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Abstract
Fluorinated oligomer gel is suitable to the electrolyte of dye sensitized solar
cell. This article studied mainly in the scope of electric conductivity, including
ionic liquid in the electrolyte. It was found that the ratio of mixing with dimetyl sulfoxide and the concentration of LiI affect the conductivity. The behavior is different depending on the type of ionic liquid. Although the mixing
ionic liquid enhances the conductivity, the short circuit current density of assembled solar cell with it was suppressed so much.
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1. Introduction
The dye sensitized solar cell has been extensively studied these twenty years. It is
a fascinating device not based on a conventional PN junction concept that is
surely a key idea of silicon semiconductor technology. The dye sensitized solar
cell has a practical advantage at the same time; it costs quite lower than the sophisticated silicon semiconductor technology that requires an extremely clean
atmosphere. There are also some problems at present. The main problems are
the low conversion efficiency and the low durability. Especially the low durability derives from the liquid electrolyte in the cell in an early stage because the liquid electrolyte may escape out the cell in the long-term use. In order to resolve
the problem in its durability, solid-state electrolyte and gel electrolyte have been
proposed. In addition, ionic liquid has been adopted widely nowadays because
ionic liquid has a low vapor pressure and is hard to sublimate [1] [2] [3]. Recent
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development in solid-state dye-sensitized solar cells is summarized in the literature [4].
We are studying fluorinated oligomer gel electrolyte. Fluorinated oligomer gel
includes a couple of positive and negative ions in a molecule that acts as an attractive force between two molecules as well as inter-molecular attractive force
on alkyl groups. Two kinds of attractive force can realize firm aggregation to
form a gel by itself by just mixing well. The great advantage of this material is no
need to apply a cross-linking reaction for the aggregation often reported so far
[5] [6]. The electrolyte has been applied to secondary battery at first [7].
The fluorinated oligomer gel has been applied to dye-sensitized solar cell. The
conversion efficiency is not as high as other types of dye-sensitized solar cells at
present, but the material is attractive to the production of the cells at lower cost.
The experimental conditions such as the TiO2 layer on the cathode [8], the
amount of Pt sputtering deposition on the anode [9], and LiI concentration in
the gel electrolyte [10]. The introduction of ionic liquid has been also considered
[11]. The presence of ionic liquid or LiI can obstruct the aggregation of fluorinated oligomer to make a gel. In this article, two kinds of ionic liquid, imidazolium and pyrazolium systems have been studied in the scope of electric conductivity and cell performance.

2. Experimental
The fluorinated oligomer gel electrolyte was prepared as follows. LiI was mixed
with the solvent of dimethyl sulfoxide (DMSO) and I2 was not added because LiI
plays more important role as reported before [10]. The amount of LiI was from 5
to 20 mmol/g. The mixture was sonicated for about 20 minitues for the well
mixing. The fluorinated oligomer shown in Figure 1 was added and then sonicated further for 200 minutes to form gel. The RF in Figure 1 is a kind of fluoroalkyl group. The amount of the oligomer was about 200 g/l to the solvent that
is a critical concentration for the gelation that had been experimentally found.
When ionic liquid was mixed, it was mixed before the addition of fluorinated
oligomer. The used ionic liquid was 1-ethyl-3-methylimidazolium trifluoromethanesulfonate (Mi) or 3-methylpyrazolium tetrafluoroborate (Mp). The electric
conductivity of the obtained gel electrolyte was determined from a Cole-Cole
plot.
For assembling the solar cell, a cathode and an anode were prepared on FTO
glass substrates. The slurry including TiO2 with 50 to 70 nm in diameter (by Sumitomo titanium) was mixed for 15 minutes with P-25 and polyethylene glycol,
each at the same weight, and triton X (15 μl) for raising its viscosity. The obtained

Figure 1. The molecular structure of the fluorinated oligomer.
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paste was spread over an FTO glass substrate by a doctor knife method. This was
dried and then sintered in a furnace at 450˚C for half an hour. It was then cooled
down to room temperature naturally and soaked in a Ruthenium complex dye
diluted with ethanol at 3 × 104 mol/l at 50˚C for 24 hours. Onto another FTO
glass substrate for an anode, Pt was slightly deposited by a sputtering method for
3 minutes as was reported before [9].
Finally the anode and the cathode were set together with the gel electrolyte
between them and sealed with epoxy resin. The load characteristics were measured by varying attached resistive load between 0 and 20 kΩ during the exposure
of white light (AM 1.5) from a filtered xenon lamp (UXL500SX by Ushio) at the
intensity of 50 mW/cm2.

3. Results and Discussion
Figure 2 shows how the electric conductivity depends on the mixing ratio of ionic liquid (Mi or Mp) and DMSO. The amount of LiI in this figure was 5
mmol/g in both cases. It is quite interesting that the tendency is oppositely different in the two kinds of ionic liquid. As for the electrolyte with Mp, the ratio of
7:3 gives the highest conductivity more than 15 mS/cm2. But at the same ratio,
the electrolyte with Mi showed the lowest conductivity. The electrolyte with Mp
provided the highest conductivity at 9:1 instead.
The dependence of the conductivity on the concentration of LiI is shown in
Figure 3. The effect of LiI concentration was discussed before [12]. So the same
range was taken in this experiment as the Ref. 12. The mixing ratio of DMSO
and ionic liquid was taken to be the one providing the highest conductivity in
Figure 2: 7:3 for Mp and 9:1 for Mi, respectively. As a comparison, the electrolyte without any ionic liquid is also shown in the figure. Neither the electrolyte
with DMSO only or with Mi shows meaningful dependence in the figure. For the
electrolyte with Mp, LiI plays a role to suppress the conductivity down to the
similar value of the other two cases.
The J-V characteristics of the three kinds are shown in Figure 4. The concentration of LiI was 10, 15 and 5 mmol/g for the electrolyte with only DMSO,

Figure 2. The conductivity of the gel as a function of volume ratio of ionic liquid to
DMSO.
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Figure 3. The conductivity of the gel as a function of LiI concentration.

Figure 4. J-V characteristics of the cell containing three kinds of electrolytes. Ionic liquid
suppresses the short current density.

DMSO including Mi, and DMSO including Mp, respectively. The open voltage
did not so changed, but the short current density decreased to about 24% with
the mixing of Mp. It seems that the higher conductivity results in the lower short
current density. This tendency is noticeable in the electrolyte with Mp.
We discuss the conductivity with other published data. It was reported the
results when 1-methyl-3-propylimidazolium iodide was mixed in 3-methoxypropionitrile at different concentrations. The conductivity was down to 1 mS/cm
in either material and increased with mixing together and saturated up to 10
mS/cm [13] [14]. Our experimental results showed the similar tendency in the
case of Mp, but not in Mi. As for the short current density, Chengwu et al. reported that it increased by 2% as the concentration of ionic liquid was doubled.
These results are quite different from ours that ionic liquid noticeably suppress
the short current density. It may derive from the difference of the solution: propionitrile in theirs and DMSO in ours.
Shi et al. reported the effect of combination of two kinds of ionic liquid of an
imidazolium system [15]. The conductivity increased 10 times by the mixing
accompanied by the decrease to no less than a half. Our results also showed that
the introduction of Mi did not suppress the short current density so much although
379
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Mp suppressed it noticeably. Ishimaru et al. performed the comparison of Mi
and Mp in the scope of J-V characteristics and reported that the short current
density is higher by 10% in Mp electrolyte [3]. Unfortunately they did not report
the electric conductivity of the two materials. The combination of pyrazolium
and DMSO may not be recommended.
Koh et al. reported interesting results on the crosslinking of electrolytes in
which polyethylene glycol with terminal azide groups was used [5]. They used
1-methyl-3-propylimidazolium iodide as ionic liquid and compared the cell
performance with that included LiI as a salt. The electrolyte with ionic liquid has
higher electric conductivity and higher short current density at the same time. It
is not similar to our results that the short current density is suppressed as the electric conductivity becomes higher. Some other researcher also reported a positive
correlation between the short current density and electric conductivity [16] [17].
The published results described above suggest the contrary relationship between the electric conductivity and the short current density in our experiments
seems to show an abnormal behavior. The co-existence of ionic couple in the
fluorinated oligomer and ionic liquid obstruct the electric conduction in the
electrolyte in a way. The electric conduction seems to be based on the ionic
conduction. It is possible that the other mechanism for electric conduction in
the electrolyte of fluorinated oligomer gel: hopping conduction on the molecule
for example.

4. Conclusion
We studied the dye-sensitized solar cell with a fluorinated oligomer gel electrolyte with mixing two kinds of ionic liquid (imidazolium and pyrazolium systems) in the scope of electric conductivity and the cell performance. It was found
that the two kinds of ionic liquid showed a different behavior in electric conductivity. As the ionic liquid is added, the electric conductivity increases in the case
of pyrazolium ionic liquid, but contrarily decreases in the case of imidazolium
ionic liquid. LiI has the effect of suppressing the electric conductivity for pyrazolium ionic liquid, but there is no dependence in the case of imidazolium ionic
liquid and DMSO without any ionic liquid. The solar cell performance exhibited
that the DMSO without any ionic liquid provided the largest short current density. Ionic liquid worsens the cell performance because ion couple on the fluorinated oligomer plays an undesirable role for the electric conduction. It should be
investigated how the ion couple on the fluorinated oligomer affects the ion conduction in the electrolyte.
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