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Abstract of Thesis

In this thesis, we present topics on the interaction between hydrogen molecules and graphene mono—vacancy
studied by density functional theory simulations. By combining conclusions on each topic, and by considering
experiment results about hydrogenated vacancies, we derive a new efficient way of hydrogen storage

We consider a fabrication path of triply hydrogenated graphene vacancy (V,;,) to show that the most
promising V,;; is realizable in real nature. In the chapter 4, we investigate the interaction between H, and
a hydrogenated vacancy V,, (graphene mono-vacancy with two hydrogen atoms adsorbed at the edge of the vacancy)
to form a known stable V,;, (two carbon atoms are mono-hydrogenated and another is di-hydrogenated at the edge
of the vacancy). The energy barrier is around 0.5 eV from V,, + H, to V,,. There is a gradual change in the
charge—-transfer rate (CTR) from a reacting hydrogen atom to the graphene, which becomes around 0.19e per a
hydrogen atom in the product. We also observe that the energy barrier for a migrated hydrogen atom from the
vacancy to an in—plane graphene site is around 2 eV. Since the reaction energy of H, on V,, is as large as
2.5 eV, the migration may be easily induced. A product of this migration process is V,;,. Since this structure
is observed in the previous STM experiment, the process is shown to be plausible in reality.

In the chapter 5, we investigate the energy barrier of a reversible reaction, V,,; +H, ¢ V,,,. We found
a comparable value of activation barrier being around 1.3 eV for both dissociative adsorption and desorption.
There is CTR from a reacting hydrogen atom to graphene around 0. 18e per a hydrogen atom in the final states
A subsequent reaction path to recover the initial structure of V,; is realized by migration of hydrogen atoms
in V,,, onto the graphene surface. The research finding of comparable value of energy barriers (1.3 eV) for
both adsorption and desorption may suggest that the process V,;; tH, ¢ V,, can lead us to design a procedure
of storing/releasing hydrogen via V,,, meeting requirements for a specific hydrogen storage system.

In the chapter 6, we investigate the dissociative—chemisorption of H, on vacancy-centered hexagonal
armchair nanographene (VANG). We find a good reversibility of hydrogen uptake-release, where V,,, at the center
of VANG acts as a self-catalytic property reducing activation barriers. We find a remarkable feature in almost
equal value of energy barriers of 1.3 eV for both hydrogen storing and releasing, where the dehydrogenation
process is even a little bit exothermic and hydrogenation is a little bit endothermic. The result suggests
efficiency in hydrogen uptake-release processes. We also find a deformed structure of VANG enhancing the
migration process of hydrogen atoms from the vacancy to in—plane sites of VANG. We proposed an effective way
to store hydrogen on the surface and armchair edges of VANG and to release hydrogen via V,,.

In the chapter 7, we propose rules to determine CTR from hydrogen to graphene in a wide range of coverage.
We find that CTR shows roughly linear behavior from 0.22e for a dilute limit to 0.15e for a high—coverage
limit. Furthermore, CTR depends on factors such as hydrogen coverage, local surface morphology and the location
of the hydrogen atoms. The result provides methods to control CTR and to identify the surface morphology of
hydrogen—adsorbed graphene. By combining CTR evaluated in the chapters 4 and 5, we discuss a way to identify
existence of on—top hydrogenation as well as vacancy hydrogenation. Thus, CTR may acts as a relevant indicator.

Finally, we summarize that our results show the basis knowledge for developing hydrogen storage in
graphene, where a V;;; is proposed to be self-catalytic properties for hydrogen uptake-release. This original
finding of the specified reaction processes potentially may overcome the low reversibility issues in the organic

chemical hydrides, and may convert pristine graphene to be real hydrogen storage materials
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