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Abstract:

Materials consisting of layered two-dimensional carbon are important for high temperature applications,
as in thermal protection systems, and for low temperature applications, such as in next generation
microelectronic materials. Here we consider the formation of defects in graphitic carbon as a high
temperature material, and in bilayer graphene as a low temperature material. Defect formation due to
oxidation at high temperatures is studied using a multi-lattice atomic scale Kinetic Monte Carlo (KMC)
model. Our KMC model is unique in that adsorption and diffusion of oxygen on the carbon surface are
modeled directly, allowing defects to form on an initially pristine surface as a result of interactions
between surface groups such as lactone-ethers and ether-lactone-ethers. The KMC simulations reveal
differences in defect shape, defect density, and etch rates across temperatures ranging from 1300K to
2200K. Separately, we consider formation of rotational defects at low temperatures in bilayer graphene
systems using empirical atomistic models and density functional theory. We present a dislocation
mechanics model for the moiré pattern formed by regions of commensurability and incommensurability
in the twisted bilayer. We explain the detailed in-plane relaxation of the moir¢, both in-plane and out-of-
plane, and we are finally able to link the displacement fields, predicted using our nonlinear elastic
dislocation theory, to the presence of superconductivity in these systems — a distinctly low-temperature
phenomenon. Across both high- and low-temperature examples, our results show the link between
mechanics and electronic structure through defects in the materials.
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