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The synthesis of graphene, a one-atom thick two-dimensional (2D) graphitic
sheet, was a revolution in materials physics. Since then a host of other 2D
materials have been discovered that can be stacked to create layered
heterostructures with remarkable properties (including the recent discovery
of superconductivity in bilayer graphene). Due to the weak van der Waals
interaction between layers, the resulting structures can be incommensurate
and therefore challenging to model. First, high-quality interatomic potentials
are required. We describe recent work to develop traditional physics-based
and new machine learning potentials for 2D heterostructures. Second, in
order to simulate the mechanics of large-scale 2D heterostructures we
developed a hybrid continuum-atomistic computational framework based
on the subdivision finite element method. Simulations of twisted graphene
bilayers show a transformation from an initially incommensurate structure to
nearly commensurate structures separated by localized solitons. The
mechanism for this transformation is discussed as well as an interesting
scaling behavior related to the initial imposed twist, which creates a
qualitative change in electron diffraction patterns subsequently verified
experimentally.
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