Investigations of Photophysical and
Photochemical Processes in p-CuSCN
Photoelectrochemical Cells Sensitized with
Langmuir-Blodgett Films
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Introduction The energy falling on the earth’s surface, after absorption and scattering
by the atmosphere, is 3x10** joules per year, corresponding to an average power availability
of 10" watts. The present consumption of primary energy in all forms by mankind is 2X
10*° joules per year. If we were able to collect and use solar energy with an efficiency of
10%, the available solar energy would still exceed future requirements by a factor of 150
(1, 2).

In recent years, considerable interest has been focussed on the development of systems
capable of collection and storage of solar energy (3, 10). Amongst the numerous systems
that can envisage, photoelectrochemical processes are receiving extensive and careful
scrutinity all over the wold (3-10).

The conversion of solar radiation into electricity by means of the silicon photovoltaic
cell is at present the most sophisticated technical development in solar energy devices (1,
2). The silicon cell, which was developed for powering space vehicles and satellites is still
the most efficient and reliable. Unfortunately, the manufacture of pure silicon crystals is
very expensive, and electrical power from silicon photovoltaic cells costs about a hundred
times more than conventional electrical power.

Dye sensitization of semiconductor-electrolyte interfaces has become an object of attention
for many workers as it is a technique that might be adopted for use in solar energy conversion
devices (7, 11-15). Dye sensitization extends the spectral response of photoelectrochemical
cells based on high band gap materials (11-15). The familliar high band gap semiconducting
materials, e.g, GaP, SrTios or other oxide semiconductors are not the best materials for
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studying dye sensitization because of poor dye adsorption.

In earlier reports, it was exhibited that CuSCN (a p-type semiconductor of band gap~
3.2 eV) is an ideal, and chemically stable material for studying dye sensitization (15-20).
Unfortunately, these dye sensitized systems suffer from many problems since the deposited
dyes have random molecular arrangements on p-CuSCN. Investigations of photophysical
and photochemical processes associated at Semiconductor/Dye-Electrolyte Interface is
limitted, if the deposited dyes have random molecular arrangements.

The Langmuir-Blodgett (LB) technique is extremely attractive (25-27) as a tool in making
ordered molecular arrangements on various materials. Investigations related to the dye
sensitization of p-CuSCN with ordered molecular arrangements are not reported in the
Literature. This study describes, for the first time, the behaviours of p-CuSCN based
photoelectrochemical cells sensitized with ordered molecular arrangements deposited by LB
technique.

Chapter 2 to Chapter 3 illustrate the theoretical back ground of this research.

Chapter 4 present some previous works related to structural behaviors of p-CuSCN,
semiconductor properties of p-CuSCN, photocatalytic properties of p-CuSCN polycrstalline
powder and dye sensitized photoelectrochemical cells and solid state photovoltaic cells with
random molecular arrangements of various dyes.

From Chapter 5, the formation of surface states in the p-CuSCN photocathodes, kinetics
of photocurrent generation and photophysical properties associated at semiconductor/
Dye-Electrolyte Interface, electrolyte dependence for the p-CuSCN PECs sensitized with
ordered molecular arrangements of Rhodamine-Cis LB films, absorption properties of
Methylviolet and Rhodamine dye solutions and solid samples deposited on glass plates by
LB techniques and simple dipping techniques, variations of absornace and photocurrent
with the angle of polarized plane of incident light, stabilization of p-CuSCN PECs and a
mechanism involved to generate a sharp photocurrent enhancement sensitized with
Methylviolet-Cis and Rhodamine-Cis double dye LB films are illustrated in details.

Surface states in p-type Cu' thiocyanate (CuSCN) were detected from I-V characteristics,
diffuse reflectance spectra, and photocurrent action spectra. The p-CuSCN films are
sensitized by Rhodamine with Octadecyl-alkyl chain, and the sensitized photocurrent is
observed with the visible light illumination. Inspite of the surface states in p-CuSCN, the
maximum photocurrent quantum efficiency (¢max) at 2 =570nm, in (1x10~*M) KI+I12
solution, pH=6, reached ~8.6%, where the surface concentration of the photocathode Cu/
p-CuSCN/Dye was 1.1x10" molecules cm™2. Photocathodes were biased at -0.25V vs AgCl/
Ag to give a zero dark current. From the variation of values with the reduction potential
of electron acceptors, the cathodic sensitization mechanism presented is further confirmed.

The rate equations for the photoinduced charge transfer processes at the sensitized
interface are solved to obtain an expression for the steady state photocurrent quantum
efficiency, as a function of rate constants of the photophysical and photochemical processes
at Semiconductor/Dye-Electrolyte interface, deposited dye concentrations, concentration of
the electron acceptor in the electrolyte.

It was found that the photocurrent quantum efficiency of photoelectrochemical cells with
p-CuSCN photocathode sensitized with double dye layers such as Rhodamine-Cis and
Methylviolet-Cis is greatly enhanced (~15%), when the double dye system is prepared using
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Langmuir-Blodgett (LB) 'technique. An ordered arrangement of dye molecules in LB films
provides a suitable condition to transfer photogenerated holes and electrons between two
dye layers, so that photogenerated holes upon excitation can transfer effectively into the
valence band of p-CuSCN.
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AN. Fernando K%, #32eV DNV K¥ ¥ v 72 F T3 PEIO CuSCN FEEKEZERE L THW
7z Photo-electrochemical cell DBFEZ# 1T o7z, ZOMEERBALOIMLENIRETHDLZ L, &
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& AV 2 Photo-electrochemical cell 2k L2 DHERHEL AT, Z OBAICH L TRIRRIC
RBREZFETEDIZe—F I v EAVEERBROFELRSA, 22V MECKERNAEREL
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_17_



