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Abstract

Recently, the thin-film technology is being used for more advanced applications in various
industrial fields. The top-down technology (dry process), which has the disadvantages of
relatively high power consumption and high cost as well as large equipment size, is expected to
become mainstream in the future. However, technological innovation is required for the
realization of more simple and eco-friendly process. Therefore, the fusion of self-organization
(bottom-up technology) using a wet process would result in a significant paradigm shift for the
industrial manufacturing methods, and future studies are expected to focus on such a fusion.
This study demonstrated the fabrication and characteristics of a novel self-assembled film
fabricated by the layer-by-layer (LbL) method, which is a self-organization technique, and
applied the film to develop materials with superior functionalities (e.g., for use in sensors,
antifouling coatings, and solar cells) than those reported in previous studies.

Chapter 1 describes the background and objective of this work, and Chapter 2 outlines
thin-film technologies, focusing on the self-organization method used in the present study.

In Chapter 3, we describe a novel method for the simple and eco-friendly fabrication of dense
and porous polyelectrolyte films with incorporated metal ions that form coordinative bonds with
amino groups. This porous transition resulted from a reaction-induced phase separation that was
caused by the formation of this coordinative bonds. This method enables control of the pore size
in the nanoscale (54 nm) to microscale (1.63 um) range.

In Chapter 4, the application of the polyelectrolyte film containing metastable silver ions in a
quartz crystal microbalance (QCM) gas detector is discussed. The QCM detector with silver
ions responded to a very low CH3SH gas concentration (20 ppb) but did not respond to amines,
aromatic compounds, and other compounds. The response speed increased with increasing
CH3SH concentrations. The highly sensitive and selective response is promoted by a ligand
substitution reaction.

Chapter 5 describes a slippery liquid-immobilized coating (SLIC) film with high chemical
and physical durability. The SLIC film was obtained via an oxidation-reduction reaction
between Si-H and silver ions, followed by dehydration and the condensation of Si-OH on the
outside or bonding of Si-H with -NH> in the middle of the dense polyelectrolyte film with silver
ions. In an abrasion test against cotton impregnated with ethanol and ultrasonication in acetone,
the SLIC film maintains its slipperiness. Moreover, the SLIC film has a high degree of
slipperiness over various liquids (hot water, ethanol, oleic acid, etc.)

In chapter 6, the porous TiO> electrode of a dye-sensitized solar cell fabricated by using the
porous polyelectrolyte film as a replica of the electrode is discussed. The photocurrent—voltage
characteristics were superior to those realized in our previous work due to the increase in the
surface area and stronger necking between the TiO> films.

In Chapter 7, a transparent and super-hydrophobic/hydrophilic TiO> film with high adhesion
prepared by combining the LbL process with the liquid-phase deposition method and using TiO»
photocatalyst is described.

Finally, Chapter 8 summarizes these results and describes future prospects.




