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Synthesis and applications of one-dimensional titania-related nanomaterials
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The research work in this thesis focuses on mesoporous
semiconductor preparing by surfactant assisted templating
method for the application of dye-sensitized solar cells.

This thesis started out as an introduction, current status
of solar cells and overviews of materials aspects in dye-
sensitized solar cells (DSCs) as described in Chapter 1. In
Chapter 2, nanocrystalline TiO2 was synthesized by a modified
sol-gel with lauryl amine hydrochloride as a surfactant. Fig. 1
shows the TEM images and electron diffraction pattern
of synthesized TiO2. The ordinal resolution TEM image
showed microstructure of nanocrystalline TiOz, the inset
indicated electron diffraction pattern of a selected area of
synthesized TiO: which displays the Debye-Scherre rings
of (101), (104), (200), (105), and (204) diffractions of anatase
phase. The N2 adsorption-desorption isotherms of the
synthesized TiO: exhibited typical IUPAC type IV. This
indicated that this material possessed a mesoporous structure.
Synthesized TiO2 (MP-TiOz2) was applied for the electrode of
DSCs. The cell made from synthesized TiO:2 sensitized with
N3 dye exhibited higher short-circuit photocurrent density
and solar energy conversion efficiency than that made from
commercial P25 in thin film region. To obtain high cell
performance, the film thickness of TiO2 electrodes must be
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increased to improve light harvesting efficiency.

Single and double layered mesoporous TiOz/P25 and TiO:
electrode for DSCs was described in Chapter 3. To improve
the light harvesting efficiency, thick film and scattering layer,
which are incorporated into the film, are important for
enhancing the photoresponse in red light region. A comparison
of photovoltaic properties of blended synthesized titania
with P25 (MP-TiO2+P25) and double layered cell is shown
in Fig. 2. The cell made from double layered electrodes,
which consisted of transparent synthesized titania and
blended synthesized titania with P25 (MP-TiOz+P25) layer,
showed higher cell performance than that made from
single layer of MP-TiOz+ P25 at the same film thickness.
This could be attributable to the transparent MP-TiOz,
which adsorbed higher amount of chemisorbed dye and
MP-TiO:2+ P25 layer, which provide higher film thickness
and improved light scattering, leading to an increase in the
light harvesting efficiency.

The effect of conducting substrate on dye-sensitized solar
cell performance using nanocrystalline was investigatedin
Chapter 4.
mesoporous semiconductor electrode with the based
materials for transparent conducting film is one of key issue
in DSCs, which has not been intensively investigated so far.
A new type of ITO/SnO: conducting glass was applied for
the DSCs. SnO: layer was deposited on the ITO layer to
improve the heat stability. The efficiency of the cells using
ITO/SnO: substrate remarkably increased comparing with
that of the cells using ITO substrate.

In Chapter 5, photovoltaic properties of DSCs using

To improve the efficiency, matching of

(a)
-
S AN
Wb

Fig. 1. TEM image and electron diffraction pattern of synthesized
TiOz (a) ordinal resolution (b) high resolution.
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Fig. 2. A comparison of photovoltaic properties of MP-TiOz+ P25
and double layered cell at the same film thickness (17-m).
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various metal oxide electrodes were investigated. To
optimize the semiconductor/ dye couple, changing the metal
oxide with same dye is one of the most important approaches
to clarify the role and the feature of the semiconductor
electrode. A various metal oxide electrodes, such as TiOz,
7Zn0, SnO2, Nb20s5, and ZrO2, were prepared from their
precursors by using surfactant assisted templating method.
The cell made from the TiO2 showed the highest efficiency.
In spite of ZnO that has the same conduction band level, the
photocurrent of ZnO cell was lower than TiO: cell. This
could be attributable to the difference in crystal structure
and surface properties.

The effect of conducting substrate on dye-sensitized
solar cell performance using nanocrystalline was
investigated in Chapter 4. To improve the efficiency, matching
of mesoporous semiconductor electrode with the based
materials for transparent conducting film is one of key issue
in DSCs, which has not been intensively investigated so far.
A new type of ITO/SnO2 conducting glass was applied for
the DSCs. SnO: layer was deposited on the ITO layer to
improve the heat stability. The efficiency of the cells using
ITO/SnO:2 substrate remarkably increased comparing with
that of the cells using ITO substrate.

In Chapter 5, photovoltaic properties of DSCs using various
metal oxide electrodes were investigated. To optimize the
semiconductor/ dye couple, changing the metal oxide with
same dye is one of the most important approaches to clarify
the role and the feature of the semiconductor electrode. A
various metal oxide electrodes, such as TiOz, ZnO, SnOz,
Nb20s, and ZrOz, were prepared from their precursors by
using surfactant assisted templating method. The cell made
from the TiO2 showed the highest efficiency. In spite of ZnO
that has the same conduction band level, the photocurrent
of ZnO cell was lower than TiO:2 cell. This could be
attributable to the difference in crystal structure and surface
properties.
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