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   Abstract 
A fundamental understanding of solid-liquid interfaces plays a critical role in energy, water and even 
biological systems (e.g. freezing, condensation, evaporation, crystal growth and regenerative medicine). 
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 will discuss a new paradigm to address 
this bottleneck through thin-film evaporation under negative pressure. The heat fluxes in order of 11 
kWcm-2 are achieved through nanoscale evaporation in confined geometries. The rational routes to 
achieve kinetics limits of evaporative heat flux are discussed. In the second part, we introduce two new 
physical concepts that are used to develop advanced interfaces. Underlying physic of these surfaces is 
discussed and implementation of these concepts in anti-icing and anti-fouling surfaces is shown. These 
magnetic surfaces outperform other state-of-the-art anti-icing surfaces with ice formation temperature 
of -34 oC and ice adhesion strength of ~2 Pa (five orders of magnitude lower than state-of-the-art 
surfaces).  
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