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Abstract. Sodium-ion conduction-based blend polymer films have been developed with the incorporation of amino acid
and L-phenylalanine for electrochemical storage device applications. The X-ray diffraction and Fourier transform infrared
spectroscopy techniques are used to characterize the structural identification, which concerns enhancing the ionic
movement and the existence of ions in blended polymer with the interaction of amino acid and salt. Variations in
asymmetrical and symmetrical stretching vibrations of ions were investigated by the appeared partition peaks of FTIR in
absorbance mode. Electrical impedance analysis has explained the microstructural properties of polymers through the
complex impedance spectra. The enhanced electrical conductivity of 2.56 910-5 S cm-1 has been identified for 2.5 wt%
of L-phenylalanine added blend polymer electrolyte system at ambient temperature. From the frequency dependence
conductivity analysis, rdc values are calculated from Jonscher’s power law. In temperature-dependent conductivity
analysis, two different types of activation energies are obtained for lower and higher temperatures. The dielectric and
loss tangent analyses are also calculated and analysed the relaxation process based on the hopping mechanism. The
electrochemical stability of higher conductivity solid polymer electrolytes is also verified by cyclic voltammetric
analysis.
Keywords. XRD; AC impedance; cyclic voltammetry; L-phenylalanine; blend polymer electrolyte; FTIR
deconvolution.

1.

Introduction

In recent days, solid-state batteries have more consideration for growing widespread electronic appliances, such as
cell phones, laptops, etc. The usage of solid-state batteries
is of much attention to the researchers because of its
advantages, such as large energy density, larger electrochemical cell voltage, safety, no memory effect and
geometry [1]. The leakage of the solvent and reaction with
the electrodes are the main drawbacks of using liquid
electrolytes. The various available processes to improve
the compatibility of the electrolyte towards the electrode
are electrochemical stability linked with the electrodes,
mechanical stability, thermal stability and enhanced ionic
conductivity in solid-state batteries [2–6]. Solid electrolytes have several advantages, like high safety, easy
preparation, lower cost and no leakage, while comparing

with liquid electrolytes. At ambient conditions, solid
polymer electrolytes (SPE) are good in flexibility and
processability, dimensional stability and ionic conductivity
for most potential applications. Poly(vinyl alcohol) (PVA)
is one of the suitable polymer electrolyte material with the
properties of best charge storage capacity, good dielectric
strength and good optical and electrical properties [7,8].
The standard quality of PVA film is mostly used for filter
materials, fuel cells, biomedical scaffolds, batteries,
osmotic power plants and some electronic applications.
Here, proton and OH- ions are acting as charge carriers in
polymer electrolyte to improve the electrical conductivity.
Balaji et al [9] have reported the electrical conductivity of
2.012 9 10-8 S cm-1 for solid polymer electrolyte
(PVA:NaF), which has an ionic transference number
0.948. The commercial usage of PVA-based polymer
electrolyte is slightly reduced in the large-scale industries
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because of its lower ionic conductivity. The lower conductivity can occur in PVA due to the long-chain molecules of polymer.
Poly(vinyl-pyrrolidone) (PVP) polymer has also built the
special attention in solid electrolyte research because of its
advantages like best environmental stability, good electrical
conductivity, easy processability, excellent wetting properties and best charge transfer mechanism. It has amorphous
nature and high polar side groups. It consists of a rigid
pyrrolidone group and readily forms various complexes
with another polymer. Even though it has benefits, some
issues were proceeded like cost-effective, easy film preparation and less durable of electrochemical cell performance.
Various methods are processed to overcome these issues to
improve the ionic conductivity, such as cross-linking of
polymers, mixing of plasticizers with parent polymer,
mixing inert nanofillers and blending of polymers.
It is understood that polymer blending is the successive
method, and it is easy to control physical properties [10,11].
Both polymers of PVP and PVA are expected to form compounds that are miscible at the molecular level and
stable within the physiological environment [12–14]. From
the earlier reports, the composition of 50PVP:50 PVA has
been chosen for blending because of its high ionic conductivity. Various types of salts mixed with these blend polymers
are reported for the best conductivity results [15,16].
Sodium is cheap and an abundant material, it has sufficient
chemical stability and high cell voltages than lithium
[9,17–21]. Sodium is one of the best current collectors in
electrochemical cells because it does not form an alloy with
other metals and also sodium-based polymer electrolyte
provides sufficient ionic conductivity. While comparing with
the lithium ion-based solid electrolyte film, sodium ion
complexed electrolyte film has several benefits. Due to the
larger size of cations, Na? ions are not well-built and bonded
with the polymer network [22]. In general, larger-sized
sodium ions networked with the polymer is lighter than the
interaction of smaller sized ions, such as lithium and magnesium. So, the detachment in the polymer network, leading
mobility of the sodium ions and lower activation energies are
required for ion transportation in polymer electrolytes. Thus,
researchers have more consideration for the growing sodiumbased polymer electrolytes. The research groups of Sagane
et al [23] and Abe et al [24,25] have reported the results of
best conductivity for sodium ion-conducting polymer electrolyte. The study of Kiran Kumar et al [26] has also revealed
the sodium ion conductivity in the range of *10-7 S cm-1 for
PEO/PVP-blend polymer electrolyte.
Moreover, the ionic conductivity can be enhanced by
mixing plasticizer in the blend polymer matrices. Rajana
et al have analysed the plasticizer mixed PVdF-HFP/PVP
blend polymers, which are used to enhance the sodium ionic
conductivity to *10-4 S cm-1 at ambient temperature [27].
However, the best ionic conducting plasticizers mixed
polymer matrices have some demerits, such as a narrow
range of working voltage, high vapour pressure, narrow
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electrochemical potential window, low flash point and polar
plasticizers [28,29].
Furthermore, the amino acid-based organic material has a
vital role in protonic formation by zwitterion movement for
electrochemical device applications. It has a carboxylic
group (COOH) as proton donor, and it can form a negative
ion of COO. The amino acid also has an NH2 group as a
proton acceptor, and it becomes NH3?. The amino acid
mixed polymer matrices usually make more mobilizing
protons to enhance the conductivity in polymer matrices.
L-phenylalanine is a natural amino-acid compound, and it
is applicable for pharmaceutical fields. It is also mostly
used in the process of protein formulations and protein
purifications. Most of the amino acids are zwitterionic
formation. The zwitterions provide intense hydration
through electrostatic interaction with water molecules and
give a physical and energetic barrier against protein
adsorption. While comparing with other simpler or organic
acids, L-phenylalanine has more number of zwitterionic
formations. The structure exists in a zwitterionic form in
which p–p stacking and hydrogen-bonding interactions are
believed to form the basis of self-assembling properties
[30]. Hence, the authors of the present study have chosen
the L-phenylalanine amino acid to improve the ionic conductivity. Our research team, Vanitha et al [31] has analysed and reported the sodium ionic conductivity *10-7 S
cm-1 for PVA/PVP mixed NaNO3. The amino acids (proline and arginine) are mixed with polymer (PVA), which
reports the best result of conductivity *10-5 S cm-1
[32,33]. Hence, the present research is aimed to develop
amino acid-incorporated blend polymer electrolytes based
on 50 wt% PVP/50 wt% PVA/2wt% NaNO3 and X wt% of
L-phenylalanine amino acid (X = 0, 0.5, 1, 1.5, 2 and 2.5).

2.
2.1

Substances and synthesis
Materials

PVA (C2H4O)x with the average molecular weight of
14,000, PVP(C6H9NO)x with average molecular weight of
90,000 and amino acid of L-phenylalanine (C9H11NO2)
were procured from SD Fine Chem Ltd., India. Sodium
nitrate (NaNO3) was purchased from Merck, India.

2.2 Preparation of amino acid incorporated blend
polymer
PVA, PVP, sodium nitrate and L-phenylalanine were taken
in different concentrations (50:50:2: X) where X = 0, 0.05,
0.10, 0.15, 0.20 and 0.25. These resultant six compounds
were labelled as PSP0, PSP5, PSP10, PSP15, PSP20 and
PSP25. Initially, polymer PVA aqueous solution was prepared by mixing distilled water. Similarly, the
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homogeneous aqueous solution of PVP, sodium nitrate and
L-phenylalanine were prepared individually. All were
mixed and stirred with constant rotations per minute for one
day (24 h). Due to the continuous stirring and applied heat
of 50°C, the viscous nature of the solution was increased.
The final viscous solution was poured slowly into
polypropylene dishes. The deposition solution should be
homogeneous without any white dot or hole, which makes
the best polymer film. The polypropylene dishes were
covered by an aluminium sheet with smaller sized holes.
The excess solvent or adsorbent was removed through
holes. The dried films were taken out for electrolyte
applications. Figure 1 depicts the schematic representation
of amino acid-incorporated blend polymer electrolytes.

2.3

Characterization techniques

To confirm the structural identification, an X-ray diffraction
(XRD) pattern had been considered for the entire blend
polymer using Bruker made X-ray diffractometer with
wavelength of 1.540 Å at 0.5° per minute scanning rate
from 10 to 60°. Polymer compound bond formation was
identified using Shimadzu IR Tracer 100 spectrometer in
the wavenumber region between 4000 and 400 cm-1. AC
impedance and dielectric studies were analysed for blend

Figure 1.

Schematic representation of blend polymer electrolytes.
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polymers using HIOKI 3532-50 LCR Hi-tester. Here, one
voltage was applied to blend polymer within the frequency
region from 42 Hz to 1 MHz at different temperatures. The
electrochemical properties were analysed by cyclic
voltammetric (CV) analysis from CH-Instrument Model
6008e.

3.
3.1

Results and discussion
XRD

Figure 2 shows the XRD spectrum of various (0–2.5) wt%
of the L-phenylalanine-doped PVA/PVP/sodium nitrate
system and JCPDS for sodium nitrate and L-phenylalanine.
From this graph, the peaks at 12, 14.9, 23, 27 and 29° are
observed, and it is matched with the corresponding peaks of
L-phenylalanine (JCPDS-24-1857). Sample PSP0 polymer
electrolyte (PVA/PVP/2 wt% of sodium nitrate) system has
no observed peaks corresponding to sodium nitrate salt and
polymer PVA and PVP. There is only one hump that
appeared at 15–23°, and this hump corresponds to the
breaking of long-chain molecules in polymer PVA [31].
The 0.5 wt% of the L-phenylalanine (PSP5) sample shows
small peaks at 22 and 28, and it corresponds to L-phenylalanine in the polymer matrix. 1.0 wt% of L-phenylalanine
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Figure 2. XRD patterns for all compositions of PSP0, PSP5,
PSP10, PSP15, PSP20 and PSP25 samples.

(PSP10) sample shows that there are no peaks for
L-phenylalanine, and one small hump has appeared at 30°
and also the hump is not visible.
On the other hand, PSP15 sample’s peaks had appeared at
16, 20, 28 and 30°, and they correspond to L-phenylalanine.
At the same time, the hump at 30° has also increased. After 2
wt% of L-phenylalanine mixed samples (PSP25), there is no
peak, which corresponds to L-phenylalanine, and completely
dissolved in the polymer matrix. It shows two humps, one at
20° that is due to parent polymer and another one is 30° that is
due to L-phenylalanine mixed to NaNO3 with PVA/PVP
polymer matrix. The observed intensity of hump at *20° is
decreased gradually. The decrement in the broadness of the
hump has specified the smash of long polymer chain molecules and increasing the amorphous structure in the blend
polymer. The more amorphous nature can lead to the good
ionic conductivity in polymer electrolytes.

3.2

FTIR

Figure 3a depicts Fourier transform infrared spectroscopy
(FTIR) spectrum for various wt% of L-phenylalanine added
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in PVA/PVP/2wt% NaNO3. The band observed at 1558
cm-1 is due to the vibration of C=N, pyridine ring in
polymer PVP [34]. The bands appeared at 2868, 1272 and
1097 cm-1 are attributed to the CH stretching, CH2 twisting
and stretching vibrations, respectively, of the PVP matrix
[3,18]. The vibration of the hydroxyl group (OH) is
obtained due to the band at 3340 cm-1 [34]. The peaks at
1427, 1092, 1377 and 852 cm-1 are appeared due to C–H
bending, C–O–C stretching of acetyl groups, C–H wagging
and C–H rocking vibrations, respectively [35–37]. The IR
bands of 3340, 1649, 2917, 1014 and 1422 cm-1 are
attributed to the O–H stretching, C=O stretching, CH2
asymmetric stretching, C–O stretching and CH2 bending,
respectively, for syndiotacticity of PVA [11].
The width of the IR band at 1600 cm-1 is slightly
enlarged, and it may be due to the formation of zwitterionic
(RCH(NH3?)COO-) bond in the amino acid at a higher
concentration of blend polymer electrolyte [38]. It is also
assigned to the form of NH3? asymmetric stretching formation in amino acid. At the same instant, the new IR peak
at 1574 cm-1 is obtained due to the anionic form of
RCH(NH2)COO- in amino acid. The peaks at 859 and 744
cm-1 are due to the presence of NH3? and CH2 rocking
vibrations of the L-phenylalanine [39,40]. While increasing
the L-phenylalanine amino acid concentration to the polymer matrix, there exists the exchange of hydrogen ions,
which may, in turn, reduce the long-chain molecule of blend
polymer. It is also consistent with XRD results.
Figure 3b shows the FTIR absorbance spectrum for PSP0
and PSP25 at the wave numbers of 810–870 cm-1.
Figure 3b shows the peaks appeared at 830 and 850 cm-1,
and they are formed due to the presence of NO3- ions and
NH3? rocking in polymer electrolyte, respectively [40,41].
While increasing the amino acid concentration, the intensity
of the peak at 850 cm-1 is increased. At the same time, the
peak at 830 cm-1 is also decreased. This may be the evidence of NO3- ion of NaNO3 interacting with amino acid
and blends polymer.

3.3

FTIR deconvolution analysis

Figure 4 depicts the deconvoluted FTIR spectrum for various wt% of L-phenylalanine added PVA/PVP/2wt%
NaNO3 in the range of 3800–2800 cm-1. There is a possibility of peaks deconvolution using Gaussian–Lorentz
function in Origin 8 software from its original spectrum.
Strong and broad hydroxyl bands are found, and its position,
intensity and also peak shape are all disturbed by the
addition of L-phenylalanine in the SPE. Hydrogen bonding
has formed between the OH group of the polymer blend and
NH3? of amino acid. The influence of hydrogen ion in the
backbone of the polymer host is responsible for the presence of peak modifications [42]. This is one of the proofs
for interaction between the cation and hydroxyl group of the
polymer electrolytes [43]. Three overlapping peaks appear
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Figure 3. (a) FTIR spectra for all compositions of PSP0, PSP5, PSP10, PSP15, PSP20 and PSP25 samples.
(b) FTIR absorbance spectra for PSP0 and PSP25 at wavelength between 810 and 870 cm-1.
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Figure 4. Deconvoluted FTIR spectra for various wt% of L-phenylalanine added PVA/PVP/2wt% NaNO3 in the range of 3800–2800
cm-1.

in the polymer electrolytes, which are located at 3454, 3281
and 2919 cm-1. When there is an increase in the concentration of L-phenylalanine in the SPE, hydroxyl bands are
shifted to 3346 and 3101 cm-1. These peaks are correlated
to tas (NH3?)-asymmetric and ts (NH3?)-symmetric
stretching modes of amino acid. For the samples PSP20 and
PSP25, there exists a peak intensity reduction at 3093 and
3101 cm-1, respectively. The intensity of these peaks is also
varied due to the interaction of cation with a polymer host.
This kind of variation in intensity of hydrogen bonding
confirms the existing and movement of hydrogen ion and
enhancing protonic conductivity in the blend [44].

3.4

AC impedance analysis

3.4a Cole–Cole plot: Figure 5a and b shows the
impedance plots of all compositions of PSP5, PSP10,
PSP15, PSP20 and PSP25 samples. Figure 6 represents the

equivalent circuit to represent the combination of the semicircle with a spike in the impedance plot of PSP25. The
figure possesses a depressed semi-circular arc (not a perfect
half circle) in the region of higher frequencies and an
inclined spike in the region of lower frequencies, which
indicates the non-Debye electrical performance in the
materials [45]. The depressed semi-circle is equated to the
circuits of parallel connection of capacitance and resistance
[14,46]. The inclined line is also equivalent to the series
capacitance due to the effect of migrated ion accumulation
in electrode and electrolyte interface. Figure 6 shows the
equivalent circuit for 2.5 wt% of L-phenylalanine added
with PVA/PVP/2wt% of sodium nitrate system.
The obtained data are fitted using Z-View software to
calculate the bulk impedance of materials. When compared
with all compositions, PSP25 has lower bulk resistance.
Figure 7a and b shows the impedance curve of PSP25,
heat-treated at various temperatures. When the temperature
is increased from ambient temperature, the bulk resistance
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the higher temperature that leads to an increase in
conductivity.
3.4b Conductance spectra analysis: Figure 8 shows
frequency-dependent ac conductivity for all compositions
of PSP5, PSP10, PSP15, PSP20 and PSP25 samples. In the
figure, two regions are seen. At lower frequency, PSP5 and
PSP25 show a plateau region. Here, the stable conductivity
is observed due to long-range ion movement at lower
frequencies [49]. At higher frequency, the samples get a
dispersion region, which attributes to the high oscillate
movement of ions in high field formation.
Figure 9 displays the frequency-dependent conductance
spectra for the PSP25 system (maximum ionic conducting
sample) at different heat-treated temperatures. At 303 K, it
shows one pattern of the conductance plot. For higher
temperatures, two mingled conductance curves appear. It
may indicate the incorporation of amino acids in both the
polymers. This spectrum possessed six regions. Due to
space charge polarization in the electrode and electrolyte
polarization, the first low-frequency dispersion region is
observed. DC conductivities are measured from the fifth and
second plateau regions. The dispersive regions from lower
and higher frequency plots are overlapped in the fourth and
third regions. At higher frequencies, the dispersion region is
attributed to ionic charges oscillations. Jonscher power law
is used to find the value of rdc [50]. The AC conductivity
rac values are calculated at the resonance of applied and ion
hopping frequencies by the following equation:
Figure 5. Impedance plot for all compositions of (a) PSP5 and
PSP25 samples, and (b) PSP10, PSP15 and PSP20 samples.

Figure 6.

Equivalent circuit for impedance plot of PSP25.

is decreased, and also electrical conductivity is increased in
blend polymer PSP25. Film thickness, bulk impedance and
cross-sectional area of the films are used to find the bulk
conductivity of the blend polymers. The calculated electrical conductivities are tabulated in table 1. Here, the electrical conductivity of amino acid mixed PVA/PVP/NaNO3
is enhanced as 2.56 9 10-5 S cm-1 when compared with
earlier results [31,47,48]. Thus, the conductivity is
improved due to the contribution of mobilized proton in
amino acid. It may be attributed to the involvement of the
zwitterionic contribution of amino acid in the blend polymer matrix. The spike representation of interfacial effect
reduces and the window of the impedance plot shifts
towards higher frequencies by the rising temperature. It
means that there is an increase in the mobilization of ions in

rac ¼ 2  rdc

ð1Þ

The rac data are shown in the graphs of all temperature
curves. By fitting the data of rac for different temperatures,
the straight lines appear for lower and higher frequencies.
The regression value for the straight line is 0.99 for both
lower and higher frequencies, and it confirms that mobilization of ions from conductance spectra is also temperature-dependent.
3.4c Temperature
dependence
of
ionic
conductivity: The electrical conductivity for all the
composition of amino acid-incorporated blend polymer
system over the temperature of 303–363 K is shown in
figure 10. The prepared samples observe Arrhenius’s
relations in two regions. Arrhenius law states that there is
a movement of the charge carrier from one position to its
other position without having much-acquired energy.
rT ¼ ro exp½Ea =KT;

ð2Þ

where Ea is the activation energy.
In the blend polymer matrices, the ionic conductivity is
increased due to the increment of heat-treated temperatures.
While both polymer mixed formation and breaking of the
chain molecules create some free volume in matrices. The
sodium ionic salt is also used to enhance the size of the free
volume in polymer matrices. While increasing the applied
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(a and b) Impedance plot of PSP25 at various temperatures.

Table 1. Values of activation energy for L-phenylalanine added
PVA/PVP/NaNO3 systems.
Sample code
PSP5
PSP10
PSP15
PSP20
PSP25

ro (S cm-1)
2.3726
7.5735
2.4947
2.1032
2.5686

9
9
9
9
9

10-6
10-8
10-7
10-6
10-5

Ea ðeVÞ

Regression value

0.84
1.28
1.18
1.05
0.83

0.98027
0.97091
0.98156
0.98733
0.98972

Figure 9. Log x vs. log r for PSP25 system at various
temperatures.

Figure 8. Frequency-dependent AC conductivity for all compositions of PSP5, PSP10, PSP15, PSP20 and PSP25 samples.

thermal energy in the polymer, the segmental motion of the
polymer and detachment of sodium ion in matrices have
occurred. It is used to enhance mobile ions with high
mobility [51]. The electrical conductivity, activation energy
and regression value for all the samples are given in table 1.
Two different kinds of activation energies appeared in each
sample between the regions of temperature 303–343 K and
343–363 K. At lower temperatures, it showed the activation
energies as [1 eV, whereas the activation energies are
found as \1 eV in the region of 343–363 K for all the
samples. The higher activation energy is observed due to the
existence of more proton and sodium ions. At higher temperatures, the protons/hydrogen ions are reduced. Because
of the increased existence of sodium ions, the electrical
conductivity is increased gradually with lower activation
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Figure 10. Variations in log r with inverse absolute temperature
for all compositions of PSP5, PSP10, PSP15, PSP20 and PSP25
systems.

Figure 11. Conductivity vs. activation energy of L-phenylalanine system.

energy. For the high concentration of the amino acid mixed
blend polymer, the electrical conductivity is high, and the
activation energy is observed to be low.
From table 1, PSP5 has higher conductivity in the order
of *10-6 S cm-1. It may indicate the enhancement of
segmental motion in polymer and zwitter ion movement in
the polymer matrix. While increasing the concentration, the
segmental motion in the polymer is increased. The reduction in the conductivity is obtained due to the collision of
sodium ions with zwitter ions in amino acid. For the higher
composition, the zwitter ions are increased, and it exhibits
better conductivity with lower activation energy [52].
The ionic conductivity and activation energy of the polymer
blend electrolyte PVA/PVP/NaNO3 vary against the concentration of L-phenylalanine, as shown in figure 11.
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3.4d Dielectric spectroscopy: Dielectric parameters of
all the prepared polymer electrolytes are analysed using
dielectric characterization studies. Figure 12a and b shows
the variation of dielectric constant and dielectric loss as a
function of frequency for all the composition of PSP
polymer electrolyte at room temperature. The curves for
dielectric loss e00 are not observed in all these plots. It is
realized that there is an increase in the movement of sodium
ions and they are deposited at the interfacial region. The
variation of e0 and e00 against the concentrations of
L-phenylalanine have followed the trend of variation in
ionic conductivity [53].
It is also noticed from figure 12a and b that the values of e0 and
00
e are high in the low-frequency region e00 . However, these
values are found to decrease and reach saturation in the higher
frequency side. This is because there is a tendency for the zwitter
ions in amino acid and sodium ions to make polarization in the
applied field at the low-frequency side. On the other hand, the
dipole could not orient themselves in the direction of the applied
field, and the values of e 0 and e 00 decrease on the high-frequency
side. Like ionic conductivity results, e0 value of the PSP25
system is higher than the e00 value of the system with other
concentrations of L-phenylalanine, which is noticed from
figure 12a. Such a maximum dielectric constant is observed due
to the accumulation of sodium charges. Further, the maximum
dielectric loss indicates the higher probability of the formation
of free ionic states, and there is the appearance of smaller
electrostatic attraction between the mobile ions in the surface of
electrode [54].
Figure 12c and d denotes the variation of dielectric constant
and dielectric loss as a function of frequency for the PSP25
system at various temperatures. From both the figures, it is
observed that the value of e0 and e00 increases with temperature.
Strong frequency dispersion of permittivity in the low-frequency region is attributed to be electrical relaxation processes. The magnitude of the dielectric constant e0 increases
with the increase in temperature. This is due to the fact that as
the temperature increases, the movement of ions gets stimulated, which in turn; increases the kinetic energy of both ions.
A similar trend is observed for the dielectric loss of the
PSP25 system at various temperatures. The high value of a
dielectric loss on the low-frequency side is due to the
movement of free ions within the materials. Further, it also
indicates the hopping of the charge carriers inside the
polymer blend electrolyte system.
3.4e Modulus analysis: Figure13a and b shows the
frequency dependence of real and imaginary parts of the
electric modulus for the PSP25 L-phenylalanine system at
various temperatures. In both the plots, at the low-frequency
region, both M 0 and M 00 tend to be zero, which deals with
the reduction of interfacial effects in polymers. A long tail
is observed at the lower frequency side, which implies that
the accumulation of charges associated with electrodes is
represented as high. The magnitude of M 0 is decreased with
the increase in temperature. It is observed that the plurality
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Figure 12. Variations in the (a) dielectric constant e0 vs. log x and (b) dielectric loss e00 vs. log x for PSP5, PSP10, PSP15, PSP20 and
PSP25 systems at room temperature; and (c) dielectric constant e0 vs. log x and (d) dielectric loss e00 vs. log x for PSP25 system at
various temperatures.

of relaxation mechanisms is considered, and it is applicable
for analysing the relaxation time with suppression of
electrode–electrolyte interfacial effect [55].
3.4f Loss of tangent analysis: Figure 14 shows the loss
tangent spectra of the PSP25 system at various
temperatures. The frequency dependence of loss tangent
indicates the dissipation of energy in dielectrics. It is used to
analyse the electrical properties of the polymer.
The loss tangent can be expressed as
tand ¼ e00 =e0 ¼ M 00 =M 0

ð3Þ

It shows that two tangent curves that represent the occurrence of ionic relaxation with non-Debye behaviour. The lowfrequency relaxation curve represents the dynamic rotation of
ions, whereas the humps in the higher frequency region are
known as b relaxation peaks, and it is due to the dipole orientation of the statics region. b relaxation peak is related to the
deviation of atoms/molecules, whereas the a relaxation peak is
related to the periodic arrangement of chain molecules.

The peak maxima of tan d shifts towards the higher
frequency range at a higher temperature. Further, the
intensity of tan d peak due to b relaxation has increment
values at high temperatures. These findings suggest the
breaking of chain molecules and the enrichment of mobile
ions [56].
The calculated values of relaxation time for the PSP25
system at various temperatures are tabulated in table 2.
From this table, it is observed that the b-relaxation occurs at
a larger frequency side, and a-relaxation occurs at a smaller
frequency side. The activation energy from relaxation time
is calculated from the following equation:
s ¼ so exp½Ea =KT:

ð4Þ

The activation energies for lower and higher frequencies
are attained as 0.49 and 0.89 eV, respectively. The regression values for lower and higher frequencies are 0.96 and
0.98, respectively. The activation energy for higher frequency coincided with the activation energy from the
temperature-dependent conductivity graph.
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Figure 14. Loss tangent spectra of PSP25 system at various
temperatures.
Table 2. Values of relaxation time for PSP25 system at various
temperatures.
Temperature
(K)
303
313
323
333
343
353
363

a-relaxation time ðs1 Þ
(s)
—
—
—
3.78
2.94
1.49
9.05

9
9
9
9

10-3
10-3
10-3
10-4

b-relaxation time ðs2 Þ
(s)
2.32
4.82
1.33
4.88
2.14
1.05
6.12

9
9
9
9
9
9
9

10-4
10-5
10-5
10-6
10-6
10-6
10-7

Figure 13. Variations in (a) real part of the modulus vs. log x,
and (b) imaginary part of the modulus vs. log x for PSP25 system
at various temperatures.

In the plot of temperature-based conductivity, the activation energy at lower frequencies could not be identified.
Based on the dynamic hopping model, the obtained activation energy from relaxation time is attributed to the ions
that are mobilized by movement and rotation of ions at
lower frequencies. The mobilized ions are activated due to
association of increasing activation energy, and it is evident
by static hoping model at higher frequencies [57].

3.5

CV analysis

The electrochemical stability of the PSP25 polymer electrolytes within the potential range of -1 to ?1V is estimated in the CV analysis, which is shown in figure 15. The

Figure 15.

CV graph for PSP25 system at various scan rates.

electrochemical performance of polymer electrolytes has
been carried out in the different scan rates of 75, 50, 25, 10
mV s-1. The ionic conducting behaviour of polymer electrolyte demonstrates good cycling stability without
exhibiting much change in CV pattern after 50 cycles, and it
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proves the reversibility of the electrolyte. The increase
currents in the oxidation and reduction are ascribed to the
increase in the number of sodium ions that interact with the
electrodes because of much involvement of zwitter ions in
the amino acid. It is evident that the electrolyte has flexibility with electrodes to get high electrical storage capacity
[58].

4.

Conclusion

Amino acid (L-phenylalanine)-enriched sodium ion-conducting PVP/PVA blend polymer electrolytes with different
compositions are synthesized. From the XRD characterization, the increase in the concentration of amino acid to the
polymer composition reduces its crystallinity of blend
polymer. The maximum amorphous nature is crafted to 2.5
wt% of the L-phenylalanine added system. FTIR shows the
identification of functional groups of PVA and PVP. The
newly appeared IR bonds indicate the zwitter ion formation
in L-phenylalanine. FTIR deconvolution also confirms the
ions creation and mobilization of protons. The maximum
ionic conductivity obtained in 2.5wt% of the L-phenylalanine added system is 2.5686 9 10-5 S cm-1 at ambient
temperature. The minimum activation energy is identified
as 0.83 eV for the large movement of ions. The enhanced
conductivity is also confirmed by the influence of H? from
amino acids in the polymer blend. The dielectric constant
and loss tangent analysis are also calculated for 2.5wt% of
L-phenylalanine added SPE at various temperatures. The
electrochemical stability of higher conducting polymer is
verified by CV analysis.
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