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Abstract:
Gels of PVA/PVP polymer electrolytes filled with gradient contents of SiO2, MWCNT, and Polythiophene
(PTh) were fabricated using a solution casting technique. The electrical conductivity was calculated with
an impedance analyzer within the frequency range 50 Hz – 1 MHz at a temperature range 293 – 343 K and
has the highest ionic conductivity with 1.5 wt.% of PTh for system E3 (PVA-PVP-KI-MWCNTs-PTh). The
real dielectric constant was higher at lower frequencies. Differential scanning calorimatric thermo grams
showed a single glass transition temperature, which confirms the miscibility of PVA and PVP together with
the nanoparticles and conductive polymer. The highest conducting electrolytes were utilized in the fabrication
and characterization of the dye-sensitized solar cell(DSSC). These DSSCs demonstrated an excellent response
to a light intensity of 792 mW.cm−2. The DSSCs with 1.5% weight percentage PTh had the best photovoltaic
characteristics, with a total conversion efficiency of 3.982%, Voc of 0.74 V, Jsc of 11.9 mA/cm, and FF of
0.453.
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1. Introduction
Conducting polymers have been extensively investigated
primarily owing to their facile synthesis, exceptional con-
ductivity, environmental durability, cost efficiency, and dis-
tinctive electrochemical redox characteristics [1]. They
could be new materials with plastic solubility, processabil-
ity, and flexibility with metal and semiconductor electrical
and optical capabilities. Conducting polymers include car-
bon, hydrogen, and heteroatoms like nitrogen or sulphur.
It has conjugated double bands across the polymer back-
bone, such as Polythiophene (PTh), polyaniline (PANI),
and Polypyrrole (PPy) [2, 3]. Conducting polymers can
be used as quasi-electrolytes in dye-sensitized solar cells
(DSSCs) to improve their efficiency and stability. DSSCs
are a form of solar cell that converts light into electricity via
a dye-sensitized semiconductor by utilizing the electrolyte,
dyes, and sensitization of a wide bandgap semiconductor
[4]. The efficacy of the dye-sensitized solar cell (DSSC)
greatly relies on the sensitizer dye and the wide bandgap
materials, namely TiO2, ZnO, and Nb2O5. Material TiO2
[5] is highly preferred due to its surface’s ability to resist the

continuous transfer of electrons under illumination by solar
photons in the ultraviolet range. The efficiency of the solar
cell is determined by important aspects such as the perfor-
mance of the dye absorption spectrum, which is mounted on
the surface of the TiO2 molecule [6, 7]. They have several
unique features that make them attractive for sustainable
energy applications, such as their low cost, flexibility, and
simplicity in fabrication. DSSC has emerged as a highly
promising approach for solar energy conversion, garnering
significant attention since its inception in 1991 by Grätzel
[8, 9].

2. Experimental

2.1 Modification of Polythiophene (PTh)
Thiophene monomer (mTh), ferric chloride (FeCl3), which
was used as the oxidizing agent, and Chloroform (CHCL3),
with a purity of more than 98.6%. were supplied by Sigma
Aldrich and Hmedia Laboratories Pvt. Ltd. Polythiophene
(PTh) was synthesized by simple chemical oxidative poly-
merization by dissolving 3.73 g of ferric chloride (FeCL3)
in 20 mL of chloroform solvent in a beaker and stirring
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for an hour. In another beaker, 0.95 mL of thiophene was
dissolved in 20 mL of chloroform solvent and stirred for
30 minutes, then this solution of the thiophene was added
dropwise to the mixture of ferric chloride and chloroform
solvent and stirred for (5 - 6 hours) at ambient temperature,
it has been noticed that the color of the solution changed to
black-brown, then the solution was left to rest to the next
day. The Polythiophene precipitate was collected by filtra-
tion, washed with 0.1 mL of HCl and 300 mL of ethanol
several times, and dried in a hot oven at (343 K) for four
hours.

2.2 Gel polymer electrolyte (GPE) preparation

The used materials in this project are PVA (M.w. ap-
prox.14000), PVP (Mw.40000), DMSO, EC, PC, KI, I2,
SiO2, MWCNT and Polythiophene (PTh) with high purity
of more than 98%. The fabrication of the samples entailed
a consistent proportion of PVP, PVA(50:50), PC, EC(1:1),
SiO2 MWCNTs, 50 wt.% KI and iodine I2 = 10% of salt
wt.%, along with varying proportions of conductive poly-
mer. First, sufficient amounts of PC, EC, and PVA were
mixed in a beaker for 2 hours at 30 ◦C with continuous
stirring. Then, PVP and KI were added to the mixture and
stirred for 2 hours. Then the nanoparticles were added to
the systems after obtaining the gelation. This is followed by
adding conductive polymer to the mixture to get two groups
of electrolytes labelled D and E. These electrolytes contain
nanoparticles of 6 wt.% SiO2 and 10 wt.% MWCNTs with
various percentages of PTh, as shown in Table 1. To pre-
vent agglomeration and aggregation, the nanoparticles and
conductive polymer were added slowly to the electrolytes
with continuous stirring for 1 to 3 hours. Finally, iodine
(I2) was added to the mixture while stirring continuously at
room temperature for 30 minutes until gelation occurs.

Table 1. Composition of gel electrolytes system D and E.

Electrolytes Type
Conductive Polymer wt.%

0.5 1 1.5 2 2.5

PVA-PVP-KI-SiO2-PTh D1 D2 D3 D4 D5

PVA-PVP-KI-MWCNTs-PTh E1 E2 E3 E4 E5

2.3 Fabrication of dye-sensitized solar cell (DSSC)
A porous TiO2 paste is prepared using nanoparticles of 0.3
g and is blended using an agate mortar with 0.5 mL HNO3
(pH = 1), 0.1 g of carbowax, and one drop of nonionic sur-
factant, TritonX-100. As shown in Fig. 1, this colloidal
suspension was fabricated utilizing the doctor blade tech-
nique. A Scotch tape was employed as a masking material to
confine the thickness and area of the paste on the conductive
layer. Paste a thin layer onto the designated region of 0.9 cm
× 0.5 cm hole using a glass rod to obtain porous TiO2 layers
of about 5 – 10 µm thickness. Later, the glass is sintered at
450 ◦C for an hour under the thermal furnace module. After
the annealing process, when the temperature of the resulting
TiO2 nano-porous film was allowed to cool down to room
temperature, the coated TiO2/ITO glasses were immersed
in ethanol solution of dye sensitizer ruthenium535-bis TBA
(N3dye) and leave for 24 hours. Excess non-adsorbed dye
was then removed by rinsing the substrate with ethanol. The
DSSC was prepared by sandwiching the gel electrolyte be-
tween the photoanode and platinum counter electrode. The
procedure of device assembly steps is described as follows
(see Fig. 2).

3. Characterization
The electrical conductivity of the samples was determined
usieng an LCR-811G/815G impedance analyzer, which op-
erated within the frequency range of 50 Hz to 1 MHz. The

Figure 1. Experimental steps of prepared TiO2/ITO photoanode.
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Figure 2. The assembly procedure of the ITO/TiO2-
dye/electrolyte/Pt DSSCs.

ionic conductivity (σ ) of each sample was calculated using
the following equation [10–14]:

σ =
L

RbA
(1)

where L (cm) represents the distance between the electrodes,
Rb is the bulk resistance, and A (cm2) is the electrode area.
The temperature of the sample was changed from the range
of 293 K to 343 K. The values of the real parts of the
dielectric constant (εr) were determined using the following
equation [10]:

εr =
Zi

ωC0(Z2
r +Z2

i )
(2)

In this equation, ω represents the angular frequency = 2π f
[3, 11], C0 is the vacuum capacitance, and Zr and Zi are the
real and imaginary parts of the resistance, respectively. The
DSC measurements of the samples were performed using
the SDT Q600 V20.9 Build 20 system. Under an argon
environment, the DSC thermographs were taken between 0
and 1000 ◦C in temperature. The DSSCs’ photoelectric con-
version efficiency was examined in a lab environment using
a device (Keithley Model 2450) and the Xenon lamp served
as the light source, and the incident light intensity was about

Figure 3. Nyquist plots for nanocomposite blends containing
various weight percentages of PTh.

(792 m W). Starting with the current–voltage (I–V ) curve,
the photovoltaic properties, including the open-circuit volt-
age (Voc), the short-circuit current density (Jsc), and the fill
factor (FF), were evaluated on the basis of the J–V curves.
For all DSSCs, the following two equations were utilized to
compute the fill factor and the power conversion efficiency
(η) [12–14]:

FF =
Pm

Isc ×Voc
(3)

η =
Pm

Pin
=

Isc.Voc.FF
Pm

(4)

where the incident light power entering the DSSC is repre-
sented by Pin (mW/cm2) and the peak power output from
the DSSC is represented by Pm (mW/cm2).

4. Results and discussion

4.1 Electrical conductivity results
The Nyquist plots depict the characteristics of blend
nanocomposite electrolytes with varying weight percent-
ages: 0.5, 1, 1.5, 2, and 2.5 wt.% for PTh is presented in
Figures 3 (a, and b) and 4 (a, and b), respectively. These
plots were obtained at two different temperatures, particu-
larly 293 K and 323 K, which exhibit a distinct spike-like
structure at a lower frequency range. At the same time,
a semicircular pattern is observed at higher frequencies.
This semicircular pattern decreases gradually as both tem-
perature and conductivity increase. This behavior can be
attributed to the resistive and capacitive properties inherent
in the sample [15]. The value of bulk resistance (Rb) was
determined by taking the intercept of the semi-circular plot
on the real axis. This value was used to calculate the ionic
conductivity using Equation (1) [16]. Introducing PTh con-
ductive polymer into the electrolyte resulted in a noticeable
reduction in the bulk resistance value and, consequently,
the resistivity, as evidenced by the observed changes in the
Nyquist plot [17]. A decrease in the bulk resistance implies
an augmentation in the ionic conductivity [18].
The conductivity of the blend electrolytes as a function of
temperature and different ratios (0.5, 1, 1.5, 2, 2.5 wt.%)

Figure 4. Nyquist plots for nanocomposite blends containing
various weight percentages of PTh.
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for (PTh) over the temperature range (293 - 343 K) is illus-
trated in Fig. 5 (a, and b). The conductance of gel polymers
D and E gradually increases by increasing the tempera-
ture, obeying the Arrhenius type thermally activated [19].
Arrhenius-type behavior indicates ion transport is decoupled
from polymer chain respiration via a hopping mechanism.
It is evident from the plots that the bulk ionic conductivity
increases as the temperature rises for all nanocomposite
electrolytes, in accordance with the findings of previous
studies [20]. The observed increase of the conductivity
depicted in Fig. 5 can be attributed to the growth of ag-
gregation as the concentration of PTh increases. As the
concentration of PTh increases to 2 wt.%, the conductiv-
ity increases before declining, as seen in Fig. 6 (a). The
electrolyte D4 has the highest conductivity with a value of
8.612×10−2 S/cm [21]. From Fig. 5 (b), the highest con-
ductivity of the nanocomposites electrolyte is 1.5 wt.% of
PTh (E3) is 11.167×10−2 (S/cm) at room temperature. The
increase in conductivity can be attributed to the increase in
density and/or mobility of the charge carrier [22]. Accord-
ing to Fig. 5, the conductivity increases as the temperature
rises, which can be attributed to the great flexible polymer
chains. This enhanced flexibility allows for long-distance
movement of ions through coordinating sites within the
polymer matrix, specifically through the segmental motion
of polymer chains [23]. In Fig. 6 (a, and b), the conductivity
value of the electrolytes D5 and E4 decreases, the decrease
which may be due to the occurrence of agglomeration and
aggregation in some areas within the paths of ions between
the polymeric chains, which leads to impeding the move-
ment of ions. This means a decrease in the mobility of ions
and, thus a decrease in the conductivity values [24, 25].
The real dielectric constant (εr) signifies the capability of
the dielectric material to store charges by conduction [26].
Fig. ?? illustrates the relationship between the frequency of
blend nanocomposites and the variation of the real dielectric.
The findings coincide with the previous study [27], showing
that the real dielectric constant increases with temperature
at all measured frequencies and decreases with an increase

Figure 5. Ionic conductivity of the electrolytes in blended
nanocomposites with (a) SiO2 and (b) MWCNTs as a func-
tion of temperature dependent on the weight ratio of the
PTh.

in frequency; this decrease in dielectric constant at higher
frequency is due to an increase in dielectric dispersion. This
phenomenon can be attributed to the behavior of polar ma-
terials, which initially possess high real dielectric values.
This can be explained by the fact that dipoles are unable to
respond to rapid changes in the field at higher frequencies,
coupled with the presence of polarization effects. At higher
frequencies, the electric field undergoes periodic reversals
so quickly because of no surplus ion diffusion occurring
in the field direction. Consequently, the real dielectric de-
creases as the frequency increases for all the samples [28].
Furthermore, the dielectric constant (εr) indicates that the
rise in the conductivity comes from an increase in the num-
ber of free mobile ions or, in simpler terms, as a fractional
increase in charge. The increase in available ions is a result
of ion dissociation, while the decrease is attributed to ion
association [29, 30].

4.2 Differential scanning calorimeter (DSC)
The thermal phase transition behavior (Tg) of Nano-hybrid
electrolytes with different contents of PTh is investigated
by differential scanning calorimetry as shown in Fig. 8. It
was observed that the Nano-hybrid exhibited lower glass
transition (Tg) and melting (Tm) temperatures compared to
the neat PVA/PVP/KI, Therefore, the decrease in Tg may
be due to the increase in amorphicity of the polymer elec-
trolyte, which in turn leads to an increase in conductivity
[31]. Additionally, the (Tg) of Nano-hybrid polymer elec-
trolytes increases as the concentration of PTh increases.
This is because the conductivity of polymer electrolytes is
confined to the amorphous phase above the glass-transition
temperature (Tg) [32]. Therefore, the conductivity, which is
coupled to the micro-Brownian motion of segments of the
polymer chains above the glass-transition temperature, rises
significantly with increasing amorphicity of the polymer
electrolyte [33]. The DSC curve of all the samples shows
two sharp endothermic peaks. The PVA/PVP/KI blend
shows the Tg at 141.52 ◦C while the Tg of Nano-hybrid with
0.5 and 2.5 wt% of PTh appeared at 66.46 and 65.81 ◦C
respectively for the (PVP-PVA-SiO2-PTh) system, however

Figure 6. Ionic conductivity in nanocomposite electrolytes,
(a) SiO2, (b) MWCNTs, is dependent on the weight ratio of
the PTh.
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for (PVP-PVA-MWCNTs-PTh) system appeared at 67.12
and 77.54 ◦C respectively. The Tm values of Nano-hybrid
polymer electrolyte E1 are higher than the PVA/PVP/KI
blend electrolytes (Table 2) confirming the increase in their
thermal stability. The melting temperature (Tm) values of
these Nano-hybrid polymer electrolytes, which depend on

the concentration of conductive polymer, demonstrate that
incorporating 2.5 wt.% PTh particles into the PVP-PVA-KI-
MWCNTs blend matrix significantly enhance the thermal
stability of the polymer blend. The changes observed in the
size and shape of the endothermic peak related to Tm are
also indicative of the degree of crystallinity and the strength

Figure 7. Dielectric constant as a function of Log frequency for blend nanocomposites at various temperatures, with various
nanoparticles (a): SiO2, and (b): MWCNTs
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Figure 8. The DSC thermograms of Nano hybrid polymer
electrolytes.

of interactions between the polymer and nanoparticles in
the electrolytes [34].

4.3 Photovoltaic performance of DSSC
The highest conducting electrolytes were employed to fabri-
cate and characterize dye-sensitized solar cell (DSSC) by
sandwiching the Nano-hybrid polymer gel electrolytes. The
photovoltaic parameters are exhibited in Table 3. Fig. 9
illustrates the fluctuation in Jsc as a consequence of the
altered ionic conductivity of the Nano-hybrid polymer elec-
trolytes. The Jsc outcomes exhibit exceptional concurrence
with the conductivity information [35]. Jsc values and con-
ductivity are positively impacted by iodide concentration.
The Nano-hybrid polymer electrolytes D4 shows a decrease
Jsc and increase Voc. The decline in the Jsc value of this
particular cell can be attributed to its reduced ionic con-
ductivity. The ion migration resistance is elevated, leading
to a reduction in the supply of I−3 to the counter-electrode.
Consequently, there is a depletion of I−3 and a delay in the
kinetics of dye regeneration, resulting in a decrease in the
Jsc value. The E3 with 1.5 wt.% PTh displays a higher Jsc
value, attributed to its superior ionic conductivity. This en-
hanced conductivity facilitates a faster regeneration process
of the dye-sensitizer from its oxidized state to its original
state at the dye-electrolyte interface [36–38]. The photoelec-
trochemical cell denoted as E3, which exhibits the highest

Table 2. The glass and melting transition phases.

Samples Tg (°C) Tm (°C) Hm (J/g) Samples Type

A5 141.52 153.21 635.3 KI

D1 66.46 140.74 317.7 SiO2 + PTh

D5 65.81 137.96 191.3

E1 67.12 144.11 175.6 MWCNTs + PTh

E5 77.54 159.75 105.3

Figure 9. Photocurrent density-voltage for ITO-TiO2/ Nano-
hybrid polymer electrolytes /I2/Pt-ITO cell.

conductivity, has demonstrated the most exceptional per-
formance with an efficiency of 3.98%. The results of this
investigation suggest that this particular system possesses
highly promising characteristics that make it suitable for
applications involving dye-sensitized solar cells [9]. The
conduction band edge potential of Nano-TiO2 can be posi-
tively shifted by the injection of small radius cations, like
K+, into the lattice. This process increases the charge injec-
tion driving power, which often results in a larger Jsc at the
expense of Voc [35].

Table 3. J−V performance.

Electrolytes Voc Jsc Fill Factor η

(V) (m.A/cm2) FF %

D4 0.769969 8.518005 0.450403 2.954009

E3 0.73997 11.86215 0.453669 3.982141

5. Conclusion
In this paper, Nano-hybrid polymer electrolytes are
based on conductive polymer Polythiophene (PTh) by
solution cast technique. The electrical conductivity
was estimated between the frequencies of 50 Hz and
1 MHz and between temperatures of 293 and 343 K.
The electrical conductivity change of the Nano-hybrid
electrolytes was found to be dependent on the type and
concentration of PTh. At room temperature, the highest
conductivity values observed for the electrolyte system E3
is 11.167× 10−2 (S/cm) for 1.5 wt.% of PTh. The real
dielectric constant (εr) increased as the frequency decreased
for various weight percentages of PTh. This behavior can
be attributed to ion dissociation, leading to an increase
in the number of available ions, while ion association
causes a decrease. The blend and the Nano-hybrid
electrolytes exhibit a single glass transition temperature,
which indicates a high level of compatibility between
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the blend components. The introduction of 2.5 weight
percent of PTh particles significantly enhanced the thermal
stability of the polymer blend matrix. The DSSCs with
1.5% weight percentage PTh were found to have the best
photovoltaic properties, with a total conversion efficiency of
3.982%, Voc of 0.74 V, Jsc of 11.9 mA/cm, and FF of 0.453.
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