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1 Introduction 
 Nanomaterials have attracted great interest due to 
their intriguing properties, which are different from those 
of their corresponding bulk materials. In the past few 
years, tin oxide (SnO2) is an important n-type wide energy 
gap semiconductor (Eg = 3.64 eV) which has a wide 
ranging applications such as in solid-state gas sensors for 
environmental monitoring [1-3], transparent conducting 
electrodes [4], rechargeable Li batteries [5], optical 
electronic devices [6], catalytic applications  [7] and many 
more. To realize the aforesaid potential applications, very 
small particles of SnO2 in the nanometric regime having 
large specific surface area is essential. Since the properties 
of nanoscale materials are strongly dependent on their 
size and shape, it is extremely desirable to be able to 
achieve size and morphology control during synthesis. 

2 Experimental 
2.1. Material Synthesis 
 All chemicals were purchased from Merck and used as 
received without further purification and double distilled 
water was used throughout the synthesis process. Tin 
oxide nanoparticles were synthesized by simple 

hydrothermal method, in which, 5.640g of SnCl2·2H2O and 
5g of NaOH were dissolved separately in 25 ml double 
distilled water at room temperature with vigorous stirring 
for 15 minutes. When sodium hydroxide was added drop 
wise in the resultant solution, the milky white color of the 
solution has suddenly changed to light yellow and then 
into milky white as stirring continued. And as time 
progressed, the colour changed into light blue and finally 
the light blue color of the solution was changed to the deep 
blue due to the formation of tin oxide nano particles. 
Finally the solutions were kept in 150 ml teflon-lined 
stainless steel autoclave in different reaction temperatures 
(170, 180, 190 and 200 0C) for 24 hours and the 
precipitates were obtained. The resultant tin oxide 
precipitates were washed several times with ethanol and 
double distilled water. The precipitations were dried at 
2000C for 3 hours using hot air oven.  

3 Results and Discussion 
3.1. Powder XRD analysis 
 XRD is an instrumental technique that is used to 
identify the crystallite size of the materials. Structural 
analysis of the SnO2 nano particles processed at different 
reaction temperature was carried out using Enraf Nonius 
CAD-F diffractometer with CuKa radiation source of 
wavelength ( λ=1.54056 Å) and the diffraction patterns 
were recorded by varying diffraction angles in the range 
10-80 degree. The crystallinity of the synthesised tin oxide 
powder is clearly manifested by the sharper diffraction 
peaks at their respective diffraction angles which can be 
readily indexed for its rutile tetragonal structure as given 
in fig.1. It can be seen that all the samples exhibit similar 
XRD profile, indicating the same crystal structure of SnO2. 
The obtained rutile phase is very much in agreement with 
the standard JCPDS data (JCPDS card no: 72-1012) [48]. 
The samples exhibited only the tetragonal rutile phase and 
the diffraction peaks around 2θ=18.30, 29.820, 33.260, 
37.120, 47.780, 50.720, 57.40, 62.50 and 69.890 are assigned 
to (001), (101), (110), (002), (200), (112), (211), (103) 
and (220) reflections. No diffraction peaks due to metallic 
Sn or other tin oxides are detected. Compared with those 
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of the bulk counterpart, the peaks are relatively broadened, 
which further indicates that the prepared material has a 
very small crystallite size. The average crystallite size, 
estimated from XRD results using Scherrer formula is 28, 
29, 30 and 33 nm with the increase of hydrothermal 
temperature. The variation of the grain size of SnO2 nano 
particles with their corresponding reaction temperatures 
is depicted in fig.2.  
 

 
Fig.1. XRD patterns of SnO2 nanoparticles prepared at 

different reaction temperatures 

 
Fig 2. Dependence of mean grain size of SnO2 for different 

reaction temperatures 
 

3.2. UV-Vis absorption spectroscopy analysis 

 
Fig.3. UV-Vis absorption spectrum of SnO2 nanoparticles 

prepared at different reaction temperatures 
 The optical absorption spectra of SnO2 nano particles 
prepared by hydrothermal route at different reaction 

temperatures (170, 180, 190 and 2000C respectively) 
recorded using Lambda 35 UV-Vis spectrophotometer in 
the range 200–800 nm at ambient conditions are shown in 
fig.3. UV-visible spectroscopy is a method in which the 
outer electrons of atoms or molecules absorb radiant 
energy and undergo transitions to high energy levels. In 
this method, the spectrum obtained due to optical 
absorption can be analyzed to obtain the energy band gap 
of the semiconductor nanomaterials. In general, it was 
known that tin oxide nanoparticles have strong absorption 
peaks at about 200-400 nm. However, SnO2 nano particles 
prepared by this method showed absorption peaks at 225, 
230, 233 and 302 nm for the reaction temperatures 170, 
180, 190 and 200C respectively. These showed that a red 
shift occurred for the SnO2 samples and it may be 
associated with the increase in particle size [49]. 
Considering the blue shift of the absorption positions from 
the bulk SnO2, the absorption onsets of the present 
samples can be assigned to the direct transition of electron 
in the SnO2 nanocrystals. The optical band gap is 
calculated using Tauc plot with help of UV–Vis absorption 
spectrum. The band gap energy evaluated for the SnO2 
nanoparticles prepared at 170, 180, 190 and 200C is 3.85, 
3.43, 3.21 and 3.02eV respectively. This can be explained 
because the band gap of the semiconductors has been 
found to be particle size dependent. The band gap 
increases with decreasing particle size and the absorption 
edge is shifted to a higher energy (blue shift) with 
decreasing particle size.  
 

 
Fig. 4. Tauc plot for band gap energy in different reaction 

temperatures 
 
The relation between α and Eg for a direct transition is 
given by, 

αhν = A ( hν – Eg )n 
where, α is absorption co-efficient, h is Planck’s constant,  
γ=c/λ, where, c is speed of light, λ is absorption 
wavelength, A is constant, Eg is band gap energy and n is 
equal to ½ for indirect transition semiconductor and 2 for 
direct transition semiconductors. From the above equation, 
we can see that (αhν)2 has a linear relationship with hν. To 
calculate the band gap values of the prepared samples 
(αhν)2 versus (hν) has been plotted and it is shown 
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respectively in the fig.4.  The value of the band gap is 
determined by extrapolating the straight line portion of 
(αhν)2 versus hν graph to the hν axis. The calculated band 
gap energies of the samples prepared at different reaction 
temperatures are 3.85, 3.42, 3.21 and 3.02eV respectively. 
The table showing the dependence of grain size on the 
band gap energy of the synthesized SnO2 nano particles is 
given below. 
 
Table 1 The dependence of grain size on the band gap 
energy of the SnO2 nano particles 
 

Reaction 
temperature 

(oC) 

Absorption 
peak 

( nm ) 

Grain 
size 

(nm ) 

Band 
gap 
(eV) 

170 225 28 3.83 

180 230 29 3.43 

190 233 30 3.21 

200 302 33 3.02 

 
 3.3. FTIR analysis 
  

 
Fig.5. FTIR spectra of SnO2 nanoparticles prepared at 

different reaction temperatures 
 FTIR spectrum of tin oxide samples prepared in 
different reaction temperatures (170, 180, 190 and 200C) 
are recorded in the range of 450-4000 cm-1 at room 
temperature using Perkin Elmer Spectrum Two FTIR 
spectrophotometer and the recorded spectra are shown in 
the fig. 5. The absorption bands are observed at 473, 569, 
623, 1466, 1638, 1744, 2854, 2926 and 3452 cm-1. The 
peak at 569 cm-1 is related to Sn-OH vibration mode. A 
sharp absorption peak centered at 623 cm-1 is assigned to 
O-Sn-O vibration mode indicating the transfer of the 
products to SnO2 nanoparticles with good crystallization 
[50]. The peak at 1638 cm−1 is assigned to the bending 
vibration of H-O-H bond from adsorbed water molecules 
[51]. The absorption band at 473 cm-1 is attributed to 
stretching frequency in Sn-O [52]. The broad absorption 
peak at 3452 cm-1 is due to O-H stretching vibration of 
surface hydroxyl group or absorbed water. The other 
various absorption bands are attributed to the O–H bond, 

which come from the physical and chemical adsorbed 
water in the air [53].   

 
3.4. TEM analysis 
 The Transmission Electron Microscopy (TEM) analysis 
was carried out to confirm the actual particles size and the 
morphology. Fig. 6 (a-d) shows the TEM images of the 
SnO2 nanoparticles prepared in different reaction 
temperatures (170, 180, 190, and 200C respectively) 
using hydrothermal synthesis route. The particle size 
estimated by TEM micrographs is about 50 nm. It is likely 
that particles seen in the micrographs are composed of 
smaller particles as average crystallite size calculated by 
XRD was much smaller than deduced by TEM observations. 
 

 
Fig.6. TEM micrographs of SnO2 nano particles synthesized 

by reaction temperatures (a) 1700C (b) 1800C (c) 1900C 
(d) 200C (e) HRTEM and (f) SAED pattern 

 
 Fig. 5(f) represents the selected area electron 
diffraction (SAED) pattern taken from the SnO2 nano 
particles for different reaction temperatures which can be 
indexed as a tetragonal rutile tin oxide in good agreement 
with the XRD results and it shows clear multiple 
diffraction rings patterns which suggest that the tin oxide 
nano particles are polycrystalline in nature. High-
resolution Transmission electron microscopy (HRTEM) 
image obtained by deposition of a drop of the colloidal 
solution onto a carbon-covered copper grid gives further 
insight into the structural features of the prepared SnO2 
nano particles. From the HRTEM image of the sample (fig. 
5(e)), one can observe clear lattice fringes with the 
interplanar spacing of approximately 0.336 nm, 

(b) (a) 

(c) (d) 

(e) (f) 
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corresponding to the (110) plane which was close to that 
of the tetragonal SnO2 sample in agreement with the XRD 
data [54]. 

4 Conclusions 
 The Tin oxide nanoparticles could be successfully 
synthesized by simple hydrothermal method. The 
nanostructured tin oxide nano powders were 
characterized by XRD, UV-Vis, FTIR and TEM analyses. 
XRD results showed good crystallinity of the samples and 
the rutile tetragonal structure of the tin oxide 
nanoparticles was confirmed. The average crystallite size, 
estimated from XRD results using Scherrer formula is 
around 28 to 33 nm for all the samples. The UV-Vis 
spectrum showed the absorption peaks at 225, 230, 233 
and 302 nm and the optical band gap is calculated using 
Tauc plot with help of UV –Vis absorption spectrum. The 
band gap energy evaluated for the SnO2 nanoparticles 
prepared at 170, 180, 190 and 2000C is 3.85, 3.43, 3.21 and 
3.02eV respectively. The functional groups were estimated 
by FTIR analysis and the sharp absorption peak centered 
at 623 cm-1 is assigned to O-Sn-O vibration mode 
indicating the transfer of the products to SnO2 
nanoparticles with good crystallization. The TEM analysis 
has revealed that the actual particles size is around 50 nm 
and the morphology of the prepared tin oxide 
nanoparticles is nearly spherical in shape.  
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