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Abstract
Catalytic reactions proceeding on Pt-group metal (PGM) surfaces have been used for various

applications in the modern society. However, the reaction mechanisms of not afew PGM catalysts
have not been fully understood yet at the atomistic level. One of the most critical issues to be
overcome for achieving the understanding is that most of the surface science techniques used so far
need ultrahigh vacuum (UHV) environments, though the real catalysts usually operate under
atmospheric or higher pressure conditions (so-called pressure gap). In thisthesis, by means of new
surface science techniques applicable to near realistic conditions, adsorption and catal ytic oxidation
reactions of simple molecules, i.e. carbon monoxide (CO) and nitric oxide (NO), on PGM and its
alloy surfaces were studied over a pressure range from UHV to sub-Torr. Asaresult, high-pressure-
induced adsorption states and catalytically active phases under near ambient pressure conditions
were elucidated. Thisthesis consists of following five chapters.
Chapter 1: General Introduction

The scientific background and the aim of this study are described. After an overview of previous
studies on heterogeneous catalysis is given, molecule-substrate interactions are explained from
several viewpoints such as physical and chemical properties of metal surfaces and molecules. Then
advantages of surface science approaches and recently developed in-situ techniques are shortly
reviewed. Finally the aim of this study is given.
Chapter 2: Research Methods

The experimental and theoretical techniques and apparatus employed in the present study (X-ray
photoelectron spectroscopy, infrared reflection absorption spectroscopy, low-energy electron
diffraction and density functional theory calculations) are explained.
Chapter 3: Adsorption of Simple Molecules on Platinum-Group Metal Surfaces

Pressure dependence of adsorption state of CO or NO on PGM surfaces (Pt(111), Rh(111),
Pd(111) (100) (110)) was investigated at room temperature. It was revealed that in most of the
adsorption systems the adsorption structure is reversibly controlled by background pressure and at
elevated pressures high-density phases are formed. CO adsorption on Pd-Au aloy surfaces was
also studied and it was found that pressure-induced site-switching takes place, which can be
explained in terms of pressure-induced surface free energy.
Chapter 4: CO Oxidation Reaction on Low-Index Pd Surfaces: Experimental Evidence of an
Alternative View for Active Phases

Catalytic oxidation of CO on low-index Pd surfaces under near ambient pressure conditions is
described. In-situ observations of COz formation rate and surface states of Pd under various
temperatures and pressures reveal that under the most active conditions the Pd surfaces are covered
by high-density oxygen phases which can be formed in both metallic and oxide surfaces. The
high catalytic activity of the high-density oxygen is an alternative view of active species for CO
oxidation under realistic conditions.
Chapter 5: Concluding Remarks

Conclusions of thisthesis and future perspective of mechanistic studies on catalytic reactions are
described.




