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1. Introduction

Due to potential advantages of organic compounds
such as light absorptivity and easiness for film preparation,
the development of organic photoelectric conversion
devices has been attractive. A prerequisite for
fabricating organic photoelectric conversion devices is to
prepare very thin molecular assemblies on conductive
supports. Well organized assemblies of electron
donor(D)-acceptor(A) pairs on the electrode have achieved
high efficiencies of photoelectric conversion based on
photoinduced intermolecular electron-transfer reactions [1].
Particularly, the gold (or indium-tin-oxide: ITO)-sulfur
self-assembled monolayers (SAMs) of D-A pairs have been
successful for photocurrent generation [2-6].  However,
early photocurrent studies on SAMs were limited to planar
electrodes, so that the number of immobilized molecules
had been restricted.

Recently, we first reported multistructured assemblies
consisting of thiol dyes and gold nanoparticles on the
planar electrode and their photocurrent responses [7,8].
This method simply gives substantial increase in the
number of immobilized dyes per projective surface area
In the present study, We have fabricated a
photoelectrochemical cell using the multistructure
consisting of the SAM of a D-A linked compound (RuVS)
on gold nanoparticles deposited on the planar gold
electrode. Photocurrents as well as photovoltages
increased with increasing the number of gold particles (that
is, the number of immobilized RuVS).
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2. Experimental

The preparation procedure of RuVS has been
described previoudly [9].  An agueous solution of gold
particle was prepared by the reduction of HAuUCI,; with
sodium citrate as before [10]. The mean diameter was
1815 nm, analyzed by a transmission electron micrograph
(TEM). The planar gold eectrode (Asq) Was prepared
by vacuum deposition of titanium followed by gold onto a
glass plate (1.0x1.0x0.1 cm) a 300°C. The

nanosutructured gold electrodes (Biomi, Coomi @nd Daomi)
were prepared by precipitation of the gold nanoparticles on
the planar gold substrates from the colloidal solution (10,
20 and 40 ml, respectively).  Then, the electrodes were
immersed into a CH5CN solution of RuV'S (1x10° M) for
three days to self-assemble RuV S on the gold surface.

Figure 1 shows schematic illustration of a
photoel ectrochemical cell, which is similar to the previous
one[1l]. The modified (WE) and the counter ITO (CE)
electrode was fixed snugly in a concave-shaped silicon
rubber plate (SR; ~ 0.5 mm thickness). A polyimide film
(PF; ~ 12.5 um thickness) was inserted between the two
electrodes to keep electrical insulation.  The film has a
hole of 5-mm diameter for filling an electrolyte solution
between the electrodes and for irradiation of the modified
electrode. The electrolyte solution is a mixture of
hydroxymethylferrocene (FcOH: 0.02 M) and NaClO, (0.1
M) in water. A small amount of the electrolyte solution
was dropped between the electrodes, and the whole cell
parts were fixed tightly by viton rubber plates (VR; having
5-mm hole for the top plate for light illumination) and
champs. The light from a Xenon lamp (150 W)
irradiated the modified electrode through the counter
electrode (irradiation area: 0.2 cm?) using an optical fiber
(OF). Resultant photocurrents were measured with the
electrometer, while the photovoltages with the potentiostat
using external load resistors.
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Figurel.  Schematicillustration of a photocell
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3. Resuluts and discussion

Figure 2. SEM images of nanosutructured gold electrodes
Biom (@), Coom (B), Daomi (€), magnification of deposited
gold nanoparticles layer (d).

Asisrecognized from the SEM images (Figure 2), most
of the gold particles are agglomerated with each other. It
is also clear that the bare part (dark sites) of the planar gold
electrode decreases and the thickness of the deposited past
becomes larger (~ 0.5 to ~2 um) with increasing the
volume of colloidal solution used.  Through the degree
of agglomeration is microscopically uniform, the deposited
structure becomes macroscopically homogenous.

CV (and DPV) and photocurrent measurements with
triethanolamine (TEOA) as a sacrificial reagent in the
three-electrode mode show the amounts of adsorbed RuvVS
and anodic photocurrents induced by photoexcitation of the
tris(2,2’ -bipyriding). They increased with the increase of
deposited gold nanoparticles.
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Figure 3. Photocurrent action spectra of photocells at short
circuit current (I). WE: the modified gold electrode
(Afiat-Daom1); CE: ITO €electrode.

The performance of the photoelectrochemical cell as
described Figure 1 was investigated by measuring the
photocurrent  action  spectra and  photocurrent
()-photovoltage (V) curves. Figure 3 shows photo
current action spectra of the photoelectrochemical cell at
short circuit current (I).  The photocurrent (ls) tended
to be larger for higher number of immobilized RuV'S (that
is, higher number of deposited gold particles).

The I-V curves showed that both | and V. values
tended to be large for higher number of deposited gold
particles. Larger I values must be due to higher
numbers of immobilized RuVS.  Thus, the increase in
the Vo value at higher number of deposited gold particles

(immobilized RuVS) may be due to the change in the
rate-determining process of electron-transfer in the overall
electron flow in the cell system.  However, the V. value
(WE; Afa:1.3 mV; Bigmi: 4.1 mV; Cogmy : 9.3 mV; Dygm :
38 mV) is still very low as compared with the previous
photocell using the RuVS-modified 1TO electrode (420
mV), where the electrolyte solution was a mixture of
Lil(0.03 M) and 1, (1x 10 M) in acetonitrile [12]. In
the case of the gold electrode, the electrolyte solution
containg |I” (I,) caused dissolution of gold, and thus it
could not be useful in the present cell.  Thus, a smart
choice of an electrolyte (electron mediator) must be an key

for improving the performance of the present
photoelectrochemical cell.
4. Conclusions

In conclusion, the gold-sulfur self-assembled

monolayer can be applicable to the organic
photoelectrocemical  cell. The use of gold particle
multistructures has enabled the increase in the number of
immobilized RuVS, resulting the increase in the
photocurrent and the photovoltage. A smart choice of an
electron mediator (electrolyte) is a key to improve the
performance of the present photocell and the work is in
progress along thisline.
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