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Abstract  
The photocatalytic degradation of indigo carmine dye 

was studied using tungsten doped BiVO4. Bismuth 

vanadate powder has been synthesized by sol-gel 

technique. The incorporation of W ions into BiVO4 was 

confirmed by EDX. The photocatalytic activity was 

studied using different samples of BiVO4 by variation 

of pH, concentration of dye, dose of semiconductor and 

light intensity.  

 

It has been found that degradation of dye is more 

effective in presence of W doped BiVO4, It shows the 

role of tungsten ions for enhancing   degradation of 

indigo carmine by reducing the recombination of 

photogenerated electrons and holes.  
 

Keywords: Photocatalysis, Tungsten, Degradation, BiVO4, 

Indigo carmine. 

 

Introduction 
The water bodies are continuously polluted due to the 

nonscientific methods of waste water treatment adopted by 

different industries. The waste water from textile industries 

contains a significant amount of nonbiodegradable dyes7. 

Complexity of these dye molecules does not favor the 

natural processes of degradation and secondly, most of the 

dyes are toxic in nature3. Their incomplete degradation may 

generate more toxic or even carcinogenic byproducts9,10. 

Various physical, chemical and biological methods have 

been introduced for treatment of dye effluents from 

industries21. Precipitation, coagulation, floatation and 

oxidizing agent are also used for treatment of dye effluents. 

Major disadvantages of chemical methods are that they 

require expensive chemicals and generate some undesired 

byproducts after dye which may also be polluting in 

nature2,17. Biological methods to degrade dyes were found 

effective but there is a difficulty in scaling up this process13. 

 

Photocatalytic degradation of dyes into harmless or less 

harmful products such as CO2 and H2O is a green chemical 

method. In last few decades, the visible light photocatalysis 

in presence of semiconductor has attracted more 

attention14,25. The BiVO4 has a band gap of 2.40 eV and 

therefore, it has been recognized as potentially suitable 

visible light photocatalyst for degradation of organic 

pollutants. It has been widely used in the photocatalytic 

degradation of organic compounds in waste water as well as 

for O2 evolution under sunlight irradiation15,24. But one of 

the limitations in the use of BiVO4 is the recombination of 

photogenerated electrons and holes with a free carrier life 

time around 40 ns1. This low charge migration of BiVO4 

photocatalyst can be solved by the introduction of some 

doping cations into BiVO4 crystal lattice so as to change the 

crystal symmetry of BiVO4 and thus, increasing the charge 

migration efficiency to enhance the photocatalytic 

activities8. Many reports are available on the use of coupled 

BiVO4 with other metal oxides such as Bi2O3, V2O5, TiO2, 

WO3, CdS, CuCr2O4 and CuWO4 for water purification and 

water splitting application.4-6,11,12,19,26  

 

One of the most widely used dye in the textile industry is 

indigo carmine which is also used as an additive in 

pharmaceutical tablets, capsules and for medical diagnostic 

purposes16. Prado et al20 compared adsorption of indigo 

carmine on chitin and chitosan.  Nakamura et al18 

decolorized indigo carmine by adsorption on charcoal from 

the extracted residue of coffee beans. Photocatalytic 

degradation of indigo carmine using TiO2 and CaO has also 

been reported22,23.  

 

Material and Methods  
Preparation of catalyst: Bismuth nitrate, ammonium 

vanadate, citric acid, nitric acid, ammonia and distilled water 

were utilized as raw material for sol-gel synthesis of BiVO4. 

The pH value of final solution was adjusted to 7.0. The   

BiVO4 was placed in a crucible and a certain amount of 

ammonium tungstate solution was mixed with precursors. 

After drying and grinding, the powder was calcined at 723 

K for 4 h under the ambience of atmosphere. The 

morphology and chemical composition were investigated by 

field emission scanning electron microscope and energy 

dispersive x ray analysis respectively. 

 

The experiments were performed at room temperature and 

the degradation was monitored at 612 nm by using UV-

visible spectrophotometer. The comparative studies were 

carried out in presence of doped and undoped BiVO4 at 8.0 

pH, 4.0 × 10-5 M dye concentration, 0.10 g of semiconductor 

and 70.0 Wm-2 intensity. A 200 Watts bulb with tungsten 

filament was used for irradiation. It was observed that there 

is better degradation with doped BiVO4 as compared to 

undoped one. 

  

Results and Discussion 
Characterization 

Field Emission Scanning Electron Microscopy 

(FESEM): The morphology of particles was examined 

using Field Emission Electron Microscopy (Hitachi PU). 

The FESEM images of BiVO4 and W-doped (0.8%) BiVO4 

are given in fig. 1. 
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                                                                   (a)                                                         (b) 

Fig. 1: FESEM Images of (a) Undoped BiVO4 (b) 0.8% W-doped BiVO4 

 

 
Figure 2(a): Undoped BiVO4 

 
Figure 2(b): W-doped BiVO4 
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Figure 3(a): Undoped BiVO4 

 
Figure 3(b): W-doped BiV04 

 

It is clear from these images that undoped BiVO4 has larger 

particles as compared to 0.8% W doped BiVO4, but the 

shapes of both are elliptical. The FESEM images of undoped 

and doped sample are presented in fig. 1. 

 
Energy Dispersive X-Ray Analysis (EDX): EDX analysis 

was performed to study the chemical composition of the 

samples. EDX spectra of undoped BiVO4 and W-doped 

(0.8%) BiVO4 are presented in fig. 2 (a) and 2 (b) 

respectively. It is clear from the data that undoped sample is 

pure BiVO4 as it does not contain any signal for impurity 

while in W-doped BiVO4, there are signals for tungsten 

which clearly reflect that doping has taken place. 

 

X-RAY Diffraction Analysis:  The patterns of X-ray 

diffraction were recorded for W-doped and undoped BiVO4 

with the help of XRD instrument (Pan Analytical X Pert 

Pro.). The Debye -Scherrer was used to calculate crystallite 

size of both the samples and these are given in fig. 3(a) and 

3(b) respectively. 

 

D = 0.9/βcos  

 

where β = FWHM,  = X-ray wavelength (CuKα radiation 

0.154060 nm). The average size of crystallite was found to 

be 60.75 nm for undoped BiVO4 which reduces to 41.07 nm. 

 

Photodegradation study: A stock solution of indigo 

carmine (1.0 x 10−3 M) was prepared by dissolving (0.0466 

g) of dye in 100 mL. double distilled water. This stock 

solution was further diluted. The absorbance of indigo 

carmine solution was determined with the help of a 

spectrophotometer (Systronics Model 106) at λmax = 612 nm. 

The photocatalytic degradation of indigo carmine dye was 

studied after addition of 0.10 g of W-doped and undoped 

composite BiVO4 in 50 mL dye solution (4.0 x 10-5 M). The 

reaction mixture was exposed to visible light with a 200 W 

tungsten lamp.  

 

Absorbance of solution was measured with the help of a 

spectrophotometer (Systronics Model 106) at several time 

intervals. The intensity of light was varied by changing the 

distance between the light source and reaction mixture. A 

digital pH meter (Systronics Model CL-54) was used to 

measure pH of the solution. pH of the dye solution was 

adjusted by addition of previously standardized 0.1 N 

sulphuric acid and 0.1 N sodium hydroxide solutions. 

Control experiments were carried out to confirm that the 

degradation of indigo carmine was photocatalytic in nature. 

This degradation was also carried out with 1.6% W-doped 

BiVO4 for comparison.  

 

 
Structure of Indigo Carmine (C16H8N2Na2O8S2) 
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A graph was plotted between log A v/s time which was a 

straight line showing that photocatalytic degradation of dye 

follows pseudo-first order kinetics. The rate constant for 

degradation of dye was calculated by the following equation: 

 

k = 2.303 x slope  

 

A typical run has been drawn for the photocatalytic 

degradation of indigo carmine using photocatalyst where all 

the parameters were kept constant. 

 

Effect of pH: The rate of change of absorbance and the 

percentage of degradation of indigo carmine using 0.12 g of 

both samples were compared at different pH values. The rate 

of degradation of dye at different pH is compared. The 

degradation of dye solution was found to increase with 

increasing pH of the medium reaching an optimum at pH 8.0. 

There was a decline in rate on increasing the pH further 

above 8.        

 

Effect of dye concentration: The rate of degradation was 

observed with change in concentration of dye. On further 

increment of concentration, the degradation efficiency 

reduces. In figure 5, we have compared the pattern of 

degradation of dyes with both the samples. 

 

                                    

A TYPICAL RUN 

pH = 8                                                                                                    Amount=0.10 g 

conc.= 4 ×10-5 M                                                                                                                                   Intensity = 70.0 mWcm-2 

 Time 

 (min.) 

         

      undoped    BiVO4                            0.8% BiVO4                        1.6% W-doped BiVO4 

Absorbance 1+log A Absorbance 1+log A Absorbance 1+log A 

00 0.608 0.784 0.697 0.843 0.692 0.840 

30 0.592 0.772 0.649 0.812 0.688 0.838 

60 0.584 0.766 0.621 0.793 0.653 0.815 

90 0.566 0.753 0.608 0.784 0.620 0.792 

120 0.554 0.744 0.563 0.750 0.599 0.777 

150 0.550 0.740 0.530 0.724 0.588 0.769 

180 0.540 0.732 0.495 0.695 0.585 0.767 

Rate constant for BiVO4, k = 1.42× 10-5sec-1 

Rate constant for 0.8% W-doped Bismuth vanadate, k = 3.02 × 10-5 sec-1 

Rate constant for 1.6% W-doped Bismuth vanadate, k = 2.12 × 10 -5 sec-1 

 

 
Fig. 4: Effect of pH 
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It was observed that rate of degradation of indigo carmine 

increases as the concentration of dye was increased upto 

4×10-5M. On further increase in the concentration above this 

limit, a decreasing trend of the rate was observed. 

 

 

Effect of catalyst: Experiments were performed with 

different amounts of undoped as well as W-doped   BiVO4. 

Photodegradation efficiency was found to reach maximum 

when 0.1 g of undoped and W - doped   BiVO4 was used. 

Use of more than 0.1 g of the photocatalyst resulted in a 

corresponding decrease in rate of degradation. 

 

Effect of Light intensity: Photodegradation of indigo 

carmine dye was also carried out using different light 

Intensities.  The rate of degradation was found to increase 

with increasing light intensity upto 70.0 mWcm-2. Higher 

intensity of light was not used just to avoid any thermal 

reaction. 

 

 

Fig. 5: Effect of dye concentration 

 

 
Fig. 6: Effect of amount of photocatalyst 
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Fig. 7: Effect of light intensity 

  

Mechanism: Mechanism for the photocatalytic degradation 

of indigo carmine using W doped BiVO4   photocatalysts has 

been proposed. Electrons in BiVO4 are excited to its 

conduction band on light irradiation. OH radicals were not 

found as active oxidizing species in the present 

investigations and this was confirmed by using hydroxyl 

radical scavenger (2-propanol) where the rate of degradation 

was not affected appreciably. On the basis of the 

observations, a tentative mechanism for photocatalytic 

degradation of EB has been proposed as: 

 
1IC                 ʰᶹ                         1IC 
1IC1               

ISC
           

    
           

3IC1 

BiVO4                ʰᶹ           BiVO4  ( h+ (VB) + e ─ (CB)) 

O2 (Dissolved Oxygen) + e─ (CB)                     O2
• ─ 

 

In basic medium-                      
3IC1 + O2

• ─                                  Leuco IC 

Leuco IC                       Products 

 

Indigo carmine absorbs radiation of suitable wavelength and 

it is excited to its first excited singlet state followed by 

intersystem crossing (ISC) to triplet state. On the other hand, 

the photocatalyst also utilizes the incident light energy to 

excite its electron from valence band to conduction band, 

thus leaving behind a hole. The dissolved oxygen accepts the 

electron from conduction band and is converted to 

superoxide radical ion, which converts the indigo carmine to 

its leuco from. The leuco form is ultimately unstable and it 

will degrade into smaller products. 

  

Conclusion  
Tungsten has been used as a metal dopant and it was found 

that tungsten doped BiVO4 works more efficiently as 

compared to undoped BiVO4 in the degradation of indigo 

carmine. When the amount of dopant was kept 0.8%, then 

rate increases, but it decreases on increasing the % of dopant 

to 1.6. Here, hydroxyl radical act as active oxidising species 

as confirmed by scavenger test. This process of 

photocatalysis degradation is an advanced oxidation process 

and this method for wastewater purification is eco-friendly 

in nature. 
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