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ABSTRACT 

In the present work, stannic oxide has been used as a photocatalyst to degrade basic fuchsin. The 
nanophotocatalysts pure SnO2 and N-doped SnO2 were prepared by precipitation method. The effect of variation of different 
parameters like pH, concentration of basic fuchsin, amount of photocatalyst, dopant percentage and light intensity on the rate 
of photocatalytic degradation was also observed.  
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INTRODUCTION 

Water pollution by different hazardous compounds is becoming an increasing global concern.1-3. The 
major industries that are participating in this process include leather, marble stone, distilleries, sugar, textile, 
pesticides, pharmaceuticals, pulp & paper mills, tanneries, dyes and dye intermediates, petro-chemicals, 
steel plants, etc. The improper treatment and inappropriate disposal of toxic carcinogenic compounds pose a 
considerable threat to the environment.4 

A dye is a colored substance that has an affinity to the substrate, to which it is being applied. The 
dye is generally applied in an aqueous solution, and may require a mordant to improve the fastness of the 
dye on the fiber. The problem of bioaccumulation of dyes in the aquatic organisms is mounting because of 
the multiplying sources of the dye contamination, such as textile industry, food technology, paper and 
printing, cosmetic, pharmaceutical, detergent, pesticide and leather tanning industry, which in total consume 
more than one million tons of dyes annually.5 Synthetic dyes are found in a wide range of products such as 
clothes, leather accessories, and furniture. Up to 12% of these dyes are wasted during the dyeing process and 
about 20% of this wastage enters the environment (mainly into water supply).6 This results in colored, toxic 
and contaminated water bodies leading to reduction in sunlight penetration deep into the water and finally 
diminishing photosynthesis and as a result, flora and fauna are destroyed. 

Considerable work has been carried out on the removal of dye from wastewater by adsorption, 
coagulation, flocculation, oxidation, precipitation, filtration, electrochemical processes, etc. and these are the 
common techniques reported for the removal of dyes from effluents7. But all these processes have many 
drawbacks involving high operating costs, and incapability to degrade dyes completely. Now-a-days, 
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photocatalysis is supposed to be one of the best methods for removing the dyes from wastewater because of 
the ability of this method to completely mineralize the target pollutants. Photoelectrocatalytic process using 
semiconductor electrodes has been widely studied due to their inherent high catalytic activity for oxidation 
of organic pollutants in the past two decades8,9. 

Currently, many semiconductors have been applied in heterogeneous photocatalysis such as CdS, 
SnO2, WO3, TiO2, ZrTiO4, and ZnO. Many researchers reported that TiO2, ZnO, and SnO2 are the most 
active catalysts in the degradation of dyes, phenols, and pesticide.10,11 Furthermore, these semiconductors 
have been recognized as preferable materials for photocatalytic processes due to their high photosensitivity, 
nontoxic nature, low cost, and chemical stability.12-16 In the photocatalytic oxidation process, organic 
pollutant is decomposed in the presence of a wide-band gap semiconductor that can promote reactions in the 
presence of UV light without being consumed in the overall reaction. 

Heterogeneous advanced oxidation processes (AOPs), involving photocatalyzed degradation of dyes 
using semiconductor nanoparticles is considered as an efficient cure for dye pollution. The availability of 
active sites on the material surface also plays a major role in the ability of the photocatalytic material to 
degrade organic contaminants17. SnO2 has been used in a wide range of applications in science, technology 
and industries such as catalysts, semiconductor material, gas sensing, ceramics, plastics and biomedical 
applications.18 

The photolysis of auramine O dye was performed using sunlight and SnO2 as the photocatalyst. 
Yang et al.19 synthesized SnO2/ZnO/TiO2 composite photocatalyst. They also tested its photocatalytic 
activity with photodecomposition of methyl orange under both; visible and UV light irradiations. Kuzhalosai 
et al.20 reported that SnO2 loaded ZnO (SnO2–ZnO) was more efficient for the degradation of acid orange 10 
than commercial ZnO, bare ZnO, TiO2-P25 and TiO2. The photocatalytic behavior of the SnO2/V2O5 
nanowires for the photodegradation of toluidine blue O dye under UV exposure was examined by Shahid et 
al.21 Erkan et al.22 reported the photocatalytic antimicrobial activity over TiO2, SnO2 and their Pd doped thin 
film samples against Escherichia coli, Staphylococcus aereus, Saccharomyces cerevisiae and Aspergilus 
niger spores. SnO2 was found to show lower photocatalytic efficiency against E. coli with a 56% decrease in 
survival after 2 h illumination and a 68% decrease in survival of E. coli after palladium addition. 

EXPERIMENTAL 

500 mL solution of tin (II) chloride (0.08 M) and 500 mL solution of oxalic acid dihydrate (0.16 M) 
were prepared separately. Oxalic acid dihydrate solution was added slowly into aqueous solution of tin (II) 
chloride with continuous stirring using a magnetic stirrer at room temperature till a clear and homogeneous 
solution was obtained. Solution was continuously stirred for 30 min till white precipitates were observed. 1.0 
N NaOH (as a precipitation agent) was added drop wise into the stirred solution maintaining pH at 8.0. Then 
solution was again stirred for 30 min and kept overnight. The white precipitate of SnC2O4 was obtained. The 
transparent supernatant of SnC2O4 solution was decanted. 50 g urea was added as a carbon precursor to this 
wet precipitate and stirred using a magnetic stirrer for 1 hour. The precipitate was filtered and washed 6-7 
times using distilled water for complete removal of chloride ions. Then precipitate was dried in oven at 
70˚C-80˚C till it gets completely dried. Finally, dried compound was calcined in a muffle furnace at 800˚C 
for 1 hour to obtain nitrogen doped SnO2. 

All the solutions were prepared in doubly distilled water. The photocatalytic degradation of the dye 
was observed by taking dye solution and stannic oxide together. Irradiation was carried out by keeping the 
whole assembly exposed to a 200 W tungsten lamp (light intensity = 60.0 mW·cm–2). The intensity of light 
at various distances from the lamp was measured with the help of a solarimeter. The pH of the solution was 
measured with the help of digital pH-meter. 0.0366 g of basic fuchsin was dissolved in 100 mL of doubly 
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distilled water to prepare their 1.0 × 10−3 M solution, which was used as stock solution. The stock solution 
was further diluted as and when required. The absorbance of the dye solution were determined with the help 
of a spectrophotometer at λmax = 550 nm. The progress of reaction was observed by measuring absorbance 
of the reaction mixture at regular time interval during exposure. Decreasing trend of absorbance showed that 
dye was degraded during this process. A decrease in absorbance of basic fuchsin solution was observed with 
increasing time of exposure. A plot of 1 + log A against time was found linear for pure SnO2 and nitrogen 
doped SnO2, which indicates that the degradation of basic fuchsin followed pseudo-first order kinetics. The 
rate constant was measured with the help of equation.  

 k = 2.303 × slope …(1) 
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Fig. 1: Structure of basic fuchsin 

RESULTS AND DISCUSSION 

Various factors, which affect degradation of basic fuchsin dye have been studied to get the 
conditions for optimum degradation rate. 

Effect of pH 

The effect of pH on the rate of degradation of N-doped SnO2 was investigated in the pH range 5.0 to 
10.0. The results are graphically represented in Fig. 2. 
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Fig. 2: Effect of pH 

It has been observed that the rate of photocatalytic degradation of basic fuchsin increases as pH was 
increased and it attained optimum value at pH 9.0. The rate was decreased, when pH of the dye solution was 
further increased. It may be due to the fact that on increasing the pH of the solution, there is an attraction 



 K. Ranawat et al.: Enhancement of Photocatalytic Activity of…. 48

between cationic dye molecule and negatively charged ¯OH ions. But, at higher pH, the cationic dye 
molecules are converted into neutral form and hence, there is no attraction between neutral dye molecule and 
negatively charged surface of semiconductor. As a result, the rate was retarded. 

Effect of basic fuchsin concentration 

Effect of variation of dye concentration on the rate of reaction was also studied by taking different 
concentrations of basic fucshin solution. The results are presented graphically in Fig. 3. 
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Fig. 3: Effect of basic fuchsin concentration 

It was observed that the rate of photocatalytic degradation of dye increases on increasing the 
concentration of basic fucshin upto 4.20 × 10-5 M. It may be attributed to the fact that as the concentration of 
basic fucshin was increased, more dye molecules were available for excitation and consecutive energy/ 
electron transfer and hence, an increase in the rate of degradation of the dye was observed. There was a 
decrease in degradation rate on increasing the concentration of dye above 4.20 × 10-5 M. This may be due to 
the fact that after a particular concentration, the dye may start acting as an internal filter and it will not 
permit the sufficient light intensity to reach the surface of the photocatalyst at the bottom of reaction vessel. 

Effect of amount of N-doped SnO2 

The effect of amount of N-doped stannic oxide on the rate of photodegradation of basic fuchsin was 
observed by keeping all other factors identical. The results are graphically represented in Fig. 4. 
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Fig. 4: Effect of amount of N-doped SnO2 
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The rate of reaction was found to increase on increasing the amount of semiconductor, N-doped 
stannic oxide. The rate of degradation reached to its optimum value at 0.12 g of the photocatalyst, because as 
the amount of the semiconductor was increased, it provides more exposed surface area for degradation of 
dye molecules. Beyond 0.12 g, the rate of reaction becomes almost constant. After a particular value (0.12 
g), an increase in the amount of semiconductor will only increase the thickness of layer of the semiconductor 
and not its exposed surface area. This was confirmed by taking reaction vessels of different sizes. It was 
observed that this point of saturation was shifted to a higher value for vessels of larger volumes while a 
reverse trend was observed for vessels of smaller capacities. 

Effect of light intensity 

The effect of light intensity on the photodegradation of basic fuchsin was also observed. The results 
are graphically presented in Fig. 5. 

k 
x 

10
 (s

ec
)

4
-1

Intensity of light (mWcm )-2

2.28
2.25
2.22
2.19
2.16
2.13
2.10
2.07
2.04
2.01
1.98
1.95

20.0           30.0           40.0           50.0           60.0           70.0

 
Fig. 5: Effect of light intensity 

These data indicate that photocatalytic degradation of basic fuchsin was enhanced with the increase 
in intensity of light, because an increase in the light intensity will increase the number of photons striking 
per unit area per unit time of photocatalyst surface. There was a decrease in the rate of reaction as the 
intensity of light was increased beyond 60.0 m Wcm-2. 

A typical run 

After keeping the values of all the parameters constant for maximum rate constant, a typical run was 
observed for the photocatalytical degradation of the dye. The results are shown in Table 1 and graphically 
presented in Fig. 6. Here, a comparative observation was made for pure SnO2 and N-doped SnO2, which 
confirms that the rate was higher in the case of N-doped SnO2 as compared to pure SnO2.  

Table 5: A typical run 

[Basic fuchsin]  = 4.20 x 10–5 M  
Light intensity = 60.0 mWcm–2  

N-doped SnO2 = 0.12 g 
pH = 9.0

Time 
(min.) 

Pure SnO2 
Absorbance (A) 1 + log A N-doped SnO2 

Absorbance (A) 1 + log A 

0 0.709 0.8506 0.709 0.8506 
10 0.610 0.7853 0.625 0.7958 

Cont… 
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Time 
(min.) 

Pure SnO2 
Absorbance (A) 1 + log A N-doped SnO2 

Absorbance (A) 1 + log A 

20 0.590 0.7708 0.521 0.7168 

30 0.507 0.7050 0.461 0.6637 

40 0.448 0.6512 0.401 0.6031 

50 0.389 0.5910 0.359 0.5550 

60 0.371 0.5705 0.296 0.4712 

70 0.325 0.5118 0.282 0.4502 

Rate constant (k): For pure SnO2 = 1.90 x 10-4 sec-1 
For N-doped SnO2 = 2.28 x 10-4 sec-1
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Fig. 6: A typical run 

Mechanism  

On the basis of the experimental observations, a tentative mechanism of photocatalytic degradation 
of basic Fuchsin may be proposed as-  

Basic fuchsin (BF) absorbs radiation of suitable wavelengths and it is excited to its first singlet 
excited state followed by intersystem crossing (ISC) to triplet state. On the other hand, the semiconducting 
nitrogen doped stannic dioxide also utilize the incident light energy to excite its electron from valence band 
to conduction band; thus, leaving behind a hole. This hole may abstract an electron from hydroxyl ions to 
generate hydroxyl radicals. These hydroxyl radicals will then oxidize the dye to products.   

 1BF0 ⎯→⎯hν
  1BF1 …(3.1) 

 1BF1 ⎯⎯ →⎯ISC
 3BF1 …(3.2) 

 SC ⎯→⎯hν
 e−  (CB) + h+ (VB) …(3.3) 

 h+ + −OH ⎯→⎯  •OH …(3.4) 

 •OH + 3BF1 ⎯→⎯  Products …(3.5) 
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The participation of •OH radical as an active oxidizing species was confirmed by using hydroxyl 
radical scavenger (isopropanol), where the rate of degradation was drastically reduced. 

The observations revealed that basic fuchsin dye could be degraded successfully by using N-doped 
SnO2 under visible light. It was found that the N-doped SnO2 has enhanced photocatalytic activity than pure 
SnO2. 
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