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Ab initio calculations of the iron
charge disproportionation reaction in
silicate melts

It is widely thought that the accretion of materials during the
growth of the proto-Earth caused a large-scale melting, resulting
in the formation of magma oceans (MOs). Recently, high-pres-
sure experiments have continuously reported that the charge
disproportionation (CD) reaction of iron facilitates in molten

silicates under high pressure as suggested in solids [Armstrong

Dr. Takll TS“Chiya et al, 2019; Kuwahara et al.,, 2023; Zhang et al., 2024]. This

Professor & Director implies that the iron CD reaction might lead to the nucleation of
Geodynamics Research Center metal droplets in the MO, which might have had some contribu-

tion to the formation of a metallic proto-core through their grav-
itational separation from silicate melt. A considerable discrepan-
cy is however seen in the pressure dependence of the iron CD
reaction reported in these experimental outputs. And although
2024 .1 2 .20 (Fri ') 16:30 ~ theoretical approaches are worthy as well, no studies have been

conducted on this reaction so far.

In this study, the thermodynamic stability and pressure depend-

venue: Meeting Room #486 ence of the iron CD reaction in MO are directly evaluated from

Science Research Bldg. 1, 4th floor. the Gibbs free energies of molten silicates containing divalent
Ehime Univ. and trivalent iron ions and liquid iron calculated by a non-empir-
ical first principles way. These are performed using the originally
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1.Iron charge disproportionation reaction  Program [Taniuchi and Tsuchiya, 2018] over a wide pressure
2. Ab initio thermodynamic integration range under different temperature and iron concentration con-
molecular dynamics ditions. In this talk, | will present the obtained pressure, tempera-
3. Core formation in the proto-Earth ture, and composition effects on the iron CD reaction and try to

rationalize them from the microscopic point of view.

Contact: Steeve Gréaux, PhD. (e-mail: greaux.steeve_georgi.me@ehime-u.ac.jp)




