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Introduction

TiO, has been intensively investigated for
photovoltaic goplications snce O'Regan and
Grétzd [1] reveded the pioneaed work in the
ealy 199Gs. It was reported that a solar cdl
based on the dye-coated TiO, film shows a high
overall energy-conversion efficiency of 7.1-7.9%
becaise the dye sensitizer adsorbed by nano
TiO, particles grealy improves the light
harvesting efficiency. Recently, by assembling a
solid-state cdl, Bach et al. [2] reported a solid-
state dye-sensitized mesoparous TiO, solar cdl,
which not only exhibits advantages of repladng
the liquid eledrolyte but also converts photons to
eledaric aurrent with a high yield of 33% for a
monochromatic incident light of 540 m.
Although the use of dye sensitizers and the solid-
state  onfiguration have promoted the
pradicability of a TiO, solar cdl, the open-
circuit voltage under illumination (V. ) and the
voltage corresponding to the maximum power
(Vmax) are till 1ow when compared to that of a
commercial battery.

Typicdly spe&ing, a TiO, solar cdl
containing the liquid eledrolyte in the presence
of the 1®/1" redox couple shows a V. value of
about 0.70 V [1]. The solid-state TiO, cdl
mentioned above showed an even lower V.
value of lessthan 0.35V [2]. It implies that these
high-efficiency TiO, solar cdls have little
applicability if they are not arranged in series.
However, ohmic drop kecomes obvious if cdls
are aranged in series, causing miniaturization
impossble. In addition, most of the incident
energy is wasted due to the low output voltage.
Taking ref. [1] as an example, the dye alsorbed a
photonic energy of 2eV or higher and converted
to eledrons with a potential of 0.7eV. Our aim,
therefore, is to develop a solid-state TiO, solar
cdl with a high \oltage. Indium
hexacyanoferrate (INHCF, In[Fe(CN)¢] [3]), a
Prussan blue analog, known as an insertion
compound and a wnuntereledrode material, isto
be incorporated into the solar cdl to achieve the
aim. This paper reports the preliminary results of
using the INHCF thin film as the redox couple in
aTiO, solar cdl.

Experimental

The opticdly transparent electrode (OTE)
used in the present work is the undoped SnO,-
coated glass (20 Q/sq., Tagsm = 60%). TiO, film
was deposited onto the OTE acording to a
general sol-gel procedure reported elsewhere [4],
whereas the INHCF film was plated onto the
OTE by cyclic voltammetry [5]. Since the K is
one of the favoured counter ions for the redox
processof InHCF [3], we intended to asemble a
solid-state cdl with a KCl-saturated pdy-2-
aaylamido-2-methylpropane  sulfonic  add
(AMPS) €eledrolyte, denoted as “K-PAMPS’
heredter. Before cdl asembly, the INHCF film
(yellow state) was shortly immersed in a KCI-
saturated AMPS solution and then was expaosed
to an UV light at 365 nm for 5 minutes to cure
the paymer. After impregnating the K-PAMPS

eledrolyte in the INHCF film on the OTE, the
eledrode was pressed together with the TiO,
eledrode. This resultant solid-state configuration
of OTE / TiO, / K-PAMPS + InHCF / OTE,
heredter referred to as TiOJ/[KP-InHCF], is
based on adye-freeTiO, solar cdl.

Results and Discussons

A typicd cyclic voltammogram of InHCF
in K-PAMPS is given in Fig. 1. By taking the
average of cahodic and anodic pe& potentials,
the formal potential of the redox couple,
IN[Fe(CNg)] and KInFe[(CN)g], in K-PAMPS
eledrolyte is estimated to be ca 0.87 V vs.
Ag/AgCI in saturated KCI, equivaent to 1.07 V
vs. NHE. Thisimplies that the TiO./[KP-InHCF]
solar cdl hasaV,. of 1.07 V becaise the Fermi
level of TiO, under illumination is nealy equa
to 0 V vs. NHE. Interestingly, the light on/off
testing, as shown in Fig. 2, demonstrates the
expedation of a 1.07-volt V. . Pradicdly, we
observed that this TiO,/[KP-InHCF] solar cdl
could drive some low-power eledronic devices,
such as eledronic timers and 8-digit caculators,
without further connecting cdls in series.
Although the solar cdl made with InHCF as the
redox couple indeed enhances the output voltage
of a TiO, solar cdl, V. in the darkened state
incresses with cycling and shows a memory
effed (seeFig. 2). Thisimplies that the cdl acts
both like a solar cdl and a secondary battery, and
prefers to stay at higher voltages, presumably,
this memory effed was caused by a poa contact
between TiO, and InHCF owing to the use of a
K-PAMPS eledrolyte. Attempt is underway to
eliminate this memory effed by improving the
contad. The photocurrent-voltage  (I-V)
charaderistic is sown in Fig. 3. It shows a
moderate fill fador of 52.4% and a poar energy-
conversion efficiency of 0.37%. In another
experimental run, a fill fador as high as 70%
was obtained, but till apoa efficiency of 0.30%
was achieved. The poor solar-to-eledric energy
conversion is mainly due to the lack of dye
sensitizers. Dye sensitizers will be incorporated
in our future experiments.

Although the preliminary results only show
an energy-conversion efficiency of 0.37% for a
TiO,/[KP-InHCF] solar cdl without a dye
sensitizer, it has been demonstrated that the use
of INHCF as the redox couple results in a TiO,
solar cdl having a V. value of 1.07V. Such a
high V4 offers a sufficient voltage required for
low-power electronic devices without adding
cdlsin series. This preliminary work also shows
the interests of applying an eledrochromic or
insertion compouwnd to enhance the performance
of the solid-state solar cdl. To be sure, the
eledrochemistry and  photoeledrochemistry
hidden behind the TiO,/ [KP-InHCF] solar cdl
should be interesting topics for the reseachers,
who are working on the battery and solar-cdl
aress.
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Fig. 1. Cyclic voltammogram of InHCF in a
KCl saturated PAMPS eledrolyte.
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Fig. 2. Light on/off test for the TiO,/KP-InHCF
solar cdl.
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Fig. 3. Photocurrent—voltage caraderistics of
the cdl as fiownin Fig. 2.



