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Abstract

The microstructural design of functional materials is of great interest because their
functionalities depend largely on their structures in nano- and micrometer scale. Actually, the
microstructure of various kinds of metal oxides can be modified by using solution processes. In
this study, structurally controlled metal oxide semiconductors with wide band gaps were
synthesized by using a variety of solution methods and applied as photoenergy materials to
dye-sensitized solar cells (DSSCs) and phosphors.

Chapter 1 summarizes the background and previous studies.

Chapter 2 describes information on materials and analytical apparatuses used in this study
with explanation of the fundamental principle of the analyses.

Chapter 3 describes the morphological control of ZnO films by employing a chemical bath
deposition method with controlling a supersaturation ratio. The resultant films consisted of
densely-packed sprouts-like ZnO particles and were suitable for the DSSC application.

Chapter 4 describes an attempt to suppress a recombination reaction for DSSCs using ZnO
electrodes. Recombination could be suppressed due to the reduction of surface states of the ZnO
electrodes by sintering, resulting in the enhancement of an open-circuit voltage (Voc) in DSSCs.

Chapter 5 describes nano-coating of the ZnO electrodes, which is another approach to
suppress the recombination. Four kinds of metal-oxide coatings were adopted and it was
demonstrated that these coating layers could work effectively as an energy barrier for the
recombination. An additional effect of these nanocoatings was also found to suppress grain
growth of the ZnO particles. As a result, the energy conversion efficiency of the DSSC was
improved up to 5.2% for the Nb,Os-coated ZnO electrode from 4.6% for the uncoated one.

Chapter 6 describes a nanostructural control of low-temperature synthesized ZnO particles and
their photoluminescent (PL) properties. The particles showed blue shifts of the absorption edge
and excitation properties, indicating the appearance of quantum size effects due to the unique
nanostructures. The tuning of band structures and PL properties based on their quantum size
effects was possible by controlling nucleation kinetics in reaction solutions.

Chapter 7 summarizes the results of this study.




