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The cormrelation between ionic conductivity and cell performance with
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Abstract @ Poly(ethylene glycol) dimethyl ether (PEGDME)/fumed silica/ l-methyl -3~
propylimidazolium iodide (MPII)/I, mixtures were used as polymer electrolytes in solid state
dye-sensitized solar cells (DSSCs). The contents of MPII were changed and the concentration of Iz
was fixed at 0.1 mole% with respect to the MPII. The maximum ionic conductivity was obtained at
[EG]:[MPII1]):[1;])=10:1.5:0.15. It was supposed that the maximum of ionic conductivities would
match with that of cell efficiencies, if the ionic conductivity i1s a rate determining step in the
solid state DSSCs. However, the maximum composition did not show the maximum solar cell
performance, indicating the mismatch between i1onic conductivity and cell performance. This
suggests that the ionic conductivity may not be the rate controlling step in determining the cell
efficiency in these experimental conditions, whereas other parameters such as the electron
recombination might play an important role. Thus, we tried to modify the surface of the Ti0;
particles by coating a thin metal oxide such as Al or Nb{s layer to prevent electron
recombination. As a result, the maximum of the cell efficiency was shifted to that of the ionic
conductivity. The peak shifts were also attempted to be explained by the diffusion coefficient
and the lifetime of electrons in the Ti0; layer.

1. Introduction Especially, polymer electrolytes have some
advantages such as good mechanical strength,
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performance because of poor contact between
electrolyte and electrode and low ionic
conductivity. In this paper, it is investigated
the correlation between ionic conductivity and
cell performance with various compositions of
polymer electrolyte in solid state DSSCs.

2. Experimental section
2-1 Cel| fabrication

Dye sensitized solar cells were fabricated
with the published method. Nanoporous TiO;
films were prepared on tranparent conductive
oxide(TCO) from TiO, nanoparticles (P25,
STI TiO, paste)by annealing at 450 C in air for
30 minutes. Dyes were adsorbed by dipping
the film into a solution containing 0.3mM Ru
dye(BusN);[Ru(Hdcbpy),(NCS),] (known as
N 719, solaronix). Solar cells were made by
placing a Pt-sputtered TCO on the TiO: film,
and the electrolyte was introduced as casting
on T10; film. Typical cell area was approximately
0.16cm’. The standard electrolyte consisted of
PEGDME, fumed silica, 1-methyl-3-
propylimidazolium 1odide (MPlI) and I, in
acetonitrile.

2-2 |-V measurement

The I-V curves were measured at AM 1.5
illumination using a Keithley Model
2400source measure unit. A 500 W xenon
lamp (Oriel, 91193) served as the light source.

2-3 Electrochemical impedance
spectroscopy.

The symmetric cell was constructed with
two platinum coated glasses faced with two
conducting sides and polymer electrolyte was
employed between two electrodes . The space
in between the electrodes was divided imide

tape with thickness of 50 um . The area of the
symmetric cells was 0.25cm”.

Electrochemical impedance spectroscopy
was measured using IM6.

3. Results

3-1 Correlation between ionic
conductivity and charge trnasfer
resistance

The maximum ionic conductivity was
obtained at [EG]:[MPII]:[12]=10:1.5:0.15
through poly(ethylene glycol) dimethyl ether
(PEGDME)/fumed silica/ 1-methyl-3- propyl
imidazolium iodide (MPII) / I, polymer
electrolytes. When these electrolytes were
employed in dye-sensitized solar cells, the
peak positions of both the ionic conductivity
and the cell performance were not matched
each other, suggesting that parameters other
than the ionic conductivity such as electron
recombination would also play an important
role in determining the efficiency. By
modifying the surface of the TiO, particles
with thin metal oxide to prevent electron
recombination, the peak of the 1onic
conductivities was shifted, to some extent, to
that of the cell efficiency.
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Fig. 1 Influence of MPII concentration on
the ionic conductivity (at 30°C) and charge
transfer resistance of the polymer electrolyte,
the content of [, was 10wt% of MPII. Fig. 1
shows the dependence of the ionic conductivity
and charge transfer resistance on the MPII
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concentration in the polymer electrolyte. The
ionic conductivity increased and reached the
maximum value. At 30C, the highest ionic
conductivity about 2.2x10”° S cm™ was
obtained when the polymer electrolyte
contained 3.58M MPII. Then the ionic
conductivity decreased with the increase in
the concentration of MPII. The initial
increase In the ionic conductivity is
attributed to the build up of charge carriers' .
A further increase in the MPII concentration
produces a decrease in the ionic conductivity
due to the formation of ion pairing that
reduced the mobility of the ions''. However,
charge transfer resistance (Rcr) decreased
steadly with increasing the concentration of
MPII due to increasing amount of ions with
increasing MPII concentration and fast ion
transfer at interface between electrolyte and
Pt electrode.

4. Conclusion

In conclusion, we have demonstrated
correlation between ionic conductivity and
charge transfer resistance with various
compositions of polymer electrolyte in DSSCs.
Charge transfer resistance has a resonable
correlation with ionic conductivity according
the concentration of MPII in this experimental
condition. However, further investigation was
performed in a mean time, the behaviour of
cell efficiency was hardly related with ionic
conductivity.
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