Stability of the hcp phase of iron at the conditions of Earth’s inner core
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The high-pressure, high-temperature properties of iron have enormous importance in the fields of geoscience, seismology, geodynamics and cosmo-chemistry because it is one of the most abundant heavy elements known.  In spite of significant developments in experimental techniques, such as laser-heating with diamond-anvil cells, it has not been possible to study iron, the most abundant element of Earth’s core, at pressure–temperature conditions near ~ 350 GPa and 6000 K.  Hence, theoretical simulations have proved to be an important means of studying the behavior of iron at these extreme conditions. We have been carrying out first principles simulations using self consistent pseudo potential (Pwscf) and coupled density molecular dynamic (VASP) techniques to understand the properties of inner core.

In brief  ab-initio molecular dynamics simulations with 128 atoms in the super cell  show that the bcc phase is mechanically unstable, consistent with current and previous electronic structure calculations.  We have investigated the energetic stability of hcp iron for pressure-temperature conditions of Earth’s inner core by separately computing the electronic and phonon (including anharmonic) contributions to the free energy.  These pseudopotential-based quasi-harmonic calculations reveal that the hcp phase remains stable compared to other possible structures.  We also obtain the temperature-dependence of the c/a ratio of hcp iron for Earth’s inner-core pressure, and compare its variation at pressure–temperature conditions reached   experimentally.  

