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Scientists solve mystery of cubic ice

March 29 2023
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Observation of cubic ice formation on graphene at 102 K by in situ cryogenic
TEM. Credit: Institute of Physics
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Scientists from the Institute of Physics of the Chinese Academy of
Sciences (CAS) have made a major breakthrough in the study of ice by
confirming the formation of pure-phase cubic ice at low-temperature
interfaces.

The findings, published in Nafure on March 29, have significant
implications for a wide range of fields, from materials science to climate
science.

Ice i1s a common substance that exists in a variety of forms, depending
on the conditions under which it forms. The most common form of ice,
known as ice I}, has a hexagonal lattice structure, but under certain
conditions, ice can form other structures, with 20 different forms found
so far.

In the case of cubic ice, known as ice I, a hundred years ago it was
thought to be responsible for a particular type of halo around the sun or
moon. In fact, the question of whether cubic ice really exists has long
been controversial, as it has been difficult to perfectly detect pure-phase
ice I, in a large number of experiments.
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https://phys.org/tags/materials+science/
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Interstitial Fe impurity (IFT) induced zero bound state (ZBS). Credit: Institute of
Physics

In this study, the researchers used in-situ cryogenic transmission electron
microscopy (TEM) imaging and water vapor deposition on graphene to
follow the formation of ice crystallites in real time at molecular
resolution.

They found that the resulting ice was pure-phase ice I, with a majority
being single crystalline ice I, and a small amount of ice I;. The
preferential nucleation of ice I, on low-temperature substrates was
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demonstrated. The polymorphic diversity of ice may well explain why
pure-phase ice has not previously been found by diffraction methods.

Single crystal Type-1 defects inice Ic

Ice lc <110> Twinning Intersecting boundaries
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Two types of defects in cubic ice. Credit: Institute of Physics

4/6



' XA R EEE R
yFreereryrrg 'S A a8 88882
NN RN NN NEIE R NN NS R
' F R R EEE diddididddddd
'F R N NN R RN E NI T, F AR SRS
PR TR T A 2 2 T T 2T TT AL, . . P O I O
'FEEEEFEEEEE ‘Tl A4 28222 F. . - - - '‘FE R R R,
'FEEE." FEFEN FR AR - ‘T L R R
SR E R EEEE ' R PP PP
. FrErS TS rFrEFrFrrrrrr

Ll

v:rrat-r.r
s 2 b0l i ss 2

k 0mev per molecule I +30.30 meV per molecule m +43.58 meV per molecule N +39.20 meV per molecule

M%W%

Structural dynamics of defects in cubic ice. Credit: Institute of Physics

The cubic ice controversy has thus been resolved on the basis of direct
and real-space imaging by in-situ cryogenic TEM. This achievement will
contribute greatly to the development of both microscopy and ice
physics.

This fundamental advance has important implications for our
understanding of ice formation behavior under different conditions,
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which has broad applications in fields such as materials science, geology,
and climate science.

More information: Lifen Wang et al, Tracking cubic ice at molecular
resolution, Nature (2023). DOI: 10.1038/s41586-023-05864-5.
www.nature.com/articles/s41586-023-05864-5

Provided by Chinese Academy of Sciences

Citation: Scientists solve mystery of cubic ice (2023, March 29) retrieved 19 April 2024 from
https://phys.org/news/2023-03-scientists-mystery-cubic-ice.html

This document is subject to copyright. Apart from any fair dealing for the purpose of private
study or research, no part may be reproduced without the written permission. The content is
provided for information purposes only.

6/6


https://dx.doi.org/10.1038/s41586-023-05864-5
https://www.nature.com/articles/s41586-023-05864-5
https://phys.org/news/2023-03-scientists-mystery-cubic-ice.html
http://www.tcpdf.org

