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In this study, gel polymer electrolytes (GPEs) were prepared using polyacrylonitrile (PAN) polymer, ethylene

carbonate (EC), propylene carbonate (PC) plasticizers and different compositions of tetrapropylammonium

iodide (TPAI) salt. Linear sweep voltammetry (LSV) and electrochemical impedance spectroscopy (EIS)

measurements were done using non-blocking Pt-electrode symmetric cells. The limiting current (Jlim),

apparent diffusion coefficient of triiodide ions ðD*
I3

� Þ and exchange current were found to be 12.76 mA

cm�2, 23.41 � 10�7 cm2 s�1 and 11.22–14.24 mA cm�2, respectively, for the GPE containing 30% TPAI.

These values are the highest among the GPEs with different TPAI contents. To determine the ionic

conductivity, the EIS technique was employed with blocking electrodes. The GPE containing 30% TPAI

exhibited the lowest bulk impedance, Rb (22 U), highest ionic conductivity (3.62 � 10�3 S cm�1) and

lowest activation energy. Fourier transform infrared (FTIR) spectroscopy and X-ray diffraction (XRD)

techniques were utilized for structural characterization. Functional group interactions among PAN, EC,

PC and TPAI were studied in the FTIR spectra of the GPEs. An up-shift of the XRD peak indicates the

polymer–salt interaction and possible complexation of the cation (TPA+ ion) with the lone pair of

electrons containing site –C^N at the N atom in the host polymer matrix. On the other hand,

computational study shows that TPAI-PAN based GPE possesses the lowest frontier orbital bandgap,

which coincided with the enhanced electrochemical and electrocatalytic performance of GPE. The dye-

sensitized solar cell (DSSC) fabricated with these GPEs showed that the JSC (19.75 mA cm�2) and VOC

(553.8 mV) were the highest among the GPEs and hence the highest efficiency, h (4.76%), was obtained

for the same electrolytes.

1. Introduction

One of the important components of dye-sensitized solar cells
(DSSCs) is the electrolyte. The conducting polymers (CPs) have
been regarded as alternative materials for DSSCs and other
electronic devices because of their outstanding electrochemical
properties, high electrical conductivity, high tensile strength,
good stability and safety, ease of shaping, good processing
ability, high exibility, no spillage and low-costs.1–7 Due to the
outstanding benets of CPs, various types of polymer electro-
lytes (PEs) have been studied for many years. Nowadays, there
are diverse families of conventional polymer electrolytes, such
as gel polymer electrolytes, ionic rubber forms of polymer
electrolytes and polyelectrolytes.8 There are a variety of tradi-
tional polymer based materials on or aer synthetic polymers
and their blends to biopolymer.8 Some of the well known
polymers are polyacrylonitrile (PAN),9–12 polyethylene oxide
(PEO),13 polyethylene glycol (PEG),14,15 poly(methyl

aNanotechnology and Renewable Energy Research Laboratory (NRERL), Department of

Chemistry, University of Chittagong, Chittagong-4331, Bangladesh. E-mail: faisal@cu.

ac.bd; faisal.cubd@yahoo.com
bCenter for Ionics University of Malaya, Department of Physics, University of Malaya,

50603 Kuala Lumpur, Malaysia. E-mail: akarof@um.edu.my
cCenter for Radiation Sciences, Institute for Healthcare Development, Sunway

University, 47500 Subang Jaya, Malaysia
dSchool of Food and Biological Engineering, Jiangsu University, Zhenjiang 212013,

Jiangsu, China
eNanotechnology and Catalysis Research Centre, Institute for Advanced Studies,

University of Malaya, 50603 Kuala Lumpur, Malaysia
fDepartment of Chemical Engineering and Energy Sustainability, Faculty of

Engineering, University Malaysia Sarawak, Malaysia
gDepartment of Chemistry, University of Illinois at Chicago, Chicago, USA
hFaculty of Engineering, University of Malaya, 50603 Kuala Lumpur, Malaysia
iCenter for Nanotechnology, Department of Natural Sciences, Coppin State University,

Baltimore, MD, USA

Cite this: RSC Adv., 2021, 11, 22937

Received 12th March 2021
Accepted 22nd June 2021

DOI: 10.1039/d1ra01983j

rsc.li/rsc-advances

© 2021 The Author(s). Published by the Royal Society of Chemistry RSC Adv., 2021, 11, 22937–22950 | 22937

RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

9 
Ju

ne
 2

02
1.

 D
ow

nl
oa

de
d 

on
 7

/3
0/

20
21

 2
:1

8:
26

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue

http://crossmark.crossref.org/dialog/?doi=10.1039/d1ra01983j&domain=pdf&date_stamp=2021-06-29
http://orcid.org/0000-0002-0888-1143
http://orcid.org/0000-0001-6072-1289
http://orcid.org/0000-0002-1868-5437
http://orcid.org/0000-0001-5769-6844
http://orcid.org/0000-0002-6714-9286
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d1ra01983j
https://pubs.rsc.org/en/journals/journal/RA
https://pubs.rsc.org/en/journals/journal/RA?issueid=RA011037

	Electrocatalytic and structural properties and computational calculation of PAN-EC-PC-TPAI-I2 gel polymer electrolytes for dye sensitized solar cell application
	Electrocatalytic and structural properties and computational calculation of PAN-EC-PC-TPAI-I2 gel polymer electrolytes for dye sensitized solar cell application
	Electrocatalytic and structural properties and computational calculation of PAN-EC-PC-TPAI-I2 gel polymer electrolytes for dye sensitized solar cell application



	Click for updates and to verify authenticity: 


