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Abstract
Proton conducting polymer blend electrolytes based on cornstarch and polyvinyl pyrrolidone (PVP) with ammonium bromide
(NH4Br) were prepared by the technique of solution casting. Enhancement of amorphous nature by the addition of NH4Br has
confirmed by XRD. In FTIR,by the addition of NH4Br salt in the optimized blend system, there occurs a change like altering the
peak intensity, peak shape, and position. This reveals the appearance of complex formation between the polymer and salt. At 358
K, 30 wt.% of NH4Br added system shows the maximum conductivity (1.31 × 10−4 S cm−1). The conduction mechanism of
higher conducting polymer blend electrolytes follows the quantum mechanical tunneling (QMT) at mid-frequency and overlap-
ping large polaron tunneling (OLPT) at higher frequency. High dielectric constant and low relaxation time of ions in polymer
chain are obtained for 30 wt.% of NH4Br added polymer blend electrolyte. From Wagner’s polarization technique, it is
established that conduction present in the polymer electrolytes is predominately due to ions. Faradaic pseudo capacity behaviour
has observed in higher conducting sample by cyclic voltammetry. The electrochemical cell has prepared by the higher conducting
polymer electrolyte and the open circuit potential (OCP) of 1.24 V has achieved from prepared electrochemical cell.
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Introduction

Recently, both academia and industrial researchers have fo-
cused great attention in the interdisciplinary field of polymer
electrolytes which includes the discipline of polymer physics,
electrochemistry, organic chemistry, and inorganic chemistry
for the new electrochemical devices (batteries, super capaci-
tors, fuel cells, solar cells, sensors, etc.). It has created revolu-
tionize in many industrial areas [1–5]. Solid polymer electro-
lyte (SPE) has more advantages due to its excellent electrode

and electrolyte interface contact, no leakage problem, high
safety, good mechanical, and adhesive properties [6–10]. In
worldwide, the biodegradable polymers have enormous atten-
tion for avoiding environmental polluting chemicals. For re-
cent researchers, there exists a great challenge to prepare a
polymer electrolyte with good ionic conductivity, dimensional
withmechanical stability, and low cost. Several characteristics
are needed for selection of successful host polymer in SPE.
These are environmental friendly, biocompatibility, biode-
gradable, abundant nature, solubility, donor groups (lone pair
of electron) and less bond rotation barriers for the segmental
motion [11, 12]. Biopolymers are suitable substitute for syn-
thetic polymers because most of the synthetic polymers are
insoluble in solvents and non-biodegradable material [1].
Many biopolymers as (starch, cornstarch, potato starch, pec-
tin, amylose and polysaccharide) are easily available in nature.
But the biopolymer cornstarch has a great attention due to its
rich variety and abundance in nature. However, pure corn-
starch film is brittle and rapidly degrades when exposed to
water. PVP is also a biocompatible polymer used as blood
plasma expander for trauma victims. PVP is an amorphous
polymer possessing high Tg due to the presence of the rigid
pyrrolidine group, which is known to form various complexes
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with many inorganic salts. PVP deserves a special attention
among the conjugated polymers, because of its good environ-
mental stability, easy process ability, and moderate electrical
conductivity and it has broad range of applications such as
electrochemical devices (batteries, displays). Based on these
criteria, cornstarch and polyvinyl pyrrolidone (PVP) were se-
lected as host polymers in the PEs. Ammonium salt and inor-
ganic acids are H+ ion suppliers, for example, phosphoric acid
(H3PO4) and sulfuric acid (H2SO4) based polymer electrolyte,
which are described by encountering chemical degradation
and poor mechanical integrity. In this manner, ammonium
salts are the H+ ion suppliers that are used in polymer electro-
lytes because of their compatibility, high ionic conductivity
and thermal stability [13, 14]. In the polymer-ammonium salt
system, either NH3+ or H+ plays a role in conduction, but
many works have reported that the ionic conduction was due
to the H+ in the system. The protons (H+) in polymer-
ammonium complexes are covalently bound to the nitrogen,
and consequently form hydrogen bonds with other electroneg-
ative atom [15–17]. Shukur and Kadir reported the ionic con-
ductivity of (5.57 ± 1.88) × 10−5 S cm−1 for 70wt.% starch–30
wt.% NH4Br SPE [18]. So ammonium bromide (NH4Br) is
chosen as a salt to polymer electrolyte for this work to im-
prove the proton conductivity in the polymer blend electro-
lytes system.

Materials and methods

Materials for SPE preparation

Cornstarch (C6H10O5)n and PVP (C6H9NO)n were acquired
from SRL chemicals and SD Fine-Chem. Ltd., India, respec-
tively. Ammonium bromide (NH4Br) was purchased from
Avra Chem. Ltd. Acetic acid was procured from Reachem
Laboratory Chemicals Private Limited, Chennai. In the whole
synthesis of SPE films, double distilled water was used as a
solvent.

Materials for electrochemical cell preparation

Anode materials of Zn metal (powder) and ZnSO4·7H2O were
procured from SRLChemicals (SISCOResearch Laboratories
Pvt. Ltd). Cathode material of MnO2was obtained from Avra
Chem. Ltd. Graphite was purchased from SD Fine-Chem.
Ltd., India (SDFCL).

Characterization techniques

Structural behaviour of prepared polymer electrolytes are
characterized by X-Ray diffractometer made by Bruker
Instruments having Cu-Kα radiation (λ = 1.540A°) with scan-
ning rate 5° per minute in the range of 10°–60°. The functional

group in the present polymer matrices is identified by
SHIMADZU IR Tracer 100″ Spectrometer with a resolution
of 4 cm−1. Impedance analyses are carried out using HIOKI
3532-50 LCR Hi-tester within frequency range of 42 Hz–1
MHz in the temperature range of 303–358 K. The electro-
chemical property of prepared sample was investigated by
using cyclic voltammetry on CH-Instrument Model 6008e.

SPE preparation

80 wt.% cornstarch was dissolved in 50 ml of 1% acetic acid
at 353 K for 20 min. After that solution was cooled down at
room temperature under constant stirring for about 40 min. 20
wt.% PVP and different wt.% NH4Br (5–35 wt.%) were sep-
arately dissolved in distilled water. These solutions were
added one by one with 1 h delay to cornstarch solution. The
solutions were mixed with a constant stirrer until occurring of
consistent viscous solution. The last viscous solution was
transformed into Petri dishes and it was allowed for evapora-
tion of excess solvent traces in room temperature for 3 days.
Then polymer film expelled from Petri dish for further analy-
sis. Sample code assignment of different composition of the
prepared polymer electrolytes are shown in Table 1.

Electrochemical cell preparation

Under 2000 Pa hydraulic pressure for 5 min, 1 g of MnO2

(cathode) and 3:2 ratio of Zn metal (powder) and ZnSO4·7H2O
(anode) pellets were prepared separately. Finally, solid-state elec-
trochemical cell was fabricated with the configuration of
Graphite | Cathode | Higher conducting SPE | Anode | Graphite.

Result and discussion

X-ray diffraction

X-ray diffraction (XRD) pattern of prepared SPEs is displayed
in Fig. 1a and b. Semi crystalline behaviour of cornstarch is

Table 1 Sample code
assignment for prepared
polymer electrolytes

Composition ratio
(carnstarch:PVP:NH4Br)

Sample code

80:20:0 CPN-0

80:20:5 CPN-5

80:20:10 CPN-10

80:20:15 CPN-15

80:20:20 CPN-20

80:20:25 CPN-25

80:20:30 CPN-30

80:20:35 CPN-35
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confirmed by the presence of peaks at 16.9°, 19.5°, 21.9°, and
medium sharp peak at 23.7° [19]. PVP does not have any
distinguish peaks, because it is an amorphous polymer [20].
The intensity of the peaks is reduced to maximum for 80 wt.%
cornstarch and 20 wt.% PVP added polymer blend system as
shown in Fig. 1a. In Fig. 1b, the relative intensity of cornstarch
peaks also significantly decreases by addition of NH4Br. This
means addition of NH4Br salt modifies the ordered arrange-
ment within the polymer membrane and reduces the crystal-
line nature of blend SPE. Also, there are no significant peaks
of NH4Br for the samples from CPN-5 to CPN-30. This indi-
cates that NH4Br is well associated to form the complexation
to the polymer matrix [21]. For the sample CPN-30, there
exists a suppression of hump which indicates the more amor-
phous nature. Further rising the salt concentration to the poly-
mer matrix, two sharp peaks appeared at 2θ = 21.50 and 28.50

corresponding to crystalline nature of NH4Br (JCPDS-85-
0999).

Fourier transform infrared spectroscopy

Fourier transform infrared (FTIR) is the potent tool to study
about molecular interaction, variation of chemical bonding in
polymer blend electrolytes on the addition of salt. Figure 2a
shows the FTIR transmittance spectrum of cornstarch, PVP,
and optimized cornstarch: PVP polymer electrolytes and Fig.
2b shows the different wt.% of NH4Br added polymer blend
electrolytes. A broad and strong peak of hydroxyl group is
present at 3287 cm−1 and 3393 cm−1 for cornstarch and PVP
[22] respectively and this peak is shifted towards 3313 cm−1 in
80 wt.% cornstarch and 20 wt.% PVP optimized polymer
blend electrolyte. Similarly C–H stretching of cornstarch at
2927 cm−1 is shifted slightly [23] for optimized polymer blend
electrolyte system. The characteristics vibration bands of
cornstarch: PVP blend system clearly depicts the presence of
cornstarch and PVP. It is confirmed by presence of C–O
stretching of cornstarch (1147, 995, and 929 cm−1) [24] and
C=O stretching (1638 cm−1), CH2 wagging (1437 cm−1), and
C–N stretching (1292 cm−1) of optimized sample CPN-0

polymer blend electrolyte [25]. Furthermore, an addition of
NH4Br salt in the optimized blend system modifies the peak
intensity, peak shape, and position which reveals the occur-
rence of polymer-salt complex formation (Fig. 2b). The vari-
ations in peak position are clearly tabulated in Table 2.
Suppression and broadening of C–H bands reveals the distur-
bance of the polymer chain arrangement due to the addition of
salt and it also suggests the formation of complex. C=O
stretching is shifted to 1639 cm−1in the polymer-salt complex
system. It is the evidence of interaction between the salt and
polymers not only rises from O–H group but also from C–O
group [26, 27]. Within the tetrahedral H+ ion, the bond with
the N–H occurs in the structure of NH4Br. NH4

+directly to-
wards the bromine ion (Br–), and thereby forms an N–H∙∙∙Br
hydrogen bond [28] via lone proton migration (H+) mecha-
nism [29, 30]. Since loosely bounded H+ in NH4

+ ion is easily
dissociated by the influence of dc electric field.

FTIR deconvolution

The deconvolution technique is performed by using Origin 8
fitting software based on the Gaussian-Lorentz function used
to perform. In the cornstarch, PVP:NH4Br polymer blend
electrolytes attain C–O characterization peaks at 990 and
1045 cm−1 [24]. The intensity of C–O peeks is varied, which
reveals the presence of chemical reaction when different sub-
stances (inorganic salt and host polymer) are physically
mixed. The de convoluted FTIR spectrum of higher
conducting polymer blend electrolyte is shown in Fig. 3.
Intensity of those peaks is changed without change in wave-
number. These modifications reflect the interactions among
the polymer molecules [26]. The peak adjacent to 995 cm−1

can be consigned to free ions and the peaks adjacent to 1036
cm−1 and 1017 cm−1 can be assigned to contact ions [31].
Percentage of free ions (%) can be calculated using

Percentage of free ions %ð Þ ¼ Af

Af þ Ac
� � � 100 ð1Þ

Fig. 1 a XRD pattern of parent
optimization and b different wt.%
NH4Br added SPEs
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Here, Af and Ac are the total area of free ion region and
contact ion region respectively [32]. Table 3 lists the percent-
age of free ions and contact ions of prepared polymer electro-
lytes. The sample CPN-35 attains higher free ions than other
composition. These free ions are the accountable for the ion
conductivity in the polymer electrolytes.

AC impedance analysis

Nyquist plot

Nyquist plot of prepared SPEs is shown in Fig. 4a. Nyquist
plot of CPN-0 polymer blend electrolyte illustrates a complete
semicircle; it is due to the parallel combination of mobile and
immobile charge carrier in the polymer chain [33]. For the
samples CPN-0 to CPN-20, the Nyquist plot shows a semicir-
cle at higher frequency with a spike at low frequency. The
high frequency semicircle represents the bulk effect and the
low frequency spike represents the polarization effect in the
electrode-electrolyte interface [34]. For rest of the other com-
positions, the Nyquist plot has two semicircles with one spike.
For the sample CPN-35, the impedance plot with two semi-
circles with spike is shown in Fig. 4b.The series of two paral-
lel combinations of bulk resistance (Rb) and bulk CPE with

another CPE is an equivalent circuit for the samples CPN-25
to CPN-35. The two semicircles obtained for the above com-
binations are owing to the rise in the molecular packing be-
tween salt and blend polymer chain. These results indicate the
enhanced reduction of resistance by improving amorphous
behaviour in the composition.

Using the formula

σ ¼ l=RbA ð2Þ

Conductivity of the sample is calculated. Here, and A are
the thickness and conduct area of the polymer membrane. The
number of free ions migration in the polymer electrolyte is
increased by addition of NH4Br in the SPEs and thereby in-
creases the conductivity [35]. Table 4 depicts the conductivity
values of the prepared SPEs. For the sample CPN-30, the
higher conductivity of 3.14 × 10−5 S cm−1 and 1.31 × 10−4 S
cm−1 is obtained at 303 K and 358 K respectively. The value
of the conductivity shows the increment three orders at higher
composition. The amorphous nature is improved for higher
conducting samples, which is verified from XRD pattern.
The amorphous nature of the polymer can make the free space
in the polymer chains to enhance the movement of ions.
Furthermore, the higher composition sample has more protons

Table 2 FTIR band assignment
for prepared SPEs Assignments Wavenumber (cm−1)

Cornstarch PVP CPN-
0

CPN-
5

CPN-
35

O–H stretching 3287 3393 3313 3301 3291

C–H stretching 2927 2951 2922 2928 2928

C=O stretching - 1638 1655 1648 1639

CH2 wagging - 1437 1422 1428 1431

C-N stretching - 1292 1288 1291 1291

C–O stretching of cornstarch 1147 - 1147 1149 1149

C–O in C–O–C of cornstarch 995 - 995 999 1003

C–O stretching of cornstarch 929 - 932 931 931

Fig. 2 a FTIR spectrum for
parent optimization and b
different wt.% NH4Br added
SPEs
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(H+) that are from the salt [36, 37]. Thus, the conductivity is
abruptly increased and it is showed in different order in whole
compositions. The conductivity is decreased to 5.47 × 10−5 S
cm−1 at 358 K due to the collision of ions [38].

Investigation of conduction theory

Figure 5 displays the frequency dependence conductance
spectra of higher conducting electrolyte at different tempera-
tures. This conductance spectrum is divided into three regions.
In the region, I, the observed drop off conductivity is due to
the space charge polarization/interfacial effect which acts on
electrode and electrolyte surface at lower frequencies [39].
Plateau and dissipation regions [40] are overlapped in mid-
frequency region II and higher frequency region III. In region
II, the area of the overlapped dispersion region is higher than
in region III. The high appearance of the plateau region may
be occurred due to the form of more voids. It is the reason for
the rapid ionic displacement of mobile charges in this region
[41]. In region III, the area of the overlapped plateau region is
greater than the plateau in the region II. The mobilization and

diffusion of mobile charges are having fewer enhancements at
very high frequencies. When the temperature increases the
conductivity also increases due to the elongation of free vol-
ume in the polymer matrix to enhance the conductivity as
clearly visible in conductance spectra [42].

Fig. 4 a Nyquist plot of prepared SPEs at 303 K b Nyquist plot of CPN-
35 sample at 303 K

Fig. 3 The deconvoluted FTIR spectrum of higher conducting polymer
blend electrolyte

Table 4 Activation energy and conductivity of the parent polymer
blend and NH4Br added polymer blend electrolytes

Sample Ea (eV) σ (S cm−1)

303 K 358 K

CPN-0 0.16 5.24 × 10−9 1.16 × 10−8

CPN-5 0.29 1.94 × 10−7 1.06 × 10−6

CPN-10 0.28 2.35 × 10−7 1.31 × 10−6

CPN-15 0.27 1.55 × 10−6 9.29 × 10−6

CPN-20 0.36 3.46 × 10−6 2.43 × 10−5

CPN-25 0.27 2.42 × 10−5 1.25 × 10−5

CPN-30 0.23 3.14 × 10−5 1.31 × 10−4

CPN-35 0.16 1.89 × 10−5 4.48 × 10−5

Table 3 Percentage of free ions and conduct ions of the cornstarch/
PVP/NH4Br SPEs

Sample Free ions (%) Conduct ions (%)

CPN-5 28.58 71.42

CPN-10 29.81 70.19

CPN-15 30.16 69.84

CPN-20 32.06 67.94

CPN-25 38.23 61.77

CPN-30 40.45 59.55

CPN-35 36.41 63.59
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The universal power law is used to know about the ions
dynamics of the polymer blend electrolyte

σ ωð Þ ¼ Aωsþ σdc; 0 < s < 1ð Þ ð3Þ

Since, σac = Aωs

log σ–σdcð Þ ¼ log Aþ log ωs ð4Þ
log σ–σdcð Þ ¼ log Aþ s log ω ð5Þ

Here, s and A are the power law exponent value and
temperature-dependent parameter. The exponent values of s1
and s2 are calculated from the non-linear fitting of conduction
spectra with respect to region II and region III. The plot of
exponent values (s1 and s2) versus temperature (T) is shown
in Fig. 6. Commonly, the exhibited polaron conduction obeys
the followingmechanisms [43–46]: correlated barrier hopping
(CBH) model, quantum mechanical tunneling (QMT) model,
overlapping large polaron tunneling (OLPT) model, and small
polaron hopping (SPH) model.

The value of s1 is independent on temperature to
follow the QMT model for conduction [47]. According
to the quantum mechanical phenomenon, the polaron is
formed by the combination of conducting proton and
stress fields. The polarons travel through the potential
barrier by the tunneling process. As explained in the
QMT model, the AC conductivity is arising from elec-
tronic or atomic tunneling between equilibrium sites.

In high frequencies, when the temperature rises the
value of s2 decreases. This implies that the conduction
mechanism of the polymer electrolyte at high frequen-
cies follows the OLPT [26]. This behaviour is attained
due to the breaking of the internal connection between
the sites and the relaxing ions. So the ions are not
dependent with each other and stimulate the tunneling
process than the hopping process.

Temperature-dependent conductivity/Arrhenius plot

Figure 7 displays the logarithm of conductivity versus tem-
perature. The relationship between conductivity and
Activation energy is described by Arrhenius model which is
exposed in the equation,

σT ¼ σ0exp
−Ea

kT

� �
ð6Þ

By the concept of Arrhenius behaviour, the conductivities
of all the prepared samples are linearly increased with temper-
ature. The increment of ion dynamics in the polymer matrix is
achieved by presence of free space segmental motion, local
structural relaxation and hopping mechanism between the co-
ordination sites [48]. Linear fit of this plot provides the slope
value, it is used for calculate the activation energy of the
samples are tabulated in Table 4. The activation energy is
varied due to the necessity of energy of conductive ions

Fig. 6 The power law exponent value versus temperature

Fig. 7 Arrhenius plot of prepared SPEs

Fig. 5 Conduction spectra for higher conducting polymer blend
electrolyte at different temperature
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[49]. The obtained activation energy for the higher conducting
sample (CPN-30) is 0.23 eV. The value of activation energy is
little high for the highest conducting sample due to the energy
requirement of conductive condition of ions [49] while in-
creasing concentration, huge amount of the increments of
charge carriers produced. Thus, the electrical conductivity is
increased. Even though these ionic carriers occupymore space
in the polymer chains, it can produce ion-ion interaction.
Because of high movement with collision of other ions the
polymer makes the best conductivity and little more activation
energy.

Dielectric studies

Conductivity trend of polymer electrolytes and polarization
effect in between electrode and electrolyte are stated by di-
electric analysis. Charge storage and energy loss of polymer
electrolytes are measured by dielectric constant (ε′) and di-
electric loss (ε″) respectively. Figure 8a and b illustrate the
dielectric constant and dielectric loss for prepared polymer
blend electrolytes. ε′ and ε″ are calculated by the following
equation [50, 51]. The calculated values of ε′ and ε″ are
displayed in the Table 5.

ε0 ¼ Z″=ωC0 Z 02þ Z″2ð Þ ð7Þ
and

ε″ ¼ Z 0=ωC0 Z 02þ Z″2ð Þ ð8Þ
ε′ and ε″ are reaching the higher value at lower frequency
b e c a u s e o f t h e s p a c e c h a r g e po l a r i z a t i o n a t
electrode||electrolyte interface, resulting a rise in the equiva-
lent capacitance [52]. Due to the decrease of polarization ef-
fect, ε′ and ε″ are reduced by the applied higher frequency.
This means that the prepared polymer blend electrolytes obey
the non-Debye behaviour [53]. At higher frequency, there is
no surplus ion diffusion present in the direction of the applied
electrical field because of the existence of fast periodic rever-
sal of the electric field [5]. The number of free ions or charge

carrier’s density is increased by the addition of salt in the
polymer blend electrolyte. The maximum dielectric constant
and dielectric loss are observed for the sample CPN-30. The
same trend is revealed in the conductivity result.

Modulus spectra analysis

Figure 8c and d show the frequency dependence real (M′) and
imaginary (M″) modulus spectra for prepared polymer blend
e l e c t r o l y t e s . T h e n e g l i g i b l e c o n t r i b u t i o n o f
electrode||electrolyte interface effect of both M′ and M″ are
attained in the vicinity of zero at lower frequency. Appearance
of long tail at lower frequency indicating the large capacitance
related with the electrodes, thus indicates the non-Debye na-
ture of prepared electrolytes [53]. At higher frequency, the
values of both M′ and M″ are varied due to the attribution of
bulk ionic movement of the materials [54]. While the salt
concentration increases in the polymer blend electrolytes, the
height of the hump is reduced. Due to the relaxation mecha-
nism, the humps of both M′ and M″ are shifted towards the
higher frequency.

Dielectric energy dissipation factor

Relaxation mechanism of prepared polymer blend electrolytes
is investigated by dielectric energy dissipation factor (tan δ)
shown in Fig. 9. It denotes the ratio of the amount of energy
lost to the amount of energy stored in a material [55].

tan δð Þ ¼ ε″
ε0

� �
ð9Þ

The hump of frequency dependence tan δ for different
wt.% NH4Br added polymer blend electrolytes are moved
towards the higher frequency. The presence of shifting and
height variations confirmed the non-Debye nature of samples.
Occurrence of shifting is established due to the increment of
charge carrier density and hence the faster the segmental re-
laxation in the samples by the addition of NH4Br [56]. The
relaxation time (τ) is measured by the reciprocal of corre-
sponding frequency (log ωmax) of maximum height of the
hump which is listed in Table 5. The conductivity relaxation
is described by Kohlrausch-Williams-Watts (KWW) function
ϕ (t)

ϕ tð Þ ¼ exp − t=τð Þβ½ � ð10Þ

Since β be the exponent parameter of Kohlrausch [57] and
it is determined by β = 1.14/FWHM. Generally the obtained
value of β is less than one (0 < β < 1) and denotes the non-
Debye model. The measured values are tabulated in Table 5.
The higher conducting sample (CPN-30) attains higher β val-
ue (0.942).

Table 5 Calculated value of relaxation time, FWHM, and β

Composition ɛ′ ɛ″ Relaxation time (τ) FWHM β

CPN-0 4.07 1.55 3.09 × 10−3 1.948 0.585

CPN-5 19.95 24.59 1.41 × 10−4 1.997 0.721

CPN-10 43.10 36.81 1.15 × 10−4 1.994 0.722

CPN-15 87.38 46.36 2.72 × 10−5 1.977 0.728

CPN-20 203.71 101.15 1.80 × 10−5 1.563 0.921

CPN-25 414.44 365.27 5.25 × 10−6 1.560 0.923

CPN-30 449.56 394.78 4.28 × 10−6 1.529 0.942

CPN-35 224.78 198.78 3.48 × 10−6 1.549 0.930
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Cyclic voltammetry

Electrochemical behaviour, redox process, stability of reaction
products, and reversibility of a reaction of polymer electro-
lytes are studied with silver||electrolyte||silver configuration
by cyclic voltammetry (CV). CV for the sample CPN-30 by
changing the scan rate in the potential range of − 0.4 V to
0.3 V at ambient temperature is shown in Fig. 10. Oxidation
and reduction peaks are observed in CV plot and it shows the
pseudo capacitor behaviour [58]. The pseudo capacitor is a
faradaic energy storage based on the fast redox reaction on
near-surface region of the electrode [59]. The capacitive be-
haviour is also proved by the presence of linearly increasing

tilted spike at low frequency region in the Nyquist plot which
is due to the ion adsorption occurrence at the electrode-
electrolyte interface [40]. The redox peaks are increased due
to the increase of scan rate. By expanding the scan rate, the ion
movement is expanded because of the lessening in the resis-
tance. Along these lines, the area of CV graph increases for the
electrolyte. This is the confirmation of the proper interfacial
compatibility and ionic and polaron conductions in the SPE
[60]. In Fig. 10a and b shows the CV for first and twentieth
cycle. Moreover, there is no change observed in oxidation,
reduction and area from first to twentieth cycle. This behav-
iour confirms good electrochemical stability of the higher
conducting polymer electrolyte [61].

Ions transport study (Wagner’s DC polarization
technique)

Transport study is an utmost important study to relate the
diffusion of ionic contribution in the electrolyte. In this
Wagner’s DC polarization technique, one graphite coated sil-
ver electrode (SEG) is used to restrict the flow of ions in the
cell configuration of blocked SEG||SPE||SE. A constant po-
tential of 2 V is applied to the polarized cell at room temper-
ature. In the beginning, the high current is obtained due to
transportation of ions and electrons. The SS electrodes prevent
the flow of ions across the external circuit and this blockage of
ions only permits the flow of electronic current. Then the
current is rapidly decreased with time because of electrode
polarization effect [49]. Now the flow of ions is restricted by
blocked SEG. So the observed final saturated current (Ie) is

Fig. 8 a Dielectric constant, b
dielectric loss, c real modulus,
and d imaginary modulus of
prepared SPEs

Fig. 9 Variation of tan δ with frequency of prepared SPEs
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attributed only due to electron conduction in SPE [22, 49].
The distinction in current with a function of time is displayed
in Fig. 11. The transference number of ions (tion) and electron
(tele) are calculated by following relation

tion ¼ It−Ie
It

and tele ¼ 1−tion ð11Þ

For all composition of polymer blend electrolytes, transfer-
ence number is obtained as above 0.9. This is the confirmation
of predominant ion conduction in cornstarch: PVP:NH4Br
polymer blend electrolytes.

Number of charge carriers (n), diffusion coefficients (D), and mo-
bility (μ) of cation and anion in polymer blendmatrix is calculated by,

n ¼ Nρ�molar ratio of salt

molar weight of the salt
cm−3� � ð12Þ

D ¼ Dþ þ D− ¼ KTσ
ne2

cm2=s
� �

; tion

¼ Dþ
Dþ þ D−

and tele ¼ D−

Dþ þ D−
ð13Þ

μ ¼ μþ þ μ− ¼ σ
ne

cm2=Vs
� �

; tion ¼ μþ
μþ þ μ−

and tele

¼ μ−
μþ þ μ−

ð14Þ

where

N Avogadro’s number (6.023 × 1023 particles per mole)
ρ density of the salt (NH4Br = 2.429 g/cm3)
K Boltzmann constant (1.3806 × 10−23 m2 kg s−2 K−1)
e charge of the electron (1.602 × 10−19 C)

The transport parameters of prepared SPEs are listed in
Table 6. The value of both diffusion coefficient (D) and mo-
bility (μ) are increased up to the sample CPN-30. The cation
value of D and μ is higher value than anion in all the polymer
blend electrolytes. From this, it is concluded that D and μ are
responsible for the enhancement of ion conductivity in
cornstarch:PVP:NH4Br polymer blend electrolytes.

Electrochemical cell characterization

Electrochemical cell is prepared by graphite, anode (Zn +
ZnSO4.7H2O), electrolyte (CPN-30), and cathode (MnO2).

Fig. 10 a Cyclic voltammetry plot of higher conducting SPE by first
cycle and b cyclic voltammetry plot of higher conducting SPE by 20th
cycle

Fig. 11 Current versus time plots for NH4Br added polymer blend
electrolytes
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Open circuit voltage (OCV) of 1.24 V is obtained and
displayed in Fig. 12. When the load (100KΩ) is connected
across the cell, the short circuit current of 46 μA is observed
and there is initial sharp continuous decrement in voltage is
obtained for first 3 h because of active polarization. Because
of the applying load, the discharging voltage decreased. The
activation polarization is present when the rate of an electro-
chemical reaction at an electrode surface is controlled by slug-
gish electrode kinetics [62]. Battery discharge performance
depends on the load. If there exists an increase in load
(1Mohm resistance), the discharge time will be decreased
[63]. The flow of charges is restricted by increase of load
across the battery. In other hand energy density and discharge
capacity also decreased. But power density of the battery does
not affect by the variations in load. The voltage becomes sta-
bilized at 0.98 V for 112 h. This constant voltage region is
called as plateau region in discharge plot as shown in Fig. 12.
After that region, the cell potential is decreased. Other cell
parameters of the constructed proton conducting electrochem-
ical cell are listed in Table 7.

Conclusion

The various composition of NH4Br salt with Cornstarch: PVP
polymer blend electrolyte was prepared by solution casting
technique. Improvement of amorphous nature of polymer
electrolyte by addition of NH4Br has confirmed by XRD.
Moreover, all the analysis follows the same trend, is the best.
The sample CPN-30 attains the conductivity value of 1.31 ×
10−4 S cm−1 at 358 K. The conduction theory investigation
obeys the QMT and OLPT conduction mechanism in mid-
frequency region II and higher frequency region III respec-
tively. The increment of ions in the blend polymers is also
explicated in the studies of FTIR deconvolution technique
and Wagner polarization methods. The Faradaic pseudo ca-
pacity behaviour of this higher conducting sample has ob-
served from Cyclic Voltammetry study. A proton conducting

Table 6 Number of charge carrier concentration, transference numbers, diffusion coefficient, and mobility of NH4Br added polymer blend electrolytes

Molecular weight
of salt in %

No. of charge carriers
(n) in cm−3 (× 1021)

Transference
number

Diffusion coefficient in cm2/s Mobility (μ) in cm2/Vs

Tion Tele D D+ D− μ μ+ μ−

0.05 0.75 0.93 0.07 3.83 × 10−11 3.58 × 10−11 2.49 × 10−12 1.46 × 10−9 1.37 × 10−9 9.53 × 10−11

0.1 1.49 0.94 0.06 2.31 × 10−11 2.17 × 10−11 1.44 × 10−12 8.85 × 10−10 8.30 × 10−10 5.52 × 10−11

0.15 2.24 0.95 0.05 9.25 × 10−11 8.75 × 10−11 5.03 × 10−12 3.54 × 10−9 3.35 × 10−9 1.92 × 10−10

0.2 2.99 0.97 0.03 1.42 × 10−10 1.38 × 10−10 3.59 × 10−12 5.43 × 10−9 5.30 × 10−9 1.37 × 10−10

0.25 3.73 0.97 0.03 9.28 × 10−10 9.05 × 10−10 2.28 × 10−11 3.55 × 10−8 3.46 × 10−8 8.74 × 10−10

0.3 4.48 0.98 0.02 9.67 × 10−10 9.46 × 10−10 2.13 × 10−11 3.70 × 10−8 3.62 × 10−8 8.14 × 10−10

0.35 5.22 0.97 0.03 6.66 × 10−10 6.47 × 10−10 1.86 × 10−11 2.55 × 10−8 2.47 × 10−8 7.12 × 10−10

Fig. 12 Photograph and discharge plot for constructed proton conducting
electrochemical cell

Table 7 Parameters of
the electrochemical cell OCV (V) 1.24

SCC (μA) 46

Area (cm2) 1.226

Weight (kg) 0.0027

Discharge time (h) 112

Current density (μA/cm2) 37.52

Power density (mW/Kg) 21.126

Energy density (mWh/Kg) 2366.104

Discharge capacity (μA/h) 0.411
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electrochemical cell has prepared with the configuration of
Graphite||Anode (Zn + ZnSO4·7H2O)||CPN-30||Cathode
(MnO2)||Graphite and the measured open circuit potential is
1.24 V.
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