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ABSTRACT

(SnO,)1.(ZNO), (with x values 0.0,0.2,0.4,0.5,0.6,0.8,1.0) nanocomposites doped with 1 mole percent Cu®* was
synthesized using simple microwave assisted solvothermal method with ethylene glycol as solvent. The as-
prepared samples were calcinated for about 500 °C and the calcinated samples were characterized using powder
X-ray diffraction analysis (PXRD) and the electrical measurements were carried out within the temperature
range of 40-150 °C. The electrical parameters such as dielectric constant and dielectric loss factor were found to
increase with increase in temperature and decreases with increase in frequency. The occurrence of space charge
polarization was responsible for the changes. It was observed that the AC electrical conductivity increases with
increase in frequency and temperature and it was mainly due to hopping of electrons. The results obtained were

reported and discussed.
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l. INTRODUCTION:

In recent years, studies on ZnO, SnO,
nanoparticles and their composites are increasing
due to their interesting properties and applications
in various fields like optoelectronic devices, solar
cell, sensor, lithium—ion batteries and so on [1-6].
SnO; and ZnO are n-type semiconducting materials
with a wide band gap of 3.6-3.8eV and 3.37eV
respectively and they are considered as a suitable
material for dye-sensitized solar cell [7-10].
Zn0/Sn0O, composite is capable of enhancing the
gas sensing ability and the optical properties [11].
Addition of dopant affects the dielectric properties
of parent material [12-14]. Enhancement in the
dielectric properties of SnO, nanowires in the low
frequency range was reported by Babar et al [15].
Various synthesis techniques like sol gel method,
pulsed laser deposition, liquid phase plasma
method, emulsion techniques, solvothermal
method, spray pyrolysis, sonochemical, spark

1. EXPERIMENT AND
CHARACTERIZATION:

Analytical grade copper acetate, stannous
chloride dehydrate, zinc acetate dehydrate, urea
and ethylene glycol were used for the preparation
of Cu®* doped (SnO,)14(ZnO), (with x values
0.0,0.2,0.4,0.5,0.6,0.8,1.0) nanocomposite. Cu?*
doped SnO, (when x= 0) nanoparticles were
synthesized by taking 1 mole percent of copper
acetate along with stannous chloride and urea in
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plasma sintering, hydrothermal, = microwave
assisted method chemical precipitation method and
co- precipitation method are employed for the
preparation of SnO,, ZnO and their composite
nanomaterials [16-32].

Abhirama et al have synthesized and
carried out the electrical characterization of
(Sn0,)1.4(Zn0), nanocomposites [33]. The present
work deals with the synthesis of Cu®** doped
(Sn0O,)1.4(ZNn0)y (with X values
0.0,0.2,0.4,0.5,0.6,0.8,1.0) nanocomposite using a
simple microwave assisted solvothermal method.
Ethylene glycol was used as solvent for the
preparation of Cu”* doped (SnO,)1.x(Zn0)y (with x
values 0.0,0.2,0.4,0.5,0.6,0.8,1.0) nanocomposite.
The as-prepared samples were calcinated at 500 °C
and the samples were characterized using PXRD
and the electrical parameters were studied using the
pellets of calcinated nanocomposites. The results
obtained are reported and discussed.

1:3 molecular ratio. Solution of copper acetate,
stannous chloride and urea were obtained by
dissolving them separately in 200 ml ethylene
glycol solution with the help of a magnetic stirrer.
Into the stannous chloride solution which was kept
under stirring the urea solution was added drop-
wise and at last the copper acetate solution was
added. Then the solution obtained was kept in a
domestic microwave oven (operated with a
frequency of 2.5 GHz and power 800 W). The
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solvent in the solution gets evapourated when it
was irradiated with microwave radiation and a
colloidal precipitate was formed. The colloidal
precipitate was washed with double distilled water
for five times and then with acetone inorder to
eliminate the organic impurities present if any.
Then the washed samples were desiccated in
atmospheric air and it is collected as yield and
preserved. Similar procedure and molecular ratio
was followed to synthesis Cu®* doped ZnO (when
x= 1) nanoparticles and composites of (SnO,);.
«(Zn0), (with x 0.2,0.4,0.5,0.6,0.8).The only
difference is in the precursors used. Cu®* doped
ZnO (when x= 1) nanoparticles were prepared by
taking copper acetate, zinc acetate and urea. The
composites of Cu?* doped (SnO,)1.(ZnO)x (with x
0.2,0.4,0.5,0.6,0.8) were prepared by taking
copper acetate, stannous chloride, zinc acetate and
urea.

Cu* doped (Sn0O,)1.(Zn0), (with x
values 0.0,0.2,0.4,0.5,0.6,0.8,1.0) nanocomposite
annealed at 500°C were characterized by powder
X-ray diffractometer (XPERT-PRO) using Cu Ka
(A=1.54060 AU) radiation. The electrical
parameters of calcinated samples were analyzed
using Agilant LCR meter in the temperature range
of 40-150°C. For the electrical measurements the
powdered samples were pelletized using a
hydraulic press and these pellets were used to carry
out the measurements. For the good conductivity of
the pellets the flat surfaces of it was coated with
graphite. The electrical measurements were made
while cooling.

(@)

4210

1. RESULT AND DISCUSSION

(3.1) XRD ANALYSIS

Figure (1) shows the PXRD pattern of
calcinated Cu* doped (Sn0O,)1(ZnO), (with x
values 0.0,0.2,0.4,0.5,0.6,0.8,1.0) nanocomposite.
The diffraction peaks obtained in the spectra
corresponding to the x values (0.0 and 1.0) was in
agreement with the tetragonal phase of SnO, with
lattice constants a = 4.7448 and ¢ = 3.1932 (PDF
number: 88-0287) and hexagonal phase of ZnO
with lattice constants a = 3.2519 and ¢ = 5.2059
(PDF number: 89-1397). The diffraction peaks
obtained in the spectra corresponding to the X
values (0.2, 0.4, 0.5, 0.6, and 0.8) contains SnO,
and ZnO phases. No peaks corresponding to copper
are detected in the PXRD pattern of Cu®* doped
(Sn0Oy)14(ZnO), [with x values 0.0, 0.2, 0.4, 0.5,
0.6, 0.8, 1.0] nanocomposites because only a few
amount of copper acetate was added as the dopant.
Also the Cu ions are incorporated into the lattice of
the host material [24]. A slight shift in the
diffraction peak towards the lower angle was
observed. There was no mark out of other phases or
diffraction patterns analogous to SnO, ZnSnOj
ZnSnQ,. Similar result was already reported by
Neha et al [6] and Omar et al [34]. The broadening
of peaks in the XRD pattern of Cu®* doped (SnO,);.
«(Zn0)y nanocomposites indicates the
nanocrystalline nature of the samples. The average
crystalline size was calculated using Debye-Scherer
formula [30] and it was found to be 11-36nm.
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Figure 1: The PXRD pattern of Cu?* doped (SnO,)1..(ZnO)x nanocomposites.

(3.2) Electrical Parameters

Figure 2-22 shows the behaviour of
electrical parameters such as dielectric constant,
dielectric loss factor and the AC electrical
conductivity of all the samples with respect to
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temperature and frequency. The dielectric constants
was calculated using the relation €, = C,/C,. The AC
electrical conductivity (o,;) Was calculated using the
formula:

Gac = o€ mtand.
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Where & is the permittivity of free space
(8.85 x 10™ C°N'm? and o is the angular
frequency (o = 2xnf, where f is the frequency).
Figure 2-8 shows the variation of dielectric constant
with frequency and temperature. It was observed
that the dielectric constant value increases with
increase in temperature while it decreases with
increase in frequency. The space charge polarization
was predominant in heterogeneous structures and it
results in the decrease of dielectric constant with
increase in frequency [14]. In Cu*" doped
(Sn0O,)14(Zn0O), nanocomposites at low frequency
the value of dielectric constant for the end members
was less when compared to that for the composites.
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At low temperatures the charge carriers have low
thermal energy and it cannot follow electric field
direction and hence the dielectric constant value is
low. Thus in polarization mechanism the
contribution of charge carriers at low temperatures
are minimum. While at high temperatures the charge
carriers possess enough thermal energy and hence it
respond to the change in external field [35].

Figure: 2-8 shows the variation of dielectric constant
with frequency and temperature for Cu?* doped
(Sn0O,)1.4(Zn0O)4 nanocomposites.
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In  Cu*”  doped  (SnO,).,(ZnO)y
nanocomposites for lower frequencies low value of
dielectric loss factor was observed for the end
members than that for the composites. For higher
frequencies and temperature the value of dielectric
30 40 50 60 70 80 0 100 110 120 130 140 150 160 loss factor was high for the composites than that for

Temperature (C) the end members except the composite with x values
(0.6, 0.8). It was observed that the dielectric loss
factor increases with increase in temperature and
decreases with increase in frequency. Dipoles
remain fixed at lower temperatures while they are
free to move at higher temperatures and hence it can
1 | (Sn0,),,(Zn0),, + Cu™ respond to the applied electric field. Thus an
iy increase in dielectric constant and dielectric loss

E— factor was observed with increase in temperature.
" Figure: 9-15 shows the variation of dielectric loss
factor with frequency and temperature for Cu®*

doped (Sn0O,);.,(Zn0O), nanocomposites.
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It was observed that for all the prepared samples the
AC electrical conductivity increases with increase in
temperature and frequency. Here the AC electrical
conductivity increases with frequency and hence the
mechanism of conduction in the prepared samples is
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localized conduction mechanism [36]. Also the
conduction process was due to small polaron
hopping since the conductivity increases with
frequency [15].

In  Cu® doped  (SnO,)1(ZnO)x
nanocomposites at low frequencies the value of AC
electrical conductivity for the end members was
high when compared to that for the composites. For
higher frequencies and temperature the value of AC
electrical ~conductivity was higher for the
composites than that for the end members except the
composite with x values (0.6, 0.8). The electronic
polarization occurs due to hopping of electrons and
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the hopping is due to the mobility of charge carriers
hence AC electrical conductivity increases with
increase in temperature. At the interfaces the defects
such as vacancy clusters, microporosites and
dangling bonds causes change of positive and
negative space charge distributions. When these
charge distributions are trapped at the defect sites
dipole moments are produced and it results in the
occurrence of space charge polarization [37].

Figure: 16-22 shows the variation of AC electrical
conductivity with frequency and temperature for
Cu®" doped (Sn0,),.4(ZnO), nanocomposites.
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