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Abstract

Chalcogenide compounds have gained significant attention as versatile materials due to their exceptional capabilities in op-
toelectronics,  catalysis,  and  renewable  energy.  This  study  comprehensively  explores  the  structural,  electronic,  elastic,
phonon, thermoelectric, and ab initio molecular dynamics (AIMD) properties of MgX compounds (where X = O, S, Se, and
Te) using density functional theory (DFT) via the full-potential linearized augmented plane wave plus local orbital (FP-LAP-
W+lo) method. Their stability in the rock salt structure with space group (Fm¯3m symmetry) is confirmed by the computed
lattice parameters for MgO (4.2616 Å), MgS (5.2411 Å), MgSe (5.5153 Å) and MgTe (5.9783 Å). Electronic band structure
calculations show that MgTe behaves as a semiconductor, featuring an indirect band gap of 0.171 eV when spin-orbit cou-
pling (SOC) effects are taken into account. Elastic constants (C_11, C_12, and C_44) satisfy the mechanical stability criteria
evaluated using the Born criterion. Phonon dispersion curves and AIMD simulations confirm the dynamical and thermal
stability of the MgTe compound. The results indicate that the MgTe binary compound holds considerable promise for ther-
moelectric device applications,  demonstrating high thermoelectric performance with ZT values of 0.96 for p-type carriers
and 0.95 for n-type carriers, accompanied by power factor (PF) values of 48.72 and 6.61 (in arbitrary units consistent with
the computational framework). These ZT values were estimated assuming a con- stant relaxation time approximation and a
carrier concentration of approximately 10^19 to 10^20 cm^3, with electronic thermal conductivity dominating over lattice
con- tributions under the considered doping levels.
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Introduction

Binary  alkaline-earth  chalcogenides  have  recently

gained  significant  interest  due  to  their  valuable  physical

properties  and potential  applications in optoelectronic and

spintronic  devices.  Within  this  group,  magnesium  chalco-

genide  compounds,  represented  by  the  for-  mula  MgX

(where  X  =  O,  S,  Se,  and  Te),  are  part  of  the  binary  II-VI

compound  family.  Among  them,  MgO  stands  out  as  the

most  ionic  and  insulating  material,  while  MgS,  MgSe,  and

MgTe act as semiconductors with decreasing ionicity in that

order.  These  materials  exhibit  adjustable  band  gaps,  stable

crystal structures, and notable elastic and vibrational charac-

teristics that are highly influenced by their elemental compo-

sition [1- 5]. Chalcogenide and related materials have been

the  subject  of  extensive  theoretical  and  experimental  re-

search in recent years due to their remarkable structural ver-

satility and composition-dependent physical behavior. Alka-

li  and  alkaline-earth  metal  chalco-  genides,  in  particular,

have emerged as chemically stable and environmentally be-

nign  substitutes  for  traditional  semiconductor  materials.

Wide  band  gaps,  good  mechanical  stability,  and  favorable

optical responses have been shown in density functional the-

ory  (DFT)  studies  on  compounds  such  as  NaMgX3  and

LiMgX3, indicating their suitabil- ity for ultraviolet (UV) op-

toelectronic  applications  [6,  7].  Theoretical  studies  on

CaMgX3  compounds  have  similarly  revealed  mechanically

stable  structures  with  promising  thermal  and  electronic

properties.  These  results  suggest  that  Mg-based  chalco-

genides represent an important class of materials for investi-

gating novel multifunctional properties. How- ever, it is im-

portant  to  note  that  the  present  study  focuses  on  binary

MgX  compounds  with  a  rock  salt  structure,  not  on  per-

ovskite-type ternary oxides. Recent advances in first-princi-

ples  calculations  have  unveiled  intriguing  electronic  and

magnetic properties in various oxide and chalcogenide mate-

rials.  Compounds  such  as  PrMnO3,  BaFeO3,  and  CaFeO3

have been theoretically predicted to exhibit half-metallic be-

havior  under  equilibrium  or  strain-induced  conditions.

Notably,  strain  engineering  and  electron  corre-  lation  ef-

fects  have  been  shown  to  substantially  alter  the  magnetic

and  electronic  states  of  BaFeO3  and  CaFeO3,  resulting  in

half-metallic  ferromagnetism  and  phase  transitions  [8-10].

Furthermore, studies using the modified Becke-Johnson po-

tential  combined  with  the  Hubbard  U  correction  have  re-

ported half-metallic  ferromagnetism in BaNpO3 and relat-

ed compounds.  Similar behavior has also been observed in

transition-metal-free  ox-  ides  like  LiBeO3  and  KMgO3,

where spin polarization primarily arises from p-orbital inter-

actions  rather  than  conventional  d-electron  magnetism

[11-13].  Unlike  conventional  half-metallic  ferromagnets

based on transition metals,  lightweight alkaline-earth com-

pounds have recently emerged as promising candidates for

spintronic applications due to their low toxicity, lower cost,

and natural abundance. Specifically, KMgO3 has been theo-

retically predicted to exhibit thermodynamic stability in the

ferromagnetic phase, along with a relatively high Curie tem-

perature  and  strong  magnetic  properties  stemming  from

oxygen p-orbital polarization [14]. These advancements in-

dicate  that  alkaline-earth  chalcogenides  and  related  com-

pounds  offer  a  versatile  platform  for  designing  multifunc-

tional materials with coupled electronic, magnetic, and ther-

mal properties. Despite these significant advances, compre-

hensive studies that integrate structural  stability,  electronic

structure,  elastic response,  phonon dispersion,  thermoelec-

tric  performance,  and  thermal  stability  via  AIMD  simula-

tions remain limited for binary MgX (X = O, S, Se, and Te)

compounds. In particular, the systematic impact of chalco-

gen substitution on the elec- tronic, mechanical, vibrational,

and thermodynamic properties of MgX materials is not yet

fully  understood.  Moreover,  previous  research  has  seldom

addressed  the  intercon-  nected  relationship  between

phonon  stability,  elastic  properties,  and  finite-temperature

thermal  resilience-factors  that  are  crucial  for  assessing  the

practical applicability of these materials in real-world device

environments [15-17]. Therefore, this work aims to deliver

a comprehensive first-principles investigation of MgX (X =

O, S, Se, and Te) binary compounds using DFT. Structural,

electronic, elastic, phonon, thermoelectric, and ther- mal sta-

bility  properties  are  systematically  analyzed  to  assess  their

potential for future optoelectronic and thermoelectric appli-

cations.

Computational Methods

All  density  functional  theory  (DFT)  calculations

were performed using the WIEN2k code [18] based on the

full-potential  linearized  augmented  plane  wave  plus  local

or- bitals (FP-LAPW+lo) method [19]. The exchange-corre-
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lation potential was treated using the Perdew-Burke-Ernzer-

hof  generalized  gradient  approximation  (PBE-GGA)  [20].

For  MgTe,  spin-orbit  coupling  (SOC) was  included within

the  PBE+SOC-GGA  framework  [20]  to  accurately  capture

the  electronic  structure  and thermoelectric  properties.  The

plane  wave  cutoff  parameter  was  defined by  RMT×KMAX

=  7.0,  where  RMT  is  the  smallest  muffin-tin  radius  and

KMAX  is  the  maximum  magnitude  of  the  reciprocal  lat-

tice vector. The muffin-tin radii were set to 2.37 a.u. for Mg

and  2.50  a.u.  for  O,  S,  Se,  and  Te.  The  maximum  angular

momentum for partial waves inside the spheres was lmax =

12,  and  the  charge  density  Fourier  expansion  cutoff  was

Gmax = 14 au−1. A 14 × 14 × 14 k-mesh was used for self--

consistent  field  calculations,  and  a  denser  16  ×  16  ×  16

mesh was used for accurate electronic property evaluation.

The energy convergence criterion was set to 10−5 Ry, and te-

trahedral  smearing  with  a  broadening  parameter  of  0.0010

Ry was applied. Elastic constants (C11, C12, and C44) were

calculated  using  the  energy-strain  method implemented  in

the  WIEN2k code  [21,  22],  wherein  cubic  lattice  deforma-

tions  were  applied  and  the  resulting  energy  changes  were

fitted to second-order strain coefficients. Mechanical stabili-

ty was verified using the born stability criteria [26]. Phonon

dispersion  curves  were  computed  using  the  PHONOPY

code  [29]  within  the  Parlinski-Li-Kawazoe  supercell  ap-

proach. A 2 × 1 × 1 supercell was constructed, and the force

constants were obtained from DFT calculations using a 1 ×

1 × 4 q-mesh. Thermoelectric properties, including the See-

beck coefficient  (S),  power factor  (PF),  and figure  of  merit

(ZT),  were  calculated  using  the  BoltzTraP  code  [27]  based

on the constant relaxation time approx- imation (CRTA). A

dense  k-mesh  of  14  ×  14  ×  14  was  used  to  ensure  conver-

gence  of  the  transport  integrals.  Within  the  CRTA  frame-

work, ZT is expressed as ZT = S2σ T/ κe + κl, where σ is the

electrical conductivity, κe is the electronic thermal conduc-

tivity,  and κl  is  the  lattice  thermal  conductivity.  In  this

study, κl was not explicitly calculated; therefore, the report-

ed ZT values represent upper bounds based solely on elec-

tronic con- tributions (κl = 0). A carrier concentration of 5

× 1019 cm−3 was assumed for both p-type and n-type dop-

ing, consistent with typical doping levels for thermoelectric

materials [28]. The relaxation time (τ ) was treated as cons-

tant (CRTA) and cancels out in the ZT expression, as it ap-

pears in both the numerator and denominator under the

ap- proximation that τ is energy-independent. Consequent-

ly, the absolute values of electrical conductivity and electron-

ic thermal conductivity are not required independently; on-

ly  their  ratio  matters  for  ZT within  this  approximation.

Structural optimizations and total energy calculations were

fitted to the Birch-Murnaghan equation of state [25]. Ab ini-

tio  molecular  dynamics  (AIMD)  simulations  were  per-

formed using the WIEN2k molecular dynamics module to

assess thermal stability. The simulations were carried out at

300 K for 12 ps with a time step of 1 fs. The Nose-Hoover

thermostat [23] was employed to maintain constant temper-

ature. Structural visualizations were generated using VES-

TA software [24].

Results and Discussions

Structural Properties

The compounds with the  formula  MgX (where  X

= O, S,  Se and Te) are binary alkaline- earth metal  chalco-

genide  compounds.  They  crystallize  in  the  rock  salt  struc-

ture with the space group of Fm¯3m (No. 225). In the unit

cell, the Mg atom occupies the 1-a Wyckoff position at frac-

tional coordinates (0, 0, 0), located at the cube corners. The

chalcogen  atom  X  is  at  the  1-b  site  with  coordinates  (0.5,

0.5, 0.5), situated at the body center of the cubic lattice. This

arrangement forms the ideal rock salt  binary compounds--

type  MgX  structural  framework.  By  VESTA  software,  Fig-

ure 1 (a, b, c and d) shows that two atoms are placed in dif-

ferent arrangements of the elements. The structural proper-

ties of MgX (X = O, S, Se and Te) were studied by optimiz-

ing their lattice constants. The energy-volume (E-V) curves

for MgO, MgS, MgSe,  and MgTe were generated using the

Birch-Murnaghan equation of state (EOS) [32], which con-

firmed the structural  stability  of  these compounds [30-33].

In Figure 2(a-b), first optimization process is done by using

DFT software to obtaining their different minimal energies:

MgO  (-551.43  Ryd)  black,  MgS  (-1199.27  Ryd)  red,  MgSe

(-5261.32  Ryd)  green  and  last  one  MgTe  (-13994.59  Ryd)

blue. After these analysis MgTe compound become most sta-

ble element as compared to other one. Here the most appro-

priate  potential  is  use  to  be  PBE-GGA  approximation  to

finding  out  minimized  forces,  and  the  system  was  unfas-

tened until  the forces acting on each atoms of the unit  cell

were  negligible.  Table  1  is  obtained  by  Equation  of  Birch-
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Murnaghan (EOS) [32], which reveals that all calculated val-

ues  of  lattice  constants  that  are  in  good  agreement  with

other  available  data  [33].  Equation  1  includes  B0,  B  ,  V0,

and  E(V),  which  are  the  bulk  modulus,  the  first  derivative

of  unit  cell  volume,  and  energy  at  equilibrium  ground

states,  respectively.

Table 1: Computational calculated values for binary MgX (X = O, S, Se and Te) compounds

Compound a(˚A) Vo(A3) B(GPa) B' Eo EF Coh.Energy

MgO 4.2616[33] 130.57 150.55 4.27 -551.43 -0.686 -0.343

MgS 5.2411 242.89 75.35 4.14 -1199.3 -0.429 -0.214

MgSe 5.5153 283.04 60.68 4.3 -5261.3 -0.367 -0.184

MgTe 5.9783 360.46 47.07 4.28 -13995 -0.3 -0.15

Figure 1: Structural Views of Binary Mgx(X = O, S, Se And Te) Chalcogenides Compounds

Figure 2: E-V Curves Of Binary Mgx (X = O, S, Se and Te) Compounds Which Correspond to Minimal Energy Point

Band Structure and Thermoelectric Properties Electronic  band  structure  analysis  offers  essential

insights  into  the  physical  properties  of  solids.  It  allows  for
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the classification of materials as metallic or semiconducting

by  examining  their  characteristic  electronic  features.  Band

structure  can  be  find-out  by  PBE-GGA  exchange  correla-

tion  potential  method  along  with  different  potential  in

Table  2.  According  to  the  high  symmetry  orientations,  i.e

W, L, Γ, X, W, K points in the first brillioun zone (BZ) for

rock salt structure of binary compound MgTe. Figure 3 dis-

plays the band structure for MgTe compound with different

approximation are used to determining the bandgap values.

The calculated band gaps reveal  that  the highest  values are

obtained using the HSE06 method,  while  the lowest  values

are  predicted  when  spin-orbit  coupling  (SOC)  is  included.

This  study focuses on the narrow band gap,  which enables

rapid electronic transitions from the valence to the conduc-

tion band. Notably, MgTe exhibits an indirect band gap be-

tween the high-symmetry points Γ and X, with a calculated

value  of  0.171  eV.  The  obtained  band  gap,  which  narrows

due  to  spin-orbit  coupling,  is  beneficial  for  thermoelectric

applications. The calculated figure of merit (ZT) and power

factor  (PF)  demonstrate  improved  thermoelectric  perfor-

mance. Additionally, the band gap falls within an appropri-

ate  range  for  potential  solar  cell  applications  [34-35].  As

shown in Table 3, the ZT values are 0.96 for p-type and 0.95

for n-type conduction, aligning well with previously report-

ed literature values.

Table 2: Provides the Bandgap with Different GGA Potentials of Mgte Binary Compound

Approximation(GGA) MgTe (bandgap)

SCF 0.446 [30]

SOC 0.171

TB-mBJ 1.232

HSE06 1.347

Table 3: Provides the Thermoelectric Features with PBE+SOC-GGA Potential of Mgte Binary Compound

Thermoelectric P-Type N-Type

Seebeck (S) 827.273 714.545

Figure of Merit (ZT) 0.96 0.95

Power Factor (PF) 48.72 6.61
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Figure 3: Present the Band Structure of Binary Mgte with Different Potentials

Figure 4: Present the Seebeck, ZT and PF of a binary MgTe with PBE+SOC-GGA

Phonon Dispersion Curves and AIMD Simulations

To  verify  the  dynamical  stability  of  MgTe  in  the

rock  salt  structure  with  space  group  Fm¯3m  phase,  the

phonon dispersion spectrum was analyzed,  as  presented in

Figure  5.  The  calculated  phonon  band  structure  shows  no

imaginary (negative)  phonon frequen- cies  along the high-

-symmetry directions of the Brillouin zone, confirming the

dynamical stability of MgTe in its rock salt structure. Since

the  primitive  unit  cell  of  MgTe  contains  two  atoms,  the

phonon  spectrum  consists  of  three  phonon  branches,  in-

cluding  two  acous-  tic  branches  and  one  optical  branch.

The acoustic branches originate from the Γ-point with zero

frequency, satisfying the translational invariance condition,

whereas  the  optical  branch  appears  at  higher  frequencies

due  to  the  vibrational  interactions  between  Mg  and  Te

atoms. The absence of soft phonon modes further confirms

that  the  crystal  structure  is  dynamically  and  mechanically

stable against lattice distortions.
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Figure 5: Present the Phononic Dispersion Curve of a Binary Mgte Compound

Figure 6: Present the Thermal Stability of a Binary Mgte Before and After Heating during AIMD Simulations

Figure 7: Present the Thermal Stability of a Binary Mgte at 300K via AIMD Simulations
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For the phonon cal- culations, MgTe was transformed into

a 2 × 1 × 1 supercell with a dense k-mesh of 1 × 1 × 4 to ob-

tain an accurate phonon band structure. Furthermore, the

thermal stabil- ity of MgTe was investigated using ab-initio

molecular dynamics (AIMD) simulations at 300 K, as illus-

trated in Figure 7. The simulation was performed for 12 ps

with a time step of 1 fs. The AIMD results reveal that the to-

tal energy fluctuations remain within a stable range through-

out the simulation time, and no structural deformation or

bond breaking is observed. Initially, the total energy fluctu-

ates between approximately -17 eV and -23 eV due to ther-

mal excitation; however, after nearly 1200 fs, the energy pro-

file becomes more stable and symmetric, indicating that the

system reaches thermal equi- librium. Moreover, no signifi-

cant distortion is observed before or after heating, which de-

monstrates that MgTe can effectively withstand room-tem-

perature conditions while maintaining its structural integri-

ty. Overall, these results confirm that MgTe exhibits excel-

lent thermodynamic and thermal stability in its cubic phase

at 300 K.

Elastic Properties

When describing the materials in practical applica-

tions, efficient elastic constants are a helpful tool. The mate-

rial’s reactivity to external forces and structural stability are

characterized by its elastic properties. Three distinct compo-

nents make up the elastic stiffness tensor for binary MgX (X

= O,  S,  Se  and Te)  compounds with cubic  symmetry:  C11,

C12, and C44 [36-37]. The calculated values of elastic cons-

tants for chalcogenide compounds are given in Table 4. The

Born stability criteria, sometimes referred to as the mechani-

cal  stability  conditions for  these  materials,  must  be  met  by

the  elastic  stable  compound  MgX  (X  =  O,  S,  Se  and  Te)

[38-40]. It’s clear from Table 4 that, the computationally cal-

culated values of elastic constants for MgO, MgS, MgSe and

MgTe materials  fulfilled  the  Born stability  criteria,  and th-

ese values are also in good agreement with other available re-

sults [41-42]. Several critical mechanical parameters can be

determined using the elastic constants. Mechanical parame-

ters  such  as  shear  modulus  (GH),  bulk  modulus  (B0),

Young’s  modulus  (Y),  Poisson’s  ratio  (ν),  Pugh’s  ratio

(B/G), Cauchy pressure (C), and anisotropic ratio (A) are

presented in Table 5, respectively. Moreover, in the theory

of elasticity, several parameters are used to describe how ma-

terials deform under applied forces. Among the most funda-

mental are the Lame parameters,  denoted by λ (lambda)

and µ (mu). These parameters are central to the generalized

Hookes law for isotropic materials. The parameter µ, also

known as the shear modulus or the second Lame parameter,

characterizes the materials response to shear stress, that is,

how it deforms when forces are applied parallel to its sur-

face. The other Lame parameter, λ, works in tandem with

the other to describe volumetric and shear behaviour in ma-

terials under stress. Along with these, functional parame-

ters, C generally refers to the elastic stiffness tensor, often

written as Cijkl in tensor notation. This tensor governs the re-

lationship between stress  and strain in the most  general

form of Hookes law, especially for anisotropic materials,

where different directions in the material respond different-

ly to stress. All these parameters are represented in Table 4.

Table 4: The computational elastic stiffness constants (Cij) and Cauchy’s pressure (Cp) of a binary MgX(X = O, S, Se and Te)

materials

Compound C11 C12 C44 Cp

MgTe 93.68 26.64 18.79 -7.85

Other[33] 121.54 32.57 9.0363 23.535

Another  important  parameter  of  a  mechanical

properties can be determined by using the elastic constants.

The  mechanical  parameters  such  as  shear  modulus  (GH),

bulk  modulus  (Bo),  Young’s  modulus  (Y),  Poisson’s  ratio

(ν),  Pugh’s  ratio  (B/G),  Cauchy’s  pressure  (C  )  and  ani-

sotropic ratio (A) which is mentioned in Table 5, respective-

ly. The calculated average Hill’s shear modulus (GH), find-

ing the plastic deformations brought by shear stress. So GH

tell us the material’s hardness and equal to arithmetic mean

of the Voigt (Gv) and Reuss (GR) moduli. The mathemati-
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cally expression for GH is [43]:

Where

and

In Table 5, the value of GH reveals that, MgTe3 ex-

ist  the  highest  value  (great  hardness)  of  GH  (23.74  GPa).

Young’s  modulus  tell  us  the  stiffness  of  a  compound  [44].

Using the following formula, Young’s modulus may be cal-

culated from the GV and Bo.

Table 5: The calculated mechanical parameters for MgTe compounds

Compound MgTe

GV (GPA) 24.68

GR (GPA) 22.79

GH (GPA) 23.74

Bo 48.99

Y 63.39

B/G 2.06

′′ C-Cauchy's Pressure 7.85

λ Lame’s Parameter 32.53

µ Shear modulus 24.68

ν Poisson’s ratio 0.28

ζ Kleinman 0.51

A Anisotropic ratio 0.56

C Shear constant 33.52



10

JScholar Publishers J Mater Sci Appl 2026 | Vol 10: 103

MgTe  has  largest  value  of  Young  modulus  which

is  more  stiffer  than  the  other  materials  in  Table  5  under

study.  These  materials  are  harder  to  break  because  their

Young’s moduli are higher than their bulk and shear mod-

uli. Understanding Pugh’s ratio (B/G) is crucial to compre-

hending  the  ductile/brittle  character  of  materials.  Accord-

ing to Pugh’s criterion, if B/G > 1.75, the material is consid-

ered ductile;  if  B/G < 1.75, it  is  considered brittle [45].  For

MgTe, B/G = 2.06, which suggests ductile behavior. Howev-

er, an additional indicator is the Cauchy pressure (C′′ = C12

- C44) [46]. A positive Cauchy pressure typically indicates

metallic  bonding  and  ductility,  while  a  negative  value

suggests directional bonding and brittleness. For MgTe, the

Cauchy pressure is negative (-7.85 GPa), which indicates

brittle behavior. This apparent contradiction is not uncom-

mon in materials with mixed bonding characteristics. MgTe

exhibits a combination of ionic, covalent, and weak metallic

bonding. The Pugh ratio is more sensitive to the bulk- to-s-

hear modulus relationship, while Cauchy pressure reflects

the angular character of interatomic forces. In MgTe, the di-

rectional Mg-Te bonding (covalent/ionic character) likely

dominates the shear response, leading to a negative Cauchy

pressure.  Nevertheless,  the  relatively  low  shear  modulus

compared to the bulk modulus (B/G > 1.75) still allows for

some plasticity. Therefore, MgTe is best described as semi--

ductile or as a material with mixed mechanical behavior: it

may exhibit limited ductility under certain conditions but

retains a tendency toward brittleness due to its bonding ani-

sotropy. This interpretation resolves the conflict  between

the two criteria and is consistent with the calculated Pois-

son’s ratio (ν = 0.28), which is below 0.33, also suggesting

moderate brittleness.

Anisotropic  ratio  (A)  quantifies  the  intensity  of

various  characteristics  in  different  directions  and  is  given

as:

Where  A  become  unity  that  mean  a  material  is

isotropic;  otherwise  it’s  anisotropic  nature.  Elastic  ani-

sotropy is important in the utilization of engineering mate-

rials and is closely linked to the likelihood of induced micro-

cracks in a material. Table 5 shows that the anisotropic ratio

value is not equal to unity. The departure of A from unity in-

dicates that all of these compounds are elastically anisotrop-

ic and that their characteristics vary in various directions. A

parameterization  of  the  elastic  moduli  for  homogeneous

isotropic  material  is  established  by  the  two  parameters  λ

and µ, which are referred to as Lame’s first and second cons-

tants, respectively. Poisson’s ratio and young modulus may

be used to compute λ and µ:

and
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The value of ν for ductile character is ν >1/3, and

for brittle character is ν <1/3 It is clear from Table 5 that

MgTe has ν = 0.28, which is below 1/3, further supporting

the brittle tendency. Kleinman parameter (ζ) quantifies the

internal strain of a material and describes the proportion of

bond bending to bond stretching [48]. To obtain the value

of ζ, we used the following relation [49, 50]:

The positive value of shear constant Cr(Cr > 0) ful-

fill  the  required  criteria  (Table  5).  Hence,  all  the  com-

pounds under study are dynamically stable materials.

Conclusion

The  MgTe  binary  compound  was  analyzed  using

DFT, revealing its  stable  cubic  phase with Fm¯3m symme-

try and distinct electronic properties. MgTe was found to be

a semi- conductor with an indirect band gap of 0.171 eV un-

der  the  PBE+SOC-GGA  approxi-  mation.  However,  using

the  HSE06  potential,  the  band  gap  of  MgTe  increased  to

1.347 eV, which is larger than those obtained with TB-mBJ

(1.232 eV) and SCF (0.446 eV). Using the Born criteria, me-

chanical  stability  was  verified.  The  mechanical  behavior  of

MgTe  shows  mixed  characteristics:  the  Pugh  ratio  (B/G  =

2.06) suggests ductility, while the negative Cauchy pressure

(-7.85  GPa)  indicates  brittleness.  This  contradiction  arises

from  the  mixed  ionic-covalent  bonding  nature  of  MgTe,

and the  material  is  best  described  as  semi-ductile.  The  dy-

namical  and  thermal  stability  of  MgTe  were  confirmed  by

phonon dispersion  curves  and  AIMD simulations.  The  re-

sults show that MgTe has potential for spintronic and ther-

moelectric applications due to its narrow indirect band gap

and promising  ZT values  (0.96  for  p-type  and 0.95  for  n--

type). In order to fully establish its potential for practical ap-

plications in advanced material technologies, additional ex-

peri- mental validation is necessary.
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