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ABSTRACT

The low cost wet chemical technique is used to synthesis WO3 with using polyvinyl pyrrolidone (PVP). PVP is
used as stabilizing and reducing agent. The effect of stabilizer concentration varies from in the range 0.025, 0.05 and 0.1M.
The structural, AC and DC electrical properties of WO3 were successfully investigated. X-ray diffraction (XRD) studies
show monoclinic phase structure of prepared WO3 nanoparticles. The DC conductivity was carried out in the temperature
range from 303-403K which indicate semiconductor nature. The minimum activation energy was obtained in the higher
temperature region. The frequency dependence of dielectric constant (¢”), dielectric loss (tan 8) and AC conductivity of WO3
nanoparticles of different PVP concentration were measured at room temperature. The AC conductivity was found to
increases with PVP concentration. The DC conductivity was carried out in the temperature range from 303-403K which

indicate semiconductor nature.
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1.INTRODUCTION

In recent years, the semiconductor transition
metal oxides (TiOz, SnO,, WOz, CdS and ZnO) have
been widely used in electrical and optoelectronic
properties because of their unique physical properties and
non-toxicity (Pechini Maggio P. Barium, 1966).
Tungsten oxide (WOs) has been prepared by various
techniques including hydrothermal method
(Huirache-Acufia et al. 2009), sputtering (Yoji Yamada
et al. 2007), spray-pyrolysis (Michael Cocivera et al.
2001), microwave synthesis (Markus Niederberger et al.
2014), pulsed laser deposition (Joni Huotari et al. 2015),
sol-gel process (Diah Susanti et al. 2014) and wet
chemical method (M. Arab et al. 2016). As known, wet
chemical method allows synthesizing the nano-sized
WOs having high controlled morphology, crystallinty
purity, simplicity, and low cost. The tungsten oxide has
two different valence states, namely W** and W¢*. The
electrons transition takes place between these two
valence states appears to be responsible for the
conduction (Shaltout et al. 1996). Therefore the
concentration and nature of the tungsten oxide ions
determine the conductivity behavior. In this paper, we
have investigated the structural and temperature-
dependent DC electrical conductivity. In addition, AC
electrical conductivity at room temperature has been in
the frequency range of 42 Hz -5 MHz. These results may

provide the valuable information about design and
manufacture WOj3 based electronic devices.

2. EXPERIMENT

WO3 nanoparticles With different PVP concentration
of 0.025, 0.05 and 0.1 g were prepared by wet chemical
precipitation method.  Sodium tungstate dihydrate
(Na;WO0..2H,0, Merck, 99.5%), cetyltrimethyl
ammonium  bromide, (Ci6Hs3)N(CH3)sBr  (Merck,
99.5%), polyvinyl pyrrolidone (CsHsNO),, hydrochloric
acid (Merck, 99.5%) and oxalic acid dihydrate
CyH204.2H,0  (Merck, >98%). Sodium tungstate
dihydrate was used as a starting salt. The required
amount of sodium tungstate dihydrate dissolved in
deionized water is act as starting solution. Separate
aqueous solution of CTAB (0.1g), PVP (0.025 g) and
oxalic acid (0.1g) were prepared by dissolving in
deionized water and drop wise one by one added to the
starting. The solution was dropped into HCI. The pH
value of all the samples was kept constant during the
synthesis, leading to formation of precipitates. The
occurrence of yellow colour precipitation was stirring at
80°C for 30 min. Further, the post-precipitate stage was
allowed for continuously stirring solution at room
temperature for 24 hours. The as-obtained precipitation
was washed several times and filtered with deionized and
acetone. Then, the obtained precipitation was kept in
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oven at temperature of 60°C for 6 hours for drying.
Finally, the dried powder was calcined at 400°C for 1
hour. The same procedure was followed for 0.05 and 0.1
g of PVP to synthesis WOj3 nanoparticles. In which, WO3;
with different PVVP content can be referred as WP1 (0.025
g), WP2 (0.05 g) and WP3 (0.1 g).

The structural properties of synthesized
powders were carried out using Bruker AXS D8 Advance
X-ray diffraction meter (XRD). DC electrical
conductivity studies were made by using a Keithley
6517B electrometer at different temperatures. Dielectric
measurements are carried out using a HIOKI 3532-50
LCR Hi-TESTER as a function of frequency from 42 Hz
to 5 MHz at room temperature.

3. RESULTS & DISCUSSION

The aysanine @nd phase purity of the calcined
WOj; nanoparticles have been understand through X-ray
analysis.  Several diffraction peaks 23.09°, 23.65°,
24.14° , 28.29°, 29.06° and 42.98° are seen in the X-ray
pattern which is well matched to the monoclinic WO3
structures as shown in Fig. 1. The well defined
diffraction peaks agrees well with the reported value in
JCPDS card No.72-1465 (Powder Diffraction File). The
intensity of diffraction peak (200) higher than that of the
other peaks indicated that the preferential particles
growth along the a-axis. The crystalline nature of WOs3
nanoparticles appears due to the sharp diffraction peaks.
The crystlite size (D) of the WO3s nanoparticles was
calculated by the following relation:

where A is the X-ray wavelength (1.54 A), B is the
FWHM in radians, and 0 is the diffraction angle. The
calculated crystallite sizes of the WP1, WP2 and WP3 are
40.18, 28.53 and 15.57 nm, respectively. These results
show that crystallite size decreases with increasing PVP
content. At the same time, the intensity of diffraction
peaks increases with increasing PVP content.

The dielectric constant (&), dielectric loss (tan
8) and AC conductivity (oca) were calculated in the
frequency range from 42 Hz to 5 MHz for WOs;
nanoparticles at room temperature. Fig. 2 and Fig. 3 show
dielectric constant and dielectric loss of WOs; with
different content of PVVP. The value of dielectric constant
initially decreased with increasing frequency and reaches
a constant at high frequency. The observed result
explains all the samples exhibits the constant dielectric
value in the higher frequency region. The high value of
dielectric constant at lower frequency can be explained
on the basis of interfacial/space charge polarization due
to grain boundary defects (Ansari et al. 2012). Therefore,
the hopping of electrons between energy states cannot be
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followed the applied alternative field at the higher
frequency regime. The reduction in the dielectric
constant with increase in PVP content can be improved
electrical conductivity.
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Fig. 1: X-ray diffraction pattern of WO; with different PVP
content

Dielectric loss i.e. tan & represents the
dissipation of energy in the dielectric system. It can be
explained on the basis of the relationship between
dielectric behavior and conducting mechanism of the
synthesized sample. The graph shows that, the value of tan
& decreases with the increase of frequency for all the
samples. On the other hand, the maximum loss has been
obtained for WP1 sample which decreases after
increasing PVP content (WP2, WP3) and is gradually
decreases in the higher frequency regime. The high
values of dielectric loss may be due to the space charge
polarization. (EI-Nahass et al. 2012).

The total conductivity (or) of the sample can be
calculated by the following relation (Jonscher 1977);

where ogc is DC conductivity which is
independent of applied frequency and cac is AC
conductivity depends on applied frequency. Fig. 4
depicted the AC electrical conductivity of all samples. Its
arise due to migration of the electric charge in between
W8 and W°®* site respectively. The AC conductivity
gradually increases for all the samples with the increase
of frequency. It also clear wa, the maximum conductivity
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is obtained for WP3 which decreases with decreasing
PVP content (WP2 and WP1). The decrease of
conductivity may be due to the formation of grain
boundary defect barrier leading to blockage to the flow
of charge carriers. As a result, the WO3 can be used for
high frequency device applications.
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Fig. 2: The frequency dependence of dielectric constant (&')
at room temperature
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Fig. 3: The frequency dependence of dielectric loss (tan )
at room temperature

The temperature dependence of DC electrical
conductivity (cg¢) can be explained by an empirical
Arrhenius relation (Hutchins et al. 2006):
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Fig. 4: The frequency dependence of AC electrical
conductivity (cac) at room temperature
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Fig. 5: Activation energy of In ca(S/cm) vs 103/T (K?)
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where oy is the pre-exponential factor, E, is the activation
energy and k, is the Boltzmann constant.  The
conductivity (oqc) of WOz with different PVP samples as
a function of temperature as shown in the Fig.5. It is
observed that, the electrical conductivity increases with
increasing temperature for the all sample showing the
semiconductor nature (M. Gillet et al., 2004). Fig. 5
shows the Arrhenius plot of In 4 versus 1/T (10° KY).
The slope taken from the graph gives the information
about the activation energy in the temperature range 303-
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403 K. The calculated activation energy is 0.79, 0.61 and
0.52 eV for WP1, WP2 and WP3 respectively. It is clear
that, the activation energy decreases with increasing PVP
content and temperature.

The calculated activation results were compared with
previous report (A. Al Mohammad 2009). An increase in
DC conductivity with corresponding decrease in
activation energy is found to be associated with hopping
of charge carrier in localized state. From the above results
we can conclude that hopping mechanism is responsible
for increase in the conductivity of the samples.

4. CONCLUSION

WO3 nanoparticles were successfully synthesized by low
cost wet chemical method with PVP. The obtained XRD
showed that the monoclinic structure of WOs. The
dielectric constant, dielectric loss and AC conductivity
were investigated. DC electrical conductivity was
measured for all the prepared samples conductivity in the
temperature range 303-403 K. The temperature
dependence of electrical conductivity is decreases with
increasing PVP content. The conductivity increases with
increasing the temperature showing the semiconducting
nature of the samples. From the Arrhenius plot, activation
energies are calculated. The observed value of electrical
and dielectric constant shows that the synthesized WOsis
a good for high frequency device applications.
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