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Abstract

Two-dimensional (2D) materials like graphene, hexagonal boron nitride (hBN), and tran-
sition metal dichalcogenide (TMD) exhibit exceptional individual properties(1-2). However,
even more exciting phenomena emerge when similar or dissimilar 2D materials are stacked
to form layered crystalline structures. These materials possess significant interfacial prop-
erties, along with local and global structural modulations influenced by strain engineering
and junction types. These factors govern various critical properties such as superlubricity,
superconductivity, directional friction, and interlayer stiffness. These features are crucial for
applications in MEMS/NEMS devices, sensors, composites, flexible electronics, and opto-
electronics(3-4).
The superior properties of stacked 2D materials arise from the coupling of strong intralayer
elastic interactions with weak interlayer van der Waals forces. Over the past decade, several
studies using molecular dynamics (MD) simulations and density functional theory (DFT)
have explored the effects of size, shape, lattice mismatch, and external loading on these
materials(5-6). While these methods have provided results consistent with experimental
findings, there remains a need for theoretical and continuum-based approaches to establish
generalized relationships and reduce computational costs.

To address this, we developed a continuum-based numerical model to study the interfa-
cial sliding properties of bilayer graphene. Our model investigates the effects of size, shape,
lattice mismatch, and loading conditions on the behavior of these materials. The study
highlights surface reconstruction phenomena, which are critical for electronic devices, and
identifies directional sliding stiffness with potential applications in sensors. For example, in
gas sensors, the van der Waals absorption of gas molecules on the layered structure’s surface
can alter the interfacial vibrational frequencies of the sheets. Our approach offers a computa-
tionally efficient and cost-effective means to understand and predict the behavior of layered
2D materials, paving the way for advancements in various technological applications.
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