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Adsorption and dissociation of molecules on surfaces are two fundamental surface processes in the surface
science. Applications on these surface-molecule interactions to wide range industry are addressed to the use of
transition metals as catalysts, which are believed to have high catalytic activity to accelerate the reaction.
Among the transition metals, platinum (Pt) is the most commonly used catalyst material because of its catalytic
activity for many electrochemical reactions. However, growth in the knowledge on the modification of the
chemical reactivity by surface-alloying shows various degrees of success in the development of catalysts.

This thesis is concerned with the use of Pt-based alloy catalysts for any fundamental surface reactions.
The objective is to investigate the nature of surface-adsorbate interaction related to the role of alloying metal
with regard to catalytic and surface reaction processes. These studies are carried out by density functional
theory (DFT) in calculating the total energy. Projector Augmented Wave (PAW) method is used in the
calculation.

In this study, interaction of Pt, PtRu- and PtRuMo-alloy surfaces with hydroperoxo (OOH) is presented.
The surface processes of adsorption and dissociation of OOH is explored as one of the most important steps in
the surface reaction. The dissociation of OOHaq into Oad and OHaa on Pt(111) is activated, in excellent
agreement with experiments and other theoretical works. On the other hand, this study gives the first report
on the non-activated dissociation of OOH on binary and ternary metal alloy systems, PtRu and PtRuMo.

Discussion on how such reaction proceeds and how the enhanced Ru-O and Mo-O bond affecting this
spontaneous OOH dissociation in these systems is explained in detail. Analysis by using the charge transfer
notes that the larger surface-adsorbate charge transfer is observed on PtRuMo- and PtRu- surfaces and Mo in
PtRuMo donates the largest amount of charge followed by Ru in PtRu, implying the role of Mo and Ru on the
adsorption and dissociation of OOH on alloy surfaces.

Moreover, the role of alloying metal Mo and Ru on Pt-based alloy surfaces on the adsorption of methanol
and its decomposition species is also considered. The discussion on the preferential adsorption site of methanol
(CH30H), methoxy (CHs0), formaldehyde (H2CO) and formyl (HCO) and their energetics is presented. This
study describes the nature of adsorption in relation with energetic properties and charge transfers (CT) to clarify
the role of alloying metal Ru and Mo on adsorption properties. The largest charge transfer is observed in the
adsorption on PtRuMo-, followed by adsorption on PtRu-, and then adsorption on Pt- surfaces, results in the
binding energy between molecules and surfaces is strongest on PtRuMo, followed by PtRu and Pt. It is found
that the Mo in the PtRuMo donates the largest amount of charge followed by Ru in the PtRu and then by Pt in
the pure Pt surface. Because Ru and Mo have lesser filled d-orbital than Pt, replacing Ru and/or Mo on Pt
surfaces to form Pt-alloy surfaces, indeed increase the d-orbital vacancy. It results to a d-orbital higher in
energy or a d-band closer to the Fermi level causing strong interaction with adsorbates. From the structural
adsorption geometry, this study may also predict that the methanol and its decomposition species rotate on the
surfaces during decomposition process. The structural geometry of shorter C—O bond length of methanol
decomposition species on Pt surface leads to suggestion that CO formation is more probable on Pt than on PtRu
and PtRuMo surfaces.
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