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The reactivity of simple molecules on metal surfaces has been studied in the light of the need to contribute to the
understanding of two major chemical reactions of outstanding practical importance: oxidation and
dehydrogenation. Both the oxidation and dehydrogenation are key reactions in energy conversion systems such
as fuel cell. For instance, the oxidation of metal surface is often an initial step in oxidation reduction reaction
(ORR). Dehydrogenation of chemical hydrides, on the other hand, has increasingly attracted researchers in
field of hydrogen generation or in its potential as anodic fuel. An atomistic modeling of the interaction of the
simple molecules, such as oxygen and borohydride, with metals, focusing on the fundamental energetic,
geometric and electronic properties, is conducted to advance current understanding of chemical reactivities.
Mainly, density functional theory (DFT) calculations are conducted to study the:

(1) magnetic effects on oxygen (O2) reaction on Pt; and
(2) changes in borohydride structures with respect to metal catalyst (Pt vs Os), H20 co-adsorption, and electric
field.

In relation to (1), the dissociative adsorption of oxygen on Pt crystalline surface is activated and that the
dissociated oxygen atoms (Oad) are strongly bound on the surface. Reduced binding energy of Oad on surface has
been attained on some Pt monolayer bimetallic structures (MBS), however, weakly bound oxygen atom on
surface also indicates high dissociation barrier, which is often undesirable. Fundamentally, such change in the
stability of Oad on Pt arises from the shift in Pt-d band due to strain effects or hetero-metal bonding. This thesis
integrates the theoretical works done, employing DFT calculations, to explore the changes in reaction energy
profile of oxygen on Pt due to magnetic effects. Using Pt/M {where M = Fe(001) and Co(001)}, a magnetic moment
is induced on Pt (now aptly called ferromagnetic Pt/M). The spin-down components of d-states are shifted
towards the Fermi level (Er). The oxygen reaction on the ferromagnetic Pt/M is compared with the reference
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system, Pt(100)-(1x1) (denoted as paramagnetic Pt or pure Pt). A decrease in both the oxygen dissociative
adsorption barrier and the dissociated oxygen atoms binding energy, with respect to that of the reference surface
is attained. This phenomenon is termed as Oz “activation”. Interestingly, an emergence of non-activated
dissociative adsorption on Pt/Fe is noted. We found that the O-O scission on Pt/M is promoted due to n" - dzz
hybridization changing the occupation of the n*- states of Oz on Pt/M as compared with pure Pt. An easier
dissociation of Oz on Pt/Fe and Pt/Co as compared to Pt has been observed in half-cell experiments. Using a
combination of DFT calculations and Monte-Carlo simulations, the transition temperature of the ferromagnetic
Pt/M is found to be higher than room temperature, indicating that its reactivity can be retained at a wide
temperature range.

On the other hand, for (2), a general consensus that hydrogen evolution is prevalent on Pt has been established
and has been attributed to the high activity of the catalyst towards hydrolysis of borohydride. So far, there has
been no idea on why such reaction occurs until an experiment suggests large surface coverage of hydrogen on the
surface (Haa) after a sequence of electrochemical-chemical steps: (1) BHs > BHuaaa + ¢ and (2) BHgaa - BHaa +
3Haa. We performed DFT calculations to verify and explain, in terms of Pt surface electronic property, the
chemical step (2). We found that borohydride adsorption is dissociative on Pt. Such dissociative adsorption is
observed on 5d transition metals, except on Os (molecular). The difference in the B-H bond breaking process on
Os and Pt is drawn. We found that B-H breaking is activated on Os and non-activated on Pt. This difference
arises from the nature of the dyz and d states at the Er. The significant elongation B-H bond on Os implies
vulnerability of the molecular structure towards B-H breaking upon interaction with external factors such as
H0 co-adsorption and electric field. We then determined the changes in the BHsaa structures, in terms of
changes in B-H bond lengths, upon H20aa co-adsorption and applied electric field. We noted that BHsaa
structures change with H20ad co-adsorption due to electrostatic interactions. In the presence of homogenous
electric field, the binding energy of the BHsaa shifts due to first and second order Stark effect. This
(de)stabilization, in turn, changes the B-H bond lengths, albeit minimal. However, with H20a4 co-adsorption, the
applied negative electric field can stabilize H20 monomer while deviating the H from the planar configuration,
reducing the electrostatic interaction between the co-adsorbed species and the promotion of B-H breaking due to
H20 co-adsorption is significantly reduced.
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