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Abstract

A piece of ice melts at 0 °C, but a nanometer-thick surface layer of the ice can melt at
tens of degrees below zero. This phenomenon of stabilization of nanoscale liquid-like
interfacial “phases” below the normal bulk melting temperatures, known as “premelting,”
was first recognized by the physicist Michael Faraday in 1842. Since then, materials
scientists have discovered that the surfaces and interfaces in engineered materials can
exhibit more complex phase-like behaviors at high temperatures, which can affect the
fabrication and properties of a broad range of metallic alloys and ceramic materials.
Specifically, recent studies of 2-D grain-boundary interfacial phases (also called
“‘complexions”) shed light on several outstanding scientific problems that have been
puzzled the materials science community for decades, including the origins and atomic-
level mechanisms of activated sintering, liquid metal embrittlement, and abnormal grain
growth. Analogous surface phenomena have also been studied and utilized to improve
the performance of batteries, supercapacitors, photocatalysts and oxygen-ion
conductors. Since bulk phase diagrams are one of the most useful tools for materials
design, it is conceived that interfacial “phase” diagrams can be developed as a useful
materials science tool.
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