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Table 1 Lattice constants of bee and hep phasesfrom ab initio simulations

bee a(A) Pressure (GPa)
T=6000K 2.369 396
T=8500K 2.269 665
T=10000K 2.164 1078

hep a(A) c(A) Pressure (GPa)
T=6000K 2.15 3.42 350
T=8500K 2.03 325 671
T=10000K 1.95 314 1000
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Table 2Elastic constants for bee and hep phases from ab initio simulations

bee C11 (GPa) C12 (GPa) C44 (GPa)
T=6000 K, P=396 GPa 1462 1462 331
T=8500 K, P=665 GPa 2146 2146 457
T=10000 K, P=1078GPa 3243 3337 667
hep C11 (GPa) C1, (GPa) C13(GPa) C33(GPa) (44 (GPa)
T=6000 K, P=350GPa 1571 1173 1042 4134 211
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T=8500 K, P=671 GPa 2639 2158 1767 2886 318
T=10000 K, P=1000 GPa 3407 3151 2427 1882 488
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Table 3Liquid density and equilibrium pressure from ab initio_simulations

T (K) Density (103 kg/m?) Pressure (GPa)
6000 13.441 360
8500 15.202 596
10000 17.428 958
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Table 4Melting temperature of hep phase at three pressures from experiment

Pressure (GRa)

h
T (K)
360 6503
584 8342
990 11027
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Fig.1Elastic corstants\or bee and hep phases.
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Fig.3Melting temperature lines.
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Interatomic Potentials for Iron under Extreme Conditions

WEI Liangrui, SUN Yang
(Department of Physics, Xiamen University, Xiamen 361005, Fujian, China)

Abstract: The physical properties of iron under extreme high-pressure and high-temperature conditions are
crucial for understanding the internal structure and evolutionary processes of Earth and terrestrial planets.
To characterize the dynamic behavior of iron under the extreme conditions inside super-Earths, we
combine first-principles molecular dynamics simulations with experimentally measured high-pressure
melting curves to construct an embedded-atom potential applicable across ultfashigh pressures and
temperatures. This potential is fitted to multiple properties of the body-centered cubic’(bcc), hexagonal
close-packed (hcp), and liquid phases over 400 GPa to 1 TPa and 6000 to 10,000 Kixincluding the elastic
constants of the solid phases, the radial distribution functions of the liquid;»and experimentally determined
melting data. We systematically validate the potential across different pressute*temperature conditions and
find that it accurately reproduces the pressure—temperature dependeniee/0f'solid elastic constants, matches
liquid radial distribution functions at three representative pressure-temperature conditions, and predicts
melting curves that lie within experimental uncertainties and-agrée well with previous first-principles
simulations. Thermodynamic calculations based on this potential/ further show that the hcp phase remains
thermodynamically stable between 400 GPa and 1 TPa,/while the bce phase is metastable. This potential
provides a reliable atomistic tool for large-scale simulations,of nucleation, crystallization, and solid—liquid
coexistence in the cores of super-Earths. Moreover, the poténtial and associated dataset lay the groundwork
for future extensions to multicomponent Fe alloys'anditheir properties under ultra-high-pressure conditions.

Keywords: iron; high temperature and high pressure; embedded atom method; melting curve; molecular
dynamics

11



