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Summary of Doctoral Dissertation

Title of Doctoral Dissertation:

Development of novel synthesis of gold-iron oxide composite nanoparticles by ultrasonic irradiation
and their catalytic activity evaluation

Name: Mihata Aki

This PhD thesis deals with development of novel synthesis method of gold nanoparticles (AuNPs) and iron oxides, and
evaluation of their catalytic activities. AUNPs are synthesized in water-alcohol binary mixture solutions by ultrasonic
irradiation. Iron oxide and silica composites were synthesized for improvement of its photocatalytic activity. These
synthesized composites were evaluated for the catalytic activities. This thesis consists of six chapters.

Chapter 1 describes general introduction and gives the characteristics, structures and functions of noble metal
nanoparticles and iron oxide. The principle and interactions of surface plasmon bands of AuNPs are summarized in detail.
Moreover, this chapter gives the mechanism of its catalytic activities and the synthesis method of nanoparticle by ultrasonic
irradiation. In addition, I explain about the cavitation phenomenon and the reduction mechanism of gold ions to AuNPs by
the generated radicals under the ultrasonic irradiation. Finally, the aims and objectives of this study are illustrated.

In chapter 2, synthesis of AuNPs in water-alcohol binary mixture solutions under the ultrasonic irradiation is discussed.
AuNPs could be synthesized in the presence of different concentration of the alcohol. It was found that the formation of
AUNPs solely depends on the content various concentrations of alcohols (vol%) used in the present work. In addition, we
calculated the value of molecular dielectric polarization of water-alcohol binary mixture solutions, and it was found that
AUNPs were generated at roughly same range of the value of molecular dielectric polarization. This suggests the
microenvironment of the reaction field effects the generation of AuNPs. Moreover, we discussed about the effect of the
concentration of HAuCl,. The stability of synthesized AuNPs depends on the added amount of HAuCl,4, and we could get
dispersed gold colloids solution without using the protectant.

In chapter 3, the catalytic activity of synthesized AuNPs was evaluated at the liquid phase. The catalytic activities of AUNPs
were estimated by the reduction of 4-nitrophenol to p-aminophenol in the presence of NaBH, and water. The aqueous
solutions of 4-nitrophenol and p-aminophenol have the absorption peaks at around 400 nm and 300 nm respectively. The
absorption peak at 404 nm corresponding to 4-nitrophenol was decreased, and the peak at 300 nm corresponding to
p-aminophenol was appeared with passing time. Moreover the reduction of 4-nitrophenol in the absence of AuNPs could not
be confirmed. Therefore, the result showed the catalytic activity of the as-prepared AuNPs. Additionally, we also estimated
the rate constant of the present reaction systems.

In chapter 4, we report synthesis of iron oxide/silicon oxide composites and gold-iron oxide/silicon oxide and their
photocatalytic activity. Iron oxide is a semiconductor that can absorb visible light, and the band gap of a-Fe,O3 is determined
to be about 2.2 eV. The photocatalytic reaction occurs at the surface of the photocatalyst. Therefore, it is required that the
target compounds are adsorbed on the surface of photocatalyst. Silicon oxide is the great adsorbent material because it is
porous and has the large surface area. In this work, we described the synthesis of iron oxide and silicon oxide composites and
evaluation of its photocatalytic activity for the decomposition reaction of methylene blue under the visible light region. The
synthesized samples showed significant photocatalytic activity and the sample containing of 1 mL SiCl4 had the highest
photocatalytic activity. The content ratio of iron oxide and silicon oxide is an important factor to work as the effective
photocatalyst. Furthermore, the preparation of gold-iron oxide/silicon oxide composites and the evaluation of its catalytic
activity were also carried out by using spectroscopic methods.

In chapter 5, the present results concerning the synthesis of gold nanoparticles, iron oxide/silicon oxide and gold-iron
oxide/silicon oxide composites and their application to catalyst in solution systems are finally summarized.



