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Abstract
A nanocomposite solid polymer electrolyte (SPE) system has been prepared for application in a supercapacitor. Corn starch is
used to host the ionic conduction with lithium acetate (LiOAc) salt as an ion provider. Different concentrations of nanosized
titanium dioxide (TiO2) filler have been added to analyse the influence of nanofiller addition on the conductivity and other
properties of the electrolytes. Structural characterisation and complex formation have been examined by X-ray diffraction (XRD)
and Fourier transform infrared (FTIR) spectroscopy, respectively. It is shown that the room temperature conductivity changes
with the change in TiO2 concentration. Adding 4 wt.% TiO2 to the starch-LiOAc complex leads to an optimum conductivity of
(8.37 ± 1.04) × 10−4 S cm−1. The variation in conductivity is accompanied by the change in surface morphology as observed from
field emission scanning electron microscopy (FESEM) analysis. Linear sweep voltammetry (LSV) indicates that the electro-
chemical potential stability window of the electrolyte with 4 wt.% TiO2 lies in the range between − 2.0 and + 1.9 V. A
supercapacitor has been assembled using the electrolyte, and its performance has been characterised using impedance technique
and cyclic voltammetry.
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Introduction

The global demand for energy shows an increasing trend.
Energy Information Administration’s International Energy
Outlook 2019 [1] predicted that total energy consumption in
the world will continue to rise in the future. In order to cope
with this situation, focus must be on generation of energy as
well as efficient energy storage device. Rechargeable batteries

and supercapacitors are well-known as promising energy stor-
age devices. These devices are commonly used in vehicles,
household electrical appliances and display devices. The key
component of any energy devices is electrolyte that acts as a
medium for conducting ions between electrodes [2]. A solid
polymer electrolyte (SPE) is defined as an ion conductive
polymer. They are also known as solid solvents that get hold
of the ion transport properties similar to the conventional liq-
uid ionic solution of electrolyte used in batteries and
supercapacitors [3]. SPEs had gained attention among the re-
searchers due to their promising properties in terms of flexi-
bility and safety compared to conventional carbonate-based
liquid electrolytes [4–9]. An SPE system is prepared by dis-
sociating alkali metal salts into a polar polymer matrix. When
the structure of polymer matrix ruptures, electron donor
groups from polymer matrix form dative bonds with the cat-
ions from inorganic salts; when electric field is supplied, the
ions are separated and migrated from one site of the chain to
the other site [10, 11]. The main disadvantage of SPEs is their
poor ionic conductivity. Incorporating a nanofiller into the
polymer electrolyte is an effective technique to improve the
ionic conductivity. It has been proven that nanofillers such as
titanium dioxide (TiO2) [12], copper oxide (CuO) [13],
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aluminium oxide (Al2O3) [14], and zinc sulfide (ZnS) [15]
have the potential not only in increasing the ionic conductivity
of SPEs but also in stepping up both of their mechanical
strength and thermal stability [7]. Among the nanofillers,
TiO2 is the best nanofiller in enhancing the ionic conductivity
of SPE due to its high dielectric constant, high surface area
and strong Lewis acid characteristics [16–18]. A report by
Khanmirzaei and Ramesh [19] shows that rice starch-lithium
iodide-TiO2 electrolyte obtained a conductivity of 2.27 ×
10−4 S cm−1. Chitosan-silver nitrate-TiO2 electrolyte was re-
ported to obtain a conductivity of 1.18 × 10−6 S cm−1 [20].
According to Winie et al. [21], incorporating TiO2 into
hexanoyl chitosan-lithium perchlorate complex maximised
the conductivity to 3.00 × 10−4 S cm−1 [21].

Nanocomposite polymer electrolyte can be applied as elec-
trode separator in an electrical double-layer capacitor (EDLC)
[22]. EDLC is a type of supercapacitor that stores energy
through charge separation across the electrode-electrolyte in-
terfaces [23, 24]. It is believed that a supercapacitor acts as a
bridge across the power or energy gap between the dielectric
capacitors and batteries [25]. In this study, starch-based nano-
composite polymer electrolytes incorporated with lithium ac-
etate (LiOAc) are characterised, and the most conductive elec-
trolyte is used in an all-solid-state supercapacitor.

Experimental

Polymer electrolyte preparation

A fixed amount (4 g) of corn starch (Sigma-Aldrich) was
dissolved in 20 mL dimethyl sulfoxide (DMSO) (Fisher
Scientific) solvent at 80 °C for 20 min. Meanwhile, different
concentrations of anatase titanium dioxide (TiO2) (Sigma-
Aldrich, 25-nm particle size, 99.7%) were ultrasonicated in
30 mL DMSO for 30 min. Both solutions were cooled down
to room temperature. LiOAc (Sigma-Aldrich) salt was added
into the corn starch solution and stirred until a homogenous
solution was obtained. The two solutions were thenmixed and
stirred for 1 h. The final solutions were then casted into dif-
ferent glass petri dishes and dried in an oven at 70 °C for 48 h.
Prior to use, the samples were placed in a vacuumed desicca-
tor. The weight percent of starch, LiOAc, and TiO2 added into
the polymer electrolytes and the designations are shown in
Table 1.

X-ray diffraction

X-ray diffractograms of the electrolytes were recorded using
Panalytical X’pert3 Powder with Cu Kα radiation (λ =
1.5406 Å). The 2θ angle was varied from 5° to 80°.

Electrical impedance spectroscopy

Impedance measurements were conducted using the Metrohm
Autolab in a frequency range of 50 to 1 × 106 Hz at an applied
voltage of 10 mV at room temperature. The polymer electro-
lyte was sandwiched between stainless-steel electrodes of a
sample holder. Bulk resistance (Rb) was obtained by analysing
the Nyquist plot obtained from the EIS results. Ionic conduc-
tivity (σ) was calculated using Eq. 1:

σ ¼ D
ARb

ð1Þ

where d is the thickness of the polymer electrolytes and A is
the contact area between the electrolyte and electrodes which
is 3.14 cm2.

Fourier transform infrared

The FTIR spectra of the polymer electrolytes were recorded
using a Perkin Elmer FTIR spectrometer at the wavenumber
range of 550–4000 cm−1 to observe the functional group, and
interactions occurred between the polymer host and the
salt/nanofiller. The FTIR technique was performed at a reso-
lution of 4 cm−1.

Field emission scanning electron microscopy

Surface morphology of the polymer electrolytes were ob-
served using a Zeiss SUPRA 55VP scanning electron micro-
scope. Before being characterised, the samples were coated
with a thin layer of gold using sputter coater EMITECH
K550X. The measurements were conducted at room temper-
ature under vacuum condition, using beam with accelerating
voltage of 5.00 kV.

Linear sweep voltammetry measurement

Electrochemical stability window of the highest conducting
electrolyte, as deduced from EIS study, was measured by
LSV technique using two stainless-steel foils as the working

Table 1 Compositions and designations of starch-LiOAc-TiO2-based
polymer electrolytes

Designation Starch (wt.%) LiOAc (wt.%) TiO2 (wt.%)

PE-0 75.0 25.0 0

PE-2 73.5 24.5 2.0

PE-4 72.0 24.0 4.0

PE-6 70.5 23.5 6.0

PE-8 69.0 23.0 8.0

PE-10 67.5 22.5 10.0
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and counter/reference electrodes. LSV measurement was car-
ried out using the Metrohm Autolab at room temperature. The
measurement was performed between − 3.0 and 3.0 V at a
scan rate of 5 mV s−1.

Preparation of electrodes

For preparation of supercapacitor electrodes, 13 g of acti-
vated carbon (RP20), 1 g of carbon black (Alfa Aesar)
and 2 g of polyvinylidene fluoride (PVDF) (Aldrich) were
mixed in N-methyl pyrrolidone (NMP) (Merck) and
stirred until a homogenous slurry was formed. The final
solution was doctor-bladed on an aluminium foil which
acts as the current collector for the electrode. It was
brought to dry in an oven at 60 °C for 1 h and kept in a
desiccator containing silica gel until the usage of it.

Fabrication and characterisation of EDLC

Nanocomposite polymer electrolyte with the highest con-
ductivitywas sandwiched between a pair of activated carbon
electrodes. Perspex plates were used to hold the cell.
Impedance measurement of EDLC was done using the
Metrohm Autolab in a frequency range of 10 mHz to
100 kHz at room temperature. Cyclic voltammetry (CV)
measurements were conducted using the Metrohm Autolab
in a potential range of 0–1.0 V at different scan rates.

Results and discussion

XRD analysis

Amorphousness in polymer electrolyte is the key attribute
of ionic conductivity enhancement. The amorphousness of
SPEs can be confirmed by the XRD studies. X-ray
diffractogram of pure corn starch, lithium acetate, titani-
um dioxide, and polymer electrolytes with different con-
centration of TiO2 are shown in Fig. 1. Crystalline peaks
are observed at 2θ = 15.0°, 17.1°, 19.9°, and 22.4° [23] in
the X-ray diffractogram of pure corn starch. This result
demonstrates that corn starch is a semi-crystalline material
since both diffuse and sharp diffraction peaks are present
in its diffractogram. The highly intense peaks at 2θ = 7.7°,
10.1°, 21.1°, 26.1°, and 30.9° in the X-ray diffractogram
of LiOAc powder indicates the crystalline nature of the
salt. The peaks corresponding to LiOAc are not observed
in Fig. 1c–h, inferring that the salt does not remain as a
separate phase in the SPE indicating a complete salt dis-
sociation in the starch matrix [26]. In the X-ray
diffractogram of PE-0, only one broad peak at 2θ = 20.0°
appears. The peak is less intense compared to the peak at
2θ = 19.9° in the X-ray diffractogram of pure corn starch.

The decrease in the relative intensity of the peak as well
as disappearance of some of the crystalline peaks indi-
cates that salt-polymer complexation has occurred. This
investigation shows that the crystallinity of polymer sig-
nificantly changed due to the disturbances in the ordered
structure of polymer chains when doped with salt [27].
The characteristics peaks of the crystal phase of TiO2

are observed at 2θ = 25.3° (101), 37.8° (104), 48.1°
(200), 54.5° (105), and 62.8° (211) [18, 28, 29]. As the
weight percentage of TiO2 increases in the polymer elec-
trolyte, the crystalline peaks of TiO2 become prominent.
The nanosized ceramic filler dispersed emulsion can pen-
etrate the space between the polymer chains thus
preventing or retarding crystallisation of the polymer
due to its large surface area [26]. The obtained amorphous
phase due to polymer-salt complexation in the electrolyte
enhances ionic conduction while the crystalline region of
the nanofiller provides strong mechanical support in the
SPE [26].

Conductivity and dielectric studies

Typical Nyquist plots of the starch-LiOAc-based nano-
composite electrolytes at room temperature are illustrated
in Fig. 2. Each plot consists of an inclined spike. The
absence of semicircles at high-frequency region indicates
that ions are the majority charge carriers which shows that
the total conductivity is mainly due to conduction of ion
[26]. The inclined spike at the low-frequency region is
attributed to double-layer capacitance in a cell with an
ion-blocking electrode configuration. The inclination of
the spike is ascribed to the roughness of the electrolyte-
electrode interface [30]. The Rb of the electrolyte was
determined by extrapolating the intercept of this plot on
the horizontal axis. It can be observed that the magnitude
of Rb decreases as the TiO2 content increases to 4 wt.%.
However, when more than 4 wt.% TiO2 is added, the bulk
resistance increases. Ionic conductivity of the electrolytes
was calculated using Eq. (1).

As observed in Fig. 3, the ionic conductivity of nano-
composite polymer electrolyte increases from (4.03 ±
0.63) × 10−4 to (8.37 ± 1.04) × 10−4 S cm−1 on addition
of 4 wt.% TiO2. This is attributed to the disruption of
crystallinity of polymer electrolyte [7]. The Lewis acid
characteristic and large surface area of TiO2 had improved
the ion mobility by providing more conducting paths [16,
18]. The polar surface groups of TiO2 act as the centres to
cross-link the corn starch segments in the nanocomposite
polymer electrolyte and minimise the phenomenon of ion
association [19, 30]. This process promotes the localised
amorphous regions of the polymer electrolyte, thereby
providing more conducting paths for the ions to get
transported [16]. In addition, Lewis acid of TiO2
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competes with Lewis acid Li+ cation to form complexes
with corn starch chain [30]. This competition enhances
the mobility of ions thus giving rise to the ionic conduc-
tivity. As noticeable in Fig. 3, when the content of TiO2 is
further increased, ionic conductivity is found to be de-
creased. This is the result of agglomeration of TiO2

[31]. The agglomeration of nanofillers impedes the mobile
ions to migrate from one site of the chain to the other site
when electric field is supplied resulting a decrease in
conductivity.

Studies on alternating current conductivity or σac spectra
were done to understand the frequency-dependent

conductivity behaviour of the nanocomposite polymer elec-
trolytes. The σac was calculated using the following equation:

σac ¼ d
A

Zr

Z2
r þ Z2

i

� �
ð2Þ

Here, Zr is the real part of impedance and Zi is the imagi-
nary part of impedance. As illustrated in Fig. 4, the σac of all
the polymer electrolytes increases as frequency increases until
reaching a plateau at log f = ~ 10 kHz. At lower-frequency
region (log f < 10 kHz), as the frequency increases, the peri-
odic reversal of electric field occurs at a faster rate so the ions

Fig. 1 X-ray diffractograms of
(a) LiOAc salt, (b) corn starch, (c)
PE-0, (d) PE-2, (e) PE-4, (f) PE-6,
(g) PE-8, (h) PE-10, and (i) TiO2
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move rapidly with greater mobility which result in increasing
σac [32]. The appearance of plateau at log f = ~ 10 kHz indi-
cates the migration of ions from one site to the other thus
contributing to the direct current conductivity (σdc). The in-
ability of the ions to undergo consecutive hops to fit into a
time scale given by roughly half a cycle also contributes to the
appearance of a plateau region in the conductivity spectra of

SPE [33]. The results of σdc are shown in Table 2. The results
fall under the standard deviation of ionic conductivity obtain-
ed from impedance measurements and deviate less than 19%
signifying that the results are in good agreement with imped-
ance analysis.

The dependence of dielectric constant (εr) and dielectric
loss (εi) on frequency for all polymer electrolytes at room

Fig. 2 Nyquist plots of starch-
LiOAc nanocomposite
electrolytes with different
concentrations of TiO2

Fig. 3 The effect of TiO2 content
on the ionic conductivity
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temperature are depicted in Fig. 5. The same trend is observed
for all electrolytes where εr and εi decrease non-linearly with
increasing frequency. At lower-frequency region, ions are ac-
cumulated at the interfaces between electrodes and electrolyte
causing the existence of electrode polarisation [34]. Thus, the
polymer electrolytes have higher dielectric constant. When the
frequency applied is further increased, electric field reversed
in a rapid rate resulting in a decrease in ion diffusion [32].
Consequently, the ions are saturated at the bulk of the sample
and cause the dielectric constant to decrease. The appearance
of the peak in Fig. 5b is attributed to the relaxation phenomena
of the polymer due to the motion of salt-free chain segment
[35].

It is obvious that PE-4 has the highest value of εr and
εi, regardless of frequency. The dielectric spectra results
are in good agreement with the results from ionic conduc-
tivity, confirming that ionic conductivity is mainly affect-
ed by the number density of charge carriers. When the
amount of TiO2 nanofiller is increased to 4 wt.%, the
amount of charge carriers increases due to the fact that
nanofiller assists the ion dissociation and eventually give
rise to the dielectric constant [34]. When the concentra-
tion of TiO2 is further increased (beyond 4 wt.%),

agglomeration occurs causing ions to be impeded from
being mobile leading to a decrease in dielectric constant.

FTIR analysis

The analysis on infrared spectra can explain the occur-
rence of complexation and interactions between materials
which vary according to the compositions of SPEs. The
FTIR spectra for pure corn starch, pure LiOAc, pure TiO2,
PE-0, and PE-4 are shown in Fig. 6. The strong and wide
absorption peak centred at 3368 cm−1 in the spectrum of
pure corn starch indicates that there are a lot of hydroxyl
groups in the corn starch. The absorption peaks at
1081 cm−1 and 1157 cm−1 are attributed to C–O–H
stretching vibration and C–O stretching vibration respec-
tively [36]. The characteristic absorption of starch also
appears at 930 cm−1 which is due to the stretching vibra-
tion of C–O in C–O–C groups [37]. It is known that
adding a doping salt to the polymer host would result in
the coordination of cation of the salt at the polar groups in
the polymer matrix. This type of interaction influences the
local structure of the polymer backbone, and certain in-
frared active modes of vibration will be affected [38]. In
the spectrum of PE-0, the hydroxyl band peak is located
at 3297 cm−1, while the absorption peak due to C–O
stretching vibration appears at 1150 cm−1. The peak due
to C–O–H stretching vibration is observed at 1080 cm−1.
Since the observed shift of the C–O–H stretching vibra-
tion is smaller than the resolution of the spectrophotome-
ter, hence, the change in position of the peak is not con-
sidered a shift. The peak at 951 cm−1 is a result of over-
lapping peaks (stretching vibration of C–O in C–O–C
groups and characteristic peak of LiOAc). The shifting

Table 2 dc conductivity
from ac conductivity plot Sample σdc (S cm−1)

PE-0 4.68 × 10−4

PE-2 5.28 × 10−4

PE-4 8.12 × 10−4

PE-6 3.81 × 10−4

PE-8 1.95 × 10−4

PE-10 1.10 × 10−4

Fig. 4 The dependence of ac
conductivity on frequency at
room temperature
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of hydroxyl band peak as well as the C–O band peak is
sufficient to prove the polymer-salt complexation.

The characteristic peak of TiO2 is observed at
1630 cm−1 as shown in Fig. 6e. This peak overlaps with
the characteristic peak of LiOAc at 1581 cm−1 and H2O
bending in starch at 1647 cm−1 [39, 40]. The overlapping
peaks result in the cage peak as can be seen in the spec-
trum of PE-4 in Fig. 1d. The hydroxyl band peak is ob-
served at 3366 cm−1 in the spectrum of TiO2 due to the
absorbed water molecule in TiO2 nanoparticle [41]. The
presence of hydroxyl groups on the surface of nanofillers
can lead to the formation of alternative conduction path-
way for ions in the polymer matrix [42]. As a result,
higher ionic conductivity of polymer electrolyte can be
achieved. In the spectrum of PE-4, the hydroxyl band

peak appears at 3293 cm−1. The shifting in the position
of hydroxyl band peak suggests that interaction occurs
between the constituents of the electrolyte involving hy-
droxyl groups. This interaction can be explained using
Lewis acid-base theory [16, 43]. The Lewis base in the
polymer host (i.e. oxygen sites in starch) competes with
Lewis base sites at the surface of TiO2 to form complex-
ation with the cation of salt, which is a Lewis acid. This
phenomenon weakens the Coulombic force between anion
and cation of LiOAc thus increasing the rate of salt dis-
sociation [12]. Hence, more cations are available to coor-
dinate at the oxygen atoms of hydroxyl groups.
Meanwhile, hydrogen bond interaction may occur be-
tween the hydroxyl groups of TiO2 and hydroxyl groups
of starch [44]. No C–O band peak shifting is observed

Fig. 5 Variation of (a) εr and (b)
εi with frequency at room
temperature

859Ionics (2021) 27:853–865

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



indicating that starch and TiO2 have no interaction at this
band.

FESEM studies

FESEM is used to analyse the change in the surface mor-
phology when various amounts of TiO2 is added to the
starch-based polymer electrolyte. The surface of PE-0 ex-
hibits a porous structure as shown in Fig. 7a. The porosity
of the polymer electrolyte affects the ionic conductivity as
it plays an essential role in charge carrier transportation
[34, 45]. However, without incorporation with TiO2, the
polymer surface had very few pores of irregular shape. It
is obvious that PE-4 exhibits higher porosity compared
with PE-0 as depicted in Fig. 7b. This observation implies
that the addition of TiO2 has increased the porosity of the
polymer electrolyte. It can be inferred that the addition of
nanofiller promotes more conducting pathway for ion mi-
gration as well as enhancing the ionic mobility since the
formation of pores has a potential in creating the
conducting pathway [22]. The micrographs validate the
result of ionic conductivity. Further incorporation of
TiO2 up to 8 wt.% has decreased the porosity of the elec-
trolyte. From Fig. 7c, the porous structure of PE-8 was no
longer significant. The ionic conductivity of polymer
electrolyte decreases when the concentration TiO2 is more
than 4 wt.% as displayed in Fig. 3. This is due to the

agglomeration of TiO2 in the polymer electrolyte [30,
31]. The alteration of the surface morphology infers the
occurrence of the interaction between the polymer matrix
and the nanofiller via complexation as proven in the FTIR
result.

LSV analysis

Prior to using the electrolyte in an energy storage device,
it is essential to know the maximum voltage that can be
applied on the electrolyte. LSV measurement is used to
analyse the electrochemical window stability and the op-
erational voltage of electrolytes [23, 34, 46]. In this
work, stainless-steel working electrode and stainless-
steel (SS) combined counter and reference electrode were
used. The SS/SPE/SS cell configuration for LSV has
been widely reported to determine the maximum operat-
ing voltage of SPE for the supercapacitor application
[11]. The choice of stainless-steel working electrode
was based on the fact that it is a ubiquitous and inexpen-
sive material [47]. As shown in Fig. 8, the breaking volt-
age of PE-4 was determined by drawing a tangent to the
current onset of the LSV curve and taking its intercept on
the potential axis. The potential window range of PE-4 is
3.9 V, where the decomposition voltages are detected at
− 2.0 V (cathodic potential) and + 1.9 V (anodic poten-
tial). Shukur et al. [48] reported that starch-chitosan

Fig. 6 FTIR spectra of (a) LiOAc
salt, (b) corn starch, (c) PE-0, (d)
PE-4, and (e) TiO2
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blend–based electrolyte was found to decompose at
1.80 V, and the electrolyte was used in the fabrication
of a supercapacitor. Decomposition voltage of 1.88 V
was reported for starch-methyl cellulose blend–based
electrolyte, and a supercapacitor was tested using the
electrolyte [49]. The obtained result shows that the nano-
composite polymer electrolyte is safe to be used and
applied in a supercapacitor.

Characterisation of the supercapacitor

EIS analysis

EIS analysis on supercapacitor was conducted to examine
the bulk and interfacial resistances [22]. The Nyquist plot
of the supercapacitor in Fig. 9 is displaying a semicircular
arc at the high-frequency region followed by an inclined
spike at the low-frequency region. The semicircular re-
gion is pictured as the construction of a parallel

combination of a capacitor and a resistor [50]. The imped-
ance measured at the highest frequency is called the
equivalent series resistance (ESR). The ESR is resulted
from resistances due to the polymer electrolyte, the elec-
trodes, and the contact between the electrode and current
collector [51, 52]. The diameter of the semicircle is relat-
ed to the interfacial resistance that caused by the inhomo-
geneity interface between the electrolyte and electrodes,
known as charge transfer resistance (Rct). The tilted spike
reveals the ion absorption at the electrolyte-electrode in-
terfaces, thus indicating the capacitive behaviour of the
supercapacitor [53]. In the present study, the recorded
values for ESR and Rct are 8.4 Ω and 46.1 Ω, respectively.
The specific capacitance (Cs) of a single electrode is cal-
culated using following equation [54]:

Cs ¼ 2

ωlLm
ð3Þ

Fig. 7 FESEM micrographs of (a) PE-0, (b) PE-4, and (c) PE-8
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Fig. 8 LSV plot of PE-4 at 5 mV s−1 scan rate

Fig. 9 Impedance plot of the
supercapacitor at room
temperature in the frequency
range of 10 mHz to 100 kHz
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where ωl is the lowest angular frequency, m is the mass of
active material in an electrode, while Zi was taken at ωl.
The Cs measured through EIS is 43.19 F g−1.

CV analysis

The capacitive behaviour of a supercapacitor can also be ex-
amined using CV technique. A comprehensible comparison of
cyclic voltammograms of the supercapacitor at various scan
rates is shown in Fig. 10. It is observed that the shape of the
cyclic voltammogram changed from leaf-shaped to a nearly
rectangular shape, while the area of the plot is decreasing as
the scan rate decreases from 10 to 1 mV s−1. The same obser-
vation was reported in the literature [34, 48, 55]. The absence
of redox peaks in the cyclic voltammograms implies that the
double-layer capacitance occurs through the accumulation of
ions at the interfaces between electrolyte and electrode [55].
The Cs was calculated using equation:

Cs ¼ 2∫V f

Vi

I Vð ÞdV
V f −Vi
� �

vm
ð4Þ

where I(V) is the current, (Vf − Vi) is the range of potential, and
v is the scan rate. The calculated Cs at various scan rates is
tabulated in Table 3. Increasing the scan rate results in the

decreasing of Cs. This is due to the presence of internal resis-
tance. At high scan rate, the time taken by the current to reach
a constant value during the reversal of the potential scan is
longer. This phenomenon leads to the slow formation of elec-
trical double-layer due to the high resistance of ionic mobility
in the electrode pores [56]. At lower scan rate, ions are able to
occupy the vacant sites existed at the active material on the
electrode, taking into consideration that ions are provided
more time to diffuse into the vacant sites which in turn leads
to higher Cs [23].

Conclusion

In the present work, nanocomposite polymer electrolytes were
prepared using starch-based host, lithium acetate (LiOAc) salt,
and TiO2 nanofiller. From XRD studies, it was inferred that
starch-LiOAc complexation enhances the amorphous phase
content while the addition of the filler provides the mechanical
strength. The ionic conductivity of starch-LiOAc-based elec-
trolyte has been found to increase from (4.03 ± 0.63) × 10−4 to
(8.37 ± 1.04) × 10−4 S cm−1 with the addition of 4 wt.% TiO2.
The conductivity result is validated by the ac conductivity and
dielectric analysis. FTIR studies provided the evidence of
Lewis acid-base interaction between the nanofiller, polymer,
and salt. FESEM analysis showed that the concentration of
TiO2 affected the surface morphology of the electrolytes.
Explanation based on porosity and agglomeration of TiO2

has further strengthened the conductivity result. From LSV
measurement, the nanocomposite polymer electrolyte with
the highest conductivity is able to sustain the applied voltage
from − 2.0 to + 1.9 V. Electrochemical performance of a
supercapacitor assembled by sandwiching the electrolyte with
carbon-based electrodes was analysed using EIS and CV

Table 3 Specific
capacitance of single
electrode using CV
measurement at different
scan rates

Scan rate (mV s−1) Cs (F g−1)

10 43.34

5 71.35

1 119.77

Fig. 10 CV plot at (a) 10, (b) 5,
and (c) 1 mV s−1 scan rates
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techniques. Specific capacitance of a single electrode obtained
from EIS is 43.19 F g−1; while from CV, the highest electrode
specific capacitance of 119.77 F g−1 is obtained at 1 mV s−1.
These results showed that the present nanocomposite polymer
electrolyte is a good prospect for supercapacitor application.
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