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Predicting a new phase of superionic ice

March 15 2018

Unlike Earth, which has two magnetic poles, ice giants such as Neptune
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(pictured) can have many local magnetic poles, which could be due to superionic
ice and ionic water in the mantle of these planets. Credit: US Department of
Energy

Scientists predicted a new phase of superionic ice, a special form of ice
that could exist on Uranus, Neptune, and exoplanets. This new type of
ice, called P21/c-SI phase, occurs at pressures greater than those found
inside the giant ice planets of our solar system. The Princeton University
team made this discovery using resources at the National Energy
Research Scientific Computing Center (NERSC).

The theoretical simulations conducted at NERSC let the team model
states of superionic ice that would be difficult to study experimentally.
They simulated pressures beyond the highest possible pressures currently
attainable in the laboratory. The simulations predict specific
characteristics for this new type of ice, which could be used as signatures
of superionic ice. The signature could someday be used by planetary
scientists to observe superionic ice in our solar system or beyond.

Possibly residing on ice-rich planets in our solar system and beyond,
superionic ice is an exotic type of ice that exists at high temperature and
high pressure. In superionic ice, the water molecules dissociate into
charged atoms (ions), with the oxygen ions locked in a solid lattice. The
researchers from Princeton University conducted a comprehensive study
on the different phases that superionic ice can undergo, looking at how
the oxygen lattice changed and the liquid hydrogen moved. They
calculated the ionic conductivity and hydrogen diffusivity of each phase.
They found that the ionic conductivity increases dramatically when the
ice changes from the solid phase to the superionic phase.

The change of conductivity is either gradual or abrupt depending on the
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superionic phase. Abrupt and gradual changes of conductivity are also
observed in materials that can be superionic at atmospheric pressure. For
example, an abrupt change of conductivity is observed in silver iodide
(Agl) while a gradual conductivity change is observed in lead disulfide
(PbS2). What is unusual about superionic ice is that these two types of
conductivity changes are observed in the same material at different
thermodynamic conditions. The Princeton University researchers
simulated what would happen if the superionic form was put under
extreme pressures, from 280 GPa to 1.3 TPa. They discovered the ice
has competing phases within a close-packed oxygen lattice. As the
pressure climbs, the close-packed structure becomes unstable. The lattice
morphs into a new unusual phase, which is associated with a gradual
change in ionic conductivity. The team also found that the higher
pressure lowers the temperature necessary for the ice to transition to
superionic phases.

More information: Jiming Sun et al. The phase diagram of high-
pressure superionic ice, Nature Communications (2015). DOL:
10.1038/ncomms9156
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