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Ab initio free energy calculation of superionic ice
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Determining the structure and physical properties of ice is an important,
ongoing issue in physics, chemistry, geophysics, and planetary science. At extreme high pressure and
temperature conditions above 100 GPa and ~2000 K, the existence of the superionic ice has been
suggested. However, the structure and physical properties of superionic ice phase are still unknown.
Here we conducted the ab initio molecular dynamics calculation and found that BCC sublattice of
oxygen rotate anomalously above 2500 K at 100-500 GPa. We also developed a program to apply
first-principles thermodynamic integration method to the superionic phase and calculated the free
energy. In addition, first-principles path integral molecular dynamics calculations were performed
taking into account the quantum effects of hydrogen nuclei, and it was found that the quantum
effects of nuclei have a non-negligible influence on the elasticity of high pressure ice phases.
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