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1. Introduction 

Technologies are developed with the aim of serving humanity to make life easier 

and faster. Technologies have both positive and negative impacts on both living 

creatures and the lithosphere, hydrosphere, and atmosphere. Thousands of 

researchers are working day and night in the field of research and development 

to develop new technologies which can minimize the hazardous impacts of 

existing technologies, and also enhance their existing limitations. The 

development of promising alternate bio-degradable electrochemical systems and 

their application in electrochemical devices could contribute to less polluting, environmentally friendly devices. 

Synthetic polymers are the main concern due to their adverse impacts on the ecosystem because of wide day-to-day 

applications as stabilizers, thickeners, binders, dispersants, lubricants, adhesives, carrier bags, etc.. These polymers are 

non-biodegradable and endure for more than 20 years without decaying, which contributes to environmental pollution. 

Developing alternate bio-degradable polymers extracted from plants and animals, such as starch, protein, lipids, etc., to 

replace existing synthetic polymers such as polyether, polypropylene, polyethene, etc., could contribute to the 

development of environmentally friendly uses. Many research opportunities in the application of biopolymers in 

industries such as medical, food, cosmetics, and pharmaceutical are already in progress; however, our focus here was 

 
1 Research Scholar, Department of Physics, Baba Saheeb Bhimrao Ambedkar University, Lucknow, U.P. 

2 Assistant Professor, Department of Physics, Baba Saheeb Bhimrao Ambedkar University, Lucknow, U.P. 

DOI Link (Crossref) Prefix: https://doi.org/10.63431/AIJITR/3.II.2026.134-144 

AIJITR, Volume 3, Issue –II, March - April, 2026, PP.134-144 

Received on 30th March, 2026 & Accepted on 16th April, 2026, Published: 30th April, 2026 

Abstract 

An ionic liquid (IL) 1-ethyl, 2-methyl imidazolium thiocyanate incorporated 

biopolymer system is reported in this communication for applications in dual 

energy devices, i.e., electric double-layer capacitors (EDLCs) and dye-

sensitized solar cells (DSSCs). The solution caste method has been used to 

synthesize ionic-liquid-incorporated biopolymer electrolyte films. The IL 

mixed biopolymer electrolytes achieve high ionic conductivity up to the order 

of 10−3 S/cm with good thermal stability above 250 °C. Electrical, structural, 

and optical studies of these IL-doped biopolymer electrolyte films are 

presented in detail. The performance of EDLCs was evaluated using low-

frequency electrochemical impedance spectroscopy, cyclic voltammetry, and 

constant current charge–discharge, while that of DSSCs was assessed using 

J–V characteristics. The EDLC cells exhibited a high specific capacitance of 

200 F/gram, while DSSCs delivered 1.53% efficiency under sun conditions. 

Keywords: biopolymer, XRD, TGA, EDLC, DSSC 
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on the synthesis of highly conductive ionic-liquid-doped biopolymer electrolytes for application in highly efficient, 

stable, and reliable electrochemical devices. 

Electrolytes are the backbone of any electrochemical devices containing electrodes, i.e., electrolyte systems such as 

batteries, fuel cells, super capacitors, and sensitizer-based solar cells. Electrolytes are generally ionic conductors with a 

conductivity between 10−2 and 10−5 S/cm. The transmission of charge within electrochemical cells is governed by the 

cations and anions present in the electrolyte, whereas the flow of charge in external circuits is governed by electrons to 

maintain electrical equilibrium within the cell. Conventional electrolytes are generally diluted strong acid/base, 1–2 

molar salt solutions and ionic liquids. These acid, base, and salt solutions provide sufficient cations and anion to the 

electrolyte to ensure proper functioning. These electrolytes are generally liquid in nature and are highly volatile, 

corrosive, and dry out over time, which degrades the performance of the device. In order to tackle such maintenance 

issues, polymer electrolytes have been developed, the application of which will have various positive impacts on the 

performance of the devices. Compared with liquid electrolytes, polymer electrolytes have fewer drawbacks and many 

advantages. Polymer electrolytes are generally gel, quasi-solid, or solid in nature. Various synthetic polymers, natural 

polymers, semi-synthetic polymers, and biopolymers have been doped with salts, weak acids/bases, and ionic liquids in 

various compositions to synthesize highly conductive, durable electrolytes to fulfil electrochemical requirements. 

Replacing the existing non-biodegradable synthetic polymers with biodegradable polymers will contribute to tackling 

environmental issues to some extent. 

Conventional capacitors work through the electric polarization of dielectric molecules by aligning the dipole towards 

the direction of the applied electric field, whereas in the case of EDLCs, charge storage occurs by means of physical 

separation towards the respective electrodes; this provides a higher charge storage capacity, delivering higher 

capacitance. The mechanism involves the physical deposition of charge at the electrodes, hence the necessity of large-

specific-area porous electrodes for EDLC. Carbon material such as graphene, activated porous carbon, carbon nano 

tubes (CNTs), graphene oxide (GO), and reduced graphene oxide (rGO) are actively being used as electrode materials 

for supercapacitor. Solar cells are mainly divided into two categories: silicon solar cells and electrolyte-based solar cells. 

Silicon solar cells are the best in any case due to their longer life span and high photon conversion efficiency. The main 

limitation of this type of solar cells is the manufacturing procedure, which is expensive and becomes unaffordable in 

lots of developing as well as underdeveloped countries. A new class of solar cell has been developed based on organic 

and inorganic materials and compounds; these are much cheaper, the manufacturing process is much simpler, and they 

can be made with little infrastructure. DSSCs, quantum-dot-sensitized solar cell (QDSCs), and perovskite-sensitized 

solar cell (PSSC) are examples of such solar cells. These solar cells are still in developmental and testing phases. The 

main challenges of these types of solar cells are the photon conversion efficiency and stability. Efficiency as high as 

13% for DSSCs and more than 17% for PSSCs under laboratory conditions have been reported thus far. 

Most electrochemical devices comprise electrodes and electrolytes. The essential condition of polymer electrolytes is 

high ionic conductivity. However, for polyether-based electrolytes, the most popular method is adding ionic salts. 

Adding ionic liquid (IL) is a novel approach which has appeared in the literature. In this study, a biopolymer doped with 

IL (1-ethyl, 2-methyl imidazolium thiocyanate) was used, replacing the aqueous phase electrolytes. The application of 

the optimized IL-doped biopolymer electrolyte (ILBPE) was employed in the fabrication of both EDLC and DSSC 

devices. 

2. Results and Discussion 

2.1. Ionic Conductivity 

To measure the bulk resistance of all the synthesized KIBPEs and ILBPEs, electrochemical impedance spectroscopy 

technique was used within a frequency range of 10 Hz to 106 Hz. The ionic conductivity (σ) of the films was calculated 

using Equation (1). 

σ=𝐿𝑅𝑏⁢𝐴 (1) 

where Rb is the bulk resistance, L is the thickness, and A represents the area of the electrode used to sandwich the films. 

The thickness of both the KIBPE and ILBPE films was between 0.014 cm and 0.018 cm. The overall conductivity values 

of all films, determined using EIS measurements, are tabulated in Table 1 and plotted in Figure 1. Thus, it is clear that 

for both the BPE and ILBPE systems, the conductivity increased initially, attained maxima, and then decreased. In 

KIBPEs, we have achieved the conductivity maxima at 50 weights % concentration of KI with a conductivity value of 

1.50 × 10−4 S/cm (Figure 1a), whereas in ILBPEs, we achieved the highest conductivity at 8 weight % concentration of 

IL with a conductivity value of 3.10 × 10−3 S/cm (Figure 1b). Single maxima as well as double maxima in dispersed 

polymer electrolyte systems have already been cited in the literature, where conductivity enhancements are due to 
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additional charge carriers; lower maxima indicate the formation of charge pair ions. Maximum conducting ILBPEs were 

sandwiched between the electrodes to fabricate EDLCs and DSSCs. In ILBPEs, the extant studies are restricted to a 12 

weight% IL concentration due to the non-availability of free-standing biopolymer electrolyte film. 

Table 1. 

Ionic conductivity of KICNS and ILCNS. 

 

 
2.2. Wagner’s DC Polarization 

Wagner’s DC polarization method was applied to measure the ionic transference number of the highest conducting 

KIBPE and ILBPE films. A low DC voltage amplitude was applied across the film for 4500 s, as shown in Figure 2a,b. 

Initially, the current dramatically increased, then rapidly decreased over time, and finally stabilized. The stabilization of 

the current was due to the occurrence of electrode polarization upon the application of DC potential, which caused the 

deposition of ions across the electrode. The ionic transference number (tion) was calculated using Equation (2) using the 

data evaluated from Figure 2. 
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Wagner’s polarization of (a) KIBPE and (b) ILBPE polymer electrolyte films. 

The calculated values of KIBPE and ILBPE were 0.97 (Figure 2a) and 0.94 (Figure 2b), respectively, which confirmed 

that both systems were predominantly ionic in nature. 

2.3. Linear Sweep Voltammetry 

The linear sweep voltammetry (LSV) technique was applied within a symmetrical voltage range of −3.5 V to 3.5 V to 

evaluate the electrochemical stability window (ESW) of the highest ionic conducting KIBPE and ILBPE films at a scan 

rate of 10 mV/s. Figure 3 shows the increase and decrease in the value of the current when the voltage ranged from −3.5 

V to 3.5 V. For both the electrolyte films, it was observed that the value of the current decreased rapidly and tended to 

stabilize within their potential range. The region where the current tended to stabilize is known as the ESW of the films. 

ESWs of 5.16 volts (Figure 3a) and 4.3 volts (Figure 3b) were calculated for KIBPE and ILBPE, respectively. A high 

stability of 4.3 volt will definitely favor the fabrication of electrochemical devices. 

Figure 3. 

 
2.4. X-ray Diffraction 

Figure 4 shows the X-ray diffraction pattern of pure corn starch (CNS), KI, the highest conducting composition of the 

KIBPE film, and the highest conducting composition of the ILBPE films. The XRD pattern was recorded over a range 

of 2θ values from 10° to 80°. The XRD pattern of the KI salt (Figure 4a) exhibited a crystalline nature, with intense to 

less intense narrow peaks at 22°, 25°, 36°, 42°, 45°, 52°, 57°, and 58°, whereas the XRD pattern of CNS (Figure 4d) 

exhibited a broad peak at 20.5°, demonstrating the semi-crystalline nature of the CNS film. It is clear in Figure 4b,c that 

no peaks related to KI were detected for the KIBPE and ILBPE films, which indicates the complete dissolution of salt 

and IL into the matrix of the biopolymer. Additionally, a comparative study between KIBPE and ILBPE (Figure 4b,c) 

showed their broadness and hollow properties. Reductions in peak intensity, in addition to broadness and hollow 

characteristics, are clear indications of a suppressed crystallinity or enhanced amorphous nature achieved by doping 

salt/IL. It has been cited in the literature that the amorphous region provides more mobility with rich conductivity. These 

initial observations are supported by our conductivity, XRD, and POM studies. 

Figure 4. 
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2.5. FTIR Spectroscopy 

Figure 5 shows the FTIR spectra of the CNS, KI, and ionic liquid, the highest conducting composition of KIBPEs, and 

the highest conducting composition of ILBPEs. 

Figure 5. 

 
FTIR spectra of CNS, KI, IL, KIBPEs, and ILBPEs. 

Spectra recorded over a wavenumber range from 4000 cm−1 to 400 cm−1 are shown in Figure 5; their functional groups 

are tabulated in Table 2. It is clear that there is peak position shift in KIBPEs and ILBPEs, which demonstrates the 

complex nature of the films (i.e., the interactions between the biopolymer and salt/IL). Comparative studies between 

host and dispersoids clearly affirmed that ILBPEs did not contain any new peaks other than those of the host material, 

confirming the composite nature of ILBPE films. 

Table 2. 

FTIR spectra of host material and their complexes. 

 
EmIm+ and SCN− are cation and anions of the IL EmImSCN. 
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2.6. Polarized Optical Microscopy 

Figure 6 shows the POM images of the pure CNS, KIBPE, and ILBPE films. The image of CNS in the figure depicts 

some distinguishably brighter patches, in addition to shadowy patches. The brighter patches imply the distribution of 

crystalline (bright) region and amorphous (shadowy) regions, as cited in the literature. Close comparative study of CNS, 

KIBPEs, and ILBPEs (Figure 6a–c) showed that adding IL/salt increased the distribution of the amorphous shadowy 

region as compared with the crystalline bright region, which is well supported by our conductivity and XRD data. 

Figure 6. 

 

 

 

POM images of (a) pure CNS, (b) KIBPE polymer electrolyte film, and (c) ILBPE polymer electrolyte film. 

2.7. Thermogravimetric Analysis 

Figure 7 shows the thermogravimetric analysis (TGA) results of pure CNS, KIBPE film, and ILBPE film; the TGA was 

performed within a temperature range from 30 °C (room temperature) to 500 °C (high temperature). From Figure 7, it 

is evident that all the three different films suffered initial weight loss up to 100 °C, which is due to the presence of traces 

of manure in DD water within the films. The pure CNS film was stable up to a temperature of 280 °C; KIBPE and 

ILBPE films were stable up to a temperature of 250 °C. Weight loss at higher temperatures is due to pre-carbonization 

and high-temperature reactions. The higher temperature stability of the KIBPE and ILBPE films indicates their 

suitability for application in devices at normal operating temperature, as well as extreme temperature conditions. 

Figure 7. 

 
Thermogravimetric analysis of the synthesized films. 

https://www.amitrakshar.co.in/journal
http://www.amitrakshar.co.in/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10343560/#molecules-28-05099-f006
https://pmc.ncbi.nlm.nih.gov/articles/PMC10343560/#molecules-28-05099-f006
https://pmc.ncbi.nlm.nih.gov/articles/PMC10343560/#molecules-28-05099-f007
https://pmc.ncbi.nlm.nih.gov/articles/PMC10343560/#molecules-28-05099-f007


    https://www.amitrakshar.co.in/journal : www.amitrakshar.co.in 

Volume – 3 Issue – II Mar-Apr 2026 ISSN: 3049-0278 (Online) 

Amitrakshar International Journal 

of Interdisciplinary and Transdisciplinary Research (AIJITR) 

(A Social Science, Science and Indian Knowledge Systems Perspective) 

Open-Access, Peer-Reviewed, Refereed, Bi-Monthly, International E-Journal 
 

140 | P a g e  

  

Published by: Amitrakshar Publishers – Amitrakshar International Journal of Interdisciplinary and Transdisciplinary Research  (AIJITR) 

 https://www.amitrakshar.co.in/journal/                      : editor@amitrakshar.co.in                      DOI (Crossref) Prefix: 10.63431 

3. Device Application and Performance 

3.1. Fabrication of the EDLC 

Graphite sheets 1 cm2 in size were cut using a paper cutter and used as current collector electrodes. Porous-activated 

carbon synthesized from waste plastic with a surface area greater than 800 m2/g was used as the active material. To coat 

the active material onto the surface of the current collector, a slurry containing 10% PVDF (as binder) and 100 mg of 

active material were thoroughly mixed using an agate mortar and pestle in the presence of an acetone solvent. The 

homogeneous slurry was coated using a paintbrush and dried at 100 °C; once dried, the electrodes were then stored 

before use as EDLC electrodes. The highest conducting polymer electrolyte was sandwiched between two electrodes to 

fabricate the EDLC. 

3.2. Fabrication of the DSSC 

Fluorine-doped tin oxide (FTO) conducting glass sheet was cut into sizes of 3 cm2 and washed several times with a 

solution of DD water and acetone at a ratio of 50:50 in an ultrasonic bath and used as current collector electrodes for 

both the working and counter electrodes of the DSSC. Initially, a thin layer of dilute titanium diisopropoxide 

bis(acetylacetonate) was coated over the FTO glass using a spin coater, then annealed at 500 °C for 30 min, which 

enabled blocking. Above the blocking layer, a thick layer of nano-porous titania paste was coated and further annealed 

at 500 °C for 30 min to remove any impurities and to achieve a thickness of 10 microns. The resultant electrode was 

finally dipped in a N7 dye solution at a concentration of 0.5 millimolars for 6–8 h. The electrode was removed from the 

dye solution and washed with ethanol to remove the loosely bound dye molecule, then dried at 50 °C and stored before 

use as the working electrode of the DSSC. Another clean and dried FTO sample was coated with a diluted solution of 

chloroplatinic acid using a spin coater and annealed at 500 °C for 30 min, then stored for use as the counter electrode of 

the DSSC. The highest conducting ILBPE was doped with 10% I2 with respect to KI for redox couple formation, and 

then sandwiched between the working and the counter electrodes to fabricate the DSSC. 

3.3. Performance of the EDLC 

3.3.1. Low-Frequency Electrochemical Impedance Spectroscopy 

LFEIS analysis of the EDLC cell fabricated using the highest conducting ILBPE was carried out within the low-

frequency range. The Nyquist plot is shown in Figure 8. It is clearly seen that the spectra are divided into three different 

regions. A semi-circular section towards the high-frequency region showed its purely dielectric nature; the linear region 

making an angle of 40°–45° with the Z′ at mid-frequencies indicated the electrode–electrolyte interaction; and the low-

frequency region making an angle greater than 45° with Z′ indicated electrode polarization, where the ions were 

absorbed towards the porous electrode. The probable equivalent circuit of the Nyquist plot was also fitted and analyzed 

using fitting software available in the electrochemical work station CHI 610D with the CH instrument, as depicted in 

the inset image of Figure 8. The values of different components, Rs, Rc, Rv, Zw, Cc, and Cdl, were obtained as 6.61 Ω, 

10.63 Ω, 7.83 Ω, 0.056 Ω, 3.33 × 10−5 F, and 4.81 × 10−7 F, respectively. The specific capacitance, Csp, of the cell was 

also calculated using Equation (3), where υ is the applied low frequency, Z is the complex part of the impedance, and 

m is the mass of active materials loaded on each electrode. A specific capacitance as high as 176 F/g was obtained from 

the fabricated EDLCs at a frequency of 10−2 Hz.  

C𝑠⁢𝑝=m2⁢𝜋⁢𝜐⁢𝑍″ (3) 

Figure 8. 
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3.3.2. Cyclic Voltammetry 

The cyclic voltammetry (CV) technique was performed for the fabricated EDLC to study the charge storage mechanism. 

In this technique, a linear sweeping voltage varying between 0 and 1 V was applied across the EDLC cells at scan rates 

of 0.005 v/s to 0.08 v/s (Table 3). The cyclic voltammetry graph is plotted in Figure 9. The cyclic voltammogram plots 

are quite rectangular in shape, with some inclination toward the y-axis (current). The inclination was identified in the 

EDLC while sweeping from 0 to 1 volts and 1 to 0 volts. The inclination region was due to the charging and discharging 

of the capacitor. The perfect rectangular CV shape was only achieved using conventional dielectric capacitors. The 

specific capacitance values (Csp) at different scan rates of the EDLC cell were also calculated using Equation (4), where 

A is the average area under the curve, V is the voltage window, and S is the scan rate. The specific capacitance values 

were calculated, as detailed in Table 3. 

C𝑠⁢𝑝=A𝑚⁢𝑉⁢𝑆 (4) 

Table 3. 

Specific capacitance of the EDLC cell at different scan rates. 

 
Figure 9. 

 
Cyclic voltammetry of the fabricated EDLC. 

3.3.3. Constant Current Charging and Discharging 

Constant current charging and discharging (CCD) was carried out for the EDLC at a constant current of 4 mA and in a 

relative charging and discharging potential window of 1.06 volt. The first five cycles of all EDLC cells are plotted 

in Figure 10. The charge–discharge curves of all EDLC cells contained a linear region, varying with time, for both the 

charging and discharging cycles. Various necessary parameters of the EDLC cell, such as discharge specific capacitance 

(Cdsp), coulombic efficiency (Cef), specific energy density (Ed), and specific power density (Pd) were calculated using 

Equations (5)–(8), where I is the applied constant current for charging and discharging, Dt is the discharge time, V is 

the relative discharge potential, and Ct is the charging time. The EDLC cell could deliver a specific discharge 

capacitance of as high as 200 F/g, a coulombic efficiency higher than 80%, an energy density as high as 35 Wh/kg, and 

a power density of 4080 W/kg. The EDLC delivered promising results, which proves its potential over existing 

electrolytes. 

C𝑑⁢𝑠⁢𝑝=I⁢D𝑡𝑚⁢𝑉 (5) 
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C𝑒⁢𝑓=C𝑡D𝑡 (6) 

E𝑑=C𝑑⁢𝑠⁢𝑝⁢V22∗3.6 (7) 

P𝑑=E𝑑×3600D𝑡 (8) 

Figure 10. 

 
CCD of the EDLC fabricated in our own laboratory. 

3.4. Performance of the DSSC 

The J–V characteristics of DSSCs were recorded using a solar simulator to measure the overall performance and charge 

transfer mechanism. In this technique, a sweeping voltage is applied across the working and counter electrodes of the 

DSSC, irradiated at a condition of one sun (1000 W/m2) and at a scan rate of 0.1 v/s. The value of the current density 

with respect to voltage was recorded, and the J–V curve was plotted, as shown in Figure 11. Key parameters of fill factor 

(FF) and photon conversion efficiency (η) were calculated using the formulae presented in Equations (9) and (10), 

respectively, where Voc is the open circuit voltage, Jsc is the short circuit current, Vmax is the peak voltage, and Jmax is the 

peak load current. The DSSC was able to deliver an η of 1.53% with an FF of 72. The DSSC also generated Voc, Jsc, 

Vmax, and Jmax values of 0.77 V, 2.43 mA/cm2, 0.76 V, and 2.02 mA/cm2, respectively. 

F⁡F=V𝑚𝑎𝑥×J𝑚𝑎𝑥V𝑜⁢𝑐×J𝑠⁢𝑐 (9) 

η=V𝑜⁢𝑐×J𝑠⁢𝑐×𝐹⁡𝐹p𝑖⁢𝑛 (10) 

Figure 11. 

 
J–V characteristics of the fabricated DSSC under one sun conditions. 

4. Materials and Method 

4.1. Materials Used 

Corn starch (CNS), potassium iodide (KI), polyvinylidene fluoride (PVDF), and acetone were purchased from Hi-

Media, India; the ionic liquid (IL), 1-ethyl-3-methylimidazolium thiocyanate (EmImSCN), was purchased from TCI 

Chemical India Private Limited, India; fluorine-doped tin oxide (FTO), titania paste, N7 dye, and titanium 

diisopropoxide bis(acetylacetonate) were purchased from Sigma Aldrich, India; graphite sheets were purchase from 

Nikunj Pvt. Ltd. Mumbai, India; DD water was produced within the laboratory using a distillation unit. 
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4.2. Synthesis of Biopolymer Electrolyte 

The corn starch doped with ionic liquid (EmImSCN) and KI biopolymer electrolytes were synthesized using the solution 

caste technique. Following a common procedure, initially, the host polymer was fixed at 300 mg, then dissolved in DD 

water, after which 30 mg of glutaraldehyde was added as a preservative agent to avoid any bacterial and fungal growth. 

Multiple samples of CNS and glutaraldehyde were prepared at 50 °C, to which different weight % concentrations (10–

90) of KI were added, then stirred for 6 h until homogenous, uniform mixtures were formed. The synthesized KI mixed 

biopolymer electrolytes (KIBPEs) were poured into the polypropylene Petri dish and allowed to dry overnight at 50 °C. 

Different ionic EmImSCN liquids of varying weight% concentrations (2, 4, 6, 8, 10, 12, 14, 16, and 18) were added to 

multiple solutions of the highest conducting KI-doped biopolymer electrolyte and stirred overnight to obtain 

homogenous mixtures of ionic-liquid-doped biopolymer electrolyte solutions. The homogenous solutions were poured 

into polypropylene Petri dishes and dried overnight at 50 °C, followed by vacuum dying to evaporate any minute traces 

of solvent if present. Finally, various characterizations were used for various analyses; the results are presented in detail. 

5. Characterization Techniques 

5.1. Electrolytes 

For the KIBPEs and ILBPEs, electrochemical impedance spectroscopy (EIS) was used to measure the bulk resistance 

of all the synthesized KIBPE and ILBPE films to determine the highest conducting compositions. Wagner’s DC 

polarization was used to calculate the ionic transference number (tion); linear sweep voltammetry was used to identify 

the electrochemical stability window (ESW). X-ray diffraction (XRD) and polarized optical microscopy (POM) were 

used for structural analysis, followed by Fourier-transform infrared spectroscopy (FTIR) to study interactions among 

the materials; thermogravimetric analysis (TGA) was performed to measure the thermal stability. 

5.2. Devices 

For the electric double layer capacitor (EDLC), low-frequency electrochemical impedance spectroscopy (LFEIS) and 

cyclic voltammetry (CV) were used to measure the specific capacitance and constant current charging and discharging 

(CCD), respectively, identifying the specific capacitance, coulombic efficiency, power density, and energy density, 

which are some key parameters related to the performance. J–V characteristics were recorded using a solar simulator to 

measure the overall photon conversion efficiency (η) of the DSSC. EIS measurements of the fabricated DSSC were 

carried out to determine the charge transfer mechanism of the DSSC. 

6. Conclusions 

Highly conductive ionic-liquid-incorporated biopolymer electrolytes seem to be good candidates for applications in 

electrochemical devices. Electrochemical impedance spectroscopy (EIS) showed that conductivity increased with IL 

doping and a value as high as 10−3 S/cm was achieved, which is acceptable for application in electrochemical devices. 

This conductivity enhancement is attributed to the increase in the number of charge carriers or the reduction in 

crystallinity by IL incorporation. XRD and POM studies further confirmed the reduction in crystallinity (more 

amorphous nature) in the more conductive region. The complexation and composite nature were further confirmed by 

FTIR spectroscopy, while the thermal stability results (TGA) confirmed that our biopolymer electrolyte was stable to a 

temperature of 280 °C. The fabricated sandwich EDLC and DSSC devices demonstrated remarkable performance, with 

capacitance values as high as 200 F/g; the DSSC exhibited an efficiency of 1.53% under one sun conditions. 
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