

Where Co is the initial concentration of MB and C is the 

concentration of MB at time t [25]. 

 

 

2.5. Electrochemical measurements 

 

The measurements were conducted in 1M KOH solution as 

an electrolyte using BVO, BVO/WO drop casted on FTO as 

working electrode, Ag/AgCl and platinum wire were taken as 

reference and counter respectively. The electrochemical 

characteristics were assessed using EIS and LSV using an 

Admiral Squidstat electrochemical workstation. EIS was 

performed in the range of 100KHz–0.01Hz.  LSV was taken 

at a scan rate of 10 mV s−1 in order to record the current 

density [26]. The obtained potential was converted into a 

RHE potential using the following equation:  

 

ERHE = EAg/AgCl + (0.0591 × pH) + EAg/AgCl˚         (2) 

 

Where ERHE is reversible hydrogen electrode potential which 

is used as a reference scale to compare the potential of 

different electrode and EAg/AgCl = 0.1976 V. 
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Fig. 4. X-Ray diffraction pattern of BVO and BVO/WO nanocomposites. 

 

 

 

2.6. Material characterization 

 

For the X-ray diffraction pattern, Panalytical X Pert Pro X-

ray diffractometer was used. Carl Zeiss ultra plus field 

emission scanning electron microscope was utilized to 

determine the morphology of the synthesized nanostructures. 

To obtain the absorption spectrum, UV–vis spectroscopy was 

performed using Labman double beam spectrometer (LMSP-

UV 1900S) from 400 nm 800 nm. Micro-Raman 

spectroscopy (Horiba-Jobin Yvon LABRAM spectrometer) 

was used to detect the vibrational modes. To examine the 

interfacial electronic interaction in the BVO/WO 

heterostructures an X-ray photoelectron spectroscopy was 

performed using VG ESCALAB 220I-XL. 

 

 

 

3. RESULTS AND DISCUSSION 
 

3.1 XRD analysis 

 

The crystallinity of BVO and BVO/WO heterostructure were 

investigated using XRD. The XRD patterns, as illustrated in 

Figure 4, have different peaks for each substance. The pure 

BVO sample (red curve) shows distinctive diffraction peaks 

at 18.7°, 28.9°, 30.5°, 34.5°, and 47.2° corresponding to (110), 

(121), (040), (200), (240) planes. These peaks correlate to 

BVO's monoclinic scheelite structure (JCPDS 14-0688). The 

most intense peak at 28.9° corresponds to the (121) plane, 

showing a high crystallinity in the BVO sample [27-29]. The 

lattice parameters a, b, c was found to be 5.195 Å, 11.70 Å, 

5.0920 Å respectively.  The BVO/WO heterostructure (blue 

curve) has peaks from both BVO and WO. The composite 

diffraction peaks at 18.7°, 23.1°, 28.9°, 30.5°, 33.2°, and 34.5° 

correspond to the individual peaks of BVO and WO, 

respectively. This confirms the successful development of the 

heterostructure, which combines the crystalline features of 

both materials. The absence of additional peaks in the XRD 

pattern of BVO/WO heterostructure suggests that no new 

crystalline phases were formed throughout the synthesis [23]. 

Moreover, it has been demonstrated that for both BVO and 

WO their monoclinic structure shows excellent qualities. To 

determine the crystalline size of BVO and BVO/WO Debye 

Scherrer formula was used and is listed in Table 1. 

 

D = 
𝟎.𝟗𝝀

𝜷𝒄𝒐𝒔𝜽
                                   (3) 

 

where D is the size of crystallite, 𝛽  is FWHM (radians), 
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𝜆 is wavelength of x ray radiation (𝜆 = 1.54), and θ = Bragg 

angle [30]. 

 

 

Table 1. Tabulation of BVO and WO crystalline sizes using 

Scherrer’s formula. 

 

Material Crystalline size 
BVO 21.378 nm 
BVO/WO 13.865 nm 

 

 

3.2. FESEM analysis 

 
The morphology of pure BVO and BVO/WO were examined 

by FESEM. Figures 5 (a) and (b) show the FESEM images of 

pure BVO at different magnifications. The particles of BVO 

powder showed agglomerated morphology and was irregular 

due to the adsorbed addictive surfactants. The particle size 

was found to be 10-15 µm [27]. These particles appear to be 

polycrystalline as revealed by their rough and uneven surface. 

Figures 5 (c) and (d) shows the FESEM images of BVO/WO 

heterostructure. When WO is added to BVO, a noticeable 

change in the morphology appears. BVO/WO shows more 

definite, compact structure with bigger and uniformly spaced 

particle [31]. It seems that by adding WO, it improved the 

materials structural integrity which results in enhanced 

photocatalytic activity. 

 

 

3.3. Raman spectral analysis 
 

The Raman spectra of pure BVO and BVO/WO 

heterostructure confirmed the different vibrational modes of 

the BVO and WO phases which were represented by the 

varied peaks as seen in the Figure 6, which aid in verifying 

the synthesis and interaction of these materials. For the pure 

BVO sample, characteristic peaks are displayed at 113.3 cm⁻¹, 

190.1 cm⁻¹, 336.5 cm⁻¹, and 808.7 cm⁻¹ (red line). No more 

phase peaks were seen, and the peaks at 113.3 cm⁻¹ and 190.1 

cm⁻¹ show the bending mode of Bi-O bonds in BVO, which 

validates the creation of the monoclinic phase. The 

symmetric bending mode of the V-O bonds in the VO4 

tetrahedrons is indicated by the peak at 336.5 cm⁻¹. 

Ultimately, the peak at 808.7 is attributed to the monoclinic 

scheelite BVO's symmetric stretching mode of V–O which is 

its hall mark peak with Ag symmetry. Additional peaks are 

seen at 182.5 cm⁻¹, 250.7 cm⁻¹, 314.7 cm⁻¹, 709.17 cm⁻¹, and 

802.7 cm⁻¹ in the BVO/WO heterostructure (blue line). We 

may ascribe the additional peak at 250.7 cm⁻¹ to the W-O 

stretching modes of WO. In WO, the symmetric stretching 

mode of the W-O-W bonds is represented by the peak at 

709.17 cm⁻¹. The development of the BVO/WO 

heterostructure and the interaction between BVO and WO are 

indicated by the little shift in peak positions and the 

appearance of new peaks [32, 33]. Thus, the combined 

Raman spectra validate the successful fabrication of 

BVO/WO heterostructures and offer information about the 

vibrational properties of composite material. 

 

 
 

Fig. 5. FESEM images of (a, b) BVO, and BVO/WO nanocomposite. 
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Fig. 6. Raman spectrum of BVO and BVO/WO indicating the vibrational stretching and bending modes. 
 

 

3.4. UV Vis spectroscopy 

 

Efficient light absorption in photocatalytic and 

electrocatalytic applications depends on the optical 

properties of BVO/WO. Figure 7 shows the Tauc’s plot of 

BVO and BVO/WO heterojunction to determine its band gap. 

The absorption of bare BVO, with band gap 2.6eV, is seen at 

490 nm. This makes it a direct bandgap semiconductor. In 

comparison to pure BVO, the BVO/WO hybrid's UV-Vis 

absorption spectra exhibit an absorption edge at a longer 

wavelength and showed that its band gap energy decreased. 

The hybrid's Tauc plot indicates that its band gap energy is 

roughly 2.0 eV. The incorporation of WO into the BVO 

matrix effectively narrows the band gap, which enhances the 

material's ability in absorbing visible light and improve its 

photocatalytic performance. The reduction in band gap 

energy for the hybrid is due to the synergistic effect between 

BVO and WO, as new energy levels are introduced within the 

band gap and enable electron transition with less energy [34]. 

Additionally, the strain brought on by lattice mismatch and 

effective charge transfer between components is what causes 

the band gap to decrease. The presence of WO not only 

narrows the band gap but also enhances the separation of 

electron-hole pairs which further leads to the improved 

photocatalytic efficiency of hybrid.  

 

 
 

Fig. 7. Tauc’s plot to determine the energy bandgap of BVO and BVO/WO.

65 



Exploring the BiVO4/WO3 hybrid system for enhanced photocatalytic degradation and hydrogen evolution reaction (HER)                    Mansi Rana et al. 

  | Energy & Environment Advances, 2024, Vol. 1, No. 2, 59-73                                       © Ariston Publications 2024. All rights reserved 

 
 

Fig. 8. XPS spectra of BVO/WO hybrid, (a) W 4f, (b) O 1s, (c) Bi 4f, and (d) V 2p. These peaks confirmed the presence of the 

elements in heterostructure. 

 

 

 

3.5. XPS analysis 

 

XPS was utilized to examine the electronic configurations of 

the BVO/WO in order to verify the presence of elements in 

the hybrid. In Figure 8(a–d), high resolution spectra for the 

elements (W, O, Bi, and V) are shown, respectively. As 

displayed in Figure 8(a), peaks for W 4f at 35.3 eV and 37.4 

eV of the W6+ state was observed (corresponding to W 4f7/2 

and W 4f5/2 respectively) [35]. In case of O 1s spectra in 

Figure 8(b) peak at 530.1 eV were observed suggesting the 

presence of oxygen species which correspond to the lattice 

oxygen in metal oxides (O Lattice). The peak at 531.4 eV 

correspond to surface defects (O vacancy) and that at 532.5 

eV correspond to surface absorbed oxygen (O surface) as 

reported previously. Two typical peaks, corresponding to Bi 

4f 7/2 and Bi 4f 5/2 of the Bi3+ state, can be seen in Figure 8(c) 

at 159.4 and 164.3 eV. In addition, V 2p spectra with two 

peaks at 516.9 and 529.7 eV are displayed in Figure 8(d). 

These peaks associated to V 2p 3/2 and V 2p 1/2 of the V5+ state, 

respectively [23]. 

 

3.6. Photocatalytic activity  

 

By observing the breakdown of MB in an aqueous solution 

(10 ppm) under visible light irradiation, the photocatalytic 

activity of the BVO and BVO/WO samples was assessed. In 

Figure 9, it is seen that after 90 minutes of exposure to visible 

light, 73.45% of the MB dye was degraded when BVO was 

present, and 87.22% of the MB dye was degraded when 

BVO/WO was present. The outcomes demonstrated that 

compared to pure BVO, the BVO/WO heterostructure shows 

better photocatalytic performance as compared to pristine 

sample. On excitation under light, electron–hole pairs are 

produced in the nanocomposite. This low-power visible light 

is enough to excite the BVO photocatalyst because of its low 

band gap. The recombination process is one of the key 

elements of photocatalysis reactions. This is particularly true 

for semiconductors with fragile band gaps. The efficiency of 

the photocatalytic processes is reduced by the recombination 

process. Because WO is present in a BVO/WO 

nanocomposite, the prepared electron–hole pairs migrate to 
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WO and eventually reach the photocatalyst surface. As a 

result, this nanocomposite's photocatalytic reaction has a 

reduced recombination process. In addition to WO's strong 

charge conductivity, more charges migrate to the 

photocatalyst surface. The strong photocatalytic activity of 

the produced BVO/WO hybrid is due to the synergistic 

impact of WO and BVO, good adjustment between the 

valence and conduction bands of WO and BVO, and optimal 

composition between these two components. Figure 10 

depicts the schematic diagram for the MB degradation over 

BVO/WO.

 

 
 

Fig. 9. UV VIS spectra indicating the degradation of MB a) in the presence of BVO b) in the presence of BVO/WO for 90 min. 

 

 

 
 

 

Fig. 10. Schematic diagram of MB degradation over BVO/WO. 
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Fig. 11. (a) Percentage degradation graph of pure BVO and BVO/WO, (b) plots of C/C0 vs time, and (c) kinetics of 

photodegradation of MB. 

 

 

The better photocatalytic activity of BVO/WO nanoparticles 

is highly correlated with the number of surface hydroxyl 

groups.  As the amount of surface hydroxyl groups 

increases, its photocatalytic activity is enhanced [36]. Figure 

11 (a) displays the percentage degradation graph of BVO, 

BVO/WO, and Figure 11 (b) depicts the change in MB 

concentration. Langmuir Hinshelwood kinetic formula was 

used to illustrate the Kinetics of the photodegradation of MB 

over BVO and BVO/WO photocatalysts, according to the 

equation: 

 

ln (
𝐶𝑂

𝐶𝑇
 )= kt                             (4) 

 

Where k is the observed rate constant [37]. The kinetic plot 

of MB's degradation data is displayed in Figure 11 c and the 

correlation coefficient (R2) was calculated and it showed that 

photodegradation of MB follows pseudo first order kinetics 

(Table 2). 

 The kinetic results further show that, for the dye 

degradation, the BVO/WO nanoparticle exhibits a larger rate 

constant than BVO. Hence, we can conclude heterostructure 

acts as a good photocatalyst as compared to BVO. 

 

 

Table 2. Kinetic value for the photocatalytic degradation of 

MB in the presence of BVO and BVO/WO. 

 

Photocatalyst Rate 

constant (K) 
% degradation                        R2 

BVO 0.014 73.45 0.953 
BVO/WO 0.022 87.22 0.974 

 

 

3.7. Electrochemical measurements 

 

The electrocatalytic activity of synthesized BVO and 

BVO/WO heterostructure was evaluated by measuring the 

linear sweep voltammetry. Figure 12 (a) shows the LSV 

curve of BVO and BVO/WO in the presence of 1M KOH 

electrolyte. For both catalysts, an increase in current density 
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was seen with a voltage rise. BVO/WO heterostructure 

exhibits lower onset potential of 0.388V vs RHE as compared 

to pure BVO which is 0.523 V vs RHE as shown in the graph. 

As evidenced by this reduced onset potential, BVO/WO 

commences the HER process more effectively and uses less 

energy to start the reaction then BVO. The generated current 

density of BVO/WO was found to be higher than BVO due 

to the reduced electron hole recombination and improved 

charge separation which enhances the availability of charge 

carriers. Mechanism of HER in basic electrolyte, can be 

described by 2 methods Volmer - Heyrovsky and Volmer-

Tafel method. In the Volmer step one proton (H+) from the 

electrolyte adsorbs onto the catalyst surface and then 

combines with an electron (e−) and forms an adsorbed 

hydrogen atom. In Heyrovsky Step, another proton (H+) from 

the solution combines with the adsorbed hydrogen atom and 

an electron (e−) and produces hydrogen gas (H2). Similarly, 

in Tafel step two adsorbed hydrogen atoms combines and 

forms hydrogen gas (H2), which then desorbs from the 

catalyst surface [38].     

 

(H+ + e− → Hads)                          (5)

   

(Hads + H+ + e− → H2)                     (6) 

 

(2Hads → H2)                          (7) 

 

In addition to onset potential, the Tafel slope is a crucial 

criterion for assessing catalysts' HER performance. The Tafel 

value could be used to study the electrocatalytic activities of 

catalysts and explain the HER mechanism. It also provides 

an explanation for the HER process's rate-determining step 

(RDS) and microkinetic analysis. When the Tafel slope is less, 

lower overpotential is needed to produce the same current 

density increment, resulting in faster electron-transfer 

kinetics during the reduction-oxidation process. Small Tafel 

slope and high exchange current density are characteristics of 

a high-performance electrocatalyst[39, 40]. Figure 12 (b) 

displays the Tafel plots that were obtained from the LSV 

curves. By fitting the linear component of the plots, Tafel 

slopes were determined. The Tafel plots reveal a slope of 

BVO 91.4 mV/dec and BVO/WO 62 mV/dec. In real-world 

scenarios, a smaller Tafel slope is advantageous as it can lead 

to a quicker increase in the HER rate as overpotentials grow 

[41]. Literature states that the Volmer, Heyrovsky, and Tafel 

reaction mechanisms are associated with Tafel slopes of 

about 120 mV/decade, 40 mV/decade, and 30 mV/decade, 

respectively [42-45]. As a result, the reaction is of the 

Volmer-Heyrovsky type in our case since the Tafel slope of 

the BVO and BVO/WO heterostructure lies between the 

Volmer Heyrovsky range.  

 Furthermore, EIS was performed to determine the 

charge transfer resistance and electrochemical properties for 

the HER activity [46]. Figure 13 depicts the EIS spectra 

(Nyquist plot) of BVO and BVO/WO. To obtain the charge 

transfer resistance the circuit was fitted and then the values 

were found to be 3942 K𝛺  for BVO and 83.92K𝛺  for 

BVO/WO. The heterostructure proved to have the lowest 

charge transfer resistance (Rct) based on the spectrum as 

compared to BVO or the H+ reduction in the case of BVO as 

the electrode is more difficult [47] because of the better 

conductivity of WO. The fact that bare BVO has the greatest 

Rct, its inadequate diffusion length and trap sites could be the 

cause of this. The band locations of WO and BVO in the case 

of heterojunction operate as a driving factor for the extraction 

of charge carriers. As a result, the BVO/WO Rct decreases. 

Also, the synergistic effect between BVO and WO lowers the 

energy barrier of heterostructure for charge transfer. This 

leads to a reduced Rct value and indicate towards more 

efficient charge transfer across the interface. Overall, these 

findings show that the BVO/WO heterostructure exhibits 

better electrocatalytic behaviour and performs better in terms 

of HER activity than the pure BVO material. 

 

 
Fig 12. (a) Linear sweep voltammetry curve of BVO and BVO/WO showing the onset potential and current density, and (b) 

Tafel slope derived from LSV of BVO and BVO/WO hybrid. 

69 



Exploring the BiVO4/WO3 hybrid system for enhanced photocatalytic degradation and hydrogen evolution reaction (HER)                    Mansi Rana et al. 

  | Energy & Environment Advances, 2024, Vol. 1, No. 2, 59-73                                       © Ariston Publications 2024. All rights reserved 

 
Fig 13. Electrochemical impedance spectroscopy with 

equivalent circuit model and Nyquist plots of experimental 

and fitted results for BVO and BVO/WO. 

 

 

 

4. CONCLUSION 
 

To summarize, a simple sol gel technique was employed to 

effectively create BVO nanoparticles, while a solvothermal 

approach was employed to create BVO/WO heterostructures. 

The synthesis of BVO and BVO/WO was confirmed by XRD, 

FESEM, XPS and RAMAN spectral data. The band gap of 

BVO, which is equal to 2.6 eV, fell to 2 eV in the case of the 

hybrid, according to UV-VIS spectroscopy, as new energy 

levels are introduced within the band gap and enable electron 

transition with less energy. Additionally, the strain brought on 

by lattice mismatch and effective charge transfer between 

components is what causes the band gap to decrease. In the 

photocatalytic degradation experiment, pure BVO 

decomposed the MB dye up to 73.45%, whereas BVO/WO 

allowed the dye to degrade up to 87.22%, demonstrating the 

superiority of BVO/WO as a photocatalyst. BVO/WO utilize 

the advantages of WO's enhanced electron transport and 

BVO's strong photocatalytic activity from their monoclinic 

structure. In the presence of a 1M KOH electrolyte, an 

increase in current density was observed. The enhanced 

current density of BVO/WO may be ascribed to the combined 

influence of the type 2 heterostructure, superior crystal 

structure, and oxygen vacancies. The onset potential for BVO 

was determined to be 0.522 V vs RHE, while for hybrid, it 

lowered to 0.388V vs RHE. With the use of the LSV curves, 

the Tafel slopes were computed to understand the electrode 

kinetics. BVO/WO showed a Tafel slope of 62 mV/dec which 

was less than BVO (91.4 mV/dec). The EIS analysis revealed 

that BVO/WO has low charge transfer resistance (83.92K𝛺) 

than pure BVO (3942 K𝛺). Overall, these results demonstrate 

that the BVO/WO heterostructure has superior 

electrocatalytic and photocatalytic activity. 
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