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A typical inactive metal of gold becomes catalytically active for the oxidation of CO even below room temperature when it is
dispersed as nanoparticles on specific metal oxides such as TiO, and CeO,. It is well established that the catalytic activity
correlates with both the average size of dispersed Au nanoparticles (AuNPs) and the species of support. However, the origin of
the specific catalytic activities has not been clarified yet. Since the microstructures in any real catalysts are structurally
inhomogeneous, it is highly needed to reveal the correlation of the activity with the structural and/or electronic property of
individual AuNPs on various supports. To investigate the correlation, this dissertation presents experimental studies on
morphology of supported AuNPs with different supports and activities by means of environmental transmission electron
microscopy (ETEM).

Background and overview of this dissertation are explained in chapter 1. Metal nanoparticle catalysts are explained in
chapter 2. The history of ETEM and review of the study of catalysts using ETEM are shown in chapter 3.

For accurate ETEM observations, influence of electron irradiation on AuNPs and CeO, support is examined in chapter 4.
From ETEM observations and electron energy loss spectroscopy (EELS) measurements in vacuum and O,, we found proper
electron flux in ETEM observations. In chapter 5, sample contaminations from CO-rich gas are examined. After ETEM
observations of the contamination process, it is demonstrated that gas purification is crucially important to observe intrinsic
phenomena in CO-rich gases by ETEM and thus to improve the accuracy of ETEM experiments.

In chapter 6, systematic ETEM observations of active Au/CeO, catalysts in various partial pressures of CO and O, are
carried out for the first time. Morphology of AuNPs on CeO, changes depending on partial pressure of CO and O, gases.
Establishing morphology diagram, we have concluded that 1) CO molecules are adsorbed on the surface of AuNPs, stabilizing
AuNPs of polyhedral shape enclosed by the major {111} and {100} facet surfaces, 2) O, molecules possibly dissociate into O
atoms, resulting in round morphology of AuNPs.

In chapter 7, to examine whether AuNPs behavior in gases differ depending on support materials and catalytic activity,
ETEM observations of AuNPs on CeO,, SiO,, TiC supports, which is known as reducible oxide, irreducible oxide and carbide
respectively, in O, and CO/air were carried out. Examining numerically the morphology of AuNPs followed by statistical
treatments, it is found that the number ratio of morphology-changeable AuNPs in gases correlates with the catalytic activity. The
round morphology that the morphology-changeable AuNPs exhibit in pure O, is attributed to the activation of oxygen
preferentially at the perimeter interface during ETEM observation. Therefore, the present research stimulates further studies on
the formation process of the perimeter interfaces of individual AuNPs to clarify the catalytic mechanism of Au catalyst.

In chapter 8, considering our experimental results shown in chapter 6 and 7 and previous reports, CO oxidation reaction
mechanism of Au catalysts is discussed in terms of adsorptions of CO and O, molecules, dissociations of O, molecules.

Application of ETEM to understanding the growth mechanism of carbon nanotubes (CNTs) is shown in chapter 9. ETEM
observations clearly showed that (1) nanoparticle catalysts (NPCs) are fluctuating crystalline nanoparticles, (2) the NPCs are
cementite Fe;C and (3) carbon atoms migrate through NPC bulk and (4) nucleation of inactive iron silicate was suppressed by Mo
addition, resulting in increase in CNTs yield.

Our observations will induce further experiments and computer simulations to elucidate the reaction mechanism of Au
catalysts. Furthermore, we have shown an effective approach of the ETEM to study the reaction mechanism of metal

nanoparticle catalysts. We are convinced that this work stimulates the study to reveal various solid-gas reactions at atomic scale.
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