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We develop a novel and efficient quasi-solid-state electrolyte based on the mesoporous silica SBA-15 as a framework

material for a dye sensitized nanocrystalline TiO solar cell. A solar energy-to-electricity conversion efficiency of
4.34% is achieved under AM 1.5 illumination (100 mW/cm?).

PACS: 82.47.Jk, 84.60.Jt

Dye-sensitized nanocrystalline solar cells (DSSCs)
have recently received considerable attention for
their high-energy conversion efficiency and long-term
stability.' =3 High efficiency can be obtained using
liquid electrolytes.[!*] However, some practical prob-
lems such as leakage and evaporation of organic sol-
vent may be the serious obstacles. This enables new
electrolytes to be candidates for the DSSCs.
p-type semiconductors/®% and hole transport organic
materials!”) have been reported to substitute the lig-
uid electrolytes, whereas some problems such as low
hole mobilities need to be solved.

Most of the quasi-solid-state electrolytes are based
on room-temperature ionic liquids (RTILs). RTILs
are used as an important iodide source and a solvent
in DSSCs, for their unique physicochemical proper-
ties such as a high thermal stability, negligible vapour
pressure, and relatively high ionic conductivity.!]
In RTIL-based quasi-solid electrolytes, a framework
material is an important component,
polymers,[1% gelators('!] and nanoparticles!
been introduced to solidify the liquid electrolyte. For
their pore structures (2-50nm) and large surface
area, mesoporous materials may solidify liquid elec-
trolytes and provide favourable channels for the triio-
dide/iodide diffusion. In this Letter, we describe, for
the first time to our knowledge, a novel quasi-solid-
state DSSC with a high energy conversion efficiency
of 4.34% by using the mesoporous SiO, material SBA-
15 as the framework material.

The mesoporous SiO, material SBA-15 with the
pore diameter of 5nm was prepared according to the
reported process.['3] SBA-15 (in 3wt.% of ionic lig-
uid electrolyte) was mixed under sonication with an
ionic liquid electrolyte (donated liquid electrolyte) to
produce a stable gel electrolyte (donated gel elec-
trolyte). The ionic liquid electrolyte was composed
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of 0.5-M I, and 0.45-M 1-methylbenzimidazole in 1-
methyl-3-propyl-imidazolium iodide (MPII). Steady-
state voltammograms of these ionic liquid and gel elec-
trolytes are shown in Fig. 1. The curves of these two
electrolytes are similar especially in the anodic and
cathodic steady-state currents I,,. The apparent dif-
fusion coefficients D, of iodide and triiodide (see
Table 1) can be calculated according to the following
equation:!14

I,y = 4ncaF Dy,

where n is the charge number per molecule, a is the
microelectrode radius, F' is the Faraday constant, and
c is the bulk concentration of the electroactive species.
The equilibrium potential of iodide/triiodide coupler
can be clearly determined from the potentials when
the currents become zero by ultramicroelectrode tech-
nique. It can be seen from Table 1 that the diffusion
coefficient values of triiodide D,p, (I3 ) and iodide
D, (I7) for the liquid electrolyte are similar to those
of the gel electrolyte. A similar phenomenon was also
observed in some fumed silica gel systems.['2] These
facts indicate that triiodide and iodide can freely move
in the open channels of the SBA-15 network.[!?!

Table 1. The electrochemical properties of the ionic liquid and
gel electrolytes.

Sample Dapp (I7) Dapp (I3)
(1077cm?/s) (1077 cm?/s)
Liquid electrolyte 0.76 1.35
Gel electrolyte 0.50 1.17

In dye-sensitized solar cells, the electron exchange
should occur between I~, I, and polyiodides (15, )
through chemical bond exchanges.'®! To indicate
clearly the electron exchange process, the Raman
spectra of the ionic liquid and gel electrolytes were
investigated and are shown in Fig.2. The two bands
around 110 and 150 cm™! assigned to the symmetric
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stretch of I;” and I, respectively, were observed ap-
parently in both the electrolytes.[!3] The band around
210 cm ™! attributed to the vibration of molecular io-
dine (I) was too small to be observed.['®) The Ra-
man spectra analysis suggested that the charge trans-
fer mainly belongs to the Grotthuss-type mechanism,
that is, the electrons hopping and polyiodides bond
exchange occur simultaneously.[!”) This fact favored
to the effective conductance of the electrolytes in the
presence of SBA-15.
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Fig. 1. Steady-state voltammograms of the ionic liquid
(solid) and gel (dashed) electrolytes with Pt ultramicro-
electrode for the scanning rate of 10 mV/s.
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Fig. 2. Raman spectra of the ionic electrolyte (solid) and
gel electrolyte (dashed).

The 9 pm-thick TiO4 films were prepared accord-
ing to the literaturel!! and sensitized by Nj dye.
Photovoltaic measurements were carried out with a
sandwiched cell consisting of the dye-coated TiOs
electrode as a working electrode, a Pt counter elec-
trode, a polyethylene film spacer, and an electrolyte.
Figure 3 shows the photocurrent-voltage curves for
DSSCs with an ionic liquid and gel electrolytes un-
der AM 1.5 illumination (100mW /cm?). Compared
with the ionic-liquid-electrolyte-based solar cell, a de-
crease (1.6mA/cm?) of the short circuit photocur-

rent density and slight increases of the open circuit
voltage (Voc¢) and the fill factor (FF) were observed
for the gel-electrolyte-based solar cell. As a result,
the energy conversion efficiency (n = 4.34%) of the
gel-electrolyte-based solar cell are close to that (n =
4.65%) of the ionic-liquid-electrolyte-based solar cell
(see Table 2).
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Fig. 3. Photocurrent-voltage curves of the cells based on
the ionic liquid (squares) and gel electrolyte (circles) under
AM 1.5 irradiation.

Table 2. The parameters of the cells based on the ionic liquid
and gel electrolytes under AM 1.5 irradiation (cell active area:
0.188 cm?).

Electrolyte Voc Jsc FF n
(mV) (mA/em?) (%) (%)
Liquid electrolyte  563.01 10.72 61.66 4.65
Gel electrolyte 569.00 9.13 66.90 4.34

The stabilities of these solar cells sealed with ther-
mal adhesive films (surlyn 1702) were investigated.
The energy conversion efficiency was measured once
per two days after being stored under dark at room
temperature.
electrolyte-based solar cell were kept constant, but
that of the ionic-liquid-electrolyte-based solar cell de-
creased to 70% after 700 h, indicating that the intro-
duction of the mesoporous SBA-15 is beneficial to long
stability of the solar cell.

In summary, we have developed a novel quasi-solid-

The conversion efficiencies of the gel-

state electrolyte by using mesoporous silica SBA-15 as
the framework material. The energy conversion effi-
ciency of this quasi-solid-state DSSC reaches 4.34%,
and the stability of the cell is improved by the intro-
duction of SBA-15.
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