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Table. Characteristics of the quasi-solid-state solar cells

system Voc/V  isc/mA cm2 FF n/%
Liquid 0.68 8.0 0.55 3.0
1 0.64 9.0 0.53 3.0
2 0.64 8.2 0.55 2.9
3 0.65 7.8 0.56 2.8

characteristics of the fabricated quasi-solid-state solar cells using
gelators, 1, 2, 3, respectively. Open circuit voltage (Voc), short-
circuit photocurrent (isc), fill-factor (FF), and photoenergy
conversion efficiency (n) of the cells were listed in Table.
Compared to the liquid-phase solar cell fabricated without using
any gclators, the quasi-solid-state solar cells gave comparable or
larger values of ig¢ and slightly decrease in Ve by 30 - 40 mV.
Surprisingly, the values of FF and photoenergy conversion
efficiency were found comparable each other under AM 1.5 light
irradiation. The quasi-solid-state solar cells also showed no
decrease of the conversion efficiency in the light intensity ranging
from 10 to 100 mW cm™2.

These observation and facts indicate that the low
molecular weight gelators successfully build up the three-
dimensional gel structure which may support the redox couple (I
/137) solution without decreasing their hole-transport activity.
The gelators should induce macromolecular-like aggregates and
intertwining of the aggregates through intermolecular hydrogen
bonding of amide groups and van der Waals interactions of alkyl
chains.” Accordingly, the formation of such molecular aggregate
are not affected by the redox electrolytes in the system and then,
the low molecular weight gelators hardly interferes with the ionic
mobility of the redox couple, I"//13". In other words, the
employed low molecular weight gelators can induce gelation of
the hole-transport layer without lowering the hole-transport
activity.

Melting points of the gelators, 1, 2, 3, are 61.5, 78.5,
66.8 °C, respectively. They gave relatively low viscosity of the
gel electrolyte solutions when they are heated up to higher
temperature than their melting point (1 at 110 °C, 2 and 3 at 140
°C). The low viscosity of the fluid electrolyte solution at 80 °C
would also contribute to the effective diffusion of the redox ionic
species into the nano-space, leading to the successful fabrication
of the uniform hole-transport layer in the porous dye-coated TiO2
solar cells.

As expected, the gelation also contributes to the
maintenance of the efficiency of the solar cells through
suppression of vaporization of solvent molecules from the hole-
transport layer. Figure 2 shows a time-course changes in the
photoconversion efficiency of the fabricated solar cells. The
liquid phase solar cell lost the photoconversion efficiency in two
days because organic solvent should leak from the electrolyte
layer due to the paraffin wax sealing (instead of epoxy resin
sealing) of the injection part. Use of the gelator resulted in
improvement of the stability of the solar cells under the
comparable conditions. The improvement was apparent in the
case of gelators 2 or 3 rather than 1, which should be attributed to
the difference in the number of amide groups. The gelators with
many amide groups would slow down the evaporation of solvent
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Figure 2. Time-course change of the normalized photoconversion
efficiency of the quasi-solid-state solar cells; with gelator 1 (long dash line),
2 (short dash line), 3 (dotted line), and without gelator (solid line).

molecules by immobilizing in the more tight three-dimensional
network.

In conclusion, the gelatinized hole-transport layer was
demonstrated for the first time to have comparable characteristics
as the liquid phase hole-transport layer. The low molecular
weight gelators can induce uniform and effective gelation of hole-
transport layer of I"/I3" in the dye-coated TiO2 network, retarding
evaporation of organic solvent molecules from the liquid phase in
the networks.
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