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Scientists probe the limits of ice

Transition between ice and liquid water gets fuzzy at the nanoscale

November 8, 2019

How small is the tiniest possible particle of ice? According to new NSF-funded research published in the journal Proceedings of the National Academy of Sciences
(/cgi-bin/good-bye?https://www.pnas.org/content/early/2019/11/01/1914254116), the smallest nanodroplet of water in which ice can form is only as big as 90 water
molecules -- a tenth the size of the smallest virus. At those small scales, according to University of Utah (/cgi-bin/good-bye?https://unews.utah.edu/limits-of-ice/)
chemist and study co-author Valeria Molinero, the transition between ice and water gets a little fuzzy.

That transition is among the most important transformations between phases (solids, liquids and gases) on our planet, where it has unique effects on climate while
regulating the viability of life. Understanding the conditions that lead to the formation of ice is an active quest in the environmental and earth sciences, physics,
chemistry, biology and engineering.

Ice exists on Earth almost exclusively in the highly ordered hexagonal crystal structure known as "ice I."  In our atmosphere, small water clusters form and
subsequently freeze, seeding larger crystals and eventually clouds. Due to competing thermodynamic effects, however, below a certain diameter these water
clusters cannot form stable ice I. The size range of water clusters capable of forming ice I has been investigated for years, with most recent estimates narrowing
the range from as low as 90 water molecules to as high as 400.

In the new study, researchers at the University of Utah, the University of California, San Diego, the Universität Göttingen, the Max Planck Institutes for Solar
System Research and Dynamics and Self-Organization in Göttingen combine recent advances in simulation and experiment to disentangle the interplay between
the constraints that act on the ice-liquid transition in nanometer-sized clusters.

"This research provides fundamental insights into a substance as familiar as water," says Anne-Marie Schmoltner, a program director in NSF's Division of
Chemistry. "With sophisticated computer models, we can understand what happens with every single water molecule in a very, very small droplet."

The research was funded <https://www.nsf.gov/awardsearch/showAward?AWD_ID=1305427&HistoricalAwards=false> through an NSF award supporting the
Center for Aerosol Impacts on Climate and the Environment (/cgi-bin/good-bye?https://caice.ucsd.edu/).
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The coexistence of ice and liquid water breaks down at the nanoscale.
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