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KEYWORDSABSTRACT

A magnesium ion conducting polymer blend electrolytes based on polyvi-
nyl alcohol (PVA) and polyethylene glycol (PEG) complexed with magne-
sium acetate ((CH

3
COO)

2
Mg) was prepared using solution cast technique.

The typical complex impedance spectrum of the optimum sample at differ-
ent temperatures comprises of a broadened semicircle in the high frequency
region followed by a tail in the lower frequency region. The ionic conduc-
tivity increased with increasing dopant concentration. The 30 wt. %
(CH

3
COO)

2
Mg doped system has a maximum conductivity of 3.23 x 10�5 S/

cm at 373 K. The frequency dependent ac conductivity of optimum con-
ducting composition (OCC) at different temperatures shows a frequency
independent plateau in the low frequency region and exhibits dispersion at
higher frequencies. The ionic conductivity of polymer blend electrolyte
was measured by varying the temperature ranging from 303 to 373 K. The
temperature dependence of ionic conductivity reveal that conduction
mechanism is Arrhenius type thermally activated process. The dielectric
and modulus studies were studied at different temperatures.
 2012 Trade Science Inc. - INDIA

INTRODUCTION

Now a days polymer materials are of great interest
because, when it is combined with suitable metal salts,
they give electrolytes which are useful for the develop-
ment of advanced high energy electrochemical devices,
e.g. batteries, fuel cells, electrochromic display devices,
photo electrochemical solar cells, etc[1-4]. Compared
with systems based on liquid or gel electrolytes solid

polymer electrolytes are much more stable and have
long life characteristics. Poly (ethylene) oxide (PEO)
has been a popular choice of polymer matrix for mag-
nesium ion conductors[5-8], but very less work has done
based on polymer blends.

Polymer blending is one of the most important con-
temporary ways for the development of new polymeric
materials and it is a useful technique for designing mate-
rials with a wide variety of properties[9]. The significant
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advantages of polymer blends are often exhibit proper-
ties that are superior compared to the properties of each
individual component polymer[10]. However, the mani-
festation of superior properties depends upon the mis-
cibility of blend. Blending can, however, have profound
and sometimes unexpected effects on thermal stability,
which cannot simply be predicted on the basis of be-
havior of the components and their relative propor-
tions[11].

In the present work, the Mg2+ ion conducting poly-
mer blend electrolytes based on polyvinyl alcohol and
Polyethylene glycol complexed with (CH

3
COO)

2
Mg

have been prepared by solution cast technique. The
polymer electrolytes have been characterized by com-
plex impedance spectroscopic analysis in the tempera-
ture range 303-373 K.

EXPERIMENTAL

Polyvinyl alcohol (PVA) from CDH, India has mo-
lecular weight 1,25,000 and polyethylene glycol (PEG)
from CDH, India has molecular weight 4,000 were used
as received. Equal quantity of PVA and PEG (50/50)
by weight was added to doubly distilled water with stir-
ring the solution at room temperature to complete dis-
solution. Required quantity (0, 10, 20,30 and 40 wt.
%) of (CH

3
COO)

2
Mg was also dissolved in doubly

distilled water and added to the polymeric solution with
continuous stirring for about 12 hours. The solution was
poured into cleaned Petri dishes and evaporated slowly
at room temperature under vacuum to ensure removal
of the solvent traces. After drying, the films were peeled
from Petri dishes and kept in vacuum desiccators until
use. The thickness of the obtained films was in the range
of 90�120 ìm.

When the polymer electrolyte films have formed
they were placed between the blocking stainless steel
electrodes of the conductivity cell with leads connected
to a HIOKI 3532-50 LCR meter interfaced to a com-
puter for conductivity measurements. The measurements
were made over a frequency range of 60 Hz to 5 MHz
at different temperatures. The temperature dependent
conductivity studies were carried out for PVA-PEG-x
wt. % of (CH

3
COO)

2
Mg (x= 0, 10, 20, 30 and 40 wt.

%) polymer electrolyte films. Conductivity measure-
ments were carried out over the same frequency range

for temperatures ranging from room temperature to 373
K. The conductivity cell with connecting lead wires were
placed in an oven with temperature control facilities.

RESULTS AND DISCUSSION

Impedance analysis

Figure 1 : Complex impedance plots for the (PVA-PEG-30 wt
% of (CH

3
COO)

2
Mg) polymer electrolyte (a) at low tempera-

tures from 303 K to 323 K (b) at high temperatures from 333
K to 373 K (inset at 373 K).
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Figure 1a and 1b shows the typical result of the com-
plex impedance plots for PVA-PEG-(CH

3
COO)

2
Mg

(50-50-30 wt %) at different temperatures.
This plot shows a high frequency semicircle which

corresponds to the bulk resistance and a spike (a lower
frequency region) which is due to the effect of elec-
trode/electrolyte interface. If the electrodes and elec-
trode/electrolyte interface were ideal, vertical spikes at
the low frequency end should have been obtained. Semi-
circles are significantly broadened and electrode spikes
at the low frequency end of the spectrum are distinctly
non-vertical, as it is evident from Figure 1. Spikes in-
clined at an angle of less than 90° to the real axis are

obtained in the present study, and this is due to rough-
ness of the electrode/electrolyte interface[3, 12]. Ionic
conductivity was determined from the bulk resistance
(R

b
) where the semicircle crossed the Z�-axis. It can be

observed from the plots that as the temperature in-
creases, the diameter of the semi-circle at higher fre-
quency decreases implying that the bulk resistance (R

b
)

decreases. By knowing the bulk resistance (R
b
) along

with the dimensions of the sample, the conductivity of
the sample has been calculated by using the relation
ó=L/R

b
A, where L is the thickness of the sample and A

is the electrode area respectively.

Conductivity analysis

The variation of logarithmic conductivity as a func-
tion of magnesium acetate concentration in PVA-PEG-
(CH

3
COO)

2
Mg at various temperatures is given in

Figure 2.
The following conclusions can be drawn. The con-

ductivity of pure (PVA-PEG) is found to be of the or-
der of 10�9 S/cm at room temperature and its variation
with composition of magnesium acetate is very weak.
At higher temperatures, however, the variation is found
to be appreciable. The conductivity values at different
temperatures are listed in TABLE 1. The conductivity
increases with temperature in pure (PVA-PEG) and also
for all compositions of the (PVA-PEG-(CH

3
COO)

2
Mg)

polymer blend electrolyte systems. The conductivity
increases with the increase of the number of charge
carriers by the addition of (CH

3
COO)

2
Mg and the con-

ductivity has been found to be high (ó~3.23 x 10-5 S/
cm) for 30 wt. % of (CH

3
COO)

2
Mg doped polymer

electrolyte at 373 K. This increase in conductivity with
increasing temperature can be related to the increase in
the number of mobile charge carriers contributing to
the transport of ions. The higher the number of charge
carriers (n) and higher the mobility (µ), the higher is the

conductivity (ó).

Figure 2 : Composition dependence conductivity of PVA-PEG-
(CH

3
COO)

2
Mg system at various temperatures.

TABLE 1 : Ionic Conductivity values of PVA/PEG-Mg acetate
polymer blend electrolytes at different temperatures.

Ionic Conductivity in S/cm 
Temperature 

in Kelvin 0 wt % 
of salt 

10 wt 
% of 
salt 

20 wt 
% of 
salt 

30 wt 
% of 
salt 

40 wt 
% of 
salt 

303 
3.38 x 
10-9 

6.69 x 
10-9 

8.58 x 
10-9 

7.44 x 
10-8 

2.86 x 
10-8 

313 
8.63 x 
10-9 

9.54 x 
10-9 

1.94 x 
10-8 

9.34 x 
10-8 

7.94 x 
10-8 

323 
1.49 x 
10-8 

2.31 x 
10-8 

7.02 x 
10-8 

1.98 x 
10-7 

2.58 x 
10-7 

333 
3.23 x 
10-8 

5.65 x 
10-8 

1.74 x 
10-7 

2.91 x 
10-6 

6.98 x 
10-7 

343 
9.30 x 
10-8 

1.95 x 
10-7 

4.91 x 
10-7 

6.24 x 
10-6 

1.74 x 
10-6 

353 
2.38 x 
10-7 

5.05 x 
10-7 

1.05 x 
10-6 

1.26 x 
10-5 

3.64 x 
10-6 

363 
4.99 x 
10-7 

7.91 x 
10-7 

2.48 x 
10-6 

1.92 x 
10-5 

8.06 x 
10-6 

373 
8.71 x 
10-7 

1.32 x 
10-6 

5.58 x 
10-6 

3.23 x 
10-5 

1.15 x 
10-5 

As seen from the Figure 3, the frequency depen-
dent conductivity plots show two distinct regions. The
first region observed at low frequencies corresponds
to the frequency independent conductivity. This con-
ductivity value has been assigned to the bulk conduc-
tivity of the sample. In the high frequency region, the



Anji Reddy Polu et al. 33

Full Paper
RREC, 3(1) 2012

An Indian Journal

Research & Reviews In
ElectrochemistryElectrochemistry

conductivity increases with the frequency. The extrapo-
lation of the plateau region to the Y-axis gives the val-
ues of ó

dc
. The maximum conductivity has been found

to be 3.23 x 10-5 S/cm at 373 K for PVA-PEG- 30 wt.
% of (CH

3
COO)

2
Mg polymer blend electrolyte.

It has been found that the dc conductivity increases
with increase of temperature which suggests that the
free volume around the polymer chain causes the in-
crease in mobility of ions, polymer segments and hence
the conductivity[13]. As the temperature increases, the
low frequency dispersion region becomes prominent
and shifts to higher frequency region and the frequency
independent plateau region increases. Hence, the po-
larization effect becomes dominant as the temperature
increases.

Where ó
0
 is the pre-exponential factor; Ea is the

activation energy; K is the Boltzmann constant.
The experimental data indicate that the ionic con-

ductivity of all the samples is enhanced with increase of
temperature. When the temperature is increased, the
mobility of polymer chain is enhanced, and the fraction
of free volume in the polymer electrolyte system in-
creases accordingly, which facilities the translational
motion of ions. The segmental motion either allows the
ions to hop from one site to another site or provides a
pathway for ions to move. Hence, the ionic motion in
the polymer electrolyte is due to hopping of ions from
one site to another site and the dynamic segmental mo-
tion of the polymer, which leads to an increase in the
ionic conductivity of the polymer electrolyte.

Dielectric analysis

The dielectric behavior of the polymer electrolyte
system is described by using the dielectric function, å*.

Figures 5a and 5b shows the plots of dielectric con-
stant å� and dielectric loss å� against the logf at different
temperatures. The higher dielectric loss is observed at
lower frequencies and it decreases when the frequency
increases. The large dielectric loss at lower frequency
is due to free charges builds up at the interface between
the electrolyte and the electrodes[14]. At high frequen-
cies, the periodic reversal of the electric field occurs so
fast that there is no excess ion diffusion in the direction
of the field. The polarization due to the charge accumu-
lation decreases, leading to the decrease in the values

Figure 3 : Conductance spectra of (PVA-PEG-30 wt. % of
(CH

3
COO)

2
Mg) polymer electrolyte at different temperatures.

The variation of conductivity as a function of tem-
perature for pure (PVA-PEG) and for different com-
positions of (PVA-PEG-(CH

3
COO)

2
Mg) polymer

electrolytes over the temperature range 303-373 K is
shown in Figure 4.

Linear relations are observed in all polymer elec-
trolytes and this meant that there is no phase transition
in polymer matrix by the addition of salt in the tempera-
ture range studied. These results suggested that there is
no dynamic conformational change in polymer matrix.
The temperature dependence of dc conductivity, stud-
ied from conductivity spectra has been found to obey
Arrhenius relation
ó = ó

0
 exp (-E

a
/KT) (1)

Figure 4 : Temperature dependent conductivity of 50PVA-
50PEG-x wt. % of (CH

3
COO)

2
Mg (x= 0, 10, 20, 30 and 40).
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Figure 5 : Typical plots of the variation of (a) real part (b)
imaginary part of dielectric constant with frequency for sample
30 wt % of salt at different temperatures.

Figure 6 : Variation of imaginary part of modulus with loga-
rithmic frequency for sample 30 wt % of salt at different
temperatures.

of å� and å� at high frequencies. The decrease of di-

electric constant with frequency shows that the system
is of non- Debye type.

Modulus analysis

Figure 6 shows the variation of imaginary part of
modulus with logarithmic frequency for 30 wt % of
magnesium acetate at different temperatures.

The M shows an increased peak at the high fre-
quency end. The peaking curve at higher frequencies

may be attributed to the bulk effect. The strength of
peak height decrease with increase in temperature sug-
gesting a plurality of relaxation mechanisms[15]. The
long tail present in the plot is due to the large capaci-
tance associated with the electrodes at the low fre-
quency region which confirms the non-Debye behav-
ior[16, 17].

CONCLUSIONS

It is possible to prepare PVA�PEG based polymer

blend electrolyte by a simple solvent casting technique.
The maximum ionic conductivity of 3.23×10-5 S/cm is
observed when the polymer blend electrolyte is
complexed with 30 wt. % of magnesium acetate at 373
K. The conductance spectrum shows two distinct re-
gions: a dc plateau (low frequency region) and a high
frequency dispersive region. The temperature depen-
dence of ionic conductivity reveal that conduction
mechanism is Arrhenius type thermally activated pro-
cess. The dielectric and modulus studies show the non-
Debye nature.
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