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A composite of SnO2 quantum dots (QDs) decorated on TiO2 nanospheres was prepared and then used 
as photocatalyst in photodegradation of 4-nitrophenol. The structure of TiO2/SnO2 QD composites 
revealed that the SnO2 quantum dots are uniformly dispersed on the surface of TiO2 nanospheres. The 
effect of various parameters such as pH, concentration of dye, amount of semiconductor and light 
intensity was observed. The photocatalytic behavior of as-prepared samples shows better activity than 
pure TiO2 nanospheres. This study presents a choice for potential applications of quantum dots in water 
pollution treatment. 
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1. Introduction 

The chemical-based industries played an important role in human 
civilization but industrial activities introduced large quantities of 
chemicals in the environment causing potential harm to environment. It 
has only increased ever increasing scarcity of potable water because of 
increase in its immediate demand. Among all the pollutions, water 
pollution is one of the world’s worst problems in these days, we are facing. 
Water pollution is increasing day by day due to rapid industrialization, 
transportation, construction, etc. Only 1% of water on Earth can be used 
for human utilization. Organic compounds i.e. phenols, heavy metals, 
drugs, detergents, insecticides, pesticides, fertilizers, surfactants, dyes and 
other chemical products are thrown into the water resources without any 
effective treatment strategy. Most of these are highly toxic to living beings. 
Endocrine disruptors are chemicals that can interfere with endocrine (or 
hormone) systems. Most of them are carcinogenic, xenogenic and toxic in 
nature. Environmental contamination by these toxic chemicals is causing 
major global problem. These substances are very toxic for animals and 
harmful for human life and health.  

Various methods and techniques such as AOPs, biological methods, 
physical methods, etc. are developed to remove these pollutants [1-11]. 
Cost-effectiveness, ecofriendly nature and applicability on large scale for 
different kind of pollutants are the key factors behind this. Present study 
makes an attempt towards solving the problem of water pollution. 
Composite of TiO2 and SnO2 QDs may prove to be beneficial for efficient 
decomposition of Endocrine Disrupting Chemicals (EDCs). Exposure to 
EDCs in nature is a basic worry with unclear long-term negative impacts 
[12-21]. EDCs are discharged into nature by people, animals and industry; 
and therefore, enters in bodies through soil, surface water and ground 
water. So, degradation and decomposition of EDCs become highly 
important.  

The use of efficient photocatalysts, nanomaterials and novel 
photocatalysts in various shapes and sizes with a wide range of variations 
with respect to their composites are employed just to increase their 
efficiency in decomposition of EDCs [22-25]. 
 

 

 

2. Experimental Methods 

2.1 Preparation of Nanocomposite 

The composite of SnO2 and TiO2 was fabricated by a bottom-up 
approach. An amount of 0.05 g of TiO2 was added into 10 mL of ethanol 
(95 vol%) under stirring for 15 min, followed by addition of 300 μL of 
ethanolic suspension of SnO2 QD. The product SnO2 QD@TiO2 was then 
collected with centrifuge and rinsed with ethanol several times before 
being dried in vacuum oven set at 80 °C overnight to get the final product. 
This synthesized composite was characterized by several techniques like 
HRTEM and EDX before use in experiment. 
 

3. Results and Discussion 

3.1 Characterization 

HRTEM images were taken to determine the shape and size of 
nanoparticles. These results were clearly show the formation of TiO2 

nanospheres along with SnO2 quantum dots. HRTEM recorded on The 
Tecnai G2 20 (FEI) S-Twin 200 kV transmission electron microscope. 
Moreover, the morphological analysis confirmed that the stannic oxide 
nanoparticles were quantum dots with an average diameter about 5 nm 
and titanium dioxide was in form of nanospheres with an average 
diameter of about 29 nm. EDX mapping showed the presence and uniform 
distribution of respective elements (SnO2 and TiO2) along with the absence 
of any impurities in the as-synthesized composite. 

 
3.2 Degradation Process 

The photocatalytic activity of the catalyst was evaluated by measuring 
the rate of degradation of 4-dinitrophenol (4-NP). A stock solution of (1.0 
x 10−3 M) was prepared by dissolving 0.0139 g of 4-NP in 100 mL doubly 
distilled water. Further working solutions were prepared from this stock 
solution as and when required. The absorbance of experimental solution 
was determined by spectrophotometer at λmax = 400 nm. The desired pH 
of 4-nitrophenol solution was adjusted by the addition of standard 0.1 N 
sulphuric acid and 0.1 N sodium hydroxide solutions. Experimental 
solutions were irradiated with a 200 W tungsten lamp and about 3 mL 
aliquot was taken out every 30 min. The intensity of light was varied by 
changing the distance between the light source and reaction mixture. The 
absorbance of the solution at various time intervals was measured with 
the help of a spectrophotometer (Model UV-1700 Pharmaspec). A 
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decrease was observed in the absorbance of 4-nitrophenol solution with 
increasing time of exposure. A plot of 1 + log A versus time was found to 
be linear, which indicates that the photocatalytic degradation of 4-
nitrophenol followed pseudo-first order kinetic. The rate constant was 
calculated using the expression k = 2.303 × slope. A typical run has been 
given in Table 1 and graphically represented in Fig. 3. The rate constant 
calculated in presence of TiO2 was found to be 1.16 × 10−5 sec−1 whereas 
rate constant in presence of TiO2/SnO2 was 3.34 × 10−5 sec−1, which is 
almost 187.93 % higher. It may be concluded that SnO2 decoration of nano-
TiO2 increases its photocatalytic efficiency in visible range for degradation 
of 4-nitrophenol. 

 

   
Fig. 1 HRTEM images of TiO2/SnO2 QDs Composite 

 

 

   

Fig. 2 EDX mapping image of TiO2/SnO2 QDs composite 

 
Table 1 Typical run (pH = 8.0, [4-NP] = 4.70 × 10−5 M Semiconductor = 0.10 g, Light 
intensity = 50.0 mWcm−2) 

 

Time (min) Absorbance in 

presence of 

TiO2 (A) 

1 + log A Absorbance in 

presence of 

TiO2/SnO2 (A) 

1 + log A 

0 0.860 0.9345 0.86 0.9345 

30 0.838 0.9232 0.77 0.8865 

60 0.813 0.9101 0.68 0.8325 

90 0.783 0.8938 0.615 0.7889 

120 0.77 0.8865 0.555 0.7443 

150 0.749 0.8745 0.508 0.7059 

180 0.711 0.8519 0.473 0.6749 

 

 
Fig. 3 Comparative typical runs with TiO2 and TiO2/SnO2 

 

3.3 Effect of Parameters 

3.3.1 pH Variation 

The effect of variation of pH was studied in the range 5.0 – 9.5 and 
reported in Fig. 4. It was observed that the rate increases with an increase 

in pH up to 8.0, but the rate of degradation decreases with a further 
increase in pH. An electron from conduction band is abstracted by 
dissolved oxygen to generate O2•‾. An increase in the rate of photocatalytic 
degradation of 4-NP with the increase in pH may be due to the availability 
of more O2•- anion radicals. A decrease in the rate of photocatalytic 
degradation of the 4-nitrophenol may be due to the fact that 4-NP is 
present in its anionic form, which will experience a force of repulsion with 
the negatively charged surface of the semiconductor due to absorption of 
more OH‾ ions on the surface of the photocatalyst. 
 

 
Fig. 4 Variation of rate constant with pH ([4-NP] = 4.7 ×10−5 M, Semiconductor = 0.10 
g, Light intensity = 50.0 mWcm−2) 

 
3.3.2 4-Nitrophenol Concentration Variation 

The effect of 4-nitrophenol concentration on its photocatalytic 
degradation was observed in the range of 3.2 × 10−5 to 6.0 × 10−5 M. The 
results are reported in Fig. 5. As the concentration of the 4-dinitrophenol 
was increased, it was observed that the degradation increases due to more 
availability of 4-DNP molecules for excitation but after 4.70 × 10−5 M 
(optimum condition), the efficiency of the photocatalytic degradation 
showed a declining behaviour. Here, 4-dinitrophenol will start acting as an 
internal filter and it will not allow the desired light intensity to reach the 
surface of the semiconductor present at the bottom of the reaction vessel. 
 

 
Fig. 5 Variation of rate constant with concentration of 4-nitrophenol (pH = 8.0, 
Semiconductor = 0.10 g, Light intensity = 50.0 mWcm−2 ) 

 

 
Fig. 6 Variation of rate constant with amount on photocatalyst (pH = 8.0, [4-NP] = 
4.70 × 10-5 M, Light intensity = 50.0 mWcm−2) 
 

3.3.3 Amount of Composite Variation  

The amount of composite may also affect the degradation of dye and 
hence, different amounts of TiO2/SnO2 composite were used. Their results 
are graphically represented in Fig. 6. It was observed that the rate of 
photocatalytic degradation increases with increase in amount of 
composite up to a certain value (0.10 g), but on further increasing the 
amount of composite, the rate of the reaction gradually declined.  
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As the amount of composite was increased, the exposed surface area of 
the composite increases but above 0.10 g, an increase in the amount of 
composite will only increase the thickness of layer of the composite and 
not its exposed surface area. As a result, the rate of degradation decreases 
slightly. 

 
3.3.4 Light Intensity Variation 

The effect of light intensity on the photocatalytic degradation of 4-
nitrophenol was also investigated by changing the distance between the 
light source and the exposed surface area of composite. The distance 
between the light source and exposed surface area of photocatalyst was 
varied from 20.0 to 70.0 mWcm−2 to determine the effect of light intensity 
on the photocatalytic degradation. The variation of results is graphically 
presented in Fig. 7. It was observed that as the light intensity was 
increased, the rate of photodegradation increases upto a certain value. 
Further increase in light intensity results in a decrease in the rate of 
photodegradation. The maximum rate was observed at 50.0 mW cm−2 for 
degradation of 4-nitrophenol.  

Rate constants with different light intensities are represented in Fig. 7. 
It was observed that photocatalytic degradation of 4-dinitrophenol was 
more on increasing the intensity of light as this increases the number of 
photons striking per unit area of photocatalyst surface per unit time. On 
further increasing the intensity above 50.0 mWcm−2, there was a slight 
decrease in the rate of photodegradation. This may be due to some thermal 
effects or side reactions. 
 

 
Fig. 7 Variation of rate constant with light intensity (pH = 8.0, [4-NP] = 4.70 × 10−5 M, 
Semiconductor = 0.10 g) 

 
3.4 Mechanism  

Photocatalytic mechanism for the degradation of 4-NP in presence of 
the as-prepared composite TiO2/SnO2 photocatalysts has been proposed. 
Electrons in TiO2 are excited to its conduction band on light irradiation. 
When two semiconductors are closely coupled in the nanocomposite, 
conduction and valence bands of SnO2 act as sink for the photogenerated 
electrons. This minimizes the recombination of the photogenerated 
electron-hole pairs in TiO2 and gives sufficient time for these electrons and 
holes to migrate across the surface of the coupled nanocomposite 
photocatalysts, where these pairs participate in redox reactions with 4-NP 
that are adsorbed on the surfaces of the photocatalysts. The holes can react 
with surface-bound H2O (or) OH- to produce the hydroxyl radical and the 
electrons can reduce surface adsorbed O2 to generate superoxide anion 

radical (O2
•

¯). The mechanism is as follows: 
 

 TiO2/SnO2  → e¯ +   h+   

(1)         h+   +  OH-  → •OH (Oxidation) 

 h+   +  H2O   → •OH + H+  

(2) O2   +  e͞        → O2
•¯ (Reduction) 

 O2
• ¯ + H+  →  HO2•   

 O2
• ¯   +    HO2• →     H2O2 +  O2  

 H2O2     →     H2O + ½ O2  

(3)  •OH + 4-Nitrophenol → Products 
 

4. Conclusion 

The TiO2/SnO2 QDs composites have been prepared successfully. The 
nanostructure of composite samples was characterized by EDX and 
HRTEM. The results display the SnO2 quantum dots are spread uniformly 
on the TiO2 nanospheres. Then the samples were employed in 

photodegradation of 4-NP. Properties of the as-obtained photocatalysts 
were investigated. TiO2/SnO2 composites exhibited a broad absorption 
and excellent photocatalytic activity. The observation of present work 
explores the use of TiO2/SnO2 composites for better photocatalytic 
performance in treatment of polluted water. 
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