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Abstract- The main aim of this study is the comparison between photocatalytic activity of the single TiO2 nanoparticles and 
decorated TiO2 nanoparticles using SnO2 nanoparticles. The X-ray diffraction (XRD) pattern of the synthesized hybrid 
demonstrates that the SnO2 nanoparticles can successfully are synthesized on the surface of TiO2 nanoparticles. The 
photocatalytic activity investigation of samples reveals that the decomposition of methyl orange increase with respect to the 
weight fraction of samples and irradiation time. Meanwhile, the results show that the photocatalytic performance of synthesize 
hybrids is higher than that of single TiO2 nanoparticles. 
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I. INTRODUCTION 
 
Titanium dioxide (TiO2)nanoparticles are one kinds of 
photocatalysts which are used for decomposition of 
dye organic pollutants such as methyl orange (MO) 
and methylene blue (MB). The importance of TiO2 
nanoparticles is due to the photocatalytic activity, high 
stability and non-toxicity, which leads to the 
application of them in gas sensors, refineries, 
pigments and inorganic membranes [1, 2]. The major 
crystalline forms of TiO2 nanoparticles are anatase, 
rutile and brookite. Among these three crystalline 
structures, the thermodynamic stability of rutile 
structure is more than anatase and brookite[3]. The 
application of TiO2 nanoparticles as decomposer of 
organic pollutants leads to the degradation of 
pollutants to the carbon dioxide [4]. The 
photocatalytic performance of semiconductor 
nanoparticles can be related to the excitation of 
electron from valence band to the conduction band and 
preparation of electron hole pairs [5-7]. The generated 
electron hole pairs act as a main factor for formation of 
decomposer agents. Therefore, the separation of 
produced electron hole pairs leads to the enhancement 
of photocatalytic activity of semiconductor 
nanoparticles. One of the main procedures for 
separation of the produced charges is modification of 
semiconductor nanoparticles using other nanoparticles 
with higher bang gap [8-10]. Therefore, in this study 
we want to modify the outer surface of TiO2 
nanoparticles with SnO2 nanoparticles to enhance the 
photodecomposition of MO as organic pollutants. 
 
II. MATERIALS AND METHODS 
 
Tetra chloride titanium (TiCl4, M= 189.79, 99%, 
Merck) and Stannous chloride dehydrate 
(SnCl2.2H2O, M=225.63, Scharlau) are used as titania 
and tin precursors without further purification. 
Ethanol (C2H5OH, M= 32, 99%, Merck) and 

Ammonia solution (25%, Merck) are applied as the 
synthesize materials. 
 
TiO2 nanoparticles are synthesized according to our 
previous works [11, 12].  
The synthesis method of the TiO2-SnO2 hybrids is as 
follow: Firstly, 1 g of the synthesized TiO2 
nanoparticles is added into 100 ml of distilled water. 
Then, 1 g of SnCl2.2H2O dissolved in the prepared 
suspension and stirred for 15 min using a magnetic 
stirrer. Subsequently, for the formation of sol, 1 mL of 
ammonia solution is added drop wise to the above 
solution. Finally, the obtained sol is filtered, washed 
several times with distilled water, dried at 80 °C for 24 
h and calcined at 520 °C for 2.5 h. the prepared 
samples are characterized using X-ray diffraction 
pattern (Cu Kα (λ =1.542°A) radiation). The 
photocatalytic measurements are carried out for 
degradation of MO (10 ppm MO aqueous solution) 
using a Hg vapor lamp (150 W) at different 
concentration of synthesized photocatalysts (0.1, 0.2 
and 0.3 %wt). The concentration of MO at any 
intervals can be calculated according to the Equation 1 
[5, 9].  
Photocatalytic performance (%) = బି౪

బ
× 100 =

େబିେ౪
େబ

× 100                        (1) 
The A and C refer to the absorbance and concentration 
of MO. The subscript of 0 and t refer to the initial and 
remainder parameter.   
 
III. RESULTS AND DISCUSSION 
 
Fig. 1 demonstrates the XRD patterns of TiO2-SnO2. 
According to this Figure, it is clear that besides the 
characteristic peaks of the anataseTiO2 nanoparticles 
(which corresponded to the (101), (004) and (200) 
lattice plane), the main characteristic peaks of the 
SnO2 nanoparticles can be observed. The main peaks 
centered at 26.57°, 33.87°, 37.95°, 51.75°and 54.75° 
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refer to the (110), (101), (200), (211) and (220) lattice 
plane of the SnO2 nanoparticles, respectively. 
 

 
Fig. 1.XRD pattern of the TiO2-SnO2. 

 
decomposition with UV irradiation time at different 
weight fraction of the prepared samples using TiO2 
and TiO2-SnO2, respectively. According to the results, 
it is clear that the removal efficiency of MO increased 
with respect to the weight fraction of the TiO2 and 
TiO2-SnO2. The augmentation of MO decomposition 
using TiO2 and TiO2-SnO2 can be attributed to the 
effect of synthesized photocatalysts concentration on 
the generated electron-hole pairs. Meanwhile, 
increasing the concentration leads to the enhancement 
of specific surface area that is subject to the UV 
irradiation. Therefore, it eventuates to the increasing 
the amount of exited electrons from valence band to 
the conduction band. Thus, the number of generated 
electron-hole pairs, oxidant radicals and removal 
efficiency of organic pollutants enhanced[13].     
   

 

 
Fig. 2.Removal efficiency variation of MO using a) TiO2, b) 

TiO2-SnO2. 
 

The comparison among the photo degradation of MO 
using TiO2 and TiO2-SnO2 is depicts in Fig. 3. 
According to this Figure, it is clear that the 
photocatalytic performance of TiO2-SnO2is higher 
than that of pure TiO2. It can be attributed to the 
influence of coated SnO2 nanoparticles on the outer 
surface of TiO2 nanoparticles. According to the band 
gap of TiO2 nanoparticles (3.2 eV) and SnO2 
nanoparticles (3.8 eV), it can be confirmed that the 
coated nanoparticles with higher band gap (SnO2 
nanoparticles) can improve the separation of the 
produced electron-hole pairs [5, 14]. Therefore, the 
separation of the generated charges prevent from the 
fast recombination of the produced electron-hole 
pairs.  

 
Fig. 3.Comparison of the removal efficiency of MO using TiO2 

and TiO2-SnO2. 
 
CONCLUSIONS 
 
In this study, we investigate the effect of UV 
irradiation time and weight fraction of synthesized 
photocatalysts of the photo degradation of methyl 
orange using single TiO2nanoparticles and TiO2- SnO2 
hybrid. The obtained results show that the increasing 
both of the studied factor lead to the enhancement of 
the photo degradation of pollutant. Meanwhile, the 
results demonstrate that the decomposition of methyl 
orange using TiO2- SnO2 hybrid is more than that of 
single TiO2 nanoparticles.  
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