Reverse chemistry of iron in the deep Earth
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The distribution and abundance of both major and trace elements in the Earth’s
interior provide a record of its formation and evolution'~. An understanding of this
record demands knowledge of the chemical affinity of the elements and their
compounds under the high-pressure conditions of Earth’s interior. For many years, our
understanding of such affinities has been predominantly biased by low-pressure
observations that are of dubious applicability to Earth’s deep mantle and core’. Here
we conduct a systematic computational study of the propensity of p-block elements to
chemically bind with iron under high pressures ranging from ambient conditions to that
of Earth’s core. We show that under increasing pressure, iron tends to reverse its
chemical nature, changing from an electron donor (reductant) to an electron acceptor,
and oxidizes p-block elements in many compounds. Such reverse chemistry has a
significant impact on the stoichiometries, bond types and strengths, structures and
properties of iron compounds under deep planetary conditions. High pressure greatly
enhances bonding to iron for many p-block elements that are conventionally labeled
lithophile or chalcophile'*, making them highly siderophile.



