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‡Grupo de Ciencia e Ingenieŕıa Computacionales-Centro Nacional de Supercómputo,
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1 Description

In this Supplementary Material, the theoretical results calculated without spin-orbit

coupling are presented, which cause a distortion of the crystal structure at high pressure,

affecting the vibrational properties of MgReO4.

2 Computational Details

Total-energy calculations have been performed within the framework of the density functional

theory (DFT)1 and the projector-augmented wave (PAW)2,3 method as implemented in the

Vienna Ab initio Simulation Package (VASP).4 We have considered six valence electrons

for O atoms (2s2, 2p4), thirteen for Re (5p6, 5d5, 6s2), and eight for Mg (2p6, 3s2) in the

PAW pseudo-potential. We have used a plane-wave energy cutoff of 520 eV to ensure high

precision in our calculations. The exchange-correlation energy has been described within

the generalized-gradient approximation (GGA) in the Perdew-Burke-Ernzerhof for solids

(PBEsol) formulation.5

The Monkhorst-Pack scheme has been employed for the Brillouin-zone (BZ) integrations6

with a mesh 4×4×4, which corresponds to a set of sixteen special k-points in the irreducible
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BZ. In the relaxed equilibrium configuration, the forces are less than one meV/Å per atom

in each Cartesian direction. The highly converged results on forces are required to calculate

the dynamical matrix using the direct force constant approach.7 This allows us to identify

the irreducible representation and the character of the phonon modes at the zone center (Γ

point).

3 Structural parameters

According to Fig. 1 (b), the theoretical lattice parameter a is very similar to the experimental

one. However, our calculations’ lattice parameters b and c present a deviation from the

experimental results around ≈10 GPa. The change in b and c lattice parameters originated

from a distortion of the ReO6 octahedra in the xy plane is due to abrupt changes in the

angles of interatomic distances d2 and d3 inside the ReO6 octahedra, see the inset of Fig. 2

(d). Such distortion is responsible for the abrupt change in the β angle, as seen in the inset

of Fig. 1 (a). However, despite the change in interatomic distances, there is no appreciable

change in the polyhedral volume of the ReO6 octahedra [VReO6 , Fig. 2 (a)] but an increase

in the distortion parameter (∆d) of both polyhedra.
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Figure 1: Pressure evolution of (a) unit-cell volume and β angle in the inset; (b) unit-cell
lattice parameters of MgReO4. Symbols correspond to experiments and solid lines to results
from calculations.
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Figure 2: Structural parameters of MgReO4 as a function of pressure: (a) polyhedral volumes
VMgO6 and VReO6 , interatomic distances (dx) inside the (b) MgO6 and (c) ReO6 distorted
octahedra, and (d) distorted parameter ∆d. The inset of (d) shows the interatomic distances
responsible for the distortion at ≈10 GPa.

To understand the origin of the distortion within this methodology without spin-orbit

coupling, we performed several calculations fixing the β angle and the lattice parameters b

and c to the low-pressure trend. Our results show that, under these conditions, the crystal

structure is subjected to non-hydrostatic stress, resulting in an energy change of 3 meV/f.u.

4 Vibrational properties

The phonon frequencies computed with the direct force constant approach7 at ambient pres-

sure (in cm−1), their pressure coefficients (dω/dP , in cm−1/GPa), and the Grüneisen param-

eters (γ) are listed in Table 1. Where dω/dP and γ were obtained from ambient pressure
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up to 10 GPa in order to avoid the changes due to the structural distortion observed at ≈10

GPa. The pressure evolution of the Raman and infrared phonon frequencies appear in Fig.

3 (a) and (b), respectively. As can be seen, the Raman modes are more affected by the

distortion of the crystalline structure at ≈10 GPa.

Table 1: Computed Raman and infrared phonon frequencies (ω, in cm−1) of MgReO4 at
the Γ point and ambient pressure. We also included the pressure coefficients (dω/dP , in
cm−1/GPa) and the Grüneisen parameters (γ). dω/dP and γ were computed in the pressure
range 0-10 GPa.

Raman Infrared
ω dω/dP γ ω dω/dP γ

Bg 116.85 0.13 0.17 Bu 176.96 0.73 0.71
Ag 183.64 -0.07 -0.06 Bu 234.37 -1.04 -0.80
Bg 191.41 0.29 0.24 Au 253.79 1.22 0.82
Bg 225.97 0.49 0.34 Bu 267.43 -0.63 -0.43
Bg 241.61 2.25 1.40 Au 307.43 0.33 0.19
Bg 273.40 1.06 0.60 Bu 311.26 3.43 1.77
Ag 280.97 -0.98 -0.54 Bu 326.51 4.58 2.19
Ag 293.35 2.28 1.18 Au 345.09 1.03 0.52
Ag 345.82 4.51 1.93 Au 414.94 4.28 1.66
Bg 346.59 4.69 2.00 Bu 462.98 5.31 1.83
Ag 399.10 1.17 0.45 Au 494.80 4.06 1.34
Bg 403.87 4.48 1.66 Bu 540.73 3.75 1.15
Bg 514.38 3.10 0.92 Au 619.43 3.99 1.07
Ag 552.58 2.52 0.70 Bu 731.74 3.68 0.85
Bg 631.17 4.63 1.11 Au 753.26 2.95 0.67
Ag 671.60 3.27 0.74
Bg 732.18 4.60 0.96
Ag 873.35 4.41 0.77
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Figure 3: Pressure dependence of the (a) Raman and (b) infrared phonon frequencies of
MgReO4. (c) Lattice vibrations at ambient pressure of phonon frequencies with negative
phonon pressure coefficients at the Γ point, see Table 1.
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