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ABSTRACT

Gel polymer electrolytes have been developed to overcome some problems evolved with ’liquid and
solid electrolytes. Their electrochemical properties can be considered as major factors which affect the .
performance of applications. This study was conducted to identify the dependence of salt
concentration in a gel polymer electrolyte on the performance of dye sensitized solar cells. The
concentration of 1-methyl-3-propylimidazolium iodide (IM3PII) was varied with the fixed amounts
of poly(vinylidene fluoride)(PVdF), ethylene carbonate(EC) and propylene carbonate(PC) .in the
electrolyte composition. The performances of dye sensitized solar cells with those electrolytes were
investigated. The electrolyte with the composition of 14.5 wt.% PVdF, 36.3 wt.% EC, 36.3 wt.% PC,
11.8 wt.% IM3PII and 1.2 wt.% iodine shows the highest room temperature conductivity of 3.55 x
10° Scm™. Salt concentrations which are lower and higher than this value result in lesser
conductivities. The dye sensitized solar cells fabricated with this electrolyte exhibits the highest
performances with an efficiency of 3.31 %, short circuit current density of 9.42 mAcm™, open circuit
voltage of 602.2 mV and fill factor of 0.58. This confirms that salt concentration of the electrolyte has
a great effect on the performance of DSSCs. |

Keywords : Gel polymer electrolytes, Dye sensitized solar cells, Current-voltage

characteristics, 1-methyl-3-propylimidazolium iodide.

1. INTRODUCTION
Basically, a gel polymer electrolyte (GPE) is consisting with a polymer, a salt and a solvent
or a mixture of solvents. While polymer provides mechanical strength, salt and solvents

directly accounts for the conduction of the electrolyte.' Low vapor pressure, good long term
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stability and the high ionic conductivity are some advantages of GPEs which lead for several
electrochemical applications like super capacitors, batteries and solar cells.>

Dye sensitized solar cells (DSSCs) belong to one class of solar cells. They employ a dye as a
sensitizer for the process of converting solar energy into e]ectricity. At present, a great deal of
research activities is being done on DSSCs having a GPE as the electrolyte. The
configuration of a DSSC is fluorine doped conductive tin oxide (FTO)
glass/T iOz/dye/electrolyte/Pt/glass.3 Iri this study, it was attempted to study the effect of salt

concentration on the performance of DSSCs.

2. EXPERIMENTAL

2.1 Preparation and characterization of GPEs

Poly(vihylidene fluoride) (PVAF, 534 000MW), 1-methyl-3-propylimidazolium iodide
(1IM3PII, 98%), ethylene carbonate (EC, 98%), propylene carbonate (PC, 99%) and I,
purchased from Aldrich were used without purification. Required amount of starting
materials were weighed and stirred maignetically for some time. GPE films were prepared by
heating the mixture of PVdF, EC, PC and 1M3PII at 100 °C for 20, mjn. The resulting
homogeneous, viscous solution was poured and pressed in between two well cleaned glass
plates. It was kept in a desiccator for about 24 h. Different electrolyte samples were prepared
by varying the salt concentrations with the fixed amounts of PVdF, EC and PC. A circular
shaped GPE film was loaded inside a sample holder and the impedance measurements were
taken in the frequency range from 0.01 Hz to 400 KHz by using the Metrohm Autolab M101
impedance analyzer from 28 'C to 55 C.

2.2 DC polarization test

The dc polarization tests were carried out at the room temperature for the sample which
showed the highest room temperature conductivity, in order to find the nature of the
conductivity of the GPE. Sample was loaded between two stainless steel (SS) blocking
electrodes first and then, between two non-blocking iodine electrodes. The measurements of

current drop with time were taken by applying a dc bias voltage of 1V.

2.3 Fabrication and characterization of DSSCs
Titaniumdioxide (Ti0,), Triton X, acetic acid and ethanol were ground well and the resultant
was spread on a pre-cleaned, fluorine doped tin oxide (FTO) glass plate using the doctor

‘blade technique. It was sintered at 450 °C for 45 minutes. Then, the films were allowed to
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cool down and were dipped in Ruthenium dye for a period of 24 h. The DSSCs were
fabricated by sandwiching the GPEs in between the dye sensitized TiO; electrode and Pt
coated glass by using the configuration of glass/FTO/TiO./dye/GPE/Pt/glass for the samples
of GPEs which had different salt concentrations. The photocurrent-voltage characterization

was done under the illumination of 100 mWecm™.

3. RESULTS AND DISCUSSION
3.1 Influence of salt concentration on conductivity of GPE

Conductivity (o) was calculated using the equation,

=t
7= & , 4y

where t is the thickness of the polymer electrolyte, Ry, is the bulk electro.lyte resistance which
is obtained from the Nyquist plot and A is the area of the GPE. ‘

Figure 1 shows the variation of the ionic conductivity at 28 ‘C with the salt concentration.
The ionic conductivity increases and attains a maximum value of 3.55 x 10 Scm™ at the salt

concentration of 11.8 wt. %. Then the ionic conductivity decreases with further increment of

salt concentration.
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Figure 1: Room temperature conductivity Figure 2: Temperature dependence of the
variation of GPEs. conductivity.

Increasing salt concentration may enhance chargé carrier concentration resulting higher
conductivity. However, higher amount of salt may lead to the enhancement of the viscosity of

GPE. This retards the mobility of charge carriers reducing conductivity.*
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The conductivity-temperature correlation of GPEs with different salt concentrations is
exhibited in Figure 2. This behavior evidences the fact that conducting mechanism takes
place via the free volume theory explained by Vogel-Tamman-Fulcher (VTF) equation.’

= Eq ) '
o = AT 2 exp [ (r-ro)] 0

where, T is the glass transition temperature of the polymer electrolyte, T is the absolute

temperature, A is the n pre-exponential factor and E, is the activation energy.

3.2 DC polarization test
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Figure 3: DC polarization results with Figure 4: DC polarization results with

blocking electrodes. non-blocking electrodes.

DC polarization test curves with blocking and nbn-blocking electrodes are shown in Figure 3
and Figure 4 respectively. The value of ionic transference number was found to be 0.87. High
ionic transference number hints that ion contribution for the conductivity is higher than
electron contribution. The calculated anionic transference number was 0.65. This high value,
confirms that anionic contribution is higher than the cationic contribution. This can be

expected due to the bulky size of the cation in the salt which is less mobile.3 _

3.4 Performances of the DSSC

Fill factor (FF) and energy conversion efficiency () were calculated using the following

equations.

FF = Vmpp .JMPP (3)
VOC- Isc

n=Jsc-Yoc-FF . 4)
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where Viupp is the voltage at maximum power point, Jypp is the current density at maximum

power point, Jsc is the short circuit current density and Voc is the open circuit voltage.
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Figure 5: Variation of Voc and FF with the salt  Figure 6: Variation of Jsc and 1) with the salt
concentration of the GPEs. concentration of GPEs.

Figures 5 and 6 exhibit the variations of Voc, Jsc, FF and n with salt concentration. The
highest solar cell performance is shown by the DSSC with the electrolyte containing a salt
concentration of 11.8 wt. %. This GPE is corresponding for shoWing the highest conductivity
28 "C. That means, all the DSSC parameters are strongly depending on the conductivity of the
GPE.

The ionic conductivity is assumed to be governing the short circuit current density.’ As
iodide ions are the main contributors to the ionic conductivity in GPE, they play a major role
in determining the Jsc. It can be seen that the variation of the efficiency is in parallel with
short circuit current density. These results show that the efficiency variation is‘strongly
depending on the variation of Jsc.> Voc value are nearly equal to each other and all are of high
values. This may be due to the high anionic contribution with the salt having the bulky cation

as observed from DC polarization test.

4. CONCLUSION

The GPE of which the composition is 14.5 wt.% PVdF, 36.3 wt.% EC, 36.3 wt.% PC, 11.8 wt.%
IM3PII showed the highest the conductivity of 3.55 x 10~ Scm'at 28 °C. It is purely an ionic
conductor having appreciable anionic éonductivity. This is an eséential requirement to serve
as an electrolyte in DSSC having a I' / I;” redox couple. And DSSC fabricated with it

exhibited the highest performances, where efficiency is 3.31 % with Jsc of 9.42 mAcm™, Voc
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of 602.2 mV and FF of 0.58. This evidences the fact that salt concentration of the GPE is
affecting the performance of DSSCs.
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