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    Molecular dynamics (MD) simulations were used to study the dynamic response of a copper–water nano-interface under two loading scenarios: piston-driven shock propagation and rapid pull-off leading to cavitation [2–4]. The objective was to connect atomistic results with continuum descriptions and to identify the physical mechanisms governing dissipation and failure at nano-microscale interfaces.
    For the shock problem, simulation results were compared with the one-dimensional viscous Burgers equation [1]. A dedicated post-processing procedure—including wavefront extraction, spatiotemporal alignment, and error statistics—was introduced to handle strong nanoscale fluctuations. Macroscopic water viscosity fails to reproduce the nanoscale shock front accurately; a calibrated effective Reynolds number Re* = 183 yields much better agreement. At piston velocities UP = 10 and 20 Å/ps, the relative trajectory error is approximately 2%; even at 40 Å/ps the model captures the overall trend.
    For cavitation during interface separation, a criterion for the critical pull-off velocity was derived from wettability, contact angle, and critical pressure. Simulations across different wettability parameters and pull-off velocities were used to construct a cavitation phase diagram, consistent with recent MD studies of interfacial cavitation [4]. Hydrophilic surfaces suppress cavitation and require higher pull-off velocities, whereas hydrophobic surfaces cavitate much more easily. The theoretical boundary agrees well with MD data, demonstrating that a simplified criterion reliably predicts cavitation onset. These results provide a basis for improved kinetic models of nano-microscale interfaces.
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