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ABSTRACT 

Dyes are one of the major pollution causing agents. A photocatalyst is used to remove the dye in 
present research work. Effect of various factors like pH, amount of semiconductor, concentration of dye, 
intensity of light etc. was studied. The reaction was found to follow pseudo first order rate law. Conditions 
were optimized at pH 8.6, amount of semiconductor 0.18 g/50 mL, concentration of dye 1 × 10¯5 M and 
intensity of light 37 mW/cm2. Scavenger study suggested free radical (•OH) participation. Formation of 
nontoxic degraded products like NO2, CO2 and H2O etc. was observed. 

Key words: Photo degradation, Pseudo first order, p-rosaniline hydrochloride, Tungsten oxide, Scavenger, 
Free radical. 

INTRODUCTION 

Dyes are one of the major pollutants, which are released in environment through 
various industries like paper, yarn and plastic, cosmetic, paint etc. and pollute it. As use of 
synthetic dyes started, a new problem drew attention of scientists and it was the removal of 
these carcinogenic dyes from environment. Pollutants were then removed through various 
techniques. Elimination of coloured contaminants from waste water was studied by Dipika1. 
Decolouration of water2, oxidation3, photo catalysis4 etc. are some other methods. 
Semiconductors for the purpose of photocatalysis have been studied extensively. Some 
semiconductors have less energy difference between conduction and valance band and so an 
electron can jump by absorbing lower energy, which falls nearly in visible region. Due to 
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this hole in valance band and a free electron in conduction band is generated. These holes 
are responsible for oxidation and electrons are responsible for reduction.  

Photocatalytic studies started in 1920’s with first catalyst TiO2. Hashimoto et al.5 
extensively studied TiO2 as photocatalyst. Photobleaching by TiO2 in vacuum and in 
presence of oxygen was observed in 19386. Photodegradation of the textile dye reactive 
black-5 in presence of various semiconducting oxides was carried out by Poulios et al.7 In 
due course of time, researchers realised the need of a faster and quicker process for removal 
of such pollutants. Then new search introduced some doped semiconductor8, nanosized 
compounds9, binary, ternary and quaternary substances10 etc. 

Photocatalysis by phosphorous, nitrogen and molybdenum ternary wide band gap P-
block metal semiconductor ZnGa2O4 was used by Li et al.12 for photocatalytic degradation of 
benzene. Zinc cadmium sulphide was used as photocatalyst by Song et al.13 for 
photocatalytic activity. Ternary indium titanate nanoparticals were used for H2 generation 
photocatalytically14. Photocatalytic decomposition of methyl orange dye on ternary sulphide 
(CdIn2S4) under visible light was studied by Danyu et al.15 The photocatalyst was prepared 
by temperature hydrothermal method. It was found much active than the catalyst prepared 
by simple precipitation method. Effect of method of preparation of ternary CdS/TiO2/Pt on 
photocatalysis was studied by Park et al.16 Bi2WO6 was synthesized by Zhang et al.17 Some 
quaternary and other photocatalyst are now used for degradation studies. Torres-Martinez et 
al.18 used Sm2FeTaO7 as photocatalyst. A noval composite photocatalyst for water splitting 
was used by Yang et al.19 Dom et al.20 have studied photocatalytic and photoelectrochemical 
study of ferrites. 

It was observed that p-rosaniline chloride dye is carcinogenic and is harmful for 
human health. An eco-friendly photocatalyst WO3 is used for degradation of this commercial 
dye p-rosaniline hydrochloride. It was found to degrade the carcinogenic substance into 
products, which were not harmful and treated the waste water so that it could be used for 
some other purpose like cleaning, cooling, printing, agriculture etc. 

EXPERIMENTAL 

Materials and methods 

Tungsten (VI) oxide (WO3) (Loba Chemie) and p-rosaniline chloride (C19H18N3Cl) 
(BDH) were used for studies. It is a dye of tri phenyl methane group and its structure is as 
shown in Fig. 1. λmax for the dye is 544 nm. 
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Fig. 1: Structure of p-rosaniline hydrochloride 

The stock solution of dye (p-Rosaniline chloride 0.0809 g/250 mL = 1 × 10-3 M) was 
prepared in doubly distilled water and diluted as required. The pH of the solution was 
adjusted by prestandardized HCl and NaOH and was adjusted by pH meter (Henna imported 
pen type). The dye solution and known amount of semiconductor (WO3) were taken             
in a beaker. The beaker was covered with water filter to avoid the thermal reaction.               
The solution was irradiated with 200 Watt tungsten lamp. Intensity of light was measured           
by solarimeter (Surya mapi Model 201). Dye sample of about 2-3 mL was taken out at a 
regular time interval from the test solution and optical density (O.D.) was recorded 
spectrophotometrically (Systronic Model 106). 

The graph was plotted between time and 1 + log O.D. It was found to be a straight 
line suggesting the reaction to follow pseudo first order kinetics. The rate constant was 
determined by- 

k = 2.303 × slope 

Use of scavenger suggested the participation of OH free radical in the reaction, which 
is found to be strong enough to break different bonds of dye (C=C, C=N, C-C, C-N etc). 
Controlled experiment was carried out and it was observed that the dye is bleached in 
presence of light and semiconductor both. This suggests that the reaction is neither catalytic 
nor photochemical rather it is a photocatalytic degradation process. 

RESULTS AND DISCUSSION 

Effect of pH 

 The most important factor affecting bleaching is pH. The study was carried out by 
varying pH (5.3 to 9.5). The effect of pH variation on rate of the photodegradation of            
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p-rosaniline chloride is given in Table 1. It was found that as pH of the reaction mixture is 
raised, the rate of photocatalytic degradation increases. It attains maximum value at pH 8.6. 

Table 1: Effect of pH   

[p-rosaniline hydrochloride] = 1 x 10-5 M 
Amount of semiconductor = 0.18 g 

Light intensity = 37 mW/cm2 

pH k x 104 (sec-1) 

5.3 0.45 

5.8 0.37 

6.3 0.45 

6.8 1.86 

7.3 2.09 

7.8 0.98 

8.3 3.99 

8.6 4.41 

8.9 3.63 

9.5 3.78 
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Fig. 2: Effect of pH variation 
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The pH affects not only the dissociation of dye molecules but also the formation of 
hydroxyl radical. Increase in pH will increase the number of OH¯ ions. A hole is generated 
on semiconductor surface which abstracts an electron from OH¯ ion converting it into OH 

free radical. This free radical steals an electron from dye degrading it and is responsible for 
the bleaching of dye as confirmed by use of scavenger. Beyond a particular pH for dye (8.6) 
if pH is raised further the rate decreases. This is because of repulsion between excessive 
OH¯ ions on photocatalyst surface and electron rich dye surface. The collision reduces the 
rate. A plot of k versus pH is given in Fig. 2. 

Effect of concentration of dye 

The concentration of pollutant is a major parameter to be considered in water 
treatment. Thus the effect of p-rosaniline chloride was studied by varying its concentration 
from 0.6 × 10-5 M to 3 × 10-5 M keeping the pH constant and it was found that up to an 
optimum concentration (1 × 10-5 M), the rate of photocatalytic bleaching increases as the rate 
of reaction is directly proportional to the molar concentration of reacting species. After this 
limit, if more concentration of dye is taken, it imparts darker colour to the solution and it 
acts as a filter to the incident light reaching the semiconductor surface. Thereby only fewer 
photons reach the catalyst surface and therefore, generation of •OH free radical on the 
catalyst surface is reduced since the active site of semiconductor gets covered by dye ions. 
This results in the decrease of the rate of bleaching. The data are given in Table 2. A plot of 
k and concentration of dye is given in Fig. 3.  

Table 2: Effect of concentration of dye  

pH = 8.6 
Intensity of light = 37 mW/cm2 

Amount of semiconductor = 0.18 g 

Conc. of dye x 105 M k x 104 (sec-1) 
0.6 2.96 
0.7 2.84 
0.8 3.14 
0.9 3.39 
1.0 4.41 
1.5 4.07 
2.0 2.57 
2.5 3.17 
3.0 3.48 
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Fig. 3: Effect of concentration of dye solution 

Effect of catalyst 

Experiments were carried out by taking different amount of WO3 and keeping other 
factors constant. It was found that up to a particular amount (0.18 g), the rate of 
photocatalytic bleaching increases. It is due to the increase in the active site available on the 
catalyst surface for the reaction which in turn increases the rate of radical formation. After 
this, the rate of bleaching decreases when the catalyst amount is increased. With a higher 
catalyst loading the deactivation of activated molecules by collision with ground state 
molecules dominates, thus reducing the rate of reaction. The data are summarized in Table 3. 

Table 3: Effect of amount of semiconductor 

[p-rosaniline hydrochloride] = 1 x 10-5 M 
Intensity = 37 mW/cm2 

pH = 8.6

Amount of semiconductor (g) k x 104 (sec-1) 
0.04 2.75 
0.06 2.84 
0.08 2.36 
0.12 2.17 
0.14 3.12 
0.16 3.31 
0.18 4.41 
0.20 2.97 
0.22 1.89 
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A plot of K and amount of catalyst is given in Fig. 4. 
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Fig. 4: Amount of semiconductor (g) 

Effect of light intensity 

Variation of light intensity is one of the major factors affecting the degradation. Thus 
the experiments were performed by varying it from 23 mW/cm2 to 37 mW/cm2 with keeping 
all other factors constant. The rate of photocatalytic bleaching increases as the light intensity 
was increased. It may be explained on the basis of number of excited molecules. As more 
intensity of light falls on WO3 molecules, more number of molecules get excited which in 
turn may bleach more dye molecules and thus the rate of bleaching was found to increase 
with increase in intensity of light. The data are given in Table 4 and A plot of k and light 
intensity is given in Fig. 5. 

Table 4: Effect of intensity of light  

[p-rosaniline hydrochloride] = 1 x 10-5 M 
pH = 8.6 

Amount of semiconductor = 0.18 g 

Light intensity (mW/cm2) k x 104 (sec-1) 
37 4.41 
34 3.18 
30 2.98 
27 2.50 
23 1.86 
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Fig. 5:  intensity of light (in mW/cm2) 

After carrying out variation of different factors, maximum degradation condition 
was established which is shown in figure 6. The k value comes out to be 4.41×10¯4 sec¯1. 

Table 5: Typical run 

Amount of semiconductor = 0.18 g  

[P-rosaniline hydrochloride] = 1 x 10-5 M
Light intensity = 37 mW/cm2  

pH = 8.6 

Time (min.) O.D. 1 + log O.D. 

0 0.42 0.6304 

2 0.41 0.6222 

4 0.40 0.5820 

6 0.38 0.5611 

8 0.36 0.5327 

10 0.34 0.5185 

12 0.33 0.5010 

16 0.31 0.4913 

18 0.30 0.4871 

k = 4.41 x 10-4 sec-1 
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Fig. 6: Typical run 

CONCLUSION 

It is concluded hereby that dyes are being degraded with the help of photocatalyst 
and in presence of visible light into fragments and no harmful products are formed. The 
proposed mechanism is – 

hν + Dye → Dye1 (Dye in singlet exited state) 

Dye1   →   Dye3 (Dye in triplet exited state) (ISC) 

h + SC → h+ + e–  

h+ + OH–  → h + •OH 

•OH + Dye3 →Leuco form dye → degraded product 

Here ISC = Inter system crossing 

SC = Semiconductor or photocatalyst 

h+ = Hole generated at the  surface of photocatalyst 

e– = Electron generated at the surface of photocatalyst 

Thus an eco-friendly and environment protecting process is proposed, which utilizes 
solar energy and may be used to make the planet clean and pollution free. 
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