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Experimental pressure scale
The absolute values of the pressure and estimates of the changes of density between
different phases and/or compounds (particularly pure Fe and Fe-Ni alloys) depend on the
adopted pressure scale and the hcp-Fe equation of state (EOS). Dewaele et al. (S1) and
Dubrovinsky et al. (S2) give quite different EOS of hcp-Fe. For example, at 300 K and
given molar volume 4.5 cm3/mole, the corresponding pressures are 187 GPa and 198
GPa. A probable reason of the inconsistency is the use of different pressure scales
(calibrants) – W (S3) in paper by Dewaele et al. (S1) and Pt (Holmes et al.; see Ref. 14
(S2)). Direct comparison of the EOS is difficult, but fortunately Dewaele et al. (Ref. S3)
presents data on both tungsten and platinum collected, processed, and treated in the same
self-consistent way. It opens for us a possibility to “re-calibrate” pressures obtained in
Dubrovinsky et al. (S2) and Mao et al. (S4) works from Pt pressure calibrant and compare
with the data reported by Dewaele et al. (S1). As shown in Fig. S1, there is perfect
agreement between all data sets. It allows us to apply similar corrections when
comparison between data obtain in this work and data reported by Dewaele et al. (S1)
was necessary.
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Fig. S1. Comparison between molar volumes of hcp Fe at ambient temperature measured
by Dewaele et al. (S1) (original data) and Dubrovinsky et al. (S2) and Mao et al. (S4)
(pressure scale corrected according to Dewaele et al. (Ref. S3).

Fig. S2. Example of full-profile treated diffraction pattern collected at 132(10) GPa and
3100(100) K.

Theoretical Simulations
Phonon dispersion relations in bcc Fe and Fe0.9Ni0.1
Theoretical calculations of the phonon dispersion relations in pure bcc Fe and
Fe0.9Ni0.1 alloy were carried out in the framework of the density functional theory (S5)
using the generalized gradient approximation (GGA) for the exchange-correlation energy
and one-electron potential (S6,S7). We used the Projector Augmented-Wave (PAW) (S6)
method as implemented in Vienne Ab initio Simulation Package (VASP) (S11,S12). The
PAW technique allows us to investigate the dynamical behavior of the Fe-Ni alloys
within the so-called Virtual Crystal Approximation (VCA) (S13). Though less accurate
than the coherent potential approximation (CPA) (S8), VCA is known to work well for
alloys between neighboring elements in the Periodic Table (S13,S14).
The PAW-VCA calculations were carried out within the frozen core
approximation. The energy cut-off was set to 366.6 eV. The 4s, 4p, 3d, as well as 3psemicore states of Fe and Ni were treated as valence. The integration over the Brillouin
zone was performed on a grid of special k-points determined according to the MonkhorstPack scheme (S15). The finite temperature calculations of the electronic structure,
electron entropy, and forces needed to calculate phonon spectra were carried out within
the Fermi-Dirac-smearing approach (S16). Phonon-frequency calculations were carried
out in the framework of the supercell approach (Small Displacement Method) described
in detail in Ref. S17.

Fig. S3. Phonon dispersion curves for bcc Fe (black line) and bcc Fe0.9Ni0.1 alloy (red
line) along the high symmetry lines of the bcc Brillouin zone calculated by the PAWVCA method in the (quasi)-harmonic approximation with forces obtained at T=5000 K.
For a stable structure, all vibrational frequencies ω, obtained from the eigenstates ω2 of
the determinant equation (S19), must be positive.

Dispersion curves at negative

frequencies correspond to imaginary ω values for the points in the Brillouin zone where
ω2 are negative, indicating the dynamical instability of the bcc phase in the (quasi)harmonic approximation. Note that the effect of Ni on the phonon properties of bcc
Fe0.9Ni0.1 alloy is very small.

Energetic effect of the Ni substitution into bcc and hcp Fe
The all-electron calculations of the alloying effect on the total energy and elastic
properties of pure Fe and Fe-Ni alloys were carried out within the Exact Muffin Tin
Orbital (EMTO) theory (S17) and the density functional theory (S7) using the generalized
gradient approximation (GGA) for the exchange-correlation energy and one-electron
potential (S8). The EMTO method is combined with the coherent potential approximation
(CPA) (S13,S17), which allows for the most accurate treatment of disorder effects in
random substitutional alloys, including calculations of the mixing energies and elastic
constants (S16).
3d and 4s electrons of Fe and Ni were treated as valence electrons and the core
states were relaxed after each iteration. We checked the influence of including 3p semicore states in the valence band, and find that in all-electron EMTO calculations this has
negligible effect on the energetics and elastic properties of Fe-Ni alloys up to pressure of
at least 400 GPa. A sufficiently dense mesh was used for calculating reciprocal space and
energy integrals, so that the total energy was converged to within 0.1 meV. The finite
temperature calculations of the electronic structure and electron entropy were carried out
in the quasi-harmonic approximation using the Fermi function smearing. Dependences of
the total energy on the volume for each system were fitted using the Birch-Murnaghan
equation, and theoretical values of pressure were calculated from the fit.
The energetic effect of the Ni substitution into bcc and hcp Fe was calculated
according to the methodology suggested in Ref. S18. The obtained stabilization energy of
the bcc phase relative to the hcp phase due to the alloying of Fe with Ni is shown in Fig.
S4. Calculated elastic constants c’ for pure bcc Fe and Fe0.9Ni0.1 alloy are given in the
text.

Fig. S4. Calculated energetic effect of the Ni substitution into bcc and hcp Fe as a
function of pressure and Ni composition. The curves show the stabilization energy (S18)
of the bcc phase relative to the hcp phase due to the alloying of Fe with Ni calculated
using the EMTO-CPA method. Calculations include the temperature effects on the
electronic structure simulated by the Fermi-distribution, as well as the electron entropy
term. Note that large-scale molecular dynamics simulations based on the embedded atom
model (S19) predicted that the bcc phase of pure Fe was already more stable than the hcp
phase at the Earth’s core conditions. The first-principles molecular dynamics simulations
for supercells of moderate size (S18) showed that the bcc phase of pure Fe was less stable
thermodynamically (by 33-58 meV) than the hcp phase, but it could be stabilized at the
Earth’s core pressures and temperatures if silicon or sulfur impurities are present. These
results have been supported by experimental findings of ordered and possibly disordered
bcc-structured Fe-Si alloys at pressures above 140 GPa and high temperatures (S20,S21)
Our first-principles results show that Ni stabilizes the disordered bcc phase relative to the
hcp phase. In particular, 10 at. % of Ni stabilizes the bcc phase by 32 meV at a pressure
of 230 GPa and by 41 meV at 350 GPa, as compared to pure Fe. This effect of bcc

stabilization clearly increases with increasing Ni concentration and pressure, and it can be
explained from simple band filling arguments. Indeed, the so-called canonical band
structure calculations (S22) show that non-magnetic phase of the bcc Fe is located very
close to the maximum of the bcc-hcp energy difference curve plotted as a function of the
d-band occupation. Alloying with Ni increases the d-band filling, leading to a relative
stabilization of the bcc phase in Fe-Ni alloys.
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