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Diamond materials possess unique properties and are well-suited for cutting-edge technologies.
Oxidation and thermal degradation are two fundamental reactions that occur on diamond surfaces. These
properties exhibit surface facet dependence, and the atomistic mechanism remains unclear. Understanding
surface facet-dependent properties of diamonds will pave the way for improving etching, polishing, and device
fabrication techniques. Graphitization is one of the primary wear mechanisms of diamond tools. One potential
approach to mitigate graphitization involves saturating the surface dangling bonds. I investigated these subjects
by performing density functional theory (DFT) and machine learning molecular dynamics (MLMD) simulations.

First, I simulated the oxidation process of the C(100) surface, starting from the adsorption of Oz to the
etching of the first layer atoms and subsequent surface stabilization using DFT calculations. The bridge site is
the most energetically stable adsorption configuration on an ideal surface, forming ether. However, the top site
is the most stable adsorption site on surfaces with vacancies, forming carbonyl. Carbonyl groups are detrimental
for electronic and quantum devices as they lead to Fermi pinning and magnetic noise. I propose that atomically
flat polishing of the C(100) surface before oxygen exposure can reduce carbonyl groups and increase ether
groups, enhancing the performance of diamond devices.

Second, I extended my study of the oxidative etching mechanism to include the C(111) surface. The
C(111) surface exhibits lower O2 molecular and dissociative adsorption energies than the C(100) surface. As the
C(111) surface is oxidized, carbonyl groups are formed with the C=0 bonding with atoms on different layers,
causing inclined carbonyl orientation and high steric repulsion. When a neighboring atom is removed through
CO desorption, the remaining atoms in the vicinity stabilize. This leads to the surface being etched in a
staggered order. In contrast, the C=0 of the carbonyl on the C(100) surface remains upright, causing less steric
repulsion. The CO desorption activation energy is lower near an existing vacancy, leading to row-wise etching
order. These observations will directly impact the CVD growth and diamond device fabrication methods.

Third, I investigated the thermal degradation mechanism of the C(111) and C(100) surfaces by
performing MLMD simulations using graph neural network interatomic potential constructed from DFT
calculation data. The C(111) surface is more susceptible to thermal degradation than the C(100) surface, which
is caused by the difference in the number of interlayer bonds. Moreover, the stepped surfaces are more
susceptible to thermal degradation than the flat surfaces because of the dangling bonds at the step edges,
facilitating sp2-sp?3 rehybridization. The results highlight the possible role of dangling bonds in suppressing
graphitization.

Finally, in the last section of this study, I tested this possibility by simulating the C(111) surface with
and without surface terminations. Saturating the dangling bond of the C(111) surface by terminating H, O, and
OH is an effective strategy for suppressing graphitization. Furthermore, saturating the dangling bonds at the
C(111)-Ni(111) interface reduces the interlayer interaction energy and smooths the potential energy surface,
thus lubricating the interface. I propose a novel technique for self-assembling epitaxial graphene on C(111)
surfaces through graphitization control, which could offer higher precision, increased robustness, and simpler

production over conventional graphene-on-diamond device fabrication.
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