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The lacunar spinel GaV4Se8 is a material whose properties are dominated by tetrahedral clusters
of V atoms. The compound is known to undergo a polar distortion to a ground state structure in
the R3m space group, and orders ferromagnetically with a relatively small magnetic moment. We
develop an understanding into the relationship between crystal structure and magnetic order in this
material, and the influence of electron correlations in establishing the observed ground state using
first-principles density functional theory (DFT) electronic structure calculations. Because electrons are
delocalized within V4 clusters but localized between them, the usual approaches to simulate electron
correlations — such as the use of the Hubbard U in DFT + U schemes — do not adequately recreate
the experimental ground state. We find instead that the experimental ground state of GaV4Se8 is well-
represented by the random-phase approximation to the correlation energy. Additionally, we find that
magnetism and crystal structure are strongly coupled in this material, and only certain arrangements of
magnetic moment within a V4 cluster can stabilize the observed structural distortion. In combination
with the anisotropic, polar nature of the material, the strength of magnetostructural coupling indicates
that application of strain could be used to tune the magnetic properties of GaV4Se8.

I. INTRODUCTION

GaV4Se8 is a member of the lacunar spinel family
which has garnered much attention in recent years.1–5

The lacunar spinel structure is related to the typical
AB2O4 spinel structure but with ordered vacancies on
the A-site that induce a breathing mode distortion in
the material, reducing the symmetry from Fd3m to
F43m. Most significantly, the pyrochlore lattice of
corner-connected tetrahedra of B-site atoms in the spinel
becomes a lattice of isolated tetrahedra in the lacunar
spinel. The properties of lacunar spinel materials are
dominated by these clusters of transition metal atoms.
For example, most exhibit a variable range hopping-type
conduction, indicating electrons must hop between clus-
ters rather than being delocalized through the material.6

GaV4Se8 in particular has a small band gap at low tem-
perature of about 0.1 eV.4 Some members of the family,
such as GaNb4Se8 and GaTa4Se8, undergo superconduct-
ing and insulator-to-metal transitions under pressure.7,8

GaV4Se8 undergoes a polar Jahn-Teller distortion
along the 〈111〉 axis from F43m to R3m upon cool-
ing through 41 K.4,9 Below this temperature, at approx-
imately 17.5 K, GaV4Se8 magnetically orders with an
ordered moment of around 1µB per cluster of four
V atoms, in agreement with molecular orbital the-
ory arguments.4 In the magnetically ordered regime,
GaV4Se8 hosts a rich magnetic phase diagram, with a
cycloidal ground state, a skyrmion region near the or-
dering temperature, and a field-polarized phase at high
fields.2,3 Because of strong crystalline anisotropy along
the polar 〈111〉 axis, the stability of phases strongly de-
pends on the angle at which the magnetic field is applied
relative to the 〈111〉 axis. The combination of the polar
symmetry and magnetic order makes GaV4Se8 a multi-

ferroic material, which could be promising for various
computing and memory applications.1

Because magnetism, crystal structure, and electronic
structure are strongly coupled in GaV4Se8, it can be
challenging to interpret computational results. Magnetic
measurements reveal a moment of 1µB per tetrahedral
cluster, but there are many ways this could arise, and
the precise manner in which the total moment is dis-
tributed across the cluster is unclear. Furthermore, the
partial delocalization of electrons in the V4 tetrahedra
is strongly dependent on electronic correlations, which
are not readily modeled within density functional the-
ory (DFT). The impact of electron correlation effects can
be approximated in DFT using on-site Coulomb (U) and
exchange (J) interactions which are applied to orbitals
with correlated electrons, such as the d-orbitals of V.
This approach is now commonly known as DFT+U ,10

and is frequently employed using a single parameter
Ueff = U − J .11 However, as we find here, GaV4Se8
has additional complexity because electrons can be de-
localized across the four V atoms of a cluster yet remain
localized to one cluster. In other words, the application
of Ueff on individual V atoms does not capture the cor-
rect electronic ground state. The adiabatic connection
fluctuation-dissipation theorem implementation of the
random phase approximation (ACFDT-RPA) is a way to
account for electron correlations and non-local effects in
a more rigorous manner.12 Total energy calculations with
this method combine the exact exchange energy from the
Hartree-Fock approximation with the correlation energy
from ACFDT-RPA to provide accurate ground state pre-
dictions even for complicated materials with competing
structural and magnetic ground states.13,14

To help lay down the basis for the computational mod-
eling, we first prepare and measure the magnetic prop-
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