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Motivation
• Oxygen is the most abundant element on Earth. While pervasive

in the mantle, its presence in the core is still a subject of debate
but critical to our understanding of the core-mantle co-evolution
and geomagnetic field generation.

• While O is believed to be one of the primary light elements in the
core, iron monoxide (FeO) is still the only known stoichiometric
compound in the Fe-FeO system. The existence of iron-rich Fe-
O compounds (FenO with n > 1) has long been questioned.

• Possible reaction is observed from the Fe+FeO mixture in the
laser-heated diamond anvil cell from our recent experiments. No
known phase can explain the new XRD pattern.

Methods
• Adaptive Genetic algorithm (AGA): An evolutionary scheme to

search for low-energy crystal structures, combining accurate
Density Functional Theory (DFT) calculations and efficient
empirical potentials [2].

Results

• Experiments identify possible reaction between Fe and FeO at P>200GPa.
• AGA crystal structure prediction identifies a number of low-energy FenO

(n>1) phases under high pressure. These FenO share a common close-
packed hexagonal lattice.
• A supercell with Fe28O14 phase can well match all the unknown peaks of 

experimental XRD, suggesting the existence of the Fe/O solid solution in 
the close-packed hexagonal structure.
• Oxygen neighbor layers in the ε-Fe can change its electronic structure

which may modify the conductivity of inner core.
• Our results indicate a large amount of oxygen can be incorporated in hcp-

Fe at Earth’s core conditions, contrary to previous understanding of Fe/O 
chemistry at core pressures.

Summary
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• AGA identified many possible Fe-rich FenO compounds
at 215 GPa.

• Low energy FenO compounds show a similar hcp lattice.

• The change of oxygen concentration changes the density of states (as well
as carrier density) at the Fermi level.

• Reverse Monte-Carlo simulation identifies a supercell that match the
experimental XRD well.




