
This journal is © the Owner Societies 2024 Phys. Chem. Chem. Phys., 2024, 26, 5529–5536 |  5529

Cite this: Phys. Chem. Chem. Phys.,

2024, 26, 5529

Relativistic effects and pressure-induced phase
transition in CsAu†

Júlia F. B. Manfro, * Giovani L. Rech, Janete E. Zorzi and
Cláudio A. Perottoni

Cesium auride (CsAu) is an intriguing compound formed by two metals that, upon reacting, exhibits

properties of an ionic salt. In this study, we employ computer simulations to explore the influence of

relativistic effects on the structure and some physical properties of CsAu, as well as on a potential

pressure-induced structural phase transition, the effect of high pressures on its electronic gap, and the

possible transition to a conducting state. We have found that including relativistic effects reduces the

lattice parameter of CsAu and brings its volumetric properties closer to the trend observed in alkali

halides. It also enhances the charge transfer from cesium to gold, resulting in a difference of up to

0.15e, at ambient pressure, between non-relativistic and fully relativistic calculations. Additionally, upon

increasing pressure, in the absence of intervening structural phase transitions, the closing of CsAu’s band

gap is expected at approximately 31.5 GPa. The inclusion of relativistic effects stabilizes the CsAu Pm %3m

structure and shifts the transition pressure to a possible high-pressure P4/mmm phase from 2 GPa

(non-relativistic calculation) to 14 GPa (fully-relativistic calculation). Both the Pm %3m and P4/mmm

structures become dynamically unstable around 15 GPa, thus suggesting that the tetragonal structure

may be an intermediate state towards a truly stable high-pressure CsAu phase.

1 Introduction
1.1 Cesium auride

Cesium auride (CsAu), first reported in 1943 by Sommer, is
possibly the most well-known compound with gold as a monoa-
tomic anion.1 CsAu has a CsCl-type crystal structure, space

group Pm%3m, with Cs and Au at (0,0,0) and
1

2
;
1

2
;
1

2

� �
, respec-

tively, and a lattice parameter of 4.263 Å at ambient
conditions.2,3 Although prepared from two metals in a way
similar to a metallic alloy, CsAu lacks usual metallic properties,
such as brightness, malleability, and electrical conductivity,
and instead exhibits properties typical of an ionic salt.2,3

Experimental studies of electrical and optical properties
have established CsAu as an n-type semiconductor with an
indirect band gap of 2.6 eV.3,4 Self-consistent band structure
calculations, both non-relativistic5 and scalar-relativistic,6 also
gave support to those experimental findings. Another indication
of the semiconducting nature of cesium auride is the significant
volume contraction observed in this compound, which cannot
be explained simply by geometric packing effects and is

attributed to the change in Cs or Au atomic volume from
metallic to ionic volume.7,8

The CsAu ionic behavior is attributed to the significant
electronegativity difference between its two constituents, with
cesium having the lowest (0.79) and gold the highest (2.54)
electronegativity among all metals.9 Previous studies of the
CsAu molecule, both theoretical10,11 and experimental,12,13 esti-
mate a charge transfer from 0.5e to 1e to Au. Self-consistent
calculations using the relativistic Dirac–Fock equation estimate
a charge transfer of 0.72e (derived from the dipole moments)
and 0.955e (from a Mulliken population analysis) to Au.14 In the
non-relativistic approximation, the same study gives charge
transfers of 0.57e and 0.66e, respectively. Therefore, the ionicity
of CsAu cannot be referred to as a strictly relativistic effect,
although there is a relativistic contribution.

1.2 Relativity and gold

Regarding the inclusion of relativistic effects, first-principles
calculations can be classified into three categories, namely non-
relativistic (NR), scalar relativistic (SR), and fully relativistic (FR)
calculations. Generally, a scalar relativistic Hamiltonian includes
effects arising from the mass-velocity relationship and the
electron-nucleus interaction (also called Darwin correction).15

This means that, while NR calculations exclude any relativistic
effect, SR calculations neglect the spin–orbit coupling effect,
leading to an error in the total energy proportional to Z2a2 (where
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Z is the atomic number and a is the fine structure constant).16 In
the FR approximation, the Hamiltonian comprises relativistic
scalar and spin–orbit effects, which lead to an error in the total
energy of order a2, notably smaller than that of SR for heavy
elements, such as cesium and gold.16

One of the most fascinating examples of relativity in
chemical properties is its influence on the properties of gold.
For instance, the yellow color of gold arises from the reduced
electronic gap between the 5d and 6s orbitals of the element.17

Without the effects of relativity, the transition from the 5d to 6s
orbitals would only take place at much higher energies in the
ultraviolet spectrum. Specifically, the non-relativistic energies
of the 5d and 6s orbitals of gold are similar to those of the 4d
and 5s states of silver.18 As a result, non-relativistic gold would
appear white, similar to silver, and its yellow color is thus a
consequence of the influence of relativity.

The electronegativity of gold and the unexpected amount of
auride compounds in nature manifest the influence of relativistic
effects. The surprisingly high electron affinity of gold and the
consequent tendency to adopt negative valence states can be
explained by the simultaneous contraction of the 5d and 4f orbitals
and a significant stabilization of the electron(s) in the 6s orbital.18

Only halide elements have a comparably large electron affinity;
therefore, gold can be described as a ‘‘pseudohalogen.’’ Accordingly,
cesium auride can be considered an analog of cesium halides.14 The
CsAus similarity to alkali halides also manifests in the context of its
equation of state, as will be shown later in this work.

1.3 High-pressure effects

High pressure is well known to be able to reorder atomic orbital
energy levels and modify electronic properties. In the case of
alkali metals such as cesium, high pressures can induce orbital
hybridization, significantly altering their chemical reactivity.19

This effect increases the probability of finding aurides of alkali
metals with unusual stoichiometries at pressures much greater
than ambient pressure.

The high-pressure phase diagrams of gold, copper, and
silver fluorides suggest a significant contribution of the relati-
vistic effects of Au on the stoichiometry and stabilization of the
compounds.20 Indeed, due to relativistic effects, the inner
electrons of gold are chemically more active than those of
copper and silver.20 Furthermore, in 5d transition metals such
as Pt and Au, which act as anions in compounds such as CsAu
and Cs2 Pt partly due to strong relativistic effects, pressure can
further increase their unusual oxidation states.21

Previous high-pressure studies revealed that K and Cs
behave as transition metals due to pressure-induced s–d electro-
nic charge transfer.22,23 Ab initio calculations on ytterbium under
high-pressure show that Yb is always metallic at pressures above
5 GPa, and its P63/mmc phase becomes superconductive at 160
GPa.24 In another recent computational study on ternary Na–P–H,
the P%6m2 phase of the NaPH6 hydride is identified as a super-
conductor under 200 GPa.25 Furthermore, experimental evidence
has confirmed the existence of a 3D anomalous metallic state in
highly compressed titanium metal, which also displays super-
conductivity.26 These phase transitions to conductive or even

superconductive states are typically accompanied by a sequence
of structural phase changes and often offer crucial insights into
the evolution of complex crystal structures under high pressure.

Overall, metallization appears to be the ultimate fate of most
materials under extreme pressures.27–29 Some exceptions include
elements such as Ni and Na – which may become insulators,30,31

and Li, which, in a DFT study, exhibited a transition to a
semiconducting phase at around 67 GPa.32

Regarding cesium auride, it is believed that the effect of high
pressures can override the relativistic effects, making it a con-
ductive alloy. Bryk and Klevets study suggests that increasing
pressure reduces all the specific molten-salt-like features of CsAu,
giving evidence of possible metallization of the binary liquid alloy
at high pressures.33 Hasegawa and Watabes band structure
calculations also show that, as the lattice constant of the unit
cell decreases, all bands become wider, and bands’ overlapping
increases to the point that CsAu becomes metallic.34

High pressure can also induce structural instability and
cause a structural phase transition. For CsCl-type alkali halides,
studies have found a transformation to a tetragonal structure for
CsCl at 65 GPa,35 CsBr at 44.5 GPa to 53 GPa,35,36 and CsI
between 35 GPa and 40 GPa.37,38 For the last one, the tetragonal
phase was established to have a P4/mmm structure. As for CsAu,
total-energy calculations predict a pressure-induced phase tran-
sition from the Pm%3m to the Fd%3m (NaTl-type) structure at a
pressure of about 4.5 GPa.39 Mössbauer spectroscopy analysis
hints at a phase instability for CsAu under pressure.40 Even
though the high-pressure phase has not been unambiguously
identified, the quadrupole splittings of the CsAu line rule out the
previously suggested Fd%3m structure.39 Yet another DFT study
proposes a CsAu first-order phase transition from the cubic
CsCl-type to the orthorhombic Cmcm structure under pressure
around 10 GPa.41

In this work, we employ DFT computer simulations to
explore the influence of relativistic effects on the structure
and compressibility of CsAu and the effect of high pressures
on the structure and the electronic gap. We also illustrate the
influence of relativistic effects on phase equilibria by exploring a
possible phase transition to a P4/mmm structure and a conduct-
ing state. This particular structural phase transition was chosen
as a case study due to its second-order nature and consequent
lack of activation energy barrier. To clarify the effect of relativity
on certain properties of CsAu, calculations are conducted using
two different relativistic approximations. The similarity of CsAu
to alkali halides is highlighted by a comparative analysis of their
bulk moduli and molar volume.

2 Methodology
2.1 DFT calculations

Density functional theory (DFT) calculations were performed
using linearized augmented plane waves + local orbitals (LAPW +
lo) basis set, as implemented in the full-potential all-electron
Exciting code.42 Calculations were performed in the athermal
limit (i.e., at 0 K without zero-point energy), using the PBEsol43
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and the Heyd–Scuseria–Ernzerhof (HSE06)44 exchange–correla-
tion functionals, and at non-relativistic (NR), scalar relativistic
(SR) and fully relativistic (FR) approximations. The SR and FR
calculations treated core electrons with the fully relativistic
Dirac equation, while valence electrons were treated according
to the scalar-relativistic Schrodinger equation within zeroth-
order regular approximation (ZORA).42 The muffin-tin (MT)
radius was set as RMT = 2.2 GPa for both Cs and Au. The
plane-wave basis set size for the wavefunction expansion out-
side the MT sphere was defined as RMT|G + k|max= 9, for a k
grid of 12 � 12 � 12, and a maximum length of the reciprocal
lattice vector |G| equal to 15 GPa.

Phonon spectra of CsAu Pm%3m and P4/mmm phases were
calculated at 0 GPa and 15 GPa according to Density Functional
Perturbation Theory (DFPT), as implemented in the Quantum
Espresso suite, using the PBEsol functional and norm-conserving
fully-relativistic pseudopotentials for both Au and Cs, including
spin–orbit coupling.45–50 Calculations were performed on a 7 �
7 � 7 grid, and interpolated phonon dispersion curves were
represented along recommended reciprocal space paths.51 The lattice
parameters of the Pm%3m and P4/mmm structures were re-optimized
before the corresponding phonon spectrum was calculated.

2.2 Equation of state

CsAus equilibrium volume at zero pressure V0, bulk modulus B0

and its pressure derivative B00, were estimated by fitting the
integrated isothermal Vinet equation of state (EOS) to energy
versus volume data,52

EðVÞ ¼ EðV0Þ þ
9B0V0

Z2
1þ eZxðZx� 1Þ½ �; (1)

where x = 1 � (V/V0)1/3 and Z ¼ 3

2
B
0
0 � 1

� �
.

The Vinet EOS was chosen because it has been shown to suitably
describe the behavior of materials over large compression ranges.53

Equations of state for CsAu were determined from PBEsol calcula-
tions in the NR, SR, and FR approximations, as this proved to be a
well-suited exchange–correlation functional to estimate lattice para-
meters in good agreement with experiment.54

The influence of relativistic effects on the stability of CsAu in
the Pm%3m structure was investigated using non-relativistic and
fully relativistic calculations. A possible phase transition to a
P4/mmm structure was assessed by calculating the variation with
the unit cell volume of the symmetry-adapted strain for a tetra-
gonal distortion (the order parameter for a second-order struc-
tural transition Pm%3m - P4/mmm) at the NR and FR
approximations.55–57 In the CsAu P4/mmm structure, Cs and Au

occupy the Wyckoff sites 1d
1

2
;
1

2
;
1

2

� �
and 1a (0,0,0) respectively.

An iterative procedure was employed to optimize the tetragonal
lattice parameters for a given unit cell volume held constant. The
symmetry-adapted strain et (i.e. the order parameter for the
transition Pm%3m - P4/mmm) was calculated as55–57

et ¼
2ffiffiffi
3
p c

c0
� 1

� �
; (2)

where c is the equilibrium lattice parameter at a given unit cell
volume (or, equivalently, at the corresponding pressure) and c0 is
the lattice parameter extrapolated for the Pm%3m structure at the
same unit cell volume.

2.3 Electronic structure

Hybrid functionals have been widely used to determine proper-
ties of periodic solids, mainly for a better estimation of electro-
nic structures and band gap calculations, with the HSE06
functional being more accurate for typical semiconductors.58

Therefore, the hybrid functional HSE06 was used for the CsAu
band structure and charge transfer calculations.

The electronic band structure is calculated in Exciting in a
dense grid of points in the reciprocal space by first representing
the wave functions in terms of localized orthogonal functions.59

At the time of this writing, Wannier localization has not been
implemented for spin-polarized systems in the Exciting code.
Accordingly, calculations were performed in the scalar relativis-
tic (SR) approximation to explore the influence of pressure on
the band structure of cesium auride and band-gap estimation.

Charge transfer analysis was estimated using a combination
of the Bader analysis and the Yu-Trinkle integration method60

with the Critic2 program.61 Bader analysis can be unreliable for
all-electron calculations because the electron density exhibits
sharp changes near the atomic cores. To address this issue, a
modified version of the Exciting code that generates a pseudo
density from the calculated electron density was used to estimate
the atomic charges. This pseudo density is smooth near the
atomic nuclei while preserving the original density in interstitial
regions and can be expanded in terms of a finite set of G-vectors.

3 Results and discussion
3.1 Equation of state

Fig. 1 shows energy versus unit cell volume curves for CsAu, as
obtained from calculations in the NR, SR, and FR approximations.
The pressure scale on top of the plot was calculated using the Vinet
EOS fitted to FR data. The cesium auride lattice parameter at zero
pressure (a0), bulk modulus (B0) and bulk modulus derivative with
respect to pressure B00

� �
, as obtained by fitting eqn (1) to NR, SR,

and FR data are given in Table 1. The difference in bulk modulus
of CsAu from SR and FR calculations, despite the similarity of the
energy versus unit cell volume curves, may be mainly ascribed to
the strong correlation between B0 and B00 (and also V0)62 in fitting
EOS to either theoretical or experimental data.

The zero pressure equilibrium lattice parameters obtained in the
SR and FR approximations are in good agreement with the
experimental value obtained at room temperature (4.241 Å63 and
4.263 Å2,3). Indeed, the influence of relativity on CsAu bulk modulus
and lattice parameter is noticeable. The larger bulk modulus for
relativistic CsAu could be attributed to the increase in average
charge density due to the reduced volume (compared to the scalar
and non-relativistic cases).64 The increasing of B0 by the inclusion
of scalar relativistic effects is also in agreement with previous
studies on 4d and 5d transition metals65 and silver compounds.66
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The reduction of unit cell volume in SR and FR calculations
has been attributed to the relativistic contraction of the atomic
radius.17 Studies on CsAu have also demonstrated a contraction in
the interatomic distance when relativistic effects are included for
both the hypothetical CsAu molecule14 and for the solid.2,14,67 The
degree of this contraction is often proportional to the ionicity of
the crystalline solid.34 Therefore, it is expected that the application
of high pressure will affect the ionic character of cesium auride, as
we shall see later.

3.1.1 Bulk modulus and unit cell volume – comparison with
alkali metal halides. Empirical studies have shown a relationship
between the bulk modulus B0 and interionic distance r0 of the
form B0 p r0

�3 for alkali metal halides, in contrast to covalent
and metallic solids where B0 is proportional to r0

�5.68 The
proportionality of B0 with r0

�3 can be mapped to the ionic pair
volume V0 because V0 p r0

3. This relationship in solids has also
been observed in other studies,69–72 which suggest a constant
product of the bulk modulus and the volume per pair of ions,
B0V0 = constant.

The inverse relationship between the volumetric modulus of
compounds of the same group and their volume may be summar-
ized in a log B versus log V plot. In this plot, ionic compounds
formed by cations within a group (apart from oxides) will fit nicely
in a line. Alkali halides, alkaline earth fluorides, some selenides,
and sulfides do fit into a line of slope �1.73 This surprisingly
simple behavior may be used to estimate the bulk modulus of
similar compounds when experimental data is unavailable.74

Calculated values for the bulk modulus of CsAu, in the NR, SR,
and FR approximations, are plotted in a log B0 versus log V0 graph
alongside experimental values found for alkali metal halides,75–78

as shown in Fig. 2. Since the unit cell volume of a crystalline solid
is directly proportional to r0

3, the former is considered instead of
the volume per ion pair. The slopes calculated by a linear fit to
the entire experimental data set (top) and the experimental
cesium auride data (bottom) are �0.96 and �0.94, respectively,
consistent with the theory. The SR and FR ionic pair volumes and
bulk moduli calculated in this work are visibly closer to the
observed line for all alkali halides and well located within the
range of cesium halides. The behavior of CsAu can be compared
with that of alkali halides in terms of compressibility and,
possibly, ionic and semiconducting nature. These results suggest
an improvement in the theoretical estimate of the unit cell
volume and bulk modulus of CsAu in going from NR to SR to
FR calculation level. Accordingly, from now on, all pressure
estimates for a given lattice parameter will consider the equation
of state for CsAu obtained from fully relativistic (FR) calculations.

3.2 High-pressure phase transitions

Similarly to alkali halides, cesium auride in the Pm%3m structure
may evolve to a P4/mmm structure upon pressure increase. In

Table 1 Lattice parameter (a0), bulk modulus (B0), and its first pressure
derivative B00

� �
for CsAu from non-relativistic (NR), scalar-relativistic (SR),

and fully-relativistic (FR) calculations

NR SR FR

a0 (Ã) 4.481(27) 4.2390(85) 4.118(6)
B0 (GPa) 5.96(86) 11.74(69) 17.73(71)
B00 6.62(21) 6.35(13) 5.99(13)

Fig. 2 Bulk modulus and unit cell volume of CsAu at the NR, SR, and FR
approximations in comparison to alkali metal halides (top panel) and
cesium halides (bottom panel).

Fig. 1 Total energy versus unit cell volume for CsAu in the NR, SR, and FR
approximations, as obtained from DFT calculations with the PBEsol GGA
functional. The pressure scale was calculated using the Vinet EOS fitted to
FR data.
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fact, P4/mmm is a maximal subgroup of Pm%3m, compatible with a
continuous Landau-type phase transition Pm%3m - P4/mmm.79,80

The structural phase transition Pm%3m - P4/mmm was
monitored by observing the evolution with the unit cell volume
of the order parameter (2) for this second-order transition.
Fig. 3 (top panel) represents the dependence of the lattice
parameters a and c of the P4/mmm structure as a function of
the unit cell volume. The volume at which the tetragonal
distortion becomes apparent depends on including relativistic
effects in the DFT calculations. Indeed, as shown in Fig. 3
(bottom panel), the symmetry-adapted strain for a tetragonal
distortion (order parameter) (2) converges to zero around
51 GPa and 76 GPa in the FR and NR approximations, respec-
tively. The former corresponds to a pressure around 14 GPa
according to the Vinet EOS obtained for the Pm%3m phase of
CsAu. On the other hand, the NR calculations suggest that the
transition to the P4/mmm phase should occur at a pressure

slightly below 2 GPa. The FR estimate for the Pm%3m - P4/mmm
transition pressure is much lower than the pressure at which
CsAu could become metallic (as discussed below), thus suggest-
ing that this (and possibly other) structural phase transitions
should be considered as alternative pathways in the possible
evolution of CsAu towards a high-pressure metallic state.

The stability of the CsAu Pm%3m and P4/mmm was further
explored by calculating their phonon spectra at 0 GPa and 15 GPa,
i.e., slightly above the pressure at which a tetragonal distorting
begin to manifest in the P4/mmm relaxed structure. The analysis of
the phonon spectra represented in Fig. 4 suggests that the Pm%3m
structure indeed becomes dynamically unstable around 15 GPa,
thus favoring the transition to P4/mmm. However, this last struc-
ture is also dynamically unstable at that same pressure, thus
suggesting that the P4/mmm structure may be just an intermediate
state towards a truly stable CsAu high-pressure phase.

Anyway, the impact of relativistic effects on the stabilization
of the CsCl-type structure of CsAu is remarkably significant.
The shift of the Pm%3m - P4/mmm transition pressure towards
higher values in the FR case can be attributed to the reduction
of the energy of low-angular-momentum states relative to high-
angular-momentum states due to relativity. Pressure-induced
phase transitions are often accompanied by electron transfer
from low- to high-angular-momentum states. Hence, relativity
can postpone the onset of structural phase transitions caused
by a reordering of electron energy bands.81 The shift in electro-
nic band energies upon including relativistic contributions is
highlighted below.

3.3 Electronic structure and charge transfer

Fig. 5 shows the band structure of CsAu calculated using the
HSE06 exchange–correlation functional in the scalar relativistic
(SR) approximation. Calculations were performed for lattice

Fig. 3 Top panel – lattice parameters a (circles) and c (squares) of CsAu
P4/mmm crystal structure as a function of the unit cell volume, in the fully-
relativistic (FR) and non-relativistic (NR) approximations. Bottom panel -
order parameter (OP) of the CsAu Pm %3m - P4/mmm phase transition (2)
as a function of the unit cell volume at the FR and NR approximations. The
continuous lines represent the expected behavior derived from a func-
tional relation OP B (V – Vc)g, where Vc is the critical volume for the
transition.

Fig. 4 Phonon spectra of the CsAu Pm %3m structure at 0 GPa and 15 GPa,
and of the P4/mmm structure at 15 GPa.
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parameters of 4.118 Å and 3.519 Å, corresponding to zero and
31.5 GPa, respectively. The band structure calculated at ambi-
ent pressure gives an indirect gap of 1.15 eV between the upper
valence band (which has an important contribution from Au 6s
state) at the R point and the lower conduction band at the X
point. Although this band gap is less than the previously given
experimental value of 2.6 eV,3,4 it is in good agreement with the
theoretical gap found by Christensen and Kollar of 1.22 eV
between the same special points in reciprocal space.5 As seen in
5, the band gap closes at the X and R points, at 31.5 GPa, just
before the structural transition Pm%3m - P4/mmm.

The comparison between the Cs 6s DOS obtained from the
non-relativistic (NR) and spin–orbit relativistic (SR) calculations
is shown in Fig. 6. When scalar-relativistic effects are included
in the calculation, the observed decrease in energy of the Cs 6s
states is consistent with the shift in the Pm%3m - P4/mmm
phase transition pressure, as commented in the previous
section.

The band structure calculations conducted under the non-
relativistic condition (not shown in Fig. 5) indicate that CsAu

should be metallic even at ambient pressure, i.e., CsAu only
exhibits a band gap at ambient pressure when relativistic
effects are included in calculations. A similar conclusion was
also drawn in a study by Christensen and Kollar,5 which
suggests that the mass-velocity shift of the Au 6s states is
critical in accounting for the difference in electronic structure
between relativistic and non-relativistic calculations.

Bader analysis for the fully relativistic CsAu exhibits a charge
transfer from 0.587e (P = 140 GPa) to 0.754e (P = �2 GPa) to gold,
which agrees with the previously mentioned studies that esti-
mated it to be between 0.72e to 0.955e.14 The results also show a
difference from 0.15e to 0.32e between the NR and FR conditions,
as shown in Fig. 7, which agrees with the observation that
relativistic effects can further increase CsAu’s ionicity.21

4 Conclusion

Incorporating relativistic effects reduces the lattice parameter
of cesium auride, bringing its volumetric properties closer to
the trend observed in alkali halides, thus confirming the
similarity between CsAu and these compounds. Relativity also
plays a crucial role in enhancing the charge transfer from
cesium to gold, resulting in a difference of ca. 0.15 e between

Fig. 5 Gold and cesium contributions to the electronic band structure of
CsAu near the Fermi level at the SR approximation at zero pressure (top)
and 31.5 GPa (threshold for metallization, bottom). Line thickness is
proportional to each band’s s, p, d, or f character. Energy is expressed
relative to Fermi level.

Fig. 6 Density of states of the Cs 6s orbital in CsAu at zero pressure from
NR and SR calculations.

Fig. 7 Gold pseudo-charge from Bader analysis of CsAu in the Pm %3m
structure at the NR and FR approximations. The pressure scale was
calculated using the Vinet EOS fitted to FR data.
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non-relativistic (NR) and fully relativistic (FR) conditions near
ambient pressure.

The inclusion of relativistic effects also stabilizes the Pm%3m
structure and shifts the Pm%3m - P4/mmm transition pressure
from 2 GPa (NR calculation) to 14 GPa (FR calculation). Both
the Pm%3m and the P4/mmm structures were shown to be
dynamically unstable at 15 GPa, thus suggesting that the latter
may be an intermediate state (favored by a null activation
energy path) in the road towards a stable high-pressure phase.
In the absence of any intermediate structural phase transition,
CsAu in the Pm%3m structure should become metallic slightly
above 31 GPa.

Curiously, non-relativistic calculations suggest that CsAu
should be metallic even at ambient pressure, further evidence
that including relativistic effects is necessary to accurately
reproduce cesium auride’s known properties in DFT calcula-
tions. The agreement between fully relativistic DFT calculations
and the relatively few experimental results available for CsAu
increases the confidence in the reliability of these calculations
for scenarios where this material has not yet been investigated,
including its behavior at high pressures, which remains largely
unexplored experimentally.
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