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Abstract The ionic conductivity and dielectric properties of
the solid nanocomposite polymer electrolytes formed by dis-
persing a low particle-sized TiO2 ceramic filler in a poly (eth-
ylene oxide) (PEO)-AgNO3 matrix are presented and
discussed. The solid nanocomposite polymer electrolytes are
prepared by hot press method. The optimum conducting solid
polymer electrolyte of polymer PEO and salt AgNO3 is used
as host matrix and TiO2 as filler. From the filler concentration-
dependent conductivity study, the maximum ionic conductiv-
ity at room temperature is obtained for 10 wt% of TiO2. The
real part of impedance (Z′) and imaginary part of impedance
(Z″) are analyzed using an LCR meter. The dielectric proper-
ties of the highest conducting solid polymer electrolyte are
analyzed using dielectric permittivity (ε′), dielectric loss
(ε″), loss tangent (tan δ), real part of the electric modulus
(M′), and imaginary part of the electric modulus (M″). It is
observed that the dielectric constant (ε′) increases sharply to-
wards the lower frequencies due to the electrode polarization
effect. The maxima of the loss tangent (tan δ) shift towards
higher frequencies with increasing temperature. The peaks
observed in the imaginary part of the electric modulus (M″)
due to conductivity relaxation shows that the material is ionic
conductor. The enhancement in ionic conductivity is observed
when nanosized TiO2 is added into the solid polymer
electrolyte.
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Introduction

Solid polymer electrolytes (SPE) have received considerable
attention for the last few decades due to its potential applica-
tions in solid-state batteries, fuel cells, supercapacitors, sen-
sors, etc. [1, 2]. Solid polymer electrolytes are synthesized
dissolving the alkali metal salt in host polymer [3]. These
electrolytes have many attractive advantages over its liquid
counterparts such as they are leakage free, safe, light weight,
and easy to synthesize in desirable thickness and area [4]. Poly
(ethylene oxide) (PEO)-based solid polymer electrolyte is the
most widely investigated system as PEO has low lattice ener-
gy, high solvating power for alkali metal salts, good electro-
chemical stability, and suitable structure to support fast ion
transport [5]. PEO contains Lewis base ether oxygen, which
coordinates with the cations and thus help to dissolve the salts
[6, 7]. The main drawback of PEO-based solid polymer elec-
trolyte is its low ionic conductivity at room temperature due to
the presence of high crystalline phase concentration below the
melting temperature which does not satisfy the general re-
quirements to use in batteries or in other practical electro-
chemical devices [8, 9]. It has been revealed that the pure
PEO has a crystalline phase and an amorphous phase with
dissolved salt. The ion conduction in PEO takes place primar-
ily in the amorphous phase [10] and the phase diagram is
affected by many factors, such as the concentration of salt,
salt species, preparation method, and temperature. In order
to enhance their ionic conductivity and to improve their ther-
mal, mechanical, and electrochemical properties, several mod-
ifications in the structure of these polymer electrolytes have
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been realized [11]. Various techniques have been developed to
reduce the crystallinity of PEO and enhance the ionic conduc-
tivity at room temperature. The most common approach has
been the addition of liquid plasticizers such as ethylene car-
bonate (EC), propylene carbonate (PC), and dibutyl phthalate
(DBP) [12, 13]. However, incorporation of liquid plasticizers
leads the deterioration of the electrolytes’ mechanical proper-
ties and increases its reactivity towards the metal anode.
Therefore, the liquid plasticizer-added polymeric electrolytes
are not promising for use in metal batteries because of their
limited processability and high reactivity, both of them
resulting in serious problems in terms of battery manufactur-
ing, cyclability, and safety. Thus, the ideal achievement in
electrolytes would be the enhancement of the low-
temperature ionic conductivity by modifications which avoid
any liquid contamination [14]. To overcome these problems, a
technique developed for solid polymer electrolyte is the dis-
persion of nanosized ceramic filler particles such as SiO2,
TiO2, Al2O3, Fe2O3, SnO2, ZnO, etc. into the polymer elec-
trolyte system [15, 16]. The enhancement in ionic conductiv-
ity with the addition of ceramic fillers has been reported by
many authors. Wieczorek et al. suggested an active role of the
surface groups of the ceramic particles in modification of local
structure and substantial increase in ionic conductivity at room
temperature [17, 18].

In the present work, study on ionic conductivity and dielec-
tric properties of PEO-based solid nanocomposite polymer
electrolyte dispersed with nanosized TiO2 is reported.
Enhancement in ionic conductivity and dielectric properties
is observed with the addition of TiO2 nanofiller in the highest
conducting solid polymer electrolyte 90PEO:10AgNO3.

Experimental details

Pure PEO (MW 6 × 105, Aldrich, USA); fine powder of
AgNO3 (AR grade purity 99.9%, Aldrich, USA); and
nanosized filler TiO2 (<100 nm, Aldrich, USA) are used for
the preparation of solid nanocomposite polymer electrolytes.
The solid polymer electrolyte 90PEO:10AgNO3 which is
identified as maximum conducting composition [19] is taken
as host matrix and different wt% of nanosized TiO2 (<100 nm)
as filler for the preparation of solid polymer nanocomposite
electrolytes. All the electrolytes are prepared by hot press
method. The hot press method has many advantages over
the traditional solution cast method [20]. In hot press method,
all the materials in appropriate wt% are mixed for 20min. This
mixture is then heated for 20 min at about 70 °C (~melting
point of PEO), a slurry is obtained, then it is pressed between
two stainless steel block in about 2 t pressure, and thin films
are prepared. The thickness of the samples was 0.078, 0.079,
0.072, 0.065, 0.070, and 0.067 cm, corresponding to 5, 10, 15,
20, 25, and 30 wt% of TiO2, respectively. The area of each
sample was 1.327 cm2. LCR meter (HIOKI 3532-50 LCR

HiTester, Japan) is used for impedance spectroscopy study
within a broad frequency range of 100 Hz–5 MHz and tem-
perature range of 300–323 K. Two silver metal pellets are used
as electrode in Ag│polymer electrolyte│Ag cell for all the
electrochemical characterization of the polymer electrolytes.
The area of each silver electrode was 1.327 cm2. The highest
conducting composition 90 (90PEO:10AgNO3):TiO2 is ob-
tained after filler-dependent ionic conductivity studies.

Results and discussion

X-ray diffraction analysis

The structure of the polymer electrolytes is investigated by
XRD analysis. The XRD patterns of pure PEO, the optimum
conducting solid polymer electrolyte 90PEO:10AgNO3 and
s o l i d n a n o c ompo s i t e p o l yme r e l e c t r o l y t e 9 0
(90PEO:10AgNO3):TiO2 are shown in Fig. 1. The XRD pat-
tern of pure PEO shows the intense and sharp diffraction
peaks at 2θ values of ~19° and 23°. It is clear that the intensity
of the diffraction peaks substantially decreases with the addi-
tion of AgNO3 salt into polymer due to transformation of
crystalline phase into amorphous phase of PEO. The XRD
pattern of solid nanocomposite polymer electrolyte shows that
with the addition of TiO2 filler, the intensity of peak further
decreases. The decrease in intensity of the peaks confirms the
complexation of salt and filler with polymer [21, 22]. The
enhancement in ionic conductivity of solid nanocomposite
polymer electrolyte can be explained on the basis of the rela-
tive decrease in PEO crystallinity with the addition of
nanofiller TiO2. The appearance of new peaks with the addi-
tion of filler in the polymer-salt complex is clearly seen in the
XRD pattern which confirms the formation of nanocomposite
polymer electrolyte having multiphase characteristics [23].

FTIR analysis

The complexation of salt AgNO3 and filler TiO2 with polymer
PEO is also confirmed by FTIR spectra. The FTIR spectra of
(a) pure PEO, (b) 90PEO:10AgNO3, and (c) 90
(90PEO:10AgNO3):10TiO2 are shown in Fig. 2. In the spectra
of pure PEO, the C–O–C stretching mode is divided into three
peaks at 1155, 1084, and 1063 cm−1 and the peaks corre-
sponding to CH2 bending vibrations at 1344 and 1360 cm−1

which confirmed the existence of PEO crystallinity. The ap-
pearance of the peaks at 844, 964, and 2893 cm−1 are assigned
to CH2 wagging, CH2 twisting, and CH2 stretching modes,
respectively [24]. The broad band between the 2947 and
2805 cm−1 and two narrow band between 2739 and
2693 cm−1 are inherent band of asymmetric C–H stretching
of PEO [25]. The shifting of peak from 1155 cm−1 (pure PEO)
to lower wave number 1145 cm−1 (PEO-salt complex) and
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peak from 964 cm−1 (pure PEO) to 962 cm−1 (PEO-salt
complex) confirms the complexation of salt in polymer [26].
With the addition of filler TiO2 in PEO-salt complex, some
peaks around 600–750 cm−1 corresponding to pure PEO al-
most disappeared, which indicates the complexation of filler
into PEO-salt matrix [4].

SEM analysis

The scanning electron microscope (SEM) is widely used to
analyze the surface morphology of the polymer electrolytes.
The SEM micrographs of solid polymer electrolyte
90PEO:10AgNO3 and solid nanocomposite polymer electro-
lyte 90 (90PEO:10AgNO3):TiO2 samples are shown in
Fig. 3a, b and c, d, respectively, at two different magnifica-
tions. The sample images are also shown as an inset in the
corresponding SEM micrograph.

The surface morphology and crystallinity of the polymer
electrolyte plays an important role on the corresponding ionic
conductivity and polymer electrolyte with smooth surface has
better ionic conductivity [27]. The SEM micrograph for solid
polymer electrolyte shows a rough surface which has several
crystalline domains. It is clear from the figure that after the
addition of filler TiO2, the surface morphology of the
polymer-salt matrix is changed from rough to smooth which
suggests the uniform distribution of filler in polymer-salt ma-
trix. The smooth surface morphology of nanocomposite poly-
mer electrolyte is closely related to the reduction in the PEO
crystalline nature [28] which helps in ion transport in polymer
electrolyte in order to improve ionic conductivity [29].

DSC analysis

The DSC thermograms of solid polymer electrolyte
90PEO:10AgNO3 and solid nanocomposite polymer electro-
lyte 90 (90PEO:10AgNO3):10TiO2 is shown in Fig. 4. The
sharp endothermic peaks indicate the melting temperature
(Tm) of solid polymer electrolyte 90PEO:10AgNO3 and solid
n a n o c o m p o s i t e p o l y m e r e l e c t r o l y t e 9 0
(90PEO:10AgNO3):10TiO2. There is a reduction in melting
temperature (Tm) when nanofiller is added to the solid polymer
electrolyte. The reduction in the melting temperature (Tm) is
due to the enhancement of polymer segmental motion as well
as increase in the amorphous nature induced by the filler-
polymer interaction of polymer electrolyte. Hence, the move-
ment of ions in the polymer matrix is increased, resulting in
the increase of conductivity [30]. This is supported by obtain-
ed value of the ionic conductivity of solid nanocomposite
polymer electrolyte. Thus, DSC results confirm the decrease
in crystallinity or the increase in flexibility of the polymer
chains [26].

a

b

c

Fig. 1 XRD patterns of a pure PEO, b solid polymer electrolyte
90PEO:10AgNO3, and c solid nanocomposite polymer electrolyte 90
(90PEO:10AgNO3):10TiO2
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Fig. 2 FTIR spectra of a pure
PEO, b solid polymer electrolyte
90PEO:10AgNO3, c solid
nanocomposite polymer
electrolyte 90
(90PEO:10AgNO3):10TiO2
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TGA analysis

Thermogravimetric analysis (TGA) is the widely used method
for thermal characterization of the materials. It is based on the
measurement of mass loss of the material with increasing tem-
perature in a controlled atmosphere. The TGA curves of pure

PEO, 90PEO:10AgNO3, and 90(90PEO:10AgNO3):TiO2 are
shown in Fig. 5. For pure PEO, the initial weight loss of about
2.8% up to 150 °C is observed due to complete dehydration.
The weight loss gradually increases up to 12% at 280 °C. The
weight loss of about 80% is observed from 280 to 400 °C
which shows the decomposition of the material. There is no
major weight loss observed for PEO pure after 400 °C. Hence,
a total weight loss of pure PEO is about 92%. The thermal
stability of PEO has been enhanced slightly, when it is com-
plexed with AgNO3 salt. For 90PEO:10AgNO3 polymer elec-
trolyte, the initial weight loss of about 2% up to 150 °C is
observed due to complete removal of moisture. The remark-
able weight loss is observed after 315 °C. The total weight loss
of about 87% is observed for 90PEO:10AgNO3 polymer elec-
trolyte. From the TGA curve of nanocomposite polymer elec-
trolyte 90 (90PEO:10AgNO3):TiO2 the remarkable weight loss
is observed between 310 and 450 °C and a total weight loss of
about 84% is obtained. It is clear that the addition of salt and
filler in polymer enhances the thermal stability of the material.

Complex impedance analysis

The complex impedance plot (Nyquist plot) of solid nanocom-
posite polymer electrolytes with different wt% of TiO2 at

Fig. 3 SEM micrographs of a, b solid polymer electrolyte 90PEO:10AgNO3 and c, d nanocomposite polymer electrolyte 90 (90PEO:10AgNO3):TiO2

at two different magnifications with corresponding sample images (inset)
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temperature 300 K is shown in Fig. 6. The plot consists of two
well-defined regions, the compressed semicircle at higher fre-
quency and spike at lower frequency. The high frequency
semicircle is due to the parallel combination of bulk resistance
(Rb) and the bulk capacitance while the spike at lower frequen-
cy is due to ion diffusion in polymer electrolyte [31, 32]. The
intercept of the semicircle on x-axis gives the value of bulk
resistance (Rb). It is clear from the figure that, as the wt% of
TiO2 increases, the bulk resistance decreases and it is the min-
imum for 10 wt% of TiO2. On further increase in filler wt%,
now bulk resistance increases and it again attain the low value
at 25 wt%. With again increase in filler wt%, now bulk resis-
tance increases. This is in accordance with the double perco-
lation model suggested by Chandra and Laxmi [33]. The min-
imum value of bulk resistance for 10 wt% of TiO2 shows that
the charge carriers and mobility of ions is higher at this wt%.

The increase in bulk resistance with increase in filler wt% is
due to the ion-ion aggregation [34].

Figure 7 shows the complex impedance plots of polymer
electrolytes corresponding to 5, 10, 15, 20, 25, and 30 wt% of
TiO2 at a temperature range of 300–323 K. It is clear that the
intercepts of the semicircle on the real axis shift towards the
origin with increase in temperature of each composition.
Hence, the bulk resistance decreases with an increase in tem-
perature for all the composition. This is because the number of
charge carrier increases with increase in temperature [34].

The variation of the real part of impedance (Z′) with frequency
of highest conducting polymer electrolyte is shown in Fig. 8a.
The real impedance Z′ decreases with increase in frequency and
temperature. The magnitude of Z′ decreases with increase in
temperature at lower frequencies which merges at higher fre-
quency region. This is due to the release of space charge. The
responsible factor for enhancement in ionic conductivity with
increase in temperature is the reduction of barrier potential of
the electrolyte with increase in temperature [35]. The complete
merger of all the Z′ spectra is observed above a particular fre-
quency which is due to the removal of the interfacial polarization
at higher frequencies. The shifting of Z′ plateau indicates the
presence of frequency relaxation process in the material [34].

Figure 8b (inset) shows the variation of the imaginary part of
impedance Z″ with frequency at different temperatures. The
magnitude of Z″ is themaximum at a particular frequency show-
ing a peak-like curve at all temperatures. The position of peaks
shifts towards a higher frequency side with an increase in tem-
perature. The broadening of peaks with increase in temperature
suggests that there is a spread of relaxation time [36]. The sig-
nificant widening of peaks (in the x-axis of Fig. 8b) on increas-
ing temperature suggests the presence of a temperature-
dependent relaxation process in the material. The relaxation spe-
cies may be possibly due to ions at low temperature and the
presence of defects at higher temperature. The decrease in peak
position with increase in temperature is due to the formation of
extra conductive pathways for ions in polymer electrolyte [19].

Ionic conductivity and activation energy measurements

The bulk resistance Rb obtained from the complex impedance
plot is used to determine the ionic conductivity of the solid
nanocomposite polymer electrolytes. The ionic conductivity is
calculated using the relation:

σ ¼ l
RbA

where l is the thickness of the sample, Rb is the bulk resistance
of the sample, and A is the area of the sample.

The obtained values of ionic conductivities of polymer
electrolytes corresponding to 5, 10, 15, 20, 25, and 30 wt%
of TiO2 are shown in Fig. 9. It can be seen that the ionic
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conductivity increases on increasing the wt% of TiO2. The
highest value of ionic conductivity (σ ~ 1.1 × 10−6 S/cm) is
obtained for 10 wt% of TiO2. On further increase in filler wt%
the decrease in ionic conductivity is observed. The increase in
conductivity could be due to the presence of filler facilitating
the path for ionic transport and polymer segmental motion
[37]. The decrease in ionic conductivity on increasing filler

concentration could be explained in a way that excessive fillers
in the solid polymer electrolyte may lead to ion pairs and ion
aggregation inhibiting the ionic conduction and slowing its
mobility [38, 39] in an amorphous phase. Again, small in-
crease in ionic conductivity is observed for 25 wt% of TiO2.
The existence of two conductivity maxima has been observed
in many nanocomposite polymer electrolytes and has been
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explained on the basis of two percolation model which is sug-
gested by Chandra and Laxmi [33]. It has been proposed that
the two kinds of conductivity maxima are possibly due to
transport mechanism operative in these systems. According
to this model, the first maxima is possibly due to the dissoci-
ation of ion aggregates and/or undissociated salt, which result
in the generation of free ion carriers as a consequence of the
addition of nano-sized TiO2 particles. The second conductivity
maxima as well as the conductivity variation are related to the
well known two-phase composite effect which can be ex-
plained on the basis of space charge and/or percolation model
[40]. The enhancement in ionic conductivity is observed when
nanosized filler TiO2 is added to the optimum conducting solid
polymer electrolyte 90 PEO:10AgNO3 which has ionic con-
ductivity σ ~ 4.5 × 10−7 S/cm reported in our previous work
[19].

Figure 10 shows the Arrhenius plot (log σ vs. 1000/T plot)
of solid nanocomposite polymer electrolytes corresponding to
5, 10, 15, 20, 25, and 30 wt% of TiO2. The temperature de-
pendence of the ionic conductivity of nanocomposite polymer
electrolytes with different wt% of TiO2 shows that the ionic
conductivity is thermally activated with increasing tempera-
ture. Therefore, conductivity increases with increase in temper-
ature and follows Arrhenius relation. The activation energy
(Ea) which is the combination of defect formation energy and
migration energy is evaluated from the slop of the conductivity
versus 1/T plot and the obtained values are plotted in Fig. 11.
The lowest value of activation energy 0.33 eV is obtained for
10 wt% of TiO2, i.e., 90(90PEO:10AgNO3):10TiO2 which is
the maximum conducting solid nanocomposite polymer elec-
trolyte. On further increase in filler wt%, now activation energy
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increases. The maximum activation energy is 0.50 eV for
30 wt% of TiO2 which is due to the aggregation of ion as the
filler content increases. Thus, the number of mobile charge
carriers decreases. The minimum value of activation energy
of 10 to percent of filler indicates that the mobility of ions is
very high for this composition. This effect is due to the well-
known mechanism that the addition of filler increases the con-
ductivity by reducing the crystalline phase of PEO chains in
the host polymer and hence providing the extra conducting
pathway for Ag+ ions to travel on the surface of the TiO2

through Lewis acid base interactions between the filler and
the polymer chains [41, 42].

Dielectric constant and dielectric loss analysis

The dielectric constant (ε′) represents the amount of dipole
alignment in a given volume. The dielectric loss (ε″) repre-
sents the energy loss of ion motion and dipole alignment when
the polarity of the electric field reverses rapidly, and it is re-
lated to the electrical conductivity of the materials [43]. The
dielectric constant (ε′) and dielectric loss (ε″) is determined
using the following formula:

ε
0 ¼ Cpt

ε0A

ε″ ¼ σ
ωε0

where Cp is the parallel capacitance of the sample, t is the
thickness of the sample, ε0 is the permittivity of free space,
σ is ionic conductivity, ω is the angular frequency (=2πf), and
A is the area of the sample. Figure 12a, b (inset) shows the
variation of dielectric constant (ε′) and dielectric loss (ε″) with
frequency, respectively. It is clear from the figure that both ε′
and ε″ shows similar behavior with frequency at various

temperatures. The absence of relaxation peaks in both the
figures indicates that the increase in conductivity was primar-
ily due to increase in the number of mobile ions [44]. The
dielectric constant ε′ is higher at lower frequencies. The higher
value of ε′ at lower frequencies is due to the orientation of
polar groups, ions, and space charge polarization at these fre-
quencies [45]. The value of ε′ decreases continuously with
increasing frequency and reaches a constant value which is
due to the electrical relaxation or inability of dipoles to rotate
rapidly hence leading to a lag between frequency of oscillating
dipoles and applied field [46, 47]. Similarly, the dielectric loss
ε″ due to electrode/electrolyte polarization and free charge
motion in the system [48], and it attains lower values at higher
frequencies. This is due to that at lower frequencies, there was
enough time for the charges to build up at the interface before
the reversal of electric field and contributed to a large apparent
value of ε″. As the frequency increases, there was no time for
the buildup of charges at the interface, but only for the buildup
of charges at the boundaries of conducting species in the ma-
terial and at the ends of conducting paths [48, 49]. It can be
seen from figure that with increase in temperature both ε′ and
ε″ increases due to the increase in the concentration of free
ions. However, increase in temperature increases the degree of
redissociation process of ion pairs and asserts the increase in
the concentration of free charge carriers at the interface. High
temperature may prevent the ion aggregation and ion clusters
in the polymer matrix and thus increases the equivalent capac-
itance by forming space charge region, exhibiting high dielec-
tric constant [19, 50].

Loss tangent analysis

The dielectric relaxation parameter of the solid nanocomposite
polymer electrolytes can be obtained from the study of loss
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tangent (tan δ) as a function of frequency. The loss tangent or
dissipation factor (tan δ) is the ratio of dielectric loss (ε″) to
dielectric constant (ε′) of the material. It is given by

tanδ ¼ ε″

ε0

The loss tangent measures the ratio of the electric energy
lost to the energy stored in an applied electric field. The var-
iation of loss tangent with frequency is shown in Fig. 13. It is
clear that tan δ increases with increase in frequency and
reaches a maximum value at a particular frequency. With fur-
ther increase in frequency, now it decreases rapidly. The peaks
obtained at different temperature corresponds to the electrode
polarization frequency. The relaxation time is given by τ = 1/
(2πf) where f is the frequency corresponding to the relaxation
peak. It is clear from the formula that the peak frequency is
inversely proportional to relaxation time of the ions. The lon-
ger the relaxation time, the lower the ionic conductivity [51].
The change in peak positions is observed with increase in
temperature. The peak position shifts towards the higher fre-
quency with increase in temperature of the polymer electro-
lyte. This leads to a decrease in relaxation time, hence increase
in ionic conductivity. The maximum value of loss tangent
at the lower frequency end of the high temperature re-
gion is due to thermally generated defects in polymer
electrolyte [52].

Electric modulus analysis

Further analysis of the dielectric behavior of the solid nano-
composite polymer electrolyte is done with the electric mod-
ulus formulation. Electric modulus spectra are a powerful tool
to show the conductivity relaxation process and ion hopping
mechanism in polymer electrolyte [53]. The variation of the
real part of the modulus (M′) and imaginary part of the mod-
ulus (M″) with frequency at different temperatures is shown in
Figs. 14 and 15, respectively. The values of M′ and M″ are
obtained by the following formula:

M
0 ¼ ε

0

ε02 þ ε″2
� �

M ″ ¼ ε″

ε02 þ ε″2
� �

It can be seen from Fig. 14 that the real modulus M′ in-
creases with increase in frequency. At lower frequencies, the
M′ value approaches to zero, which indicates that the electrode
polarization is negligible. The appearance of the long tail in
the low-frequency region is due to the capacitance effect at the
electrodes [54]. In the spectra of M′, all the curves dem-
onstrate superposition features in the all temperature re-
gime at high frequency which shows that the modulus

spectral formalisms exhibit temperature-independent
properties. This indicates the excellent electrochemical
stability of the material [50].

Figure 15 represents the variation of the imaginary part of
electric modulus with frequency for the solid nanocomposite
polymer electrolyte at temperature range 300–323 K. The
imaginary modulus M″ increases on increasing frequency
are related to the long-range random hopping of ions in the
material which reaches to a maximum value at a particular
frequency. The peaks observed at this frequency in imaginary
modulus spectra are attributed to the ionic conductivity relax-
ation process in polymer electrolyte where long-range motion
is restricted to caged motion. The peaks in M″ spectra show
that the material is ionic conductor [55, 56]. The peaks are
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broader and asymmetric which predict the non-Debye behav-
ior. Further increase in frequency, M″ decreases which shows
that the charge carriers confined within the potential well be-
ing mobile over short distance [57, 58]. The peak position
shifts towards higher frequency side as the temperature of
the polymer electrolyte increases. This is because as the tem-
perature increases, the movement of the charge carriers be-
comes faster due to an increase in the flexibility of the mate-
rial, leading to a decrease in the relaxation time. Hence, a shift
is observed in theM″ peak towards the higher frequency side
with an increase in temperature. This behavior suggests that
the relaxation is thermally activated in which hopping process
of charge carriers dominate intrinsically [59, 60]. The peaks
are broader and asymmetric as compared to that predicted by
Debye for relaxation phenomenon. The frequency corre-
sponding to M″max gives the relaxation time τ from the con-
dition 2πfmax τ = 1 [60, 61].

Conclusion

The effect of nanosized filler TiO2 on ionic conductivity and
dielectric properties of PEO-based polymer electrolyte pre-
pared by hot press method is studied within the temperature
range 300–323 K and reported. The ionic conductivity of
highest conducting solid nanocomposite polymer electrolyte
90(90PEO:10AgNO3):10TiO2 is σ ~ 1.1 × 10−6 S/cm. The
enhancement in ionic conductivity is observed when
nanosized TiO2 is added into the solid polymer electrolyte
90PEO:10AgNO3 which has the ionic conductivity
σ ~ 4.5 × 10−7 S/cm. The similar results were obtained with
addition of Fe2O3 filler into solid polymer electrolyte
90PEO:10AgNO3. The h ighes t conduc t iv i ty of
σ ~ 2.2 × 10−6 S/cm was observed for 10 wt% of Fe2O3,
reported in our earlier work. The sharp decrease in dielectric
constant (ε′) with increase in frequency is observed, which is
due to the polarization effect at electrode-electrolyte interface.
The spectra of loss tangent (tan δ) show the decrease in relax-
ation time (τ) with an increase in frequency and the peak
position shifts towards the higher frequency with increase in
temperature. The real part of the electric modulus (M′) in-
creases sharply at higher frequency and approaches to zero
at lower frequencies. The peaks in the spectra of the imaginary
part of the electric modulus (M″) confirm the conductivity
relaxation in the material which shows that the material is
ionic conductor. The peak position shifts towards the higher
frequency with increase in temperature.
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