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Nano/molecular scale interfacial science: Fundamentals to real world applications

ABSTRACT

A fundamental understanding of solid-liquid interfaces plays a critical role in energy, water and even biological
systems. Knowledge on physics of these interfaces allows us to control interfacial momentum and energy transfer
in multiple length and time scales and to create new surfaces with unprecedented characteristics.

Miniaturization and enhanced functional performance have been the main focuses of advancement in high-
performance integrated circuits, power electronics, and photonic devices in the last few decades. This trend has
amplified the generated thermal energy in these devices making the thermal management a bottleneck for the
accelerated innovation in these disciplines. We introduce a general Artificial Intelligence (Al) platform to address
this challenge and guide discovery of hierarchical structures for extreme thermal management in a broad spectrum
of technologies including electronics, hypersonic aviation and electric vehicles.

In the second part, we discuss fundamental physics of ice/water system and the role of interfacial science on this
phenomenon. Through understanding of these underpinnings, several anti-icing surface technologies are
developed and matured to high technology readiness levels. These surfaces outperform state-of-the-art anti-icing
surfaces with ice formation temperature of -34 °C, ice adhesion of < 10 kPa and high durability exposed to rain
erosion condition.
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