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ABSTRACT 

In the present endeavour, SnO2 nanoparticles (NPs) were synthesized using microwave method. Synthesized SnO2 NPs 
were characterized using X-ray diffraction (XRD), scanning electron microscopy (SEM) and energy dispersive 
spectrscopy (EDS) to find their structure, morphology and elemental composition. SnO2 NPs were of spherical mor-
phology having crystallite size of 35.42 nm as obtained from Scherrer’s formula using most intense peak of XRD. Syn-
thesized NPs were used for photodegradation of melthylene blue (MB) dye under UV light. The SnO2 NPs ware found 
to have photodegradation efficiency and apparent rate constant of 55.97% and 2.149 × 10−2 respectively. 
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1. Introduction 

In the recent past enormous efforts are being directed 
towards the development of nanometer sized materials 
and finding applications of these materials. SnO2 is a 
remarkable n-type semiconductor material having wide 
band gap (3.6 eV) and is sought for a wide variety of 
applications. It has been used, for example, as solid state 
sensor mainly due to its sensitivity towards different 
gaseous species [1,2], photovoltaic energy conversion [3], 
to make indium tin dioxide (ITO) transparent conductive 
thin film coatings [4], etc. Recently, the use of nanoma-
terials for solar energy conversion to environmental 
cleanup has been one of the most active research areas in 
photocatalysis [5-7]. The success in many of these appli-
cations relies on the ability in obtaining cost effective, 
high quality nano sized materials having uniform pore or 
grain structures.  

The preparation of nano tin dioxide has attracted much 
attention recently, since it shows outstanding properties 
when used as a gas sensing material and also as a catalyst 
support. Among the various methods of nonmaterials 
preparation, microwave method is the most simple and 
effective in chemical reactions and synthesis of nanoma-
terials and nanostructures at relatively low temperature 
[8-11]. Investigations have shown that the microwave 
method is an attractive choice to promote reactions and is 
energy effective heating compared to conventional heat 
conduction methods due to the direct heating of the reac-

tion mixture [12]. In conventional methods, the vessel is 
heated and this then this heat is transferred by convection. 
Since microwaves can penetrate the material and supply 
energy. Heat is generated throughout the volume of the 
material resulting in volumetric heating [13]. This method 
is considered to be green, more efficient in terms of the 
energy used, produces higher temperature homogeneity, 
and is considerably more rapid than conventional heat 
sources. Microwave dielectric heating not only enhances 
the rate of formation, it also enhances the material qual-
ity and size distributions. Additionally, the method shows 
acceleration in reaction rate, yield improvement, short 
reaction time, small particle size, narrow particle size 
distribution, high purity materials, and enhanced phys-
icochemical properties [14].  

Microwave assisted synthesis being faster, cleaner, 
and more economical than the conventional methods, in 
present work high purity SnO2 NPs were synthesized 
using microwave synthesis method. The photocatalytic 
(PC) activity for MB dye was studied using these synthe-
sized NPs. Study shows that SnO2 NPs is a potential 
candidate as catalyst for photodegradation of MB dye in 
water with the usage of very small amount of NPs. 

2. Experimental 

2.1. Microwave Synthesis 

All the chemicals used in the synthesis have been used as 
received from chemical suppliers without any further 
purification and processing. For synthesis of SnO2 NPs, *Corresponding author. 
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0.03 M solution of SnCl2·2H2O (AR grade) was prepared 
and 0.05 M citric acid mixed in to it drop wise. This so-
lution was heated at 80˚C in oven till becomes 1/4th of 
its volume. Later on precursor was kept for microwave 
heating for 10 min at 700 watt. Obtained precipitate was 
filtered and washed 2 - 3 times with DI water (18.2 MΩ. 
cm resistivity) then dried at 100˚C in an oven. Dried 
powder was crushed and annealed at 500˚C for 1 hr. 

2.2. Characterizations 

The prepared annealed samples were characterized for its 
structure, morphology and elemental composition using 
X-ray diffraction analysis (XRD), scanning electron mi-
crograph (SEM) and energy dispersive spectrometer 
(EDS). Crystallographic study was carried out using 
Bruker AXS, Germany (Model D8 Advanced) diffracto-
meter in the scanning range of 20˚ - 70˚ (2θ) using Cu Ka 
radiations of wavelength 1.5406 Å. JEOL ASM 6360 A 
scanning electron microscope (SEM) was used to study 
the morphology of the films and the elemental analysis. 
The intensity of absorption peaks and peak absorbance of 
NPs was examined by an Ocean Optics UV-Vis high 
resolution spectrophotometer (HR 4000). 

2.3. Photocatalytic Activity 

Synthesized SnO2 NPs were used for photodegradation 
of MB dye. In order to evaluate the PC activity of the 
SnO2 NPs, we use the MB dye solution as a model con-
tamination to characterize their PC activity at ambient 
temperature. In the experiment, 40 ml of 0.2 ml MB in 
1000 ml DI water and 0.005 gm of catalyst was used. 
This solution stirred for 10 minutes in dark for equilib-
rium of adsorption and desorption process of MB with 
NP’s. After stirring, the solution was irradiated by UV 
lamp (Blue Wave Tm 50 AS, medium intensity spot 
lamp, DYMAX Corporation). The UV lamp has radiation 
range 200 - 600 nm with nominal intensity 1000 - 2000 
mW/cm2. Concentrations of MB solution initially and 
after every 4 minutes irradiation of UV light were taken 
by using UV-Visible spectrophotometer. According to 
the Lambert-Beer Law [15,16], the absorbance (A) of 
MG solution is proportional to its concentration (c), 
which generally followed the following Equation 

A bc                  (1) 

where ε is the molar absorption coefficient and b is the 
thickness of the absorption cell. In our experiment, all the 
testing parameters were kept constant, so the ε and b can 
be considered as a constant. Therefore, the changes of the 
concentration of MB aqueous solution can be determined 
by a UV-Vis spectrophotometer. As for the MB dye so-
lution aqueous with low concentration, its photocatalytic 
decolorization is a pseudo-first order reaction and its 
kinetics may be expressed as [17] 

 0 app.ln C C K t                  (2) 

where Kapp is the apparent rate constant, and Co and C are 
the solution concentration or absorbance before and after 
degradation of MB aqueous solution, respectively. This 
apparent rate constant for degradation of dye was ob-
tained by calculating the correlation between the length 
of time of UV light irradiation and the decreasing ratio of 
dye, determined using above Equation (2) [18]. The per-
centage efficiency of photo degradation of dyes (also 
known as de-colourizing ratio) was determined using 
following equation [18]. 
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where, Co and C are the solution concentration or ab-
sorbance before and after degradation. Concentrations of 
MB were estimated at peak wavelength (which being 
characteristic absorbance peak for MB dye) from UV-Vis 
spectra taken initially and after every 4 minutes irradia-
tion of UV light. All PC experiments were performed at 
room temperature in the dark.  

3. Results and Discussion 

3.1. X-Ray Diffraction (XRD) 

The X-ray diffraction pattern of SnO2 NPs is shown in 
Figure 1. The crystallite size of SnO2 NPs calculated 
using FWHM of from most intense XRD peak using 
Scherrer’s formula [19] 

Cos
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D
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 

                (4) 

where  is wavelength of X ray,  is full width and half 
maxima,  is Bragg’s angle. Crystallite size for these 
SnO2 NPs is found to be 35.42 nm. The sharpness of 
peaks shows that SnO2 NPs are highly crystalline. 

3.2. Morphology and Elemental Analysis  

Morphology of NPs were done using Scanning electron 
microscope (SEM) shown in Figure 2. In this study 
SnO2 NPs found to be spherical. There is some agglom-
eration also observed in image, which may be due to an-
nealing of SnO2 NPs. Elemental analysis NPs was done 
by using energy dispersive spectrometer (EDS); the plot 
of spectrum is shown in Figure 3. Emission peaks such 
as O and Sn observed in the EDS spectrum shows the 
presence of tin and oxygen elements and confirmed the 
stoichiometry of NPs. 

3.3. Photocatalytic (PC) Activity 

For the purification of water from contaminants, catalytic 
approach plays a vital role, which is based on the feature 
that the SnO2 is able to photo-catalyze many organic  
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Figure 1. XRD spectra of air annealed SnO2 NPs. 
 

 

Figure 2. SEM of air annealed image of SnO2 NPs. 
 

 

Figure 3. EDS of SnO2 NPs. 
 
substances under UV irradiation (Hoda-Fujishima effect). 
Under normal atmospheric conditions and UV-Vis light, 
organic pollutants that are virulent and hard to be de-
composed can be thoroughly oxidized to molecules, such 
as H2O and CO2 by using SnO2 under UV irradiation. PC 
reaction in the presence of SnO2 consists of a free radical 
reaction initiated by absorption of the photon with energy 
equal to or greater than the band gap of SnO2. 

UV-Visible absorbance spectra for photodegradation 
of MB dye using SnO2 NPs is shown in Figure 4. From 
the plot it is observed that, as irradiation time increases, 
the concentration of MB dye decreases, which is shown 
by decrease in UV-absorbance spectra. It can be seen that 
the intensity of absorption peak gradually decreases with 
increasing UV irradiation time. The percentage effici- 

ency of NPs was determined using Equation (2). The plot 
of percentage efficiency with irradiation time is shown in 
Figure 5 from which we can say that as irradiation time 
increases the efficiency of NPs to degrade MB dye also 
increases. The apparent rate constant for degradation of 
MB was determined using Equation (3). The plot of 
ln(Co/C) with irradiation time is shown in Figure 6 
where the slopes represent apparent rate constant for 
degradation of MB dye which is 2.149 × 10−2.  

Mechanism for Photo-degradation of MB dye can be 
explained as follows. On illumination of catalyst surface 
with enough energy, leads to the formation of a hole (h+) 
in the valence band and an electron (e−) in the conduction 
band. The hole oxidizes either pollutant directly or water 
to produce OH− radicals, where as the electron in the 
conduction band reduces the oxygen adsorbed on the 
catalyst. The activation of SnO2 by UV light can be rep-
resented by the following steps. 

2SnO h e h                (5) 

2O Oe 2
                (6) 

In this reaction, h+ and e− are powerful oxidizing and  
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Figure 4. UV-Visible absorbance spectra for photodegrada-
tion of MB dye using SnO2 NPs. 
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Figure 5. Efficiency (%) with irradiation time for photode-
gradation of MB dye using SnO2 NPs. 
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Figure 6. The plot of ln(Co/C) vs irradiation time for photo- 
degradation of MG dye using SnO2 NPs. 
 
reductive agents, respectively. The oxidative and reduc-
tive reaction steps are expressed as follows:  

degradation compoundsh MB            (7) 

2H O OH Hh                   (8) 

OH MB degradation compounds            (9) 

4. Conclusion 

In this study rapid synthesis of uniform size SnO2 NPs 
was achieved using microwave synthesis which is con-
sidered to be a green, efficient and cost effective method 
having potential for large scale synthesis of NPs. Photo-
degradation of MB dye was done using synthesized 
nanoparticles. SnO2 NPs shows efficient phtodegradation 
for less concentrated MB dye under UV light. 
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