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ABSTRACT 

The samples have been prepared in the form of pellets of SnO2 nanoparticles and synthesized via the liquid-phase co-
precipitation technique. The ac electrical conductivity of samples is found to be frequency dependent. The dielectric constant 
increases with temperature and decreases with frequency of applied field. The semiconducting behavior of SnO2 nanoparticles 
have been studied from I-V characteristics. The characterization of samples has been studied by XRD, FESEM, UV-spectra and 
TG-DTA plot. Copyright © 2015 VBRI Press. 
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Introduction  

Stannic oxide (SnO2) is a wideband gap n-type 

semiconductor exhibiting rutile structure [1]. SnO2 is 
applicable to the large number of field such as sensors, 
humidity sensors, optoelectronic devices, transparent 

electrodes, Li-ion batteries, etc [2-6].  
Single SnO2 nanowire have been synthesized by thermal 

evaporation method and its I-V characteristics show 
semiconducting behavior , these nanowires would be a 
promising candidate for gas sensing applications due to its 

structural and electrical properties [7]. Nanocrystalline 
composites of Zinc oxide and Tin oxide synthesize by using 
chemical route and the sensing response characteristics for 
NO2 gas has been studied and compared with 
corresponding results obtained for pure SnO2 and ZnO thin 

film based sensor structure [8]. Thick film resistors of 
nano-phase SnO2 powder have been prepared by using 
screen printing method and their surfaces were modified by 
dip coating in platinum chloride solution different time 
periods. The sensors were found to be extremely stable and 

repeatable [9]. Tin oxide quantum dots have been 
synthesized by solution-combustion method and there is 

formation of a rutile SnO₂ phase with a tetragonal lattice 

structure. The origin of the blue emission in the SnO₂ 
quantum dots is studied with reference to the energy band 

diagram [10]. 
The properties of nanostructure material can be oriented 

as per requirements can be achieve by using the various 
experimental process for synthesis of nanoparticles such as  
chemical precipitation, sol–gel, hydrothermal, microwave 

technique, spray pyrolysis, CVD, etc [11, 12].  

Bueno et al. [13] investigated the AC electrical 
properties of tin oxide found that the two time constants 
with different activation energies, one at low frequencies 
and the other at high frequencies. AC transport properties 
of nanocrystalline tin oxide were studied by Sahay et al. 

[14, 15], show that it is frequency dependent and obey the 
power law. The AC electrical conductivity of 
nanocrystalline tin oxide is found to be frequency 
dependent at a temperature of 200 °C and the result are 
interpreted in terms of the random potential barrier model 

[16]. As per the literature survey, there is less attention 
towards AC electrical, dielectric properties of 
nanocrystalline tin oxide as compared to DC conductivities 

mechanism [17]. This paper is devoted to effective method 
for the synthesis of nanocrystalline tin oxide using liquid 
phase co-precipitation method and AC electrical, dielectric 
measurements in the  temperature range (313-473 K) were  
carried out in the frequency range (20 Hz - 1 MHz) ,  I-V 
characteristics, crystallographic structural (X-RD), 
morphological behavior (FESEM) and UV-vis absorbance  
spectrum are reported. 

 

Experimental 

Materials 

All the chemicals used in this present work were of GR 
grade purchased from Sd-fine chemicals, India having 
purity 99.99% except conducting silver paint purchased 
from Sigma Aldrich Chemical, USA. Stannous chloride 
dehydrates (SnCl2.2H2O), ammonia solution and deionised 
water were used during reaction. The conducting silver 
paint is used to form electrodes during the experimental 
work. 
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 Method of Preparation 

In preparation of SnO2, 2 g (0.1 M) of stannous chloride 
dihydrate (SnCl2.2H2O) is dissolved in 100 ml water. After 
complete dissolution, about 4 ml ammonia solution is 
added to above aqueous solution with magnetic stirring. 
Stirring is continued for 20 minutes. White gel precipitate 
is immediately formed. It is allowed to settle for 12 hours. 
Then it is filtered and washed with water 2-3 times by using 
deionised water. The obtain precipitate were mixed with 
0.27 g carbon black powder (charcoal activated).  The 
obtained mixer is kept in vacuum oven at 70ºC for 24 hours 
so that the mixer gets completely in to dried powder. Then 
this dry product was crushed into a find powder by grinder. 
Now obtained product of fine nanopowder of SnO2 was 
calcinated at 700

o
C up-to 6 hours in the auto controlled 

muffle furnace (Gayatri Scientific, Mumbai, India.) so that 
the impurities from product will be completely removed. 
The pellets of SnO2 nanopowder were prepared by using 
electrically operated automatic press machine (Kbr Press) 
at load of 5 tons / cm

2
 for half an hour. All the pellets were 

sintered at 150
o
C for half an hour. The sintered pellets were 

polished and the electrodes were formed by painting 
conductive silver paint on the opposite faces. Again pellets 
were sintered for the drying the silver paint at 100

o
C for 

half an hour. 
 
Measurement of AC electrical conductivity and dielectric 
constant 
 
The pellets of SnO2 nanoparticles having diameter 12 mm 
and thickness 1.19 mm are placed in the silver electrodes 
sample holder (Pusha Scientific, Hyderabad, India) kept in 
electric oven to attained desired temperature. The samples 
is interlink to a precision LCR meter (20 Hz –1 MHz) 
(Model No. 4284 A, Agilent Technologies, Singapore), the 
corresponding effective capacitance (Cp) and effective 
resistance (Rp) measure at different environment of 
temperature recorded, finally the dielectric constants and ac 
electrical conductivity of the samples was calculated using 

expression [18],  
 

ac = (f ’ tan () ) / (1.8 X 10
10

)       (1) 
  

where, f is the frequency applied field in Hz,     (’) is the 

dielectric constant or relative permittivity and tan (  is the 
dielectric loss tangent or loss factor. 

The values of the real part of the dielectric constant (') 
at different frequencies and temperatures were derived from 
the measured capacitance (Cp) and knowing the geometrical 
dimensions of the pellets using the expression, 

 

’   =    (Cp L )  / ( o  A )   (2) 

        
where, Cp is the measured capacitance, L is the 

thickness of the sample, A is the electrode area and () is 
the permittivity of free space (8.854 X 10

-12
 F/m). 

The dielectric loss tangent or dielectric loss factor i.e. 

tan ( can be expressed by relation, 
 

tan ( =  . Cp . Rp                               (3) 
 

where, Cp is the measured capacitance, Rp is the measured 
resistance and f is the frequency applied field in Hz. 

 
Measurement of current voltage characteristics  

The current voltage (I-V) characteristics of SnO2 
nanoparticles were measured by using Source meter 
(Keithey Model No. 2400) in the temperature range (313 - 
473 K). The samples are in the form of bulk pellets having 
diameter 12 mm and thickness 1.19 mm. 

 
 Characterization of SnO2 nanoparticles 

The crystalline nature of (SnO2) nanoparticles was 
investigated using XRD. The XRD patterns were recorded 
on a Siemens D 5000 diffractometer with Cu-Kα radiation 
(λ=1.54060Å), over the range of 2θ = 5 - 80° at ambient 
temperature. Using Leica’s SEM (Model S440) at 10kV, 
the morphology of (SnO2) nanoparticles at room 
temperature was studied. Using UV-visible absorption 
spectrum of (SnO2) nanoparticles are recorded on 
Shimadzu 1800 spectrophotometer at room temperature 
was studied.  
 

Results and discussion 

XRD pattern of the SnO2 nanoparticles 

The crystalline nature of the SnO2 can be confirmed by the 

XRD pattern as shown in the Fig. 1. We observed the all 
peaks are perfectly matches with the JCPDS Data Card No. 
77-0452, which indicating the present structure is found to 
be of SnO2, which exist in the tetragonal rutile crystalline 
phase. The lattice parameters of the crystal were calculated 
as a = 0.4739 nm and c = 0.3221 nm which matches well 
with the standard values of SnO2. The average crystalline 
size calculated by using Debye–Scherrer formula is found 
to be 21 nm for the three major peaks at (110), (101), (211) 

the crystal planes from the XRD pattern [19]. The average 
crystalline size was calculated by using Scherrer’s formula 

given by equation (4), 

 

 
 

Fig. 1. XRD pattern of the SnO2 nanoparticles. 
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where, D is the crystalline size, K is the shape factor and β 
is the full width at half maximum of diffraction angle in 
radians. 

 
AC electrical conductivity and dielectric constant 

The Fig. 2 shows the variation between log of ac 
conductivity and applied frequency (20 Hz - 1 MHz) at 
different temperature (313 K, 353 K, 393 K, 433 K and 473 
K) of the samples. The ac electrical conductivity of SnO2 
nanoparticles found to be frequency dependence which 
increases sharply from 20 Hz to 1 KHz frequency but 
beyond that it increase linearly with applied frequency. The 
frequency dependence of ac conductivity also obeys the 

power law relation [20]. The frequency dependence of ac 
conductivity of SnO2 nanoparticles can be explained on the 

basis of Jonscher's classical equation [21] which shows the 
real part of ac conductivity has been frequency dependence. 
The another mechanism can also be explain on the basis of  
quantum-mechanical tunneling (QMT) through the barrier 

and classical hopping over the barrier [22]. It is also noted 
that due to increase in the temperature of samples, mobility 
of hopping ions increases which causing the increase in the 
conductivity with increase in the temperature. 

 

 
 

Fig. 2.Variation between log of ac conductivity and applied frequency.  

 

  The values of the real part of the dielectric constant (') at 
different frequencies and temperatures were derived from 

the Eq. (2). The variation of real part of the dielectric 

constant (') of SnO2 nanoparticles with frequency of the 

applied field is plotted in the Fig. 3 at constant temperature. 

These values can be obtained from the Eq. (2). It is clearly 
observed that the dielectric constant is found to decrease 
very rapidly from 20 Hz to 1 KHz frequency, but after 200 
KHz frequency dielectric constant decreases very slowly up 
to 1 MHz frequency at all the constant temperature.  In a 

dielectric study, the real part of dielectric constant () 
represents the polarizability of the material while the 

imaginary part () represents the energy loss due to 

polarization and ionic conduction [23]. 
 

 
 

Fig. 3. Variation of dielectric constant (') with frequency of the applied 
field. 
 

Dielectric loss factor (tan )  

The Fig. 4 shows the variation of dielectric loss factor (tan 

) of SnO2 nanoparticles with applied field frequency (from 
20 Hz to 1 MHz) at the different constant temperature. The 

values of the dielectric loss factor (tan ) were derived from 
the eq. (3) which measures a part of polarization, which is 
out of phase with the applied field. Goldstone Mode (GM) 

relaxation and Soft Mode (SM) relaxation [24] are two 
types of rotational fluctuations of molecular dipoles. In the 
present study, the Goldstone Mode (GM) relaxation 
fluctuation are found be near the 200 Hz frequency while 
Soft Mode (SM) relaxation fluctuation are said to be 
absent.    

It is also seen that dielectric constant and Dielectric loss 

factor (tan ) increases with the increase in temperature for 
all the frequencies. When the temperature of samples 
increases, then its dipoles are more free accessible and 
easily react to the applied electric field, result of this the  
polarization will be increased, therefore the dielectric 
constant also increases with the increase in temperature 

[25]. 
 

 
 

Fig. 4. Variation of dielectric loss factor (tan ) with applied field 
frequency. 
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Current voltage characteristics 

The Fig. 5 shows I-V characteristics of SnO2 nanoparticles 
at temperature range 313 - 473 K.  The nature of plot shows 
the semiconducting behavior and obeys Ohms Law at 
temperature range 313 - 473 K. The semiconducting 
behavior of SnO2 nanoparticles plays very important role in 

the gas sensing characteristics [26]. Therefore SnO2 is said 
to be an promising candidate for the chemical gas sensors. 
The resistance of SnO2 nanoparticles is found to be 2.29 

M at 473 K temperature. 
 

 
 

Fig. 5.   I-V characteristics of the SnO2 nanoparticles at temperature range 
(313-473 K). 
 
Field emission scanning electron microscopy (FESEM) 

The morphology and particle size of the prepared SnO2 
samples were determined by FESEM analysis as shown in 

Fig. 6 which shows the FESEM picture of SnO2 
nanoparticles synthesized by using Liquid-phase method 
via co-precipitation. It is observed from micrographs, 
particles are found to be in the tetragonal shape within the 
particle size in the range about 15 - 31.2 nm. The average 
particle size observed in both FESEM and XRD 
measurement were found to be nearly equal.  
 

 
 
Fig. 6. FESEM picture of the SnO2 nanoparticles. 

UV-visible absorption spectrum 

UV-visible absorption spectroscopy is widely used tool for 

checking the optical properties of nanosized particles. Fig. 

7 shows the UV-visible absorption spectrum of SnO2 
nanoparticles calcinated at temperature 700

o
C for 6 hours. 

From the spectrum four peaks are observed at 225 nm, 306 
nm, 731 nm and 761 nm, out of this at 306 nm wavelength 
has been found maximum absorption, optical band gap for 
this wavelength found to be 4.05 eV, which is higher than 

the reported value of the bulk SnO2, i.e. 3.6 eV [27]. This 
small difference in the optical band gap may be indicating 
that some impurity bands are developed near conduction 

bands [28].   
 

 
 

Fig. 7. UV-visible absorption spectrum of the SnO2 nanoparticles. 

 
TG-DTA plots 

As shown in Fig. 8, show TG-DTA plots for pure SnO2, 

which shows significant loss of weight is observed from 
room temperature to 500

0
C without plateau. The total rate 

of decomposition is found to be 0.52 mg/
0
C and total loss is 

6 %. The endothermic peak on DTA curve is observed at 
39

0
C which is associated with surface water loss. The small 

exothermic peak is observed at 490
0
C which may be 

attributed to phase change.  
 

 

 
 

Fig. 8. TG-DTA plots for pure SnO2. 
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From TG-DTA curves, upto 100
0
C, loss of weight is 

due to loss of water contents in the sample. Weight loss is 

in the range 0.5 to 4%. Onwards 100
0
C upto 800

0
C, the 

weight loss observed upto 12 %. During this temperature 
range the samples are found to be stable. After 800

0
C, a 

sudden weight loss observed upto 6% which is due to 
transformation of 

43OSnSnO    during heating of the 

powder sample [29]. 
 

Conclusion 

Preparation of SnO2 nanostructures by using liquid-phase 
co-precipitation method is fast and easy. The ac electrical 
conductivity and dielectric constant has been frequency 
dependent. Tetragonal rutile crystalline phase, morphology 
of SnO2 has been identified by XRD and FESEM 

respectively. The optical band gap is found to be 4.05eV. 

The significant loss of weight is observed from room 
temperature to 500 

0
C without plateau. 
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