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We have systematically investigated the structures of Sr–Ge system under pressures up to 200 GPa and found six
stable stoichiometric structures, they being Sr3Ge, Sr2Ge, SrGe, SrGe2, SrGe3, and SrGe4. We demonstrate the interesting
structure evolution behaviors in Sr–Ge system with the increase of germanium content, Ge atoms arranging into isolated
anions in Sr3Ge, chains in Sr2Ge, square units in SrGe, trigonal units and hexahedrons in SrGe2, cages in SrGe3, hexagons
and Ge8 rings in SrGe4. The structural diversity produces various manifestations of electronic structures, which is of benefit
to electrical transportation. Among them, these novel phases with metallic structures show superconductivity (maximum
Tc ∼ 8.94 K for Pmmn Sr3Ge). Notably, the n-type semiconducting Pnma SrGe2 structure exhibits high Seebeck coefficient
and excellent electrical conductivity along the y direction, leading to a high ZT value up to 1.55 at 500 K, which can be
potential candidates as high-performance thermoelectrics. Our results will enable the development of fundamental science
in condensed matter physics and potential applications in novel electronics or thermoelectric materials.
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1. Introduction
The electronic configuration is an essential quality that

determines the material function, while the valence election
distributions are influenced by the chemical composition and
atomic organization. Compounds formed by the group IV el-
ements with electropositive partners of the alkaline-, alkaline
earth-, and rare earth metals exhibit a rich variety of binary
systems with semiconductors or metals. In these compounds,
tetrel atoms can form different motifs due to rather atypical
interactions. Such a rich structural diversity naturally brings
interesting physical phenomena and properties, which can be
used in solar-cells, thermoelectricity, and optoelectronics.[1,2]

For example, an excellent ZT value = 1.1 was achieved in the
n-type Mg2(Si, Sn) system under ambient condition, and they
can be seen as promising thermoelectric materials.[3] Both
BaGe2 and SrGe2 show high optical absorption coefficients
(7.5×104 cm−1 and 7.8×104 cm−1 at hω = 1.5 eV), indicat-
ing that they are ideal solar cell candidates.[4]

Pressure has become a useful tool to expand the variety
of materials, and modify accessible structure patterns with
excellent properties. In recent years, novel stoichiometries
with superconductivity were studied in compounds constituted
by metals and group IV elements associated with the well-
known effect of pressure. Some lanthanide metal germanides
with new compositions (LaGe3, LaGe5, ScGe2, YGe2, YGe3,

LuGe2, LuGe3) were synthesized under high-pressure and
high-temperature conditions (HPHT). They all exhibit super-
conductivity with critical temperature Tc = 1.3 K–7.4 K.[5–11]

For alkali and alkaline earth metal germanides, they also show
novel compositions and properties. For exapmle, a new BaGe3

stoichiometric structure was reported by Castillo et al., with a
Tc = 6.5 K.[12] Mg–Ge was studied under pressure, in which
novel Cmcm Mg2Ge and P4/mmm MgGe structures are super-
conductors with Tc of 10.3 K and 9.07 K at 5 GPa.[13] More-
over, in these compounds (alkaline metal, alkaline earth metal
and rare earth metal germanides), Ge atoms form different
motifs, such as Ge2 dumbbells, regular triangular Ge3 clus-
ter units, Ge4 tetrahedron, Ge5 square-pyramidal units, edge-
sharing Ge6 rings, Ge6 octahedrons, Ge–Ge zigzag chains, and
Ge cages. These structural polymorphism features completely
lead to different bonding arrangements, and could bring vari-
ous properties.

Owing to a large electronegativity between Sr and Ge
atoms, Sr–Ge system can also have structural diversity and
rich properties. As is well known, some compositions (such
as Sr2Ge, SrGe2−δ , SrGe2, SrGe3, SrGe6−δ ) of Sr–Ge have
been studied and synthesized under pressure and show ex-
cellent properties.[4,14–18] For instance, I4/mmm SrGe3 phase
was synthesized at 13 GPa and 1100 ◦C.[14] It showed su-
perconductivity with Tc = 6.0 K. SrGe2−δ was obtained at
2 GPa and 900 ◦C, which is a superconductor with Tc about
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7.3 K.[15] Furthermore, Pnma SrGe2, a semiconductor with
good optical property, was synthesized by the Ar arc-melting
technique.[4] However, some problems remain to be further
solved: (i) whether the new Sr–Ge compounds are stable at
moderate conditions; (ii) the ground-state structures and prop-
erties of Sr–Ge system under high pressure; and (iii) the unit
of germanium in the Sr–Ge compounds.

In this work, the Sr–Ge binary system under high-
pressure is systematically studied by using the evolutionary
algorithm Universal Structure Predictor: Evolutionary Xtal-
lography (USPEX), which has been successfully used in other
systems.[19–23] Six stoichimetric structures (Sr3Ge, Sr2Ge,
SrGe, SrGe2, SrGe3, and SrGe4) are predicted. In these com-
pounds, Ge atoms present diverse motifs forming covalent
boding. Metallic structures exhibit superconductivity with Tc

of 0.23 K–8.94 K. Semiconductor Pnma Sr2Ge shows a high
optical absorption coefficient (α(ω) = 1.05× 105 cm−1 at
1.5 eV). The p-type Sr2Ge and the n-type SrGe2 exhibit max-
imal ZT values of about 0.82 and 1.55 along the y direction at
500 K, respectively.

2. Computational details

In the present work, we used the evolutionary method
USPEX[24–26] to search for the thermodynamically stable can-
didates of Sr–Ge system under 0 GPa–200 GPa. Struc-
tural optimization and calculation of electronic properties
were calculated by the Vienna ab initio simulation pack-
age (VASP)[27] based on the density functional theory (DFT)
framework. The generalized gradient approximation of the
Perdew–Burke–Ernzerhof (GGA-PBE)[28] was used to as-
certain the exchange correlation functional. And projector-
augmented wave (PAW)[29] with 4s24p2 and 4s24p65s2 elec-
trons was used as valence electrons for Ge and Sr atoms, re-
spectively. A cutoff energy of 500 eV and a k-point grid spac-
ing of 2π×0.03 Å−1 were used to ensure a good convergence
of enthalpy. Phonon calculations were conducted by exercis-
ing a supercell technique[30] through using the finite displace-
ment method as accomplished in the PHONOPY code.[31] The
integrated crystal orbital Hamilton populations (−ICOHPs)
were calculated by LOBSTER package.[32] The electron lo-
calization function (ELF)[33] and Bader charge analysis[34–36]

were used to analyze the chemical bonds and the electronic
charge transfer. Molecular dynamics (MD) simulations were
performed in the fixed particle number, volume, and temper-
ature (NVT) ensemble by using the Nose–Hoover thermostat,
lasting 9 ps in time steps of 1.5 fs.[37] Quantum ESPRESSO
software was used to calculate the electron–phonon coupling
(EPC) parameters and phonon dispersion curves.[38] The ki-
netic energy cutoff was chosen to be 90 Ry. The Tc was esti-

mated from Allen–Dynes-modified McMillan[39] formula

Tc =
ωlog

1.2
exp

[
− 1.04(1+λ )

λ −µ∗(1+0.62λ )

]
.

The absorption coefficient α(ω) was obtained directly from
the calculated complex dielectric function ε(ω) = ε1(ω) +

iε2(ω) (where ε1 is the real part and ε2 is the imaginary part of
ε).[40] Based on a well-converged electronic structure within
the dense Monkhorst–Pack k-point spacing of 0.05 Å−1, the
transport properties were calculated by BoltzTraP program.[41]

3. Results and discussion
3.1. Phase stability of Sr–Ge compounds under pressure

To find the stable stichiometric structures, we extensively
search for each member of SrxGey (x = 1–3, y = 1; x = 1,
y = 2–4) with 1–4 formula units at 0 K, and 0, 50, 100, 150,
and 200 GPa. Then the formation enthalpy (∆Hf) of Sr–Ge
system is provided at corresponding pressure. The ∆Hf is cal-
culated according to the following equation:

∆Hf(SrxGey) = [H(SrxGey)− xH(Sr)− yH(Ge)]/(x+ y).
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Fig. 1. (a) Relative enthalpies of formation per atom with respect to
elemental Ge and Sr for predicted Sr–Ge system at 0, 5, 50, 150, and
200 GPa, with stable compounds represented by solid symbols and con-
nected by solid line (convex hull). (b) Pressure–composition phase dia-
gram of stable Sr–Ge system. Fm-3m Sr and Fd-3m, Cmca, Fm-3m Ge
are adopted as reference structures.

Because of the formation enthalpies, a convex hull can be
created as shown in Fig. 1(a). In general, the thermodynami-
cally stable phases are located on the convex hull, which are
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anticipated to be synthesized experimentally. Whereas the un-
stable or metastable phases are above the convex hull (dotted
line), and will decompose into the pure elements and/or com-
pounds located on the hull. At 0 GPa, only Sr2Ge, SrGe, and
SrGe2 are located on the convex hull, which are stable against
decomposition. And the already known Pnma Sr2Ge, Cmcm
SrGe, and Pnma SrGe2 are reproduced, which manifests the
accuracy of our results. As pressure increases up to 5 GPa,
besides the above three stoichiometric structures that remain
on the hull, SrGe3 emerges on the convex hull. At 50 GPa,
the whole compositions stay on the hull, indicating that they
are thermodynamically stable. At 100 GPa and 150 GPa, ex-
cept that SrGe decomposes into Sr2Ge and SrGe2, all the other
compositions fall on the convex hull. At 200 GPa, there are
four compositions (Sr2Ge, SrGe2, SrGe3, and SrGe4) sitting
on the hull. The pressure–composition phase diagram of Sr–
Ge system is given in Fig. 1(b).

3.2. Structures and stabilities of Sr–Ge compounds

Besides the known candidate structures (Fig. S1) which
are consistent with our predicted results,[4,14,42,43] some new
structures were found as shown in Fig. 2. We see that in
Sr3Ge and Sr2Ge (space group Pnma), germanium atoms ex-
ist in isolated atomic form, while in other phases Ge atoms
present distinct units. For Sr3Ge, an orthorhombic Pmmn
(Fig. 2(a)) is predicted, which is stable in a pressure range of
27 GPa–156 GPa. The “isolated” Ge atoms occupy the crys-
tallographic 2b sites, while Sr atoms hold 2a and 4 f sites.
Figure 2(b) gives the new high-pressure phase of P6/mmm
Sr2Ge, it remains stable in 46 GPa–200 GPa, in which the

Ge atoms form Ge–Ge.Ge linear chains with the shortest Ge–
Ge distance of 2.8374 Å. For SrGe stoichiometeric structure,
a new phase with I4/mmm symmetry (Fig. 2(c)) is predicted,
where Ge atoms exist in the Ge4 square units. And it keeps
stable from 12 GPa to 88 GPa. Turning to SrGe2, a high phase
P63/mmc (Fig. 2(d)) is found to be stable in a pressure range
from 12 GPa to 200 GPa. It is composed of Sr atoms, Ge3

trigonal units and the Ge5 hexahedrons, with three types of
Ge–Ge distances, namely 2.330, 2.448, 2.454 Å, respectively.
The P63/mmc and Pm-3m phases of SrGe3 are also given in
Figs. 2(e) and 2(f), and they are stable in a pressure range of
3 GPa–74 GPa and 74 GPa–200 GPa, respectively. For the
former, it contains Ge3 equilateral triangles with a side length
of 2.596 Å, and each layer of Ge triangles is twisted by 60◦,
which is similar to the scenarios of BaGe3 and EuGe3.[44,45]

For the latter, each Ge12 cage contains an Sr atom, and the
shortest distance between Ge and Ge is 2.630 Å. Turning to
SrGe4, the predicted orthorhombic Imma (Fig. 2(g)) consists
of Ge8 rings, Ge atoms and Sr atoms and keeps stable at pres-
sures in a range of 45 GPa–95 GPa. Then it transforms into
a monoclinic structure with C2/m symmetry (Fig. 2(h)), in
which there are Ge3 triangles, Ge6 hexagons, Ge and Sr atoms.
As seen in the new predicted Sr–Ge compounds, the Ge atoms’
arrangement reveals multiple structure evolution behavior with
the increase of germanium content, from isolated anions in
Sr3Ge, chains in Sr2Ge, square units in SrGe, trigonal units
and hexahedrons in SrGe2, cages in SrGe3, and hexagons and
Ge8 rings in SrGe4. These distinct structural features can re-
sult in exotic properties. The detailed structural parameters
can be obtained in Table S1.
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Fig. 2. Crystal structures of Sr–Ge compounds. (a) Pmmn Sr3Ge, (b) P6/mmm Sr2Ge, (c) I4/mmm SrGe, (d) P63/mmc SrGe2, (e) P63/mmc
SrGe3, (f) Pm-3mSrGe3, (g) Imma SrGe4, and (h) C2/mSrGe4 with large blue and small red balls representing Sr and Ge atoms, respectively.

In order to determine whether the structure satisfies the

dynamic stability condition, the phonon spectra and partial

phonon density of states (PHDOS) of these structures are cal-

culated. As shown in Fig. S2, no imaginary phonon frequency

exists in the whole Brillouin zone, indicating that the above

structures are dynamic stable under stable pressure. In addi-

tion, on the basis of PHDOS analysis, the motions of Ge and

Sr cover almost all frequency regions, which may be caused

by the approximate atomic mass of them.

Moreover, the elastic constants Ci j are essential for in-
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vestigating the mechanical properties. The calculated elastic
constants Ci j of these Sr–Ge binary structures are listed in Ta-
ble S3. These values satisfy the Born–Huang criterion,[46,47]

indicating that they are all mechanically stable under pressure.

3.3. Electronic properties and chemical bonds of Sr–Ge
compounds

In order to understand the electronic properties of Sr–
Ge compounds, we calculate the electronic band structures
and projected density of states (PDOS). From Fig. S3, we
see that Pnma Sr2Ge and Pnma SrGe2 are semiconductors,

in which the band gaps are located almost in the center of
Brillouin zone. While the other structures show metallic be-
haviors with their valence bands and conduction bands over-
lap. In the following, we mainly focus on the metallic phases
of P6/mmm Sr2Ge (Ge-rich compound), P63/mmc SrGe3, and
Pm-3m SrGe3 (Sr-rich compounds) because of their wide sta-
ble pressure ranges and different Ge motifs, as well as two
semiconductors of Pnma Sr2Ge and Pnma SrGe2. The elec-
tron properties of the other predicted Sr–Ge compounds are
given in the supplement materials.
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Fig. 3. Calculated projected density of states (PDOS) of (a) P6/mmm Sr2Ge, (b) P63/mmc SrGe3, and (c) Pm-3mSrGe3. The electron
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The calculated projected densities of states are shown
in Fig. 3. For P6/mmm Sr2Ge and P63/mmc SrGe3, Pm-3m
SrGe3, the states around the Fermi level are mainly com-
posed of Sr-d and Ge-p orbitals with almost no Sr-s com-
ponent, demonstrating that the 5s electrons of Sr are nearly
transferred to the Ge unites. Then, the electron localization
function (ELF) calculations are performed to study the bond
nature. Generally, larger ELF values (> 0.5) usually corre-
spond to inner shell, lone pair electrons and covalent bonds,
whereas the ionic and metallic bonds correspond to small ELF
values (< 0.5). The ELF calculations show that Ge–Ge bonds
are covalent in P6/mmm Sr2Ge and P63/mmc SrGe3, Pm-3m
SrGe3 (Figs. 3(d)–3(f)), while the Sr–Ge bonding is weakly
ionic. The calculated projected crystal orbital Hamilton popu-
lation (pCOHP) are shown in Fig. S6. We see that most of the
states below the Fermi level correspond to Ge–Ge bonding,
which sustains the existence of Ge–Ge covalent bonds within
the Ge units. Bader charge analysis shows that charges transfer
from Sr atoms to the Ge atoms as given in Table S2, support-
ing the above PDOS’s analyzing. In addition, first-principles
molecular dynamics (MD) simulations are performed to verify

their thermal stability at 600 K and 1000 K by using the NVT
ensemble and Nose–Hoover thermostat. The MD time step is
1.5 fs, and we monitor the time evolution of free energy during
the MD simulations as shown in Figs. 3(g) and S7. The free
energy values reach equilibrium speedily and fluctuate near the
equilibrium value with no structural reconstructions, which in-
dicates that the P6/mmm Sr2Ge and P63/mmc SrGe3, Pm-3m
SrGe3 remain stable at these temperatures.

3.4. Superconductivity of Sr–Ge compounds

To explore the possibility of phonon-mediated supercon-
ductivity in the predicted phases of P6/mmm Sr2Ge, P63/mmc
SrGe3, and Pm-3m SrGe3, we calculate the electron–phonon
coupling (EPC) parameter (λ ), the logarithmic mean phonon
frequency (ωlog), the electron density of states at the Fermi
level (N(Ef)), and the superconducting critical temperature
(Tc). Figure 4(a) gives the calculated values of λ , ωlog, N(Ef),
and Tc as a function of pressure for P6/mmm Sr2Ge, to inves-
tigate the effect of pressure on superconductivity. The result
shows that the calculated Tc value increases and then decreases
with pressure increasing. As seen, the tendency of λ is similar
to Tc upon compression. Therefore, we think that the variation
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of the Tc values with pressure may mainly be due to the λ . As
is well known, the “softness” of phonon dispersion can result
in strengthening EPC (λ ). Then the phonon dispersion curves
at different pressures are calculated, and the results are given
in Figs. 4b–4(e). It is found that the λ is mainly form the con-

tribution of low-frequency phonon modes, which is dominated
by Sr atoms. In addition, we see that “softness” behavior oc-
curs in low-frequency vibrations along K→ H direction from
50 GPa to 150 GPa, and then vanishes at 200 GPa, which leads
to the increase/decrease in λ with pressure increasing.
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Based on the fact that P63/mmc SrGe3 appears in other

systems (BaGe3 and EuGe3), as well as the cages forming in

Pm-3m SrGe3, we then construct some hypothetical models

of P63/mmc XGe3 and Pm-3m XGe3, where X denotes alkali

metal elements and alkaline earth elements. The calculated

phonon dispersion curves show that P63/mmc XGe3 (X = Na,

K, Rb, Ba) and Pm-3m MGe3 (M = Li, Na, K, Mg, Ca) remain

stable at different pressures (Fig. S8). Moreover, they all ex-

hibit metallic feature (Fig. S9). To investigate their supercon-

ductivities, and the values of λ , ωlog, N(Ef), and Tc at differ-

ent pressures are shown in Fig. 5. It can be seen that P63/mmc

SrGe3 and Pm-3mNaGe3 have highest values of Tc of 4.3 K

and 2.3 K in the P63/mmc XGe3 hypothetical model and Pm-

3m MGe3 hypothetical model, respectively. Moreover, we find

that for both P63/mmc XGe3 phase and Pm-3m MGe3 phase,

the Tc values are mainly influenced by the value of λ . In other

words, the bigger the value of λ , the higher the temperature Tc

is. For other predicted phases of Sr–Ge system, the λ , ωlog,

N(Ef), and Tc values are listed in Table S3.
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3.5. Potential optical and thermoelectric application of
Pnma Sr2 Ge and Pnma SrGe2

On the basis of the above discussion, we calculate the
optical and thermoelectric properties of Pnma Sr2Ge and
Pnma SrGe2. The fundamental band gap is Eg = 0.78 eV for
Sr2Ge (Fig. S10) and Eg = 0.89 eV for SrGe2.[4] Extensive
researches have been carried out in the past decades on metal
germanides to investigate their optical properties,[4,48] such as
SrGe2, BaGe2, Ca2Ge. We calculate the absorption coefficient
of Sr2Ge with the help of HSE06 functional. It does not show
any sizable anisotropy like some other metal germanides. As
shown in Fig. S11, the average polarization-independent ab-
sorption of Pnma Sr2Ge is α(ω) = 1.05×105 cm−1 at 1.5 eV.
The large absorption coefficient reveals its better optical prop-
erties, indicating that the Pnma Sr2Ge has a potential applica-

tion prospect in solar-cells.
Here, we illustrate the calculated band structures and

electrical transport coefficients for the Pnma Sr2Ge and Pnma
SrGe2 in Figs. 6 and S12–S14. Interestingly, the SrGe2 ex-
hibits a multi-valley conduction band structure near Fermi
level, realizes high-valley degeneracy with small energy dif-
ference and possess more states for electrons to occupy and
contribute to transport, which is of great help in improving
thermoelectric performance. Furthermore, we can notice from
the calculated partial DOS in Fig. 6 that the coupling be-
tween d state of Sr atom and p state of Ge atom in SrGe2

is stronger than in Sr2Ge. Therefore, the SrGe2 has a much
steeper DOS for the bottom of the conduction band (CB) than
pristine SrGe2, indicating a higher room-temperature Seebeck
coefficient in SrGe2 system.
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Fig. 6. PBE functional calculated band structures and density of states for (a) Pnma Sr2Ge and (b) Pnma SrGe2. (c) and (d) PBE functional
calculated Seebeck coefficient and electrical conductivity varying with carrier concentration in the y direction at 300 K for Pnma Sr2Ge and
Pnma SrGe2, respectively.

From the electronic structures discussed above, it can be
seen from Fig. 6(c) that SrGe2 exhibits the highest Seebeck
coefficient along the y direction within electron doping, de-
rived from the flat conduction band dispersions and sharp DOS
near CBM as shown in Fig. 6(b). A high Seebeck coeffi-
cient can reach up to −230 µV/K with the electron doping of
1.03×1020 cm−3 at 300 K, roughly 4.65 times larger than the
counterpart that Sr2Ge has. For x direction and z direction, the
Seebeck coefficient of n-type SrGe2 is also much larger than
that of Sr2Ge, as shown in Figs. S12(a) and S12(b). Moreover,
we note that the SrGe2 has great electrical conductivity, which
is mainly attributed to their favorable electronic band struc-
tures, like multi-valley conduction band structures. Combined

with the Seebeck coefficients discussed above, our current re-
sults indicate that the n-type SrGe2 can have better thermo-
electric performance than the Sr2Ge, particularly along the y
direction.

Based on the electrical transport coefficients discussed
above, the thermoelectric performance can be quantitatively
estimated from

ZT =
S2 (σ/τ)T

L0 (σ/τ)T +κL/τ
,

where L0 (= 2.45×10−8 WΩ/K2) is the Lorenz number. The
lattice thermal conductivity with respect to scattering time
κL/τ = 1014 W·m−1·K−1·s−1 is used. For the comprehensive
analysis, the calculated ZT values for Pnma Sr2Ge and Pnma
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SrGe2 are shown in Table 1. We note that the n-type SrGe2

has the uppermost ZT value of 0.76 along the y direction at
300 K, distinctly larger than the highest value of 0.17 in n-

type Sr2Ge. When temperature increases to 500 K, a higher
ZT value (1.55) can be obtained in n-type SrGe2, roughly 3.37
times larger than the counterpart of Sr2Ge.

Table 1. Optimized ZT values of Pnma Sr2Ge and Pnma SrGe2 at 300 K and 500 K along x, y, and z directions.

System Direction Carrier n (cm−3)-300 K ZT -300 K n (cm−3)-500 K ZT -500 K

Sr2Ge

x
n-type 3.98×1020 0.08 2.96×1019 0.23
p-type 4.06×1019 0.36 6.21×1019 0.69

y
n-type 8.04×1018 0.17 1.19×1019 0.46
p-type 5.15×1019 0.39 7.71×1019 0.82

z
n-type 3.36×1020 0.12 2.69×1020 0.29
p-type 9.91×1020 0.12 9.72×1020 0.41

SrGe2

x
n-type 1.98×1020 0.25 2.09×1020 0.60
p-type 1.33×1019 0.25 1.90×1019 0.60

y
n-type 1.03×1020 0.76 8.87×1019 1.55
p-type 2.69×1019 0.09 3.78×1019 0.25

z
n-type 5.69×1019 0.56 7.40×1019 1.25
p-type 2.17×1019 0.07 3.48×1019 0.20

4. Conclusions
In summary, we have reported the phase diagram, crys-

tal structure and physical properties in Sr–Ge system at pres-
sures ranging from 0 GPa to 200 GPa. We predict six sta-
ble compounds (Sr3Ge, Sr2Ge, SrGe, SrGe2, SrGe3, SrGe4)
by first-principles calculations. Our results reveal that multi-
ple Ge units in diverse structures (Ge2, Ge3, Ge4, Ge–Ge...Ge
chains, Ge cage, etc.) can be formed by covalent bonds under
high pressure conditions. Among them, most of Sr–Ge phases
exhibit superconducting behaviors (Tc = 0.23 K–8.94 K). A
semiconducting structure of Pnma Sr2Ge shows a high opti-
cal absorption coefficient α(ω) = 1.05×105 cm−1 at 1.5 eV.
Most importantly, the p-type Sr2Ge and the n-type SrGe2 ex-
hibit maximal ZT values of 0.82 and 1.55, respectively, along
the y direction at 500 K, implying potential candidates serving
as high-performance thermoelectrics.
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