
OPTOELECTRONICS AND ADVANCED MATERIALS – RAPID COMMUNICATIONS Vol. 1, No. 10, October 2007, p. 500 - 502 
 

Synthesis of nano-crystalline tin oxide powder through 
fine crystallization in liquid phase 

  
MANMEET PAL SINGHa,*, PARAMDEEP SINGH CHANDI, R. C. SINGH 
Department of Physics, Guru Nanak Dev University, Amritsar, Punjab, India. 
aDeptt. of Applied Sciences, BHSB Institute of Engg. & Technology, Lehragaga, Sangrur, Punjab, India.  
         
 
The simple and inexpensive technique to synthesis nano crystalline tin oxide powder has been reported in this work. The 
nano crystalline tin oxide powder has been derived from stannic chloride, prepared through fine crystallization in liquid 
phase. Tin oxide powder has been characterized using SEM, TEM & XRD techniques which revealed crystal size around 13 
nm.  The slurry blobs deposited on alumina substrate of the powder thus prepared have been studied for sensing response 
of ethanol at various temperatures. The observations revealed that the material prepared is self-binding whereas 
commercial tin oxide powder required binders for sensor applications. Sensing response of nano particles of tin oxide 
deposited on alumina substrate has been investigated and it was found very significant even without catalyst. These 
properties may have been attained by the prepared material due to the shift in the nano-scale range.   
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1. Introduction 
 
Nanomaterials (nano crystalline materials) are 

materials possessing grain sizes on the order of a billionth 
of a meter.  They manifest extremely fascinating and 
useful properties, which can be exploited for a variety of 
structural and non-structural applications. All materials are 
composed of grains, which in turn comprise of many 
atoms and are usually invisible to the naked eye. 
Conventional materials have grains varying in size 
anywhere from 100’s of microns (µm) to millimeters 
(mm).  A nano crystalline material has grains of the order 
of 1-100 nm.  The average size of an atom is of the order 
of 1 to 2 angstroms (Å) in radius. One nanometer 
comprises of 10 Å, and hence in one nm, there might be 3-
5 atoms, depending on the atomic radii. Nano crystalline 
materials are exceptionally strong, hard, ductile (at high 
temperatures), wear-resistant, erosion-resistant, and 
corrosion-resistant. Further the nano crystalline materials 
or nano materials may be easily synthesized in laboratory. 
To prepare desired nano crystalline structures, several 
chemical techniques have been developed and reported in 
the literature, namely co-precipitation, sol-gel, spray 
pyrolysis, hydrothermal routes and freeze drying etc [2, 8, 
9]. Tin Oxide is an n-type semiconductor crystallizing in 
tetragonal rutile structure. Tin (IV) oxide has been 
extensively studied as a potential candidate for gas sensing 
applications because of its relatively low operating 
temperature (~ 200ºC) and ability to detect gases at ppm 
levels [7, 2]. A Sensor is a device, which can selectively 
respond to certain properties of the environment and 
transfer this response into an electrical/ optical signal [1]. 
The mechanism of gas sensing is generally explained in 
terms of modulation of conductance due to interaction of 
test gas with sensor surface. [3, 4, 5, 6].  In recent times 
nano-sized materials have gained much interest for 
fabricating new gas sensors due to their enhanced surface 

activity [8]. In this paper we are reporting a detailed 
description of technique for preparation of nano crystalline 
tin oxide powder through fine crystallization in liquid 
phase [2, 10, 5] and its deposition in the form of thick film 
[11, 12] for sensor fabrication. Using a simple technique 
we were able to synthesis tin oxide particles of size around 
13 nm. The powder thus prepared was deposited on 
alumina substrate without any binding material. The 
sensitivity and response time of the sensor for ethanol 
vapors at different temperatures will be discussed as well. 
The emphasis in present study is laid upon the advent of 
simple and inexpensive technique for the preparation of 
nano crystalline tin oxide powder, which interestingly is 
self-binding and very sensitive to ethanol vapors.      

  
 2.   Experimental details 
 
 2.1 Preparation of Nanocrystalline SnO2          
       Powder and of gas sensor 
 
Tin oxide powder was prepared through fine 

crystallization in liquid phase. Following the technique, 
molar solution of tin chloride SnCl4.5H2O was prepared in 
distilled water and  ammonium hydroxide was added drop 
wise with continuous stirring to yield precipitates of tin 
hydroxide. Precipitates formed were allowed to sediment 
for four hours, which followed decantation. The resulting 
gel was then dried into powder at about 120 °C. 

The powder thus obtained was crushed and sintered in 
air at 500°C for three hours. To obtain a certain degree of 
homogeneity in grain size, powder was further grounded. 
To study the crystalline structure, size, and surface 
property of the fine tin oxide powder, various techniques 
such as XRDa, SEMa and TEMb were employed. 

Water based homogenous slurry of tin oxide powder 
in the form of slurry blob was deposited on alumina 
substrate having pre-deposited gold contacts. Hence, the 
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fabricated SnO2 chip was re -sintered at about 300°C for 
30 minutes. Due to small particle size, tin oxide powder 
required no inorganic/ organic binder. 

 
2.2 Sensor testing techniques 
 
The measurements of sensing response of the gas 

sensor were made with the use of simple potentiometric 
arrangement, where potential drop across the resistor 
connected in series with sample was observed. With the 
injection of testing gas through an injector and circulator 
arrangement, we observed significant voltage variation 
across the resistor in real time. The sensor response was 
investigated at various temperatures ranging from 200ºC to 
450 ºC. 

 
3.   Results and discussion 
 
3.1 Material characterization  
 
The fine powder obtained by above-mentioned 

method was then subjected to various characterization 
investigations. 

Fig. 1 is the X-ray diffraction graph which clearly 
depicts the crystalline structure of tin oxide powder. The 
observed d-lines values match with the reported values of 
rutile phase of SnO2. The crystallite size measurements 
were also carried out using Scherrer equation D = k λ / β 
cos θ.   

Where, D is the crystallite size, k is a factor of crystal 
figure, λ is the wavelength of X-Ray (0.1541 nm), β is the 
line width (after correction for instrumental broadening) 
and θ is the angle of diffraction. The average particle size 
calculated was about 14nm. 
 
 

 
 

Fig. 1. XRD of SnO2 powdered sample prepared. 
 
 

Fig. 2 represents the scanning electron microscope 
image of calcined SnO2. The image revealed general 
surface morphology, which clearly indicates 
agglomeration due to clamping.  
 

 
 

Fig. 2. SEM of SnO2 powder. 
 

Fig. 3 represents TEM micrograph of tin oxide 
powder, which confirms agglomeration of particles and 
average particle size comes out 13nm. This is almost 
similar to the value calculated using Scherrer’s equation 
from X-Ray diffraction. 
 

 
 

Fig. 3.  TEM micrograph of prepared Tin oxide, clearly 
revealing average size of 13 nm. 

 
 

Thus SEM, XRD and TEM studies confirmed that 
powder thus prepared was polycrystalline SnO2 having 
particle size of 13 nm. Due to small size, it is having 
enhanced surface activity that induces self binding 
characteristic in the powder. 

 
3.2 Sensor testing results 
 
The sensor chip fabricated out of polycrystalline 

nano-sized tin oxide powder was subjected to fixed 
volume of ethanol gas through the injector and circulator 
arrangement, at different temperatures in a closed 
chamber. The voltage variation across the resistor 
connected to the sensor in series was found to correspond 
to the sensing characteristic of the sample chip. The 
sensing characteristics of sensor for 120ppm ethanol at 
various temperatures (200o-450 oC) were recorded by 
home-made data acquisition system. The sensitivity was 
found to be optimum around 250 °C and is shown in Fig. 
4. It is evident that at optimum temperature, the 
conductance change of sensor is sufficiently large for 
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120ppm ethanol and response is quite fast as it is below 
one minute. 
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Fig. 4  Sensitivity [ (G-Go)/ Go ]  versus Time at 250 °C.  
Go is the conductance  in  the  absence of  ethanol  & G is  
                    conductance in air ethanol mixture. 

 
4. Conclusion   
 
In this work we have been able to synthesis 

polycrystalline tin oxide powder with particle size of         
13 nm, due to small particle size material exhibits 
enhanced binding property. The material under study is 
very sensitive to ethanol vapors without any catalyst and 
optimum operable temperature is around 250 °C.  

 
Acknowledgements 
        
    Authors would like to acknowledge:  
• Dr. Thangaraj, Deptt. of Applied Physics,  Guru 

Nanak Dev University, Amritsar, for valuable discussion. 
a) XRD, SEM studies were carried out at CIL, Panjab 

University, Chandigarh. 
b) TEM study was carried out at SAIF, All India 

Institute of Medical Sciences, New Delhi. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

References 
 

  [1] Yu. G. Vlasov, Sensors & Actuators B, 6 (1993). 
  [2] Sanjay R. Dhage, SP Gaikwad, Violet Sameul, 
        V. Ravi Bull. Mater. Sci, 27(3), 221-222 (2004). 
  [3] Sung Soon Park, Haixing Zheng & JD Mckenzie  
       Materials letters 17, 346-352 (1993)  
  [4] S. Roy Morrison, Sensors & Actuators, 12, 425-440  
        (1987). 
  [5] PT Moseley, Meas. Sci. Technol. 8, 223-237 (1997)  
  [6] S. Roy Morrison, Sensors & Actuators, 2, 329-341  
        (1982). 
  [7] S. C. Gadkari, V. R. Katti, K. P. Mutthe, A. K.  
        Debnath, A. K. Dua, S. K. Gupta, V. C. Sahni, Asian  
        Journal of Physics 10(1), 1-7 (2003). 
  [8] Massood Z. Atashbar, Srikanth Singamaneni, Sensors  
        & Actuators B 111-112, 13-21 (2005). 
  [9] A. N. Banerjee, S. Kundoo, P. Saha, K. K.  
        Chattopadhyay, Journal of Sol-Gel Science &  
        Technology 28, 105-110 (2003). 
[10] Takashi Oyabu, Tetsno Osawa, Toshiji Kurobe, J.  
         Appl. Phys. 53(11), 7125-7129 (1982). 
[11] B. K. Miremadi, R. C. Singh, Z. Chen, S. Roy  
        Morrison, K. Colbow, Sensors & Actuators B 21, 1-4  
        (1994). 
[12] B. K. Miremadi, R. C. Singh, S. Roy Morrison, K.  
        Colbow, Appl. Phys. A 63, 271-275 (1996). 
 
 
 
 
 
 
_______________________ 
*Corresponding author: aroramanmeet1@rediffmail.com 
 
      
 
       
 
 
 
             
     
   


