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A new cyanine dye (abbr. PMC in the following) was synthesized and was used to sensitize
SnO; nanostructured porous film studied in this article. The structure of PMC determined by NMR

and element analytical technique is

The photocurrent action spectra, the photocurrent-potential curves, the photocurrent transients
and the UV-Vis absorption curves were measured with the unsensitized and sensitized
elelctrodes. The positions of electron ground state and electron excited state of PMC were deter-

mined by cyclic voltammetry and UV-Vis spectroscopy. Subsequently, the mechanism of pho-
to-induced current was studied preliminarily.

1 Experimentals

1.1 Materials
The photoelectrochemical anodes were prepared on the conducting indium tin oxide coated

glasses (8€Q /[, denoted hereafter as OTE) . All the chemical agents were A.R. grade
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without further purification. The solutions were prepared with deionized water. All experiments
were carried out at room temperature (18 +1TC).
1.2  Preparation of Sn0: colloidal solution and working electrodes

SnO: colloidal solution was prepared as described in reference''’ . The morphology of SnO.
particle was determined by AFM and TEM. SnO; particles are round in form and about 5 nm in
diameter. OTE/SnO. electrode was prepared following the preparation process of OTE/TiO.
electrode described in reference'' . Preparation of OTE/ SnO./PMC electrode was carried out in
the following way. The OTE/ SnO: electrode was immersed in 0. 5 mmol * L~' PMC alcohol
solution for 24 h and then was dried in air.

1.3 Photoelectrochemical experiment

Two types of photoelectrochemical cells were used. Three-electrode cells with a quartz win-
dow were used when measuring photocurrent under potentiostatic or potentiodynamic scanning
condition. Working electrodes were OTE/SnO. and OTE/SnO,/PMC. Auxiliary electrode was Pt
wire and reference electrode was saturated calomel electrode (SCE). All the potentials measured in
this article were relative to SCE unless otherwise stated. Supporting electrolyte was 0. 1 mol*L ™'
NaSCN in a buffer solution of 0. 2 mol * L ™" potassium biphthalate and 0. 2 mol * L ~'NaOH solution
was added to adjust the pH to 4. 0.

Two-electrode sandwich cells were prepared by placing the counter electrode, a Pt plate, di-
rectly on top of OTE/SnO: or OTE/SnO:/PMC and were used to measure IPCE (incident pho-
ton-to-current conversion efficiency) . The redox electrolyte, composed of 0.3 mol-L~" Lil and
0.03 mol*L~" I, in propylene carbonate solution, was introduced in between the two electrodes.

For the three-electrode system, the light source was a 200 W Xe lamp in combination with
agrating monochromator. The illuminated area of working electrode was 0.5 cm® A high-pass
filter (> 350 nm) was used to remove ultraviolet radiation in the light path. A potentiostat(Model
173 EG&G PARC) served to control the potential. An X-Y recorder(TYPE-3036, Sichuan In-
strument Factory) was used for recording photocurrents which in this paper were all steady state
values. The intensities of the monochromatic light were measured with a calibrated radiometer/
photometer (Model 550-1, EG&G PARC) . The photocurrent spectra were normalized after sub-
tracting the transmittance of the OTE.

The photocurrent-voltage curve was measured with the two-electrode system under illumination
of a Xe lamp with a light intensity of 53 mW *cm 2. The illuminated area of working electrode was
0.7 cm®. The transmittance of OTE was 50% .

1.4  Physical property

Absorption spectra of the working electrodes referring to OTE were recorded on a UV-Vis

spectrometer (Model Du-7 BECKMAN).
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Fig. 1 Absorption spectra of cyanine Fig. 2 Photocurrent action spectra of OTE/SnO:
dye (PMC) in absolute ethanol nanostructured porous films(a) and of OTE/
solution with ethanol asreference Sn0/PMC nanostructured porous films(b)
(a), OTE/SnO: (b) and OTE/SnO: The counter electrode was Pt sheet of 1cm?.
/PMC (c) with OTE as reference The electrolyte contained 0.3 mol*dm 3 Lil
and 0. 03 dm? I, solved in PC (1, 2-propylene

carbonate)

2 Results of the Experiment
2.1 The UV-Vis absorption spectra of PMC in ethanol

Fig. 1 shows that PMC in ethanol has a strong optical absorption band in the visible region,
from 550 nm to 710 nm. In the UV region, from 300 nm to 400 nm, a weak absorption band is
observed for PMC.
2.2 The absorption spectra of the working electrode

In order to verify whether PMC was absorbed on SnO, nano-particles, the absorption spectra of
sensitized and unsensitized electrodes with OTE as the reference were measured (Fig. 1) . The
spectra shows that the unsensitized electrode has only a strong absorption peak in UV re-
gion. However, sensitized electrode has strong absorption bands in both UV and visible region. By
comparing with the absorption spectrum of PMC solution as shown in Fig. 1(a), the broad ab-
sorption band from 550 nm to 700 nm corresponds to the absorption of the PMC. This indicates that
the PMC dye has been absorbed onto the nano-porous OTE/SnO, electrode effectively.
2.3  Photoelectrochemical behaviors

Photocurrent spectra of OTE/SnO., OTE/SnO./PMC electrodes in the range of 400 — 700 nm
were recorded with a two-electrode system (Fig. 2) . The photocurrent of OTE/SnO: decreased to
almost zero around 500 nm. The photocurrent generated by the light with wavelength higher than
400 nm may be related to the surface states or inner localized states of SnO. nanostructured film.
The surface states or inner localized states of SnO, nanostructured film may absorb photon of energy
smaller than its energy gap and make a contribution to produce photocurrent in this wavelength re-

gion. Having been sensitized by PMC, the photo response region was broadened to visible and near
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infrared light region, especially in the wavelength region from 550 to 700nm. This strong photocur-
rent peak matches the light absorption band of the sensitized electrode. The IPCE"! was calculated as

the following:

1241 * photocurrent density q.LA “em™?) - 100%
A tm ) * photon flux WW * cm™2)

IPCE =

The maximum of IPCE was 45. 7% for sen-

sitized electrode. It has been proved elsewhere

40s

that the OTE has no photo-response from 400 nm
to 700 nm.

In order to study the stability and the pho-

anodic — 1=340 nm

N to-induced charge-transfer process of the pho-

‘[ <[ toanodeat constant potential, the photocurrent
=

transients generated by monochromatic light were

L=
l measuredin a three-electrode cell with SnO.
cathodic

. nanostructured porous electrode as anode

o £

J Jl ’ ° ll'_ b (Fig. 3). Fig. 3(a) shows the photocurrent tran-
4=580 nm sients of unsensitized OTE/SnO. electrode in-

duced by the light of 340 nm. It indicates that

onf ont
Fig.3  Photocurrent transients of OTE/SnO:
illuminated at 340 nm (a) and OTE/ when the OTE/SnO: electrode was illuminated
Sn0,/PMC illuminated at 580nm (b) by the photons with energy greater than the en-
Electrolyte: 0.1 mol*L~' SCN-, pH = ergy gap of SnO. (3.5 eV)!" >, the holes could
4.0. Electrodepotential: 0.3 V(vs SCE) be produced in the valence band of SnO; and then
reacted with the reductive agent at the interface of electrode/solution, consequently the photocurrent

was generated. During illumination on the OTE/SnO:; electrode, the intensity of photocurrent did
not decayed. At the moment of turning off the light, the photocurrent decreased to its original
value. Fig. 2 shows the photocurrent transients of the OTE/SnO./PMC electrode illuminated by the
light of 580 nm whose energy was lower than the energy band gap (abbr. E.) of SnO: but equal to
its characteristic absorption wavelength. Illuminating the electrode with such light an anodic pho-
tocurrent was generated. The current decayed with time to a steady value. At the moment the light
was shut down, a cathodic current transient occurred immediately and decayed to zero with time.
In the range of —0.4 to 1.0 V and under illumination with 580 nm light, the photocurrent of
OTE/SnO:/PMC electrode was measured as a function of potential(Fig. 4) . Fig. 4 shows the
photocurrent increased when the potential increased. In the range of —0.4 to O V, the photocurrent
increased slowly. When the potential was above 0 V, the photocurrent increased quickly with the
potential increasing and at 0. 39 V reached a saturate value. The photocurrent decreased slightly
when the potential was above 1. 0 V. The photon energy of 580 nm light was lower than the E, of
SnO., and situated in the optical absorption range of PMC. The photocurrent was therefore caused
by the excitation of PMC. The potential was not increased any more to prevent the indium-tin oxide

conductive layer from decomposing by high potential.
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3  Results and Discussion

The energy level of the excited state of PMC was evaluated to be 0.91 V  (vs. NHE) ac-
cording to the optical absorption threshold and the result of cyclic voltammogram of PMC. The
conduction band position of SnO: is 0. 23 V (vs. NHE, extrapolated value at pH 4. 0 according to
Refs. "*")which is lower than the excited state energy level of PMC. It is evident that the excited
level of PMC matches the conducting band position of SnO. nanometer particles. The photore-
sponce range of nanometer electrode was enlarged to visible region by electron injection from ex-
citedsen sitizers into the conduction band of SnO..

The performance of solar cell made from OTE/SnO,/PMC photoanode was measured and the
short-circuit-photocurrent i was 0. 50 mA*cm ™ , open-circuit voltage V.. was 0.42 V, and the
light energy to electricity conversion efficiency was 0. 37% .

Fig. 3(b) indicates that photoelectrons injected into conduction band of SnO: could be
caughtby oxidied sensitizer or oxidized product (SCN).~ before flowing to the external circuit. It
was the so-called recombination of photoelectrons, which resulted in the photocurrent decay with
increasing irradiation time and the cathodic current transients in the moment of light shut off. As a
result, the recombination of photoelectrons reduced the photo-to-current conversion efficiency. The

study of the stability of PMC is still going on.

35 The photo-to-current conversion efficiency
- of the sensitized semiconductor electrode re-
% g lated to the external potential applied on it.
51 Variation of external potential could shift'' the
T ol conduction band of SnO. nanocrystalline elec-
f: s 7 trode and therefore the difference between the
2 | conduction band of SnO: and the excited state
10; energy level of PMC was changed. Subse-
5 7 quently, the driving force of charge transfer-
i ring from excited sensitizers to SnO. conduc-

0é T

T T o oi Tos o8 1o tion band was changed. This was verified by

LIV the result of photocurrent versus potential
Fig.4 Photocurrent-potential curve

of OTE/SnO./PMC electrode
illuminated at 580 nm

shown in Fig. 4. The decrease of photocurrent
in the potential range higher than 1.0 V pos-
sibly was caused by the oxidization of PMC.

4  Conclusions
The new cyanide dye with carboxyl groups is a sort of hopeful dye for sensitizing nanos-
tructured semiconductor porous electrode. PMC broadened the range of photoresponse of SnO.

nanostructured electrode into visible and near infrared area. It has a good response in the range of
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550 — 700 nm where photocurrent intensity and photo-to-current conversion efficiency increased
significantly. The maximum IPCE of OTE/SnO./PMC is 45. 7% .
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