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SnO2 nanoparticles were synthesized by microwave assisted hydrothermal method using SnCl2·2H2O 
as a precursor.  The synthesized SnO2 nanoparticles were characterized by X-ray diffraction (XRD), 
Fourier Transform Infra-Red spectroscopy (FT-IR), Scanning Electron Microscopy (SEM), 
Transmission Electron Microscopy (TEM), to find their structure and crystal size, functional group, 
particle morphology, surface morphology respectively. The broad peaks in the X-ray diffraction 
spectra indicate that the obtained powder is SnO2 and are in crystalline nature. The size of the 
crystalline SnO2 nanoparticles  was found to be in the range of 10-21nm as calculated from the Debye 
- Scherrer formula.  
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INTRODUCTION 
 
SnO2 is a remarkable n-type semiconducting material having 
large band gap (3.6 eV) (Batzill, 2005) and is known for 
variety of applications. It has been used as a solid state sensor 
mainly due to its sensitivity towards different gaseous species 
(Deshpande et al., 2009; Krivetskiy et al., 2010), photovoltaic 
energy conversion (Snaith and Ducati, 2010), etc. Recently, the 
use of nanomaterials for solar energy conversion (Li and Liu,  
2010) has been one of the most active research areas in photo 
catalysis (Hao et al., 2010; Wang et al., 2009; Zhang et al., 
2008). Due to its unique electrical properties, tin oxide has 
been used for various electrochemical applications, such as gas 
sensors for environmental monitoring (Moseley, 1997) and 
catalysts (Arico et al., 2001).  For these applications, the small 
particle size or large surface area of SnO2 is essential for high 
performance. Tin oxide semiconductor has tetragonal rutile  
structure, its  unit  cell  parameters  and  space  group                  
are  a = 4.738 Å, c = 3.187 Å and P42/mnm (Sanjay et al., 
2004) respectively. The techniques reported for obtaining 
semiconducting oxide nanoparticles includes chemical vapour  
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condensation (Liu et al., 2005), colloidal growth, microwave 
technique (Krishnakumar et al., 2009),  sol–gel method (Niesz 
et al., 2005), surfactant assisted synthesis (Wang et al., 1999), 
precipitation technique (Park et al., 2008), spray pyrolysis 
(Paraguay-Delgado et al., 2005; Ashok et al., 2013; Fang and 
Ying, 2012; Ho et al., 2009), hydrothermal synthesis (Fujihara 
et al., 2004) and laser ablation in liquids and gases (Comini, 
2006; Shankar and Raychaudhuri, 2005; Chen and Gao, 2004; 
Komarneni et al., 1992). Among the various techniques, 
microwave assisted synthesis is preferred due to its controlled 
grain size, morphology and crystal structure by changing the 
experimental procedure. Microwave assisted hydrothermal 
synthesis has smaller processing time and provides uniform 
nucleation of the powders (Komarneni et al., 1992; Komarneni 
et al., 1996).  
 
Since, microwave assisted synthesis is a rapid technique and 
also cost effective compared to other conventional methods, 
this method is chosen for producing high purity SnO2 
nanoparticles. This method also provides precise temperature 
control, high reaction rate and quality product (Krishnakumar 
et al., 2009). Microwave heating not only enhances the rate of 
formation, but also enhances the size distribution and material 
quality. In addition to that, the method provides uniform 
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heating of the reaction mixture, small particle size, more yield 
and materials with high purity (Perreux and Loupy, 2001).    
 
Experimental 
  
Microwave Synthesis  
 
All the chemicals involved in this microwave assisted method 
were used as received from the chemical suppliers without any 
further purification and processing. For the synthesis of SnO2 
nanoparticles, 0.03 M solution of stannous chloride dihydrate 
(SnCl2·2H2O - AR grade) was prepared and 5ml ammonia 
solution was added with it, drop by drop, till its pH value raises 
upto10. Then the mixture was kept in a magnetic stirrer for 30 
minutes, at 80oC. This solution is sealed and kept in a 
microwave oven and heated for 6 minutes at 800 Watts (300 
Hz), till the volume becomes one fourth of its initial value. The 
colloidal solution obtained was filtered with whattsman filter 
paper. In order to remove the impurities, the solution was 
washed with deionized water. In order to remove the moisture 
content, the wet nanoparticles were dried in air for 3 days. The 
dried powder was ground using pestle and mortar.   
 
Characterization Techniques 
 
The crystal structure  of  the SnO2  nanoparticles was 
investigated by X-ray diffraction  (XRD) technique and the 
data were recorded using a X-ray diffractometer (Model Bruker 
D8) with Nickel filtered Cu - K radiation. Data were collected 
in the range of 2 from 10o to 80o using step scan mode with 
step size of 0.0170° and step time of 1.0000s. SEM images of 
SnO2 nanoparticles were recorded using the Model Hitachi 
SEM S 2400 device at SAIF-STIC, CUSAT, Cochin. 
Microstructural analysis were made by Transmission Electron 
Microscopy (TEM  -   MODEL – JEM100  CX II) and 
HRTEM (MODEL - JOEL - J2000), operating at 200KV at 
SAIF-NEHU,  Shillong.  FT-IR spectra of the sample were 
recorded in the range of 400 – 4000cm-1, using a Shimadzu 
8400S FT-IR Spectrometer.  
 

RESULTS AND DISCUSSION  
 
X-Ray Diffraction (XRD) pattern of synthesized SnO2 

nanoparticles 
 
The X-ray diffraction pattern of SnO2 nanoparticles is shown in 
Figure 1. The XRD result shows that the sharp diffraction 
peaks formed at 26.60, 340 and 51.90 confirms the formation of 
SnO2 nanoparticles. All the peaks were indexed as the 
tetragonal rutile SnO2 structure (JCPDS Card No 41-1445) 
(Baohua Zhang et al. ; Cullity, 2005). The crystallite size of 
SnO2 nanoparticles was calculated using the value of FWHM 
from the most intense XRD peaks using Debye-Scherrer 
formula (1)  
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where D is the crystallite size, K is the shape factor (0.94),   is 
the wavelength of  X-rays   ( = 1.54059A0),   is the full 
width at half maximum (FWHM)  of  the diffraction peaks and 

 is the angle of diffraction. The sharpness of the peaks shows 
that SnO2 nanoparticles are highly crystalline. Crystallite size 
for SnO2 nanoparticles synthesized in this method was found to 
be 10 - 21nm. The peaks formed at 26.60, 340 and 51.90  can be 
indexed to (1 1 0), (1 0 1), (2 1 1) planes of  SnO2 crystal which 
matches well with JCPDS card # 41–1445 and the structure of 
the SnO2 crystal was found to be Cassiterite type tetragonal. 
The lattice parameters for the tetragonal phase structure were 
calculated using the relation (2) (Kasar et al., 2008)  
 

2

1

d
 = ( 

2

22

a

kh 
 ) + 

2

2

c

l

      
…..(2) 

 
The lattice parameters of the SnO2 nanocrystals were calculated 
as a = 4.7615Å and c = 3.9639Å which matches well with the 
standard values (a = 4.738 A°, c = 3.187 A°) (Cirera et al., 
2001). 
 

 
 

Figure 1. XRD pattern of the synthesized SnO2 nanoparticles 
 
The unit cell volume of the tetragonal lattice is given by the 
equation (3):  
 
v  = a2. c          ….. (3)    
 
= 89.869 x 10-30 m3 

 

The calculated value of unit cell volume of SnO2 nanoparticles 
matches well with the standard value.  
 
The lattice distortion can be calculated by the following 
relation (4)  
 

U =
c

a
 …. (4) 

 

i.e, U = 1.2012  
 
The specific surface area of the crystal can be calculated by the 
following relation (5)  
 

S =  
D

6
(m2/g) ….. (5) 
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The specific surface area of as-prepared SnO2 powdered 
particle is 81.24 m2/g 
 
SEM Analysis 
 

 
                   

Figure 2.  SEM image of the prepared SnO2 nanoparticles 
 
Figure 2 shows the SEM micrograph of the pure SnO2 
nanoparticles synthesized by microwave assisted hydrothermal 
synthesis. It can be observed that nanosized SnO2 particles are 
interconnected, which shows strong agglomeration with lot of 
small spherically shaped particles. This agglomerate actually 
consists of much smaller grains of about 10–21 nm in diameter.  
 
Microstructural properties by TEM and SAED pattern 
 
The morphology and particle size of tin oxide nanoparticles 
were observed using TEM micrograph (Fig. 3a). The presence 
of spherical shaped particles with particles size ranging from 
10 to 21nm was observed. The calculated particle size from 
XRD investigation matches well with the particles size 
observed from TEM micrograph. These results suggest the 
formation of crystalline tin oxide nanoparticles. The 
corresponding SAED pattern of SnO2 nanoparticles is shown in 
Figure 3b. SAED pattern provides rings made up of discrete 
spots, denotes the crystalline nature of the prepared SnO2 
particles with nanosize. The bright image in the SAED pattern 
confirms the spherical shape of SnO2 nanoparticles and the 
narrow distribution of particle size.  
 

 
 

Figure 3(a).TEM micrograph of the prepared SnO2 nanoparticles 

 
 

Figure 3(b). SAED pattern of SnO2 nanoparticles 

 

 
 

Figure 4. FT IR spectra of the prepared SnO2 nanoparticles 
 
The FT-IR spectra of SnO2 nanoparticles synthesized by 
microwave assisted hydrothermal method are shown in 
Figure.4. It supports the presence of tin hydroxyl and tin 
dioxide functional group available in SnO2 nanoparticles. The 
sharp peak at low wave number region of 620cm-1 is due to the 
anti-symmetric vibration of  O-Sn-O (Liu et al., 2006; 
Punnoose et al., 2005) and also attributed to oxide-bridge 
functional group (OSnO) (Lin Yung-Jen and Wu Ching-Jiunn,  
1996). The peak around 1019cm-1 is due to Sn(OH) vibrations 
(Abello et al., 1998). Thus the FT IR spectrum confirms the 
presence of Sn-O bonds and O-H groups. The band appears at 
1642 cm-1 may be attributed to the bending mode of O-H bond. 
The broad band appearing in the region 3000-3700 cm-1 may be 
due to the vibration of adsorbed water. The assignments match 
very well with those reported in the literature (Jun-Jie Zhu            
et al., 2002; Harrison and Guest, 1987; Srinivas et al., 2009).   
 
Conclusion 
 
High purity SnO2 nanoparticles were rapidly synthesized in a 
successful manner by microwave assisted hydrothermal method 
using SnCl2·2H2O as precursor. The structural and 
morphological properties of SnO2 nanoparticles were 
investigated. The XRD result shows that the obtained SnO2 
nanoparticles were found to be with tetragonal crystalline 
structure and the calculated particle size was in the range of 10-
21nm, which were in good agreement with TEM results. TEM 
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micrograph shows that SnO2 nanoparticles were spherical in 
shape. SnO2 nanoparticles with uniform size were achieved 
using microwave synthesis which is considered to be a green, 
efficient and cost effective method having potential for large 
scale synthesis of nanoparticles.  
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