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This dissertation is an integration of several studies on the hydrogen-graphite and hydrogen-platinum
systems, which are academic standards for reactions relevant in realizing the vision of practical hydrogen
systems. The studies I discuss here are carried out ab initio, meaning no empirical parameters are employed in
the theoretical treatment of the condensed matter systems. Electronic structure calculations here are based on
density functional theory, an exact theory for many-body problems which has greatly accelerated not only the
understanding of physical/chemical processes at the atomic level, but also the search for new materials and the
systematic design of new devices and chemical processes. Total energy calculations parametric in nuclear
coordinates were then used as the potential energy term for discussing hydrogen atomic reactions of concern in
these studies, in accordance with the Born-Oppenheimer picture.

More specifically, in this dissertation I discuss results on the following: (1) Hydrogen atomic adsorption &
clustering on graphene: Among the most stable groups of two/three H atoms, the adsorption per H atom is found
stronger as compared with the adsorption of isolated H atoms on graphene, and so favorable cluster formation of
H on the graphene surface is ascertained. Results also show that the H-graphene system is an excellent
example of substrate effects being much more important, compared with direct adsorbate interaction, in
determining the nature of grouping/ordering of adsorbed species on a surface; (2) Effects of adsorbed hydrogen
on the electronic states of graphene: The adsorption of hydrogen breaks the strong C-C bonding network of
graphene in a rather extended range — an event that affects the material’s reactivity to subsequent hydrogen,
and hence promotes cluster formation. A hydrogen atom on graphene is also shown to be easily identified and
distinguished from pairs at a very local level through its effects on graphene electronic states near the Fermi
level; (3) Graphene two-face hydrogenation and saturation: Calculations for the closest pairing using both faces
of graphene suggest not only more strongly adsorbed states, but barrierless entries for the subsequent incoming
hydrogen atom. The ensuing fully hydrogenated material is stable, and has a structure greatly distinct from
graphene. (4) H-Pt(111) revisited: Calculated hydrogen atom motion states on Pt(111) within different numerical
treatments are discussed. Adsorption states on high-symmetry sites are found very close with each other,
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leading to a very low barrier to surface diffusion; (5) The role of lattice defects — vacancies: Application to a
hypothetical ‘rough’ Pt surface is also discussed — a benchmark for understanding the role of vacancies on actual
surfaces, which should lie between the two extremes for the Pt surface presented here. The edges of vacancies
trap adsorbed H strongly, a factor that leads to increased difficulty of hydrogen diffusion as compared to that on
the ideal surface. The hydrogen atom is however still more unlikely to reside at or enter a surface vacancy
itself, much more the subsurface; (6) Coadsorbed H and CO interaction on platinum: A clear nonattractive
interaction of hydrogen with CO is confirmed, most notably with oxygen, which retains its strong H-repulsive
traits in the Pt-bound CO case. Inhibiting effects of CO greater than what is expected from simple adsorption
site exclusion are discussed with regard to adsorption/desorption and mobility on platinum, as well as
possibilities of surface-bound COH and HCO formation.
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