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Abstract
This study investigates the development and performance analysis of a supercapacitor using activated carbon synthesized 
from polyethylene oxide (PEO) as the electrode material, and a poly(vinylidene fluoride-co-hexafluoropropylene) (PVdF-
HFP)-based polymer electrolyte, prepared using a solution-cast technique for dye-sensitized solar cell (DSSC) application. 
This paper deals with polyether-based electrochemical devices, where electrode material is developed by polyethylene oxide 
(PEO), while an electrolyte is prepared using PVdF-HFP. Detailed electrical and photoelectrochemical studies were car-
ried out using various characterization tools, and the results are discussed in detail. Sandwich structure supercapacitors and 
DSSCs are developed using maximum conducting polymer electrolyte that has an ionic conductivity of (8.3 ×  10−5)  Scm−1, 
exhibiting a high specific capacitance of 395  Fg−1 and DSSC efficiency ranging from 1.6 to 3.5% under 1 sun condition. The 
findings underscore the capability of PEO-derived carbon and polymer electrolytes in improving the efficiency of energy 
storage and conversion systems.
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Introduction

The challenges that come with the depletion of fossil fuels 
are still prevalent in modern civilizations today, and they 
include rising fuel prices, a dirty atmosphere, poor environ-
mental conditions, and global warming. One of the main 
objectives is to solve these issues, which can be done by 
creating new energy sources and storage technologies [1, 2]. 
As a result, high specific power and energy storage devices, 
such as batteries, supercapacitors, and dye-sensitized solar 
cells are desperately needed.

Supercapacitors, also known as ultra-capacitors or elec-
tric double-layer capacitors, are energy storage devices 
that have high efficiency and low internal resistance since 
they do not heat up as much as batteries do when short-
circuited which makes them safer to use and more useful 
for applications that require frequent storage [3]. They can 
deliver a greater amount of energy compared to batteries 
because of their energy storage method. The process entails 
a straightforward division of charges between the electrode 
and electrolyte. A supercapacitor consists of two electrodes, 
an electrolyte, and a separator. The separator provides 
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electrical isolation between the two electrodes. Electrode 
materials are the essential element of every supercapaci-
tor. Supercapacitors possess distinct advantages as com-
pared to other energy storage devices [4]. These include a 
lengthy cycle life, adaptable packaging, high power output, 
a wide temperature range, lightweight construction, and lit-
tle maintenance requirements [5]. Supercapacitors are most 
suitable for applications that require short load cycles and 
great dependability. These include power recovery sources 
such as forklifts, load cranes, electric cars, and energy qual-
ity improvement. Potential applications of supercapacitors 
include fuel-cell buses/cars and light-emission hybrid auto-
mobiles [6]. Supercapacitors provide unique characteristics 
that make them suitable for use as temporary energy stor-
age devices in conjunction with batteries or fuel cells. This 
combination allows for increased power efficiency and the 
ability to capture and store energy from braking systems.

Supercapacitors are often categorized into three distinct 
categories, which are determined by the method used for 
storing energy. The first type of capacitor is the electrical 
double-layer capacitor (EDLC). In this case, the capacitance 
is mostly determined by the electrode surface area that is 
accessible to the electrolyte ions, which store the pure elec-
trostatic charge at the interface between the electrode and the 
electrolyte [7]. Furthermore, within this category, the pseu-
docapacitor exhibits a rapid and reversible faradic process 
as a result of electroactive species [8]. The hybrid capaci-
tor represents the third group. It exhibits a combination of 
both EDLC and pseudocapacitor features [9]. The choice 
of electrode material in supercapacitors is crucial since it 
directly influences the electrical characteristics. The surface 
properties of the electrode material have a significant impact 

on the capacitance of the cell due to the fact that the storage 
of double-layer charge occurs mostly at the surface. Superca-
pacitors have several disadvantages, including poor specific 
energy, low voltage per unit cell, and rapid self-discharge 
[10]. One highly innovative and intensive method to address 
the challenge of low specific energy is the discovery of novel 
electrode materials for supercapacitors. Currently, the most 
widely used electrode materials include carbon-based mate-
rials, metal oxides/sulfides, and conducting polymers [11]. 
Carbon materials have been used in the early phase of super-
capacitor production due to their distinctive characteristics, 
including a significant surface area, excellent conductivity, 
and strong stability. Metal oxides and sulfides are appeal-
ing choices for electrode materials due to their high spe-
cific capacitance and low resistance, enabling the creation 
of supercapacitors with high energy and power. In the case 
of conducting polymers, the reduction–oxidation process is 
employed to store and release charge. Figure 1 displays a 
schematic representation and classification of various types 
of supercapacitors.

Supercapacitors and dye-sensitized solar cells (DSSCs) 
have gained considerable interest for their potential use in 
renewable energy systems, portable electronics, and electric 
cars, as they offer sustainable and efficient energy storage 
and conversion technologies [12]. Supercapacitors have the 
ability to charge and discharge quickly, have a high amount 
of power per unit volume, and can last for a long time. On 
the other hand, DSSCs are a cost-effective option for tradi-
tional silicon-based solar cells [13]. They have adjustable 
optical properties and are easy to manufacture. The effec-
tiveness of these systems relies heavily on the electrode 
materials utilized, specifically the carbon-based materials 

Fig. 1  Schematic representation 
of various types of supercapaci-
tors
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that are essential for energy storage and charge transfer 
mechanisms.

Porous carbonaceous materials are conventionally manu-
factured through physical activation, chemical activation, or 
a mix of both methods [14]. Prior to this, very porous car-
bons were generated by employing KOH as a chemical acti-
vating agent, utilizing precursors such as linear polymers, 
carbon nanotubes, and graphene oxide. The microporous 
solid precursors with enhanced properties for carbonaceous 
materials, metal–organic frameworks (MOFs), porous aro-
matic frameworks (PAFs), conjugated microporous poly-
mers (CMPs), and hypercrosslinked polymers (HCPs) [15].

The performance and application of energy storage 
devices heavily rely on the electrode or electrode materials 
used in them [16–18]. Porous carbon (PC) materials find 
use in several fields such as water purification [19], chro-
matography [20], gas separation [21], catalyst support [22], 
energy storage [23, 24], and conversion [25]. Consequently, 
PC is widely recognized as the optimal and cost-effective 
option for enhancing the efficiency of these devices [26]. 
PC material is a carbon-based substance that contains 
pores. A typical carbon skeleton seen in PC-based materi-
als consists of a randomly arranged network of graphene 
layers or aromatic sheets with defects. PC is defined and 
distinguished by its pore size, with pores larger than 50 nm 
referred to as macropores, pores smaller than 2 nm referred 
to as micropores, and pores ranging from 2 to 50 nm referred 
to as mesopores [27]. The literature has already documented 
that PC possesses remarkable attributes, including elevated 
electrical conductivity [28], surface area, chemical stability, 
and a substantial pore volume [29]. Given these character-
istics, it is appropriate for utilization as electrode material. 
Nevertheless, it is imperative to obtain high-quality carbon 
from environmentally sustainable sources. In recent times, 
numerous research efforts have attempted to produce large 
quantities of PC from waste materials such as polyvinyl 
chloride [30], corn starch [31], banana peels [32], orange 
peels [33], and others. These sources provide a cost-effective 
and eco-friendly means of acquiring high-quality electrode 
materials. In addition, individuals have utilized commercial 
high-quality PC-based electrodes for a range of purposes. 
Nevertheless, their usage incurs significant expenses. PC for 
electrode application in SC is being developed using stand-
ard-grade PC and natural, environmentally friendly carbon 
precursors, such as peanut shells [34], coconut shells [35], 
palm shells [36], coal [37], rice husk [38], leaves [39], and 
polymers [40]. Organic polymers are the optimal option 
for synthesising PC because of their regulated composition 
and structure, consistent qualities, high carbon content, low 
ash content, and high purity. Consequently, several organic 
polymers, including carbazole-terephthalaldehyde-based co-
polymer, poly (para-phenylenediamine), polyvinyl chloride, 
polystyrene, polypyrrole, and chitosan, have been employed 

in the production of different types of PC for supercapaci-
tors (SC) [41]. Polyether-based electrolytes are well-known 
materials used in DSSCs. DSSC comprises three parts, that 
is, working electrode, redox couple doped polyether electro-
lyte and counter electrode. Regarding the electrolyte com-
ponent, high conductivity is a well-known characteristic 
correlated with current density (JSC). In the development 
of highly conductive polymer electrolytes, polyethers are 
pivotal, with doping in the polymer being important. In the 
present case, we are attempting to incorporate low viscosity 
ionic liquids (ILs) into a polyether-based electrolyte.

Polyethers are polymers composed of monomers con-
nected by ether bonds, which are formed by bonding two 
carbon atoms to an oxygen atom [42]. A diverse range of 
polyethers is manufactured, encompassing elastomers and 
engineering plastics. The structures of the compounds 
exhibit substantial variation, although they always maintain 
the C − O − C linkage. Polyethers can exist in either ali-
phatic or aromatic forms [43]. Polyethylene oxide (PEO) 
[44], polypropylene oxide (PPO) [45], and polytetrahydro-
furan are examples of aliphatic polyethers that possess flex-
ibility and a relatively low degree of crystallinity. They are 
occasionally referred to as polyether glycols due to the pres-
ence of hydroxyl groups at the extremities of their chains. 
Polyethylene glycol (PEG) and polypropylene glycol are 
synonyms for the initial two components. Base-catalyzed 
ring-opening polymerization is employed for ethylene and 
propylene oxides (POs), whilst acid catalysis is utilized for 
tetrahydrofuran. The viscosity of these polyethers varies 
from highly viscous liquids to solid waxes, depending on 
their molecular weight. Polyurethane manufacturing domi-
nates the market for all three materials. Other applications 
include lubricants, hydraulic fluids, and surfactants [46].

This work discusses the use of activated carbon electrode 
material obtained from polyether, specifically poly(ethylene 
oxide) (PEO), for the purpose of supercapacitors. In this 
study, a supercapacitor was successfully fabricated by 
using porous carbon derived from PEO [47] and electro-
lyte–PVDF-HFP and ionic liquid-based polymer electrolyte 
which was placed between the electrodes. Also, DSSCs were 
fabricated using the same polymer electrolyte.

Experimental section

Materials used

PEO was used as a precursor to synthesize carbon material 
already reported by our group [47]. Other chemicals such as 
 H2SO4 as an activating agent and HCl for washing were also 
used. The materials used for the synthesis of polymer elec-
trolyte films are poly(vinylidene fluoride-co-hexafluoropro-
pylene) (PVDF-HFP) as host polymer, sodium thiocyanate 
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(NaSCN) as ion-source salt, acetone as solvent, and ionic 
liquid. PVDF-HFP was purchased from Sigma Aldrich 
(USA), having a molecular weight (Mw) of 4 × 105gmol−1 . 
NaSCN of Mw 81.07g mol−1 was purchased from Central 
Drug House, New Delhi (India). The ionic liquid was also 
purchased from Central Drug House, New Delhi (India). The 
current collector, i.e., graphite sheet, was purchased from 
Nickunj Eximp Entp Pvt Ltd, Mumbai.

Synthesis of carbon

The activated porous carbon was prepared using the pyroly-
sis method. The sample was made by chemically activating 
it with  H2SO4 as the activating agent, following the pre-
carbonization treatment of the PEO polymer [47]. In order 
to obtain activated porous carbon, PEO was combined with 
a concentrated  H2SO4 solution as an activating agent for a 
duration of 6–8 h. The combination was subsequently sub-
jected to carbonization in a tube furnace under an inert gas 
atmosphere, with a heating rate of 5 °C per minute, until 
reaching a temperature of 800 °C. The mixture was then held 
at this temperature for 30 min. The sample was returned to 
the ambient environment using the same temperature rate 
of 5 °C per minute. The carbon material was prepared and 
cleansed using HCl then rinsed with double distilled water 
using a vacuum filtration device. Subsequently, the carbon 
sample was placed in a vacuum oven and subjected to a 
temperature of 90 °C in order to remove any moisture. The 
activated porous carbon obtained from PEO activated with 
 H2SO4 was designated as A-PC (activated porous carbon).

Synthesis of polymer electrolyte

Various polymer electrolyte films were developed using the 
solution-cast process. The appropriate quantities of PVdF-
HFP (with a molecular weight of ( 4 × 105g mol−1 ) are dis-
solved in a commonly used solvent, acetone. We added a 
predetermined quantity of NaSCN to the solution and stirred 
it for around 10 h until we achieved a thick, clear solution. 
Therefore, the PVdF-HFP and sodium thiocyanate (NaSCN) 
solution was subsequently mixed with varying quantities of 
IL (x wt% of IL, with x being varied) and stirred overnight to 
achieve homogeneous solutions. The diverse solutions were 
subsequently transferred into different Petri dishes and left 
at room temperature overnight to eliminate all the solvent 
molecules.

Fabrication of supercapacitor

In order to develop a supercapacitor, a mixture was made 
using activated-carbon material, acetylene black, and PVDF-
HFP as a binder (Fig. 2). A solution was prepared by dis-
solving 10 wt% of PVDF-HFP in acetone using a magnetic 
stirrer for a duration of 3–4 h. Subsequently, a mixture of 80 
wt% activated-carbon material and 10 wt% acetylene black 
was ground using a mortar and pestle. Then, a binder solu-
tion consisting of PVDF-HFP was added drop by drop to 
the mixture to form a slurry. Finally, a slurry with a mass 
of approximately 1 mg was applied to each graphite sheet, 
which serves as the current collector, covering an area of 
1 × 1  cm2. The resulting electrodes were then placed in a 

Fig. 2  Schematic diagram of the 
fabrication of supercapacitor
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vacuum oven and subjected to vacuum drying at a tempera-
ture of 80 °C for the duration of the night.

The supercapacitor was developed by inserting the opti-
mized ionic liquid-incorporated PVdF-HFP conducting solid 
polymer electrolyte (with conductivity 8.3 ×  10−5  Scm−1) 
layer between two identical activated-carbon electrodes 
(graphite sheets covered with activated carbon). Subse-
quently, the assembled supercapacitor cell was placed in a 
sample holder to enable additional electrochemical analysis.

Fabrication of dye‑sensitized solar cell

The development of dye-sensitized solar cells (DSSCs) 
starts with the preparation of the photoanode. This involves 
cleaning a transparent conducting oxide (TCO) glass sub-
strate, that is, fluorine-doped tin oxide (FTO), and applying 
a mesoporous layer of titanium dioxide (TiO₂) nanoparticles 
onto it. This can be achieved through methods like doctor 
blading. Subsequently, the layer is sintered at high tempera-
tures (450–500 °C) in order to improve electron transport 
and binding. The substrate coated with TiO₂ is submerged 
in a solution containing dye, which enables the dye mol-
ecules to stick to the surface and create a single layer that 
absorbs light. Simultaneously, the counter electrode is typi-
cally an FTO glass that has been coated with a catalyst such 

as platinum. This is achieved by undergoing deposition and 
sintering procedures. The photoanode and counter electrode 
are aligned in a face-to-face configuration, separated by a 
space between them to ensure a specific distance between 
them. This gap is then filled with an electrolyte solution that 
contains an iodide/triiodide redox couple (Fig. 3). The cell 
is tightly sealed to prevent any electrolyte loss. The DSSC 
is thereafter subjected to testing using simulated sunlight 
to assess its photovoltaic performance, specifically its effi-
ciency and stability. DSSCs offer a promising alternative 
to conventional solar cells due to their simple fabrication 
procedure that utilizes inexpensive materials and basic 
procedures.

Results and discussion

Supercapacitor performance

Low‑frequency impedance spectroscopy (LIS)

To measure the specific capacitance ( C ) of the fabricated 
supercapacitor, we have carried out low-frequency imped-
ance spectroscopy (LIS) using the CH Instrument Electro-
chemical Workstation (model 604D, USA). The recorded 

Fig. 3  Schematic diagram of the fabrication of DSSC using a solar simulator
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plot (low-frequency impedance spectroscopy plot) shown 
in Fig. 4 reveals valuable information regarding the electro-
chemical characteristics of the supercapacitor we fabricated. 
The supercapacitor was developed using PEO-based acti-
vated carbon material and a polymer electrolyte consisting of 
PVdF-HFP, NaSCN, and tributylmethylphosphonium iodide.

The Nyquist plot in Fig. 4 displays the real component 
of impedance (Z′, represented on the x-axis) in relation to 
the imaginary component of impedance (Z″, represented on 
the y-axis).

LIS was carried out to determine the value of specific 
capacitance by using the formula :

In Eq. (1), “ � ” is the angular frequency of the applied 
alternating current (AC) signal in radians per second (rad/s), 
and it is related to frequency ( f  ) by the formula,� = 2�f

where f  is the frequency of the AC signal in hertz (Hz), and 
Z′′ is the imaginary part of the complex impedance Z.

We obtained the maximum specific capacitance of 692 F 
 g−1 using low-frequency data.

The plot starts with a small semicircle at increased fre-
quencies, followed by a linear segment at lower frequen-
cies. The semicircle at the starting point of the plot indicates 
the combined impact of charge transfer resistance (Rct) and 
double-layer capacitance (Cdl).

The smaller semicircle indicates a low charge transfer 
resistance, which promotes efficient ion transport at the elec-
trode–electrolyte interface.

(1)C = −
1

�Z�

(2)So,C = −
1

2�fZ�

As the frequency drops, the plot exhibits a shift to a linear 
line with an inclination of around 45 degrees, which is a dis-
tinctive feature of Warburg impedance and is related to the 
movement of ions in the electrolyte by diffusion. This signi-
fies the dispersion of ions inside the electrolyte. The steep 
incline observed at the end of the figure, particularly beyond 
a value of Z′ approximately equal to 20 Ω  cm2, indicates 
a capacitive response, as anticipated for a supercapacitor. 
The presence of this vertical line signifies that the device 
predominantly stores charge via electrostatic (capacitive) 
mechanisms rather than faradaic (battery-like) processes.

The point where the line intercepts the Z′ axis at high 
frequency indicates the series resistance. The diameter of the 
semicircle provides a measure of the charge transfer resist-
ance occurring at the interface between the electrode and 
the electrolyte.

The redox behavior present in the polymer electrolyte 
could potentially lead to distortions in either the semicircle 
or the slope of the linear region. The deviations or extra 
semicircles may be linked to faradaic processes or additional 
capacitive contributions from the redox-active electrolyte. 
The presence of a small semicircle at high frequencies sug-
gests very little charge transfer. This shows good conductiv-
ity of ions and contact between the electrode and electrolyte.

The value of specific capacitance derived from low-fre-
quency impedance spectroscopy can often be overestimated 
in comparison to other approaches such as cyclic voltamme-
try (CV), and it serves as the sole evidence of the superca-
pacitor device demonstrating capacitive behavior. The actual 
values obtained from the DC measurement, such as CV, are 
described next.

Cyclic voltammetry (CV)

To measure the specific capacitance ( C ) of the fabricated 
supercapacitor, we have carried out cyclic voltammetry 
(CV) using the CH Instrument Electrochemical Worksta-
tion (model 604D, USA). The cyclic voltammetry (CV) 
plots illustrate the electrochemical behavior of the fabricated 
supercapacitor under different conditions. Each plot provides 
insights into how the device performs under varying voltage 
windows and scan rates.

The graph shows CV curves at different voltage windows, 
ranging from 0 to 1 V up to 0 to 2 V as shown in Fig. 5a. The 
shape of the curves is nearly rectangular, especially at lower 
voltage windows, which is characteristic of ideal capaci-
tive behavior. At higher voltage windows (close to 2 V), the 
curve starts to deviate slightly, which could be due to the 
onset of faradaic reactions or the limits of the electrolyte 
stability. Figure 5b shows CV curves measured at differ-
ent scan rates ranging from 5 to 200 mV/s within a voltage 
window of 0 to 1 V. At lower scan rates, the CV curve is 
more rectangular, indicating better capacitive behavior. As Fig. 4  Low-frequency impedance plot of the supercapacitor cell
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the scan rate increases, the curve becomes more distorted, 
and the peak current increases. This is typical because, at 
higher scan rates, the ions in the electrolyte do not have 
sufficient time to fully penetrate the porous structure of 
the electrode, leading to higher resistive losses. The sym-
metrical shape of the curves at different scan rates suggests 
good reversibility of the redox reactions occurring in the 
system. Figure 5c shows the CV behavior over a negative 
voltage window, from [− 0.6 to 0.6 V] to [− 1.6 to 1.6 V]. 
The area under the curve in this plot indicates the charge 
storage capability in the negative voltage range. The nearly 
symmetric shape of the curves suggests good reversibility 
and capacitive behavior. Similar to plot (b), the graph in 
Fig. 5d shows the CV curves at different scan rates, but in a 
negative voltage window (− 1 V to 1 V). At lower scan rates, 
the curve is close to rectangular, indicating efficient charge 
storage. With increasing scan rates, the curves start to devi-
ate from the rectangular shape, which is a common behavior 
in supercapacitors, where at higher scan rates, the electrolyte 

ions cannot keep up with the rapid potential changes. The 
overlapping curves suggest that the device maintains good 
capacitive performance over a wide range of scan rates.

The specific capacitance was calculated using cyclic 
voltammetry (CV), which measures the total charge stored 
per unit mass of the electrode material by the following 
equation:

where “ C ” represents the specific capacitance, “ i ” represents 
the current, and “ s ” represents the scan rate.

The polyether-based activated-carbon supercapacitor cell 
has a maximum specific capacitance of 395  Fg−1 at a scan 
rate of 5  mVs−1 (Table 1).

Additionally, Table 1 highlights the specific capacitance 
of the polyether-carbon-based supercapacitor cell at various 
scan rates within a voltage range of − 1 to 1 V. The voltage 
range of − 1 to 1 V was selected to thoroughly investigate 

(3)C =
i

s

Fig. 5  CV plots at a different voltage ranges keeping a scan rate of 50  mVs−1, b various scan rates keeping a voltage range of 0 to 1 V, c various 
voltage ranges keeping a scan rate of 50  mVs−1, and d various scan rates keeping a voltage range of − 1 to 1 V
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the electrochemical window of the electrolyte and electrode 
material. Symmetrically extending the voltage range across 
both positive and negative values facilitates a more thor-
ough comprehension of supercapacitor behavior. In realistic 
EDLCs, functioning throughout an extensive voltage range 
(from negative to positive) facilitates the evaluation of the 
stability of the device and performance under both cathodic 
and anodic conditions, offering insights into the energy stor-
age mechanism and possible operational constraints. Fur-
thermore, symmetric voltage cycling guarantees that both 
electrodes equally participate in charge storage and dis-
charge during testing, facilitating an even evaluation of the 
capacitive performance of the material. In certain electrolyte 
systems, operating within the complete potential window 
(e.g., − 1 to 1 V) optimizes capacitance provided the elec-
trolyte remains stable within this range.

The CV plots confirm the capacitive behavior of the fab-
ricated supercapacitor, as indicated by the nearly rectangu-
lar shapes of the CV curves. The deviation from the ideal 
rectangular shape at higher scan rates and larger voltage 
windows suggests some resistive and faradaic contribu-
tions, possibly from the redox-active polymer electrolyte. 
The symmetry and stability of the CV curves across dif-
ferent voltage windows and scan rates are indicative of 
good electrochemical performance and reversibility of the 
supercapacitor.

Performance of dye‑sensitized solar cell (DSSC)

JV characteristics of DSSC

We evaluated the performance of the dye-sensitized solar 
cell (DSSC) using a solar simulator (model SS-F5-3A, pro-
duced by Enlitech, Taiwan), located in our laboratory at 
the Centre for Solar Cell and Renewable Energy (CSRE) at 
Sharda University. This solar simulator replicates sunlight 
in controlled settings, enabling precise testing and measure-
ment of DSSC efficiency. The testing procedure includes 
a comprehensive investigation of the electrical and opti-
cal characteristics of DSSC, principally applying specific 

mathematical equations to quantify metrics including cur-
rent density, voltage, power conversion efficiency, and fill 
factor.

where
“Vmax ” is the maximum voltage the DSSC can produce 

during operation, taken from the point on the current–volt-
age (IV) curve where the product of current and voltage is 
at its highest.

“Jmax ” is the maximum current density (in  mAcm−2) at 
Vmax , where the product of current and voltage reaches its 
maximum.

“VOC ” is the open-circuit voltage, representing the maxi-
mum voltage produced by the DSSC without the presence of 
an external load (that is, when no current flows).

“JSC ” is the short-circuit current density, which refers to 
the current density when the external load resistance is null 
(that is, the voltage across the cell is zero). It denotes the 
highest achievable current density when exposed to light.

where
“VOC ” and “ JSC ” are the open-circuit voltage and short-

circuit current density, already defined above.
“Pmax ” is the maximum power output of the DSSC.
“FF ” is the fill factor, which is constant for a particular 

system.
Figure 6 illustrates the estimated J-V curve for the devel-

oped dye-sensitized solar cells (DSSCs), and Fig. 6b dis-
plays the J-V curve for the DSSC where the highest conduct-
ing ionic-liquid-doped solid polymer electrolyte was placed 
between two electrodes.

The efficiency of DSSCs was evaluated using Eqs. (4) and 
(5) and are presented in Table 2.

The parameters mentioned in Table 2 were calculated 
using Eqs. (4) and (5). The developed solar cell demon-
strates a consistent efficiency of 3.51% under standard solar 
illumination conditions.

From Fig. 6 and Table 2, it is clear that DSSC developed 
using salt-based electrolyte shows efficiency of 1.67%, while 
IL-incorporated polyether-based DSSC shows efficiency up 
to 3.5% at one sun condition.

Conclusion

This study illustrates the efficient application of activated 
carbon derived from polyethylene oxide (PEO) as an 
electrode material and PVdF-HFP-based electrolyte for 

(4)Fill factor,FF =
Vmax × Jmax

VOC × JSC

(5)Efficiency, � =
VOC × JSC

Pmax × FF

Table 1  Specific capacitance 
of the supercapacitor cell at 
varied scan rates (voltage range 
from − 1 to 1 V)

Scan rate 
 (mVs−1)

Specific 
capacitance 
(F  g−1)

5 395
10 361
20 295
50 209
100 146
200 76
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supercapacitors and DSSC. Sandwiched supercapacitor 
using PEO-based activated carbon as electrode material 
and IL-doped PVdF-HFP-based polymer electrolyte shows 
high performance, as high as 395  Fg−1, while DSSC using 
maximum conducting polymer electrolyte shows efficiency 
as high as 3.51 at 1 sun condition. These high-efficiency 
values in electrochemical devices certainly indicate that the 
ionic liquid incorporated polymer may be considered a novel 
electrolyte for the replacement of liquid electrolytes. Moreo-
ver, the high capacitance value also affirms the suitability of 
PEO-based carbon as electrode material for energy storage 
applications.
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