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First principles calculations are presented to resolve the possible pressure-dependent phases of
Mg2Si. Although previous reports show that Mg2Si is characterized by the cubic antiflurite Fm3m
structure at low pressures, the situation at higher P is less clear with many contradicting results.
Here we utilize several methods to examine the stability, electron, phonon, and transport properties
of this material as a function of pressure and temperature. We find that Mg2Si is thermodynami-
cally stable at low and high pressures. Between 6 and 24 GPa, Mg>Si can transform into MggSis, a
defected compound, and vice versa, without energy cost. Perhaps this result is related to the afore-
mentioned inconsistency in the structures reported for Mg,Si within this pressure range. Focusing
solely on Mg>Si, we find a new monoclinic C2/m structure of MgsSi, which is stable at high pres-
sures within thermodynamical considerations. The calculated electrical conductivity and Seebeck
coefficient taking into account results from the electronic structure calculations help us understand
better how transport can be affected in this material by modulating pressure and temperature.

PACS numbers: 77.84.-s 77.65.-j 81.05.Zx

I. INTRODUCTION

Magnesium silicide Mg,Si is an environmental-friendly
material composed of Earth-abundant constituents.
These features combined with low-cost production and
its attractive properties make Mg, Si a suitable candidate
for different technological applications, including infrared
photonic and thermoelectric energy conversion devices.
As a narrow-gap semiconductor, MgsSi has been envi-
sioned for infrared detectors working in the 1.2 - 1.8 um
wavelength range® In addition, Mg,Si has been con-
sidered for thermoelectric applications in the 400-800 K
temperature range. The non-toxicity, light weight, and
abundance of the comprising elements are advantageous
features when compared to other materials, such as PbTe
or CoSbg, operating in the same temperature regime.
Several reports describe strategies of transport proper-
ties optimization via doping for enhanced thermoelec-
tric performance™ Many computational studies con-
cerning Mg»Si have been focused on the cubic Fm3m
(anti-flurite) phase in which this material crystallizes at
ambient pressures® Thus further property modifications
and addition routes for optimization may become avail-
able.

At elevated pressures, available reports for MgsSi
structures are largely inconsistent. According to the
clearest pathway, MgsSi transforms from the cubic
Fm3m to the orthorhombic Pnma (anti-cotunnite)
structure? at pressure P ~ 7 GPa, followed by a tran-
sition to the hexagonal P63/mmec (NigIn-type) struc-
ture at P ~ 20 GPal® This pathway does not include
some (unresolved) hexagonal structures experimentally
observed by Cannon et al1Y and Peun et al™ Mg,Si was
also found*? to transfrom from Fm3m to an unknown
monoclinic phase at P ~ 11 GPa. This new structural

phase, which has also not been resolved, was reported®
to remain stable up to P ~ 37 GPa. Subsequently, the
electrical resistivity p of MgsSi was measured, showing
at least three discontinuous pressure points at 7 GPa,
12.2 GPa, and 22.2 GPa'? It was suggested!® that the
Fm3m — Pnma transition occurs between the first two
points, i.e., within the range from 7 to 12.2 GPa, while
the last point (22.2 GPa) marks the Pnma — P63/mmc
transition. In a more recent experimental work14 no
structural transition could be detected for pure MgsSi
under the quasi-hydrostatic pressure up to 15 GPa.
However, the Fm3m — Pnma transition was indeed
obsedved! on Al-doped MgsSi at 11.9 GPa. Other bi-
nary phases with different Mg:Si ratio, e.g., MggSis and
MgsSig, may also contribute to this complicated scenario.
These materials can be synthesized by precipitation from
supersaturated solid solution of Al-Mg-Si alloys 222 In
particular, two phases of this solution, i.e., the 8’ and 3"
phases, have been resolved and believed to correspond
to the hexagonal P63/m phase of MgySiz %" and mon-
oclinic C2/m phase of MgsSig,** respectively.

This contribution aims to explore this unclear picture
by first principles simulations. We start by searching
for thermodynamically stable configurations of MgsSi at
zero and various finite P. The stability of the predicted
structures with respect to the P63/m phase of MggSis
and the C2/m phase of MgsSig is then assessed via the
convex hulls contructed from the enthalpy calculated at
different pressures. We find that between 6GPa and 24
GPa, MggSis and MgySi are nearly equivalent in terms
of the thermodynamic stability. This result may provide
an explanation for the contradicting reports in the litera-
ture. Focusing solely on MgsSi, we calculated the Gibbs
free energy of the predicted structures. We identify two
new monoclinic phases of MgsSi which belong to the P2;
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FIG. 1. (Color online) DFT enthalpies Hprr of predicted
thermodynamically stable low-energy structures of MgsSi.
Calculated data is given by symbols while curves are shown
as a guide for the eyes.

and the C'2/m space groups. Of them, the former might
be relevant to the one observed at P = 16.1 GPal2, while
the latter is predicted to be a high-pressure Mg,Si phase
at P ~ 38 GPa and above. These pressure-induced tran-
sitions are also evaluated using free energy calculations
via the lattice dynamics in terms of phonon dispersion
spectra. Transport properties, such as the electrical con-
ductivity and Seebeck coefficient, are calculated within
the Boltzmann’s transport theory and discussed in terms
of the structural changes induced by the pressure.

II. COMPUTATIONAL METHODS

To investigate the pressure-induced transitions and
the properties of the stable phases, we employ several
computational methods. First principles calculations re-
ported herein were performed within the density func-
tional theory (DFT)21%22 formalism as implemented in
the Vienna Ab-initio Simulation Package (VASP)2320
using the semi-local Perdew-Burke-Ernzerhof exchange-
correlation energy functional ?” Highly accurate DFT to-
tal energies, Eppr, were ensured by a Monkhorst-Pack
k-point mesh?® of no less than 9 x 9 x 9 sampling of
the Brilouin zone, and a basis set of plane waves with ki-
netic energy cutoff of 500 eV for expanding the wavefunc-
tions. Both, the cell and atomic degrees of freedom of the
examined structures, were optimized under different hy-
drostatic compressive pressures until the residual forces
were obtained to be below 1072 eV/A. In addition to
the standard DFT simulations with the PBE semi-local
XC functional, electronic structure calculations are also
performed utilizing the hybrid Heyd-Scuseria-Ernzerhof
(HSE06) functional 2230 PBE calculations typically un-
derestimate the values for the energy gaps /3l however the

HSE functional is believed to give more accurate results
thanks to the better description of the localized states
forming the bonds. More specifically, a part of the semi-
local exchange energy is replaced by that from the exact
non-local Fock exchange, which results in bringing the
calculated HSE06 band gap closer to its true value.
Low-enthalpy structures of compressed crystalline
matter can be efficiently predicted at finite pressures by
many searching methods at the DFT level 3436 Herein,
we used the minima-hopping approach®?3? to search for
possible stable MgySi structures at hydrostatic pressures
up to 70 GPa. This method, which relies on extensively
exploring the DFT energy landscape of a given chemi-
cal composition, has successfully been used for various
classes of crystalline materials®#4%42 The phonon fre-
quency spectra and related vibrational free energies for
each system are examined within the supercell approach
as implemented in the PHONOPY package 2344 Calcula-
tions of the transport properties, such as the electri-
cal conductivity and Seebeck coefficient for the various
structures, are carried utilizing the constant relaxation
time 7 approximation as implemented in the BoltzTrap
code®® Taking constant 7 in general is a good approx-
imation as long as its energy changes are ate a smaller
scale as compared to the energy changes in the density
of states, which is typically the case for metals and many
semiconductors 4847 Thus the primary effects captured
using these computational methods are due to the un-
derlying electronic structure as a function of pressure.

III. THERMODYNAMICALLY STABLE
STRUCTURES

A. Mg-Si binaries

In addition to the known Fm3m, Pnma, and
P63/mmec structures, our search for low-enthalpy struc-
tures of MgoSi returns two new monoclinic phases,
namely C2/m and P2;. All phases are examined by cal-
culating the enthalpy H = Eppr + PV, where Eppr is
the DFT energy and V is the simulation cell volume (the
zero-point energy correction is not included). The results
are displayed in Fig. 1] showing that the thermodynamic
stability for the known phases at finite pressures agrees
well with the ones reported by experimental and previous
theoretical works.®® In particular, the pressure-driven
transitions of MgsSi are Fm3m — Pnma — P63/mmc
with two critical points at 8 GPa and 20 GPa. These two
transitions are consistent with the two out of the three
transitions observed experimentally’® (the third one was
suggested!® to be related to the mixture of Fm3m and
Pnma). In addition, we found that the monoclinic
C2/m structure becomes thermodynamically most stable
at P > 38 GPa. Results from the phonon spectra cal-
culations also clearly indicate that all of these structures
are dynamically stable (the phonon band structures are
given in Fig. 1 in the Supplementary Material together
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FIG. 2. (Color online) DFT enthalpies of formation AHppt
of the examined structrures of Mg-Si binary compounds, given
by symbols and labeled by the space group name, computed
at different pressure P. In (a), three vertical arrows are placed
at x = 0.455, x = 0.643, and =z = 0.667 to indicate MgsSig,
MgoSis, and Mg2Si, respectively. Red lines are used to con-
struct the convex hulls of the most stable phases of Mg-Si
binaries with different Mg concentration x.

with their crystallographic information in Table 1).

We consider the stability of MgySi with respect to
MggSis and MgsSig, the precipitated Mg-Si binary
compounds observed in the solid solution of Al-Mg-Si
alloys 19168200 The proposed structure of MggSis is
P63/m, which was found'® to be about 50meV/atom
lower than the P63/mmc phase of MgsSi by first-
principles calculations. For MgsSig, the resolved struc-
ture is CQ/m. For this goal, we computed the en-
thalpy of formation AHpgr of all the known structures
of MgsSig, MggSis, and MgsSi using the following exper-
ession

AHper = H(Mg, Sty )~ [2H (Mg)+(1—2) H(Si)]. (1)
Here, H(Mg,Si;_,) is the enthalpy of the Mg-Si binary
with Mg concentration x while H(Mg) and H (Si) are the
calculated enthalpies of the hexagonal P63/mmec crystal
of Mg and the cubic F'd3m crystal of Si. The enthalpy
of formation AHppr calculated at different pressure P
is shown in Fig.

Consistent with a previous report ™ we found that at
P = 0GPa, the P63/m structure of MgySis is about
100 meV/atom lower than the P63/mmc structure of
MgoSi.  This structure is also lower than the Pnma
structure of MgoSi by about 15 meV/atom while it is
higher than the F'm3m structure. Therefore, Mg,Si is
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FIG. 3. (Color online) (Top panel) Top views of the Pnma
and the P63 /mmec structure of MgsSi at 20 and 25 GPa. (Bot-
tom panel) ¢/b ratio (red squares) and volume per atom (blue
circles) of the Pmna structure as functions of pressure P. On
the top row, the unit cells of the orthorhombic Pnma and
hexagonal P63/mmc structures are shown as red rectangles
and diamond, respectively.

stable at the cubic F'm3m phase while both MggSis and
MgsSig are metastable. This conclusion is also consis-
tent with another work®® of the Mg-Si binaries based on
first-principles calculations. When the pressure is ele-
vated, the Pnma, P63/mmec, and C2/m structures of
MgSi become increasingly more stable. Between 6 and
24 GPa, the Pnma phase of MgsSi lies on the straight
line connecting MggSis and pure Mg (z = 1), clearly im-
plying that MgySi and MggSis can transform from one to
the other without energy cost. Perhaps this interesting
scenario provides an explanation for the fact that a va-
riety of different structures, i.e., orthorhombic Pnmd™®,
hexagonal 711 and monoclinic 7 have been reported for
MgsSi at medium pressures.

Within the next two pressure regimes, i.e., from 24 —38
GPa and above 38 GPa, we find that the P63/mmc and
C2/m structures of MgsSi, respectively, are thermody-
namically stable. Moreover, starting from 12 GPa, the
C2/m structure of MgsSig becomes stable with respect to
the decomposition into pure Si and MggSis, and this bi-
nary can also be formed, as observed experimentally 1819

B. Magnesium silicide Mg»Si

We now focus on the possible structures of Mg,Si only.
The results in Fig. |1} also demonstrate that under exter-
nal hydrostatic pressure, the Pnma structure gradually
distorts and then directly transforms to the P63/mmc
structure at the critical point of P, ~ 24 GPa. This sit-
uation is further elucidated in Fig. |3| by showing the ¢/b
ratio as a function of pressure. One finds that before
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FIG. 4. (Color online) Temperature-pressure phase diagram
of Mg2Si constructed from the Gibbs free energies.

the critical point the ¢/b ratio of the Pmna structure is
roughly 1.92. After passing the P. point, a is reduced
from 6.12 A to 5.42 A and b undergoes a discontinuous
expansion from 3.96 A to 4.23 A, bringing the ¢/b ratio
down to v/3 ~ 1.73. In this transition process, the volume
V' is changed by about 1% and the atomic positions of
the Pnma lattice become slightly rearranged, recovering
the hexagonal P63/mmc structure. For an illustration,
the top views of the Pmna structure below and above
P, together with the top view of the P63/mmec structure
are shown as well. The identical atomic arrangement at
P = 25 GPa is additionally confirmed by the simulated
x-ray diffraction patterns provided in Fig. 2 of the Sup-
plementary Material 42

Fig. [I] also confirms that Pmna and P63/mmc are
stable between 8 and 45 GPa, implying that the un-
known monoclinic phase observed by Zhu et all? be-
tween 11 and 37 GPa is metastable. While the atomic
positions of this observed structure have yet to be re-
solved experimentally*? the cell parameters were deter-
mined to be a = 7.965 A, b = 7.720 A, ¢ = 6.704 A,
and 8 = 112.5° at P = 16.1 GPa*2 The cell parameters
for the predicted monoclinic P2; structure are somewhat
similar, ie., a = 7.833 A, b = 7.812 A, ¢ = 6.782 A,
and g = 115.4°. However, due to experimental uncer-
tainties it is not clear if the simulated x-ray diffraction
pattern of the P2; structure agrees completely with the
reported measurements (see Fig. 3 of the Supplemen-
tary Material*” for more information). Therefore, further
experimental work is needed to resolve this metastable
phase.

The examined thermodynamic stability of Mg,Si via
the enthalpy Hppr is applicable at 7' = 0 K. In order to
include temperature effects into the analysis, we estimate
the Gibbs free energy G(P,T) = Hppr + Fuib(T), where
the vibrational free energy Fiyi,(T) is calculated within
the harmonic approximation from the phonon density of

states g(w) as

Fun(T) = rkgT /0 h dwg(w) In {2 sinh (2::T>] . @)

Here, r is the number of degrees of freedom in the unit
cell, kg the Boltzmann’s constant, and A the reduced
Planck’s constant. We note that the zero-point energy
correction, which was neglected in Fig. [I] is included in
G(P,T) and the phonon density of states are consistent
with the phonon dispersion spectra, given in the Sup-
plementary Material. For many crystalline materials,
this approach gives reasonable predictions for the tem-
perature dependent thermodynamic stability3432 which
makes it an attractive tool for this study.

The temperature-pressure phase diagram is con-
structed from the Gibbs energy G(P,T). The obtained
results are displayed in Fig. [4] showing that up to 1000
K and 70 GPa, MgsSi adopts four structural phases.
From low to high pressures, the stable phases are F'm3m,
Pnma, P63/mme, and C2/m. The phase transition
points between them are estimated to be ~ 6 GPa, ~ 24
GPa, and ~ 38 GPa, respectively, depending weakly on
temperature. In addition, no temperature-driven phase
transition is predicted below 1000 K.

IV. ELECTRONIC PROPERTIES

Mg,Si at ambient pressure can be characterized as a
narrow band gap semiconductor with E, ~ 0.7 eVl
before transforming into a metallic solid at elevated
pressures.l¥ Attempts to experimentally determine the
behavior of E; as a function of P were conducted, but no
conclusive results were obtained®' In particular, it was
suggested that the pressure coefficient (0Eg/0P)7r=300K
of the Mg,Si band gap at room temperature is within the
accuracy error of the measurements +0.5 x 1072eV/GPa
leaving the general trend of E, vs. P unclear.

Here we calculate the band gap of the Fm3m phase as
a function of P and the results are shown in Fig. It
is found that indirect F; = 0.16 eV with PBE while by
using HSEO06, we obtained a considerably higher value of
E; = 0.57 eV at P = 0. Note that the energy gap ob-
tained via HSEQ6 calculations is very close to the exper-
imentally observed indirect E; = 0.69 eV at T' = 4 K as
well as the calculated value of 0.65 eV at the GW level of
DFT 52 By linearly fitting the calculated data, we found
that with PBE, (0E,/0P)r—ox = —1.80 x 1072 eV /GPa
while with HSE06, this coefficient is (0Eg/0P)r=ok =
—1.64 x 1072 eV/GPa. Thus increasing P results in a
linear-like decrease of the gap at a slightly lower HSEQ0G
rate as compared to the PBE one. We note that this
value was calculated at 0K, and that at the room tem-
perature, (0E;/0P) may be closer to that given in Ref.
o1l

The Mg,Si properties are also examined by consider-
ing the calculated electronic band structure for the dif-
ferent stable phases. In Fig. [f] the band structures of
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FIG. 5. (Color online) Band gap of the F'm3m phase cal-
culated at various pressure using the PBE and HSE06 XC
functionals. Calculated data is shown by symbols while dot-
ted lines show the linear fits to this data.

the Fm3m, Pnma, P63/mme, and C2/m phases at 0,
15, 30, and 45 GPa, respectively, are shown. The cor-
responding densities of states are provided in Fig. 4 of
the Supplementary Material 4 Fig. |§| demonstrates that
the Fm3m is a semiconductor with an indirect band gap
while the other phases are metallic. For the newly pre-
dicted phase, namely C2/m, the valence bands near the
Fermi energy are dominated by the Si-3p states while the
conduction bands near the Fermi energy are composed of
comparable Si-3s, Si-3p, Mg-2p, and Mg-3s contributions
(see Fig. 4 of the Supplementary Material).

V. TRANSPORT PROPERTIES

The electronic structure is directly related to the trans-
port characteristics, such as electrical conductivity (o)
and Seebeck coefficient (5), of a given material. These
transport properties are of primary importance for lim-
iting the thermoelectric transport. Reported measure-
ments at room temperaturéld show that in the range of
0 GPa to 25 GPa the electrical resistivity p = 1/0 of
Mg, Si displays four distinguishable regimes and three of
them can be assigned to known phases, namely F'm3m,
Pnma, and P63/mmc, while the fourth corresponds to
a mixture of the Pnma and P63/mmc phases.

Here we utilize Boltzmann’s theory as implemented in
the BoltzTraP code to gain insight into the transport of
MgsSi under pressure by calculating o and .S for the vari-
ous phases*? The BoltzTraP code is considered a state of
the art computational approach to investigate transport
properties in crystals2#24 In fact, it has recently been
used to study o and S of the Fm3m phase of Mg,Si
considering the effects of strain and doping®¥ The re-
ported BoltzTraP simulations for the Fm3m, Pnma, and

5 Fm3m, 0 GPa Pnma, 15 GPa
: ™, AV W\
2\/ 7
%\ R i §E 057:V: | ‘
o | . Eg=057 6V |
w Or N
4
W
o ]
3/ ‘ N\ ‘ L ‘
L W r XWK X T Y T Z T
P64/mmc, 30 GPa C2/m, 45 GPa
T\ TR NN
2 : ‘ N\
s 1 3
° :
u_o |
w !
m_1
-2 A
Sr v T zZT

FIG. 6. (Color online) Energy band structures calculated at
the HSEO6 level for four phases of MgsSi at their stable pres-
sure: Fm3m at 0 GPa, Pnma at 15 GPa, P63/mmc at 30
GPa, and C2/m at 45 GPa. The indirect band gap E; = 0.57
eV of the Fm3m phase is indicated in the top left panel of
the figure.

P63 /mme structures include a number of band structure
calculations with very dense k-points meshes. In particu-
lar, we used a mesh of 45 x 45 x 45 for the F'm3m, a mesh
of 25 x 41 x 22 for the Pnma, a mesh of 45 x 45 x 45 for
the P63/mme, and a mesh of 21 x 21 x 21 for the C2/m
structures. Using these results, /7 (7 is the relaxation
scattering time) is computed. Because the HSE06 treat-
ment is prohibitively expensive for these meshes, PBE
was used for the calculations. We expect that with this
numerical prescription, general trends of the calculated
transport properties are captured.

The calculated conductivity normalized to o3g9x at
P = 0 is shown in Fig. [7] (a). One finds that the com-
putational results previously reported for the Fm3m at
P = 0 GPa* are accurately reproduced. Fig. [7| shows
that at any given temperature (300K, 400K, or 500K),
o of this phase is enhanced by almost an order of mag-
nitude as P increases to 6 GPa (such an increase is also
consistent with recent experiments'®). This behavior can
be explained by the reduction of the semiconducting en-
ergy gap of the Fm3m phase as the pressure is increased,
which is demonstrated in Sec. IVl The Fm3m — Pnma
and the Pnma — P63/mmec transitions occurring at
P ~ 6 GPa and P ~ 24 GPa lead to the discontinuity
of o vs P with the magnitude of roughly one order. The
P63 /mmec to C2/m transition, however, does not change
o significantly. Fig. [7] also shows that o is rather weakly
dependent on temperature and pressure for all metallic
phases.
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FIG. 7. (Color online) (a) Electrical conductivity o of the
thermodynamically stable phases of Mg2Si up to 70 GPa nor-
malized to oSk, which corresponds to the conductivity of
the cubic Fm3m phase at P = 0 GPa and T = 300K. (b)
The magnitude of the corresponding Seebeck coefficient —S
and (c) The dimensionless power factor (S%c)/(S2000500) as a
function of P. S300 denotes the Seebeck coefficient of the cu-
bic phase at P = 0 GPa and T = 300K. Vertical dashed lines
indicate the theoretically determined phase transition points
(6 GPa for Fm3m — Pnma, 24 GPa for Pnma — P63/mmc,
and 38 GPa for P63/mmc — C2/m).

The calculated Seebeck coefficient S of MgsSi is re-
ported in Fig. [7] (b). At 7= 300 K and P = 0 GPa,
we obtained S = —2.71 x 10~*V/K, which is consis-
tent with recent measurements5? and calculations5# As
P is raised, the magnitude of S decreases in a linear-
like fashion, which is consistent with the reduction of £,
of the F'm3m phase. At the transition point of P = 6
GPa, the Seebeck coefficient drops down by more than
an order of magnitude followed by a linear (temperature-
independent) increase in P. Besides the discontinuity at
P = 20 GPa marking the transition to the P63/mmc
phases, —S is fairly insensitive to the pressure. For the
last phase, the Seebeck coefficient shows a behavior vs. P
consistent with the one of a material becoming a stronger
metal. The temperature dependence of the C2/m struc-
ture is also much more pronounced as compared to the
other structures.

The results for the calculated transport properties are

useful in obtaining a better understanding of the thermo-
electric behavior of MgsSi. The performance of a thermo-
electric device is determined by the dimensionless figure
of merit ZT = S?¢T/k (k - thermal conductivity) as
larger ZT warrants a more effective device3 Here we
find that the power factor S%c of Mg,Si can experience
significant enhancement as pressure and temperature are
elevated. Our results in Fig. c) show that the scaled
power factor is largest at P <6 GPa and 7' = 500 K. This
correlates with the much enhanced conductivity and rel-
atively large Seebeck coefficient due to the reduction of
the energy band gap as the material approaches the first
structural phase transition (Fig. [7fa,b)). We also find
that the power factor exhibits a maximum at P ~ 22
GPa, however its magnitude is much smaller than the
one around 6 GPa. Thus our calculations indicate that
the best charge carrier thermoelectric properties can be
achieved at higher temperatures and elevated pressure
before the structural transition to Pnma takes place.

VI. SUMMARY

In summary, we have studied the possible structural
phases of MgsSi over wide ranges of pressure (0—70 GPa)
and temperature (0 — 1000 K) using first-principles sim-
ulations. While MgsSi is found to be stable at low and
high pressure, it is nearly equivalent with MggSi5 from
6 to 24 GPa. We suggest that this finding may offer an
explanation for the current inconsistency in the reported
structures of Mg,Si within this pressure range. Thermo-
dynamical considerations based on Gibbs free energy cal-
culations reveal that this material has a new monoclinic
phase (C2/m), which become stable at P > 38 GPa. We
show that the sequence of finite pressure MgsSi phases
is Fm3m — Pnma — P63/mmc — C2/m with tran-
sition points at ~ 6 GPa, ~ 24 GPa, and ~ 38 GPa,
which appear to be weakly dependent on temperature.
Electronic structure and phonon dispersion spectra are
also obtained and used to examine the structural fea-
tures, stability and electron and phonon properties. Cal-
culations utilizing the Boltzmann transport theory take
into account the electronic structure properties for esti-
mating the electrical conductivity and Seebeck coefficient
in terms of pressure and temperature. While our first-
principles calculations are in agreement with reported
work on some of the known MgsSi phases, novel results
in terms of electronic, phonon, and transport properties
for a wide pressure and temperature ranges may be use-
ful for further fundamental and technological exploration
of this material. Our finidngs provide not only a com-
prehensive understanding of the properties of the various
Mg-Si phases as a function of temperature and pressure,
but they can also serve as useful guidelines for experimen-
talists when searching for the optimum thermoelectric
performance range of this environmentally safe material.
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