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Abstract

In this report, we summarize our research on photocatalytic and photoelectric
conversion properties of nanostructured film materials, by home-built surface
photovoltage spectroscope and photoelectrochemical analyzer, combined with
other characterization means such as XPS, FTIR etc. This report consists of two
parts: the first part includes our research on the surface proprties of TiO,, TiO,:
Sn** (TiO,-Sn), TiO,/Sn0O, nanostructured film photocatalysts, and discussion on
how surface properties affect activities of these photocatalysts; the second parts
includes our photoelectrochemical research on four kinds of nanocomposite film
electrodes: polyaniline(PECT-EB) /TiO,, PECT-EB/n-Si (100), tetramethyl
phorphyrin (TPP) / n-Si (100) and a-4T/n-Si (100).

In the first part, we prepared TiO, nanoparticulate film with different surface acid-
base properties by hydrolysis of TiCl,. We prepared TiO,, TiO,-Sn, TiO,/Sn0O,
nanostructured film catalysts by the PECVD method. We studied the surface
morphology of the films by AFM. We determined the crystalline structure and
particle size of the films by XRD. We measured the film thickness by SEM. We
studied the surface properties, such as surface species, surface electronic states of
the films by EFSPS, XPS, IR etc. We measured the photocatalytic ability of the
films by degradation of phenol. Then, we discussed how surface properties affect
the photocatalytic activity of TiO, film photocatalysts, and why TiO,/SnO,
composite film shows the enhanced photocatalytic activity. Our conclusions are
list below. TiO, film prepared in acidic medium showed higher activity than that
prepared in basic medium because the latter adsorbed more carbonate that blocked
the surface active sites. TiO,-Sn film showed higher activity than TiO, film
because the former had higher surface roughness and lower CO, adsorbed.
Besides that Sn4+ doping introduced local electronic states in the bandgap of TiO,
that facilitated the charge separation of photogenerated carriers. The TiO,/ SnO,
film showed 6-fold activity as that of TiO, film, because the built-in electric field
at the TiO,/SnO, interface facilitated the charge separation of photogenerated
carriers. as well as both of the components were exposed to surface and

participated into the reaction.
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In the second part, we prepared two kinds of film electrodes, denoted as PECT-
EB /ITO, PECT-EB /n-Si, TPP /n-Si, a-4T /n-Si, and studied their energy level
structure by home-built surface photovoltage spectroscope, studied their photo-
electrochemical characteristics by home-built photoelectrochemistry analyzer. Our

conclusions are list below;

1. We comparatively studied the photoelectrochemical characteristics of TiO,/ITO
and PECT-EB/TiO,/ITO electrodes in Sm mol/L K,[Fe(CN),] and 0.1mol/L KCI
solution. TiO,/ITO had the highest anodic photocurrent at —0.1 V. 350 nm
illumination, which was contributed by band-band and surface state electronic
transition. [t showed sharp peak of anodic and cathodic photocurrent in transient
photocurrent spectra, which indicated the photoelectrode had weak stability. When
TiO, electrode was sensitized by PECT-EB, the composite electrode showed the
highest photocurrent at 0 V and 470 nm illumination, which was contributed by
PECT-EB. The composite electrode didn’t show sharp peak in the transient
photocurrent spectra, which indicated the good stability of the composite
photoelectrode. The composite electrode can exploit the visible light, shows a

potential application in solar cell.

2. We comparatively studied the photoelectrochemical properties of n-Si, PECT-
EB/n-Si, TPP/n-Si, and o-4T/n-Si in Sm mol/L K,[Fe(CN),] +0.1mol/L. KCl
solution. All the electrodes showed cathodic current under illumination positive
bias. The PECT-EB/n-Si electrode hadn’t transient photocurrent, showed the
highest stability. It showed ten-fold photocurrent as higher as that of n-Si
electrode. That different sensitizer produced variuos photoelectrochemical
characteristics, indicated that to develop suitable sensitizer was the key problem to

promote photo-to-electric conversion efficiency.

Keywords Photocatalysis, TiO, nanoparticulate film, photo-electric conversion.,
Polyaniline surface modification, n-Si, Surface photovoltage spectrum,

Instantaneous photocurrent-time spectrum
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