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Elucidation of the initial process of bubble nucleation by nanoscale
three-dimensional measurements of solid-liquid interfaces during heating
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The phase transition from liquid to vapor allows for highly efficient
cooling; however, the initial stages of this process cannot be observed using optical microscopes
due to insufficient resolution, leaving many mysteries unanswered. This research aimed to gain new
insights by observing solid-liquid interface during heating at the nanoscale using atomic force
microscopy. As a result, we revealed that surface roughness of approximately 0.2 nm, which is
negligible at the macroscale, acts as a powerful pinning site for the nanoscale fluid. We also
conducted research in parallel using transmission electron microscopy and molecular dynamics
simulations, obtaining valuable insights into nanoscale droplets and bubbles.
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