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L.Introduction
Fabrication of ultrathin molecular films in which a
photoredox pair is elaborately arranged on a conductive
support has been promising to achieve highly efficient
photoelectric conversion t1l.
A tris(2,2'-bipyridine)
ruthenium (Il)-viologen (Ru2*-V2*) couple is an excellent
photoredox pair for generating highly efficient
charge-separated states [2]. We previously reported the

RuTC

lcvsl2

photocurrent responses from the monolayer assemblies of
Ru2*-V2* Hnked thiols formed on gold electrodes [3,4j.
However, synthetic procedures of those linked compounds
are complicated and time-consuming.
Quite recently, we preliminarily tried to combine
self-assembly t5l and surface sol-gel [6] methods in order to
easily fabricate an assembly of a porphyrin-fullerene pair
via TiO2 layers [7]. In this study, we have successfully
built-up a Ru2*-V2* superstructure on an indium-tin-oxide
(ITO) electrode by the combination of self-assembly and
surface sol-gel processes, and have found clear photocurrent
responses from the film.
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2, Experimental Section

Tris(4,4' -dicarboxy-2,2' -bipyridine)ruthenium(Il) RuTC,
1-(6-mercaptohexyl)-1'-carboxymethylviologen CVS, and
thioundecanoic acid HOOC(CH2)r9SH (CCS) were prepared
in our laboratory. Other chemicals were used as received.
The preparation procedure of the RuTC-TiO2-CVS film

on the ITO electrode is shown in Fig.

1.

Assembling of CVS was carried out under electrochemical
reduction of the V2+ moiety. The applied potential of the
ITO electrode was set at -0.7 V vs. AglAgCl for 3 hours in
an aqueous solution containing CVS (l X 10-3 M monomer

unit) and KCI (0.1

M) t8l.

After withdrawal,

rhe

electrode was rinsed with ethanol and dried with a stream

of

nitrogen ges, giving the modified electrode denoted

as

CVS/ITO electrode (step 1). In the case of CCS, the ITO
electrode was immersed into an ethanol solution of CCS (1
x 10-3 M) for 4 days. Next, the CVS/ITO electrode was
immersed into a toluene/ethanol (l:1 v/v) solution of
titanium butoxide Ti(OBu)a (0.1 M) for 3 min to achieve
coordinative bonding of CVS and Ti(OBu)a, and then was
dipped into ethanol for rinsing and then water for hydrolysis,

giving the TiO2-CVS assembly on the

electrode

(step 3)

tTo
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Fig. 1. Preparation procedure of the film.

(TiO2/CVS/ITO electrode) (step 2). Finally, rhis electrode
was immersed into a methanol solution of RuTC (l X 10-3
M) for 30 min, followed by rinsing with methanol and
drying to give the RuTC-TiO2-CVS assembly on the ITO
electrode (RuTC/ TiO2/CVS/ITO electrode) (step 3).
Photocurrent measurements were carried out in an
aqueous solution containing triethanolamine (TEOA) (0.5
M) as a sacrificial reagenr and KCI (0.1 M). The
monochomatic light from a Xe lamp (300W) was used [4].
2. Results and Discussion

As shown in Fig. 2, clear redox waves due to the first
and the second reduction of the viologen moiety is observed

in the -0.3--0.6 V region in the cyclic voltammogram of
the CVS/ITO electrode. From the analysis of these
reduction peaks, the surface coverage of CVS was evaluated
as -6 X 1g-to mol cm-2 by assuming unity of the roughness
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Fig.2. Cyclic voltammogram of CVS/ITO
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Fig. 4. (a) Photocurrent action spectrum of RuTC/
0.
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morphological characterization of the assembly is underway.

factor.

Quartz crystal microbalance (QCM) measurements were
carried out for evaluating the degree of TiO2 deposition on

the CVS/ITO electrode. The CVS assembly was
prepared on the gold surface of the QCM plate by
immersing it into the ethanol solution of CVS for 1 day.
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The TiO2/CVS/ITO electrode showed

V.

These observations strongly suggest that the photocurrents
are generated via photoinduced electron-ffansfer from Ru2*
to V2* moieties.
In conclusion, we have succeeded in the construction of

Fig. 3. Absorption spectrum of RUTC/TiO2/CVS/ITO
electrode and RUTC in water.
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the dicationic V2* moiety is possible at 4J V which must
reduce electrostatic repulsion in the assembly and thus must
be favorable for dense packing.
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