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The electrical properties modified polyvinyl alcohol conjugates and doped modified polyvinyl alcohol samples were studied. The
electrical conductivity of all the MPVA and DMPVA show a tendency to increase by increasing the temperature upto 403 K and
obeys log  vs. 1/T relation indicating their semiconducting behavior. The variation in the electrical conductivity and activation
energy of electrical conduction with the metal ions in DMPVA may be explained on the basis of influence of the incorporation of
different metal ions in the MPVAs, which increases the ionization tendency.
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1. Introduction
Polymers have received much experimental attention,
due to their unique properties, such as low density,
ability to form intricate shapes, versatile electric
properties and low manufacturing cost [1]. Significant
efforts on international research as a result of a search
for high quality conducting polymer have carried out
by the several workers. But comparatively little work
is available on the studies of electrical conductivity of
conducting polymer to modified conducting polymer.
Some of the relevant literature concerning with our
work is presented as below. The electric and dielectric
properties of ultrasound-assisted synthesized CdS
nanocrystals-PVA mixture were studied in
temperature range of 298 K to 498 K and frequency
range from 200 Hz to 1 MHz [2]. Among used
polymers, polyvinyl alcohol (PVA) is an important
polymer having a high dielectric strength (>1000
kV/mm), good charge storage capacity and dopant
dependent electrical and optical properties [3]. The
electrical properties of pure and doped films of poly
vinly alcohol (PVA) with aluminium and gold
electrodes are studied. Al-PVA-Al, Au-PVA-Au and
Al-PVA-Au structures are investigated. The currentVoltage characteristics can be explained in terms of
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the charge transport mechanism operating in the PVA
polymer film in the different voltage regions. The
width of Schottky barrier is shown to increase with
voltage, and decreases with increasing temperature.
The temperature dependence of the dc conductivity of
the samples has been described by Greaves variable
rang hopping (VRH) model [4]. Polyvinyl alcohol
(PVA)–polyethylene glycol (PEG) based solid
polymer blend electrolytes with magnesium nitrate
have been prepared by the solution cast technique.
Impedance spectroscopic technique has been used, to
characterize these polymer electrolytes. Complex
impedance analysis was used to calculate bulk
resistance of the polymer electrolytes. The a.c.impedance data reveal that the ionic conductivity of
PVA–PEG–Mg(NO3)2 system is changed with the
concentration of magnesium nitrate, maximum
conductivity of 9·63 × 10−5 S/cm at room temperature
was observed for the system of PVA–PEG–Mg(NO3)2
(35–35–30). However, ionic conductivity of the
above system increased with the increase of
temperature, and the highest conductivity of 1·71 ×
10 −3 S/cm was observed at 100 0C [5]. The electrical
properties of PVA-CuCl2.2H2O composites were
studied. The effects of CuCl2.2H2O content and
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temperature on the D.C electrical conductivity have
been investigated. Results showed that the D.C
electrical conductivity increased with increasing the
CuCl2.2H2O concentrations and temperature. Also the
activation energy change with increasing of additional
CuCl2.2H2O [6]. Development and electrical
characterization of sisal powder filled polyvinyl
alcohol (PVA) composites is reported. Dielectric
measurements were conducted on these composites
on a LCR meter in the temperature range from 30 to
150 °C and in the frequency range 1 kHz - 10 kHz.
The effects of temperature and frequency variation on
dielectric constant (ε’), dielectric dissipation factor
(tan δ) and on a. c. conductivity (σ a.c.) were
determined. On increasing the filler content, dielectric
constant increased, it was mainly due to motion of the
dipolar groups of the interfacial polarization
occurring in the composites. The conductivity
increased with rise in temperature [7]. PVA-based
polymer electrolytes were prepared with various
concentrations of CdCl2 using solvent casting method.
AC conductivity in these polymer increases films first
and then decreases. These observations are in
agreement with XRD results. The highest ionic
conductivity of 1.68 − 08 Scm−1 was observed in
4% of CdCl2 in PVA polymer blend. Crystallite
ellipsoids for different concentrations of CdCl2 are
computed here using whole pattern powder fitting
(WPPF) indicating that crystallite area decreases with
increase in the ionic conductivity [8]. Poly vinyl
alcohol (PVA) / TiO2 composites were prepared by
sol gel method. The electrical conductivity of
composites has been investigated at different
temperatures at frequency ranging from 50 Hz to 5
MHz. The electrical conductivities of the composites
were found to increase with increase in TiO2
concentration and with increasing temperature [9]
Literature Survey reveals that the demands
improvement of different properties of various form
of MPVA materials. In the present research work,
synthesis and characterization of modified PVA
polymer have been focus due to their wide range of
applications in various fields of human interest. In
this chapter the electrical properties MPVA and
DMPVA were studied. It was observed that there is
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remarkable change in electrical properties.
1.1 Experimental
The electrical resistivity of the polymer matrix can be
measured with either a.c. or d.c. method. In the
present study, the d.c. method was used for resistivity
measurements of the MPVA and DMPVA, over a
wide range of temperature i.e. 303 K  T  403 K.
Voltage drop method was used for measurement of
the resistance of pellet using a Systronic
microvoltmeter as a function of temperature in the
range 1V to 100 V.
2. Result and Discussion
The d. c. electrical resistivity was determined as a
function of temperature in the range 303 K  T  403
K. The results of electrical conductivity and
activation energy are incorporated in Table 1 to 3.
The temperature dependence of the electrical
conductivity of MPVA and DMPVA are shown in
Fig. 1 to 3
 Electrical conductivity of MPVA polymer
conjugates
The electrical conductivity and activation energy of
PVA and MPVA are cited in Table 1 and the
temperature dependence of log  of these complexes
is shown in Fig 1. It is observed that,
1. The plots of log  vs. 103/T are found to be linear
in the studied temperature range 303-403 K [10-11].
2. Electrical conductivity of the complexes lies in the
range of 1.55 x 10-7 to 5.69 x 10-7  -1cm-1.
3. The electrical conductivity of these complexes
follows the order,
PVA< CMPVA < HEPVA < CAPVA < ACPVA

4. The activation energy of electrical conduction of
the complexes has been found to increase in the order,
PVA < CAPVA < HEPVA < ACPVA < CMPVA
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Fig 1: Plot of log σ vs. 1000/T for PVA AND MPVA

Table 1: Electrical Conductivity at 373 K and Activation Energy of the PVA AND MPVA
S. No.
1
2
3
4
5

σ (Ω-1cm-1)
1.55 x 10 -7
1.84 x 10 -7
2.49 x 10 -7
3.61x 10-7
5.69 x 10 -7

Samples
PVA
CMPVA
HEPVA
CAPVA
ACPVA

 Electrical conductivity of DOPED HEPVA
Matrix
The electrical conductivity and activation energy of
doped HEPVA are cited in Table 2 and the
temperature dependence of log  of these complexes
is shown in Fig 2. It is observed that,
1. The plots of log  vs. 103/T are found to be linear
in the studied temperature range 303-403 K [10-11].
2. Electrical conductivity of the complexes lies in the
range of 1.55 x 10-7 to 5.95 x 10-7  -1cm-1.

Ea (eV)
0.408
0.778
0.537
0.520
0.632

3. The electrical conductivity of these complexes
follows the order,
PVA< HEPVA-Sm(III) < HEPVA-Nd(III) < HEPVAPr(III) < HEPVA-La(III)

4. The activation energy of electrical conduction of
the complexes has been found to increase in the order,
PVA < HEPVA-La(III) < HEPVA-Pr(III) < HEPVANd(III) < HEPVA-Sm(III)

Table 2: Electrical Conductivity at 373 K and Activation Energy of the PVA AND Doped HEPVA
S. No.
1
2
3
4
5
Vol. 2 No. 3 2014

Samples
PVA
HEPVA-La(III)
HEPVA-Pr(III)
HEPVA-Nd(III)
HEPVA-Sm(III)

σ (Ω-1cm-1)
1.55 x 10 -7
5.95 x 10 -7
5.19 x 10 -7
4.13 x 10 -7
3.65 x 10 -7
www.chemijournal.com

Ea (eV)
0.408
0.576
0.597
0.679
0.849
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Fig 2: Plot of log σ vs. 1000/T for Doped HEPVA

 Electrical conductivity of DOPED CMPVA
Matrix :
The electrical conductivity and activation energy of
doped CMPVA are cited in Table 3 and the
temperature dependence of log  of these complexes
is shown in Fig 3. It is observed that,
1. The plots of log  vs. 103/T are found to be linear
in the studied temperature range 303-403 K [10-11].
2. Electrical conductivity of the complexes lies in the
range of 1.55 x 10-7 to 6.45 x 10-7 -1cm-1.

3. The electrical conductivity of these complexes
follows the order,
PVA< CMPVA-Nd(III) < CMPVA-Sm(III) < CMPVAPr(III) < CMPVA-La(III).

4. The activation energy of electrical conduction of
the complexes has been found to increase in the order,
PVA < CMPVA-La(III) < CMPVA-Nd(III) < CMPVAPr(III) < CMPVA-Sm(III)

.
Fig 3: Plot of log σ vs. 1000/T for Doped CMPVA
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Table 3: Electrical Conductivity at 373 K and Activation Energy of the Doped CMPVA
S. No.
1
2
3
4
5

σ (Ω-1cm-1)
1.55 x 10-7
6.45 x 10-7
3.10 x 10-7
2.35 x 10-7
2.60 x 10-7

Samples
PVA
CMPVA-La(III)
CMPVA -Pr(III)
CMPVA -Nd(III)
CMPVA -Sm(III)

3. Conclusion
From the results of electrical conductivity of all the
polymer matrixes under investigation, the following
conclusions can be drawn. The electrical conductivity
of all the MPVA and DMPVA show a tendency to
increase by increasing the temperature upto 403 K
and obeys log  vs. 1/T relation indicating their
semiconducting behavior [12-14]. The electrical
conductivity of these complexes lies in between 1.55
x 10 -7 and 6.45 x 10 -7  -1cm-1 at 373 K whereas the
activation energy of electrical conduction lies in the
range 0.408 - 0.941 eV. The variation in the electrical
conductivity and activation energy of electrical
conduction with the metal ions in DMPVA may be
explained on the basis of influence of the
incorporation of different metal ions in the MPVAs,
which increases the ionization tendency [15].
Activation energy is a direct measure of the band gap
of semiconductors, lower the activation energy, lower
will be the band gap [16-18]. The activation energy of
the La(III)-MPVA is comparatively lower than the
Pr(III), Nd(III), Sm(III)- MPVA indicating the lower
band gap in them.
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