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This study investigates the Full-Heusler (FH) ferromagnetic compound, Ir2MnZ (Z=Sn, Si). We analyze the half-metallic (HM) character-
istics through first-principle calculations within the density functional theory (DFT) framework. Utilizing spin-polarized computations and
the full-potential linearized augmented plane-wave (FP-LAPW) approach, we employ the Generalized Gradient Approximation (GGA) and
the modified Becke-Johnson (mBJ) potential. The ferromagnetic (FM) and non-magnetic (NM) phases of Cu2MnAl- and Hg2CuTi-type
structures were investigated. The results show that the FM phase in the Cu2MnAl-type structure is the most stable for Ir2MnZ alloys (Z=Sn,
Si). Electronic analysis reveals half-metallic ferromagnetism with integer magnetic moments of 5.0µB . Mechanical parameters such as bulk
modulus, shear modulus, and Poisson’s ratio confirm the mechanical stability of both alloys. The half-metallic bandgaps are calculated as
0.644 eV for Ir2MnSi and 0.23 eV for Ir2MnSn. Thermodynamic properties, including heat capacity and Debye temperature, were evalu-
ated using the quasi-harmonic Debye model, offering insights into the thermal stability of Ir2MnZ. The robust HM characteristics of these
compounds make them interesting candidates for spintronic devices.
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1. Introduction

Spintronics, a rapidly emerging discipline, has the potential
to completely change nano-electronic systems by improv-
ing processing and memory capacity while using less en-
ergy. These devices take advantage of the spin characteristics
of holes and/or electrons, which reduce the ability to inter-
act with their orbital moments. Despite substantial advance-
ments, semiconductor spintronics are still not as well inte-
grated as their metallic equivalents, which are vital to mag-
netic memory due to magnetoresistance elements [1,2]. Since
their discovery by Friedrich Heusler in 1903 [3], Heusler al-
loys have received substantial interest in materials science
due to their wide variety of electronic, magnetic, and ther-
modynamic properties. These alloys are particularly valued
in fields such as spintronics and magneto-electronics for their
unique half-metallic ferromagnetic (HMF) nature [4], which
was first identified by Grootet al. [5]. This property makes
Heusler alloys particularly suitable for advanced technolog-
ical applications, including magnetic sensors and spintronic
devices [6-14]. Heusler alloys with the structural formula
X2YZ have a 2:1:1 atomic sequence, with X and Y being
transition metals and Z being a main-group element (s or p
group) [15-18]. These compounds can crystallize into ei-
ther a Cu2MnAl-type crystal structure with the space group
Fm3̄m or a Hg2CuTi-type crystal structure with the space
group F̄43m, depending on the relationship between the X

and Y atoms. In the Cu2MnAl-type structure, X has more 3d
electrons than Y, with X, Y, and Z atoms located at Wyckoff
positions 8c (1/4, 1/4, 1/4), 4a (0, 0, 0), and 4b (1/2, 1/2, 1/2),
respectively. Conversely, in the Hg2CuTi-type structure, Y
has more 3d electrons than X, with X atoms at positions 4a
(0, 0, 0) and 4c (1/4, 1/4, 1/4), and Y and Z atoms at positions
4b (1/2, 1/2, 1/2) and 4d (3/4, 3/4, 3/4), respectively [19-23].

Iridium-based alloys have attracted attention from a large
number of researchers to investigate their structural stability
and the possibility of half-metallicity properties, considering
their significant applications in spintronic devices, memory
storage devices, tunneling magnetic resonance (TMR), and
giant magnetoresistance (GMR). However, there are few ex-
perimental and theoretical studies about Ir-based Heusler al-
loys. Masumotoet al. conducted two separate experimen-
tal studies in which they measured the saturation magnetic
moment and reciprocal susceptibility of Ir2MnGa [24] and
Ir2MnAl alloys using a magnetic balance. Additionally, they
determined the crystal structure of these alloys in their re-
search. Gilleßen and Richard [25] investigated the lattice
constant and magnetic moment of the Ir2MnAl Heusler al-
loy through the use of density functional theory in his dis-
sertation. Candan [26] usedab initio calculations to examine
the electronic and magnetic properties of these alloys. Prop-
erties of the Heusler compound Ir2MnAl, finding displayed
half-metallic behaviour in GGA calculations. Ozdemiret
al. studied structural, half-metallic and elastic properies of
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Ir2MnSi. [27] predicted the structural, electronic, and mag-
netic properties of full Heusler alloys Ir2YSi (Y = Sc, Ti, V,
Cr, Mn, Fe, Co, and Ni) via first-principles calculations [28].
Despite extensive research on various classes of Heusler al-
loys, relatively few studies have focused on Iridium-based
systems. Among these, Ir2MnZ (Z = Sn, Si) stands out as
an intriguing case, as it combines Iridium with Manganese
and main-group elements (Sn, Si). This work aims to fill the
existing gap in the literature by investigating the electronic,
magnetic, elastic, and thermodynamic properties of these al-
loys using first-principles calculations within the DFT frame-
work, employing the Generalized Gradient Approximation
(GGA) and GGA+mBJ methods.

2. Computational details

The structural, electronic, magnetic, elastic, and thermody-
namic properties of the Heusler alloys Ir2MnSn and Ir2MnSi
were investigated using first-principles calculations based on
Density Functional Theory (DFT). The calculations were car-
ried out using the WIEN2k package [29], employing the full-
potential linear augmented plane wave (FP-LAPW) method,
which is well-suited for accurately capturing the electronic
and structural properties of complex materials. For the ex-
change and correlation potentials, the Generalized Gradi-
ent Approximation (GGA) was utilized, specifically using
the Perdew-Burke-Ernzerhof (PBE) parameterization [30].
Additionally, the modified Becke-Johnson (mBJ) potential
was applied to improve the accuracy of the electronic struc-
ture calculations, particularly for systems with localized
states [31]. The structural optimization was conducted by
minimizing the total energy as a function of unit cell vol-
ume for both ferromagnetic (FM) and non-magnetic (NM)
phases of Cu2MnAl-type and Hg2CuTi-type structures, with
the equilibrium lattice constants and bulk modulus obtained
from the Murnaghan equation of state [32]. The optimized
structures were used for further calculations of elastic and
phonon properties. The elastic constants were computed us-
ing the Irelast package developed by Murtazaet al. [33,34],
which is integrated into the WIEN2k framework. The me-
chanical stability of the alloys was assessed through the anal-
ysis of elastic constants, including the bulk modulus (B),
shear modulus (G), Young’s modulus (E), and Poisson’s ratio
(ν), as well as the Zener anisotropy parameter (A) and Pugh’s
ratio (B/G). Phonon dispersion curves were calculated using
the CASTEP code [35], which is based on density functional
perturbation theory (DFPT) [36]. The phonon frequencies
were evaluated using the finite displacement method, allow-
ing for an accurate description of lattice dynamics in the high-
symmetry directions of the first Brillouin zone. The compu-
tational parameters were carefully chosen to ensure the ac-
curacy and convergence of the calculations. The muffin-tin
radius (Rmt) was set with an Rmt · Kmax value of 8, and a
dense k-point mesh of 3000 points (14× 14× 14) was used
for Brillouin zone integration [37].

FIGURE 1. Type I (regular Heusler) and Type II (inverse Heusler)
crystal structures for the Ir2MnZ (Z = Sn, Si).

3. Results and discussion

3.1. Structural stability and mechanical properties

Determining the structural properties of a compound is a cru-
cial step in any ab-initio study, as it enables the calculation of
other important physical characteristics, such as electronic,
mechanical, and thermodynamic properties. To identify the
stable phases of the Ir2MnZ (Z = Sn, Si) compounds, the to-
tal energy (ETOT, in eV) as a function of unit cell volume
(V , in Å3) was calculated using the generalized gradient ap-
proximation (GGA) for the full-Heusler compounds Ir2MnZ
(Z = Sn, Si) in both the regular Cu2MnAl-type and the in-
verse Hg2CuTi-type structures, under ferromagnetic (FM)
and non-magnetic (NM) states. Figures 1 illustrates the two
crystal structures, Type I (regular Heusler) and Type II (in-
verse Heusler) for Ir2MnSn and Ir2MnSi. The energy ver-
sus volume curves presented in Figs. 2 and 3 emphasize the
differences in stability between the two materials. Ir2MnSi
exhibits a slightly lower minimum energy in the FM Type I
phase compared to Ir2MnSn, indicating that Ir2MnSi is ther-
modynamically more stable.

This greater stability is supported by its higher bulk mod-
ulus and smaller lattice constant, which contribute to a more
compact and structurally robust crystal for Ir2MnSi. The

FIGURE 2. Variation of the total energy as a function of the vol-
ume of the Ir2MnSn compound in the two types of structures: Type
I (FM and NM) and Type II (FM and NM).
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FIGURE 3. Variation of the total energy as a function of the vol-
ume of the Ir2MnSi compound in the two types of structures: Type
I (FM and NM) and Type II (FM and NM).

The structural properties of the Heusler alloys Ir2MnSn and
Ir2MnSi were analyzed in their most stable configuration, the
FM Type I phase (Cu2MnAl-type structure), using the GGA
approximation. The results presented in Fig. 2 for Ir2MnSn
and Fig. 3 for Ir2MnSi reveal key differences in their struc-
tural parameters, which are attributed to the distinct atomic
sizes and bonding strengths of Sn and Si. The lattice con-
stant for Ir2MnSn in the FM Type I phase is calculated to
be 6.33Å, whereas for Ir2MnSi, it is 6.03Å, indicating that
Ir2MnSi has a more compact structure. The relative differ-
ence in lattice constants between the two materials is ap-
proximately 4.74%, with Ir2MnSi having the smaller lattice
constant due to the smaller atomic radius of Si compared
to Sn. This difference reflects the greater packing density
and stronger bonding interactions present in Ir2MnSi. In
terms of mechanical properties, the bulk modulus (B) for
Ir2MnSn was calculated to be 180 GPa, while for Ir2MnSi,

it is 200 GPa, indicating that Ir2MnSi is mechanically stiffer
by approximately 10%. This increased stiffness is consistent
with the smaller lattice constant of Ir2MnSi, which leads to
stronger interatomic forces and a higher resistance to com-
pression.

The higher bulk modulus of Ir2MnSi suggests that it
is more resilient to external mechanical stresses, making it
a better candidate for applications requiring high mechan-
ical strength. Additionally, the formation energy∆Hf for
Ir2MnSn and Ir2MnSi, which describes their chemical stabil-
ity, was calculated using the following formula:

∆Hf = E
Ir2MnSn/Ir2MnSi
0 − 2EIr

0 − EMn
0 − E

Sn/Si
0 , (1)

whereE
Ir2MnSn/Ir2MnSi
0 , EIr

0 , EMn
0 andE

Sn/Si
0 are the first-

principles calculated equilibrium total energies. The corre-
sponding values are provided in Table I, and the negative
values of∆Hf [38,39], combined with the distance to the
convex hull (∆EH ) lower than 175 meV/atom [40], affirm
the chemical stability of Ir2MnSn and Ir2MnSi, indicating
their potential for experimental synthesis. Furthermore, the
structural parameters detailed in Table I for the full Heusler
alloys Ir2MnZ (Z = Sn, Si) in both non-magnetic (NM) and
ferromagnetic (FM) states provide critical insights into their
stability and characteristics. Variations in lattice parame-
ters and unit cell volumes across different magnetic states
and structural types illustrate nuanced differences, with fer-
romagnetic states generally exhibiting slightly larger values.
The bulk modulus, a measure of resistance to compression,
typically shows higher values in non-magnetic states, reflect-
ing greater structural rigidity. Total energy calculations re-
veal that ferromagnetic states exhibit lower (more negative)
total energy values, indicative of enhanced stability compared
to non-magnetic states. Moreover, the negative formation en-

TABLE I. The calculated structural parameters of the full Heusler alloys Ir2MnZ (Z = Si, Sn) in non-magnetic (NM) and ferromagnetic (FM)
states of Cu2MnAl (Type-I) and Hg2CuTi (Type-II) type structures.

Compounds Type Phase a(Å) V(Å3) B0 (GPa) B′ ∆E = ∆H0 Hull

ENM/FM TypeII Distance (∆EH )

−EFM TypeI (eV) (eV/atom) (eV/atom)

[38,39] [38,39]

Ir2MnSi Type-I FM 6.03 54.8 247.6 4.27 0 -0.375 0.086

NM 5.95 55.5 268.2 4.74 0.5973129

Type-II FM 6.05 52.86 206.41 3.71 1.6633344

NM 5.99 53.87 262.6 4.91 1.9604264

Ir2MnSn Type-I FM 6.33 63.44 210.0 4.60 0 -0.161 0.083

NM 6.26 61.33 226.94 5.12 1.955136

Type-II FM 6.34 63.66 185.86 3.76 1.445612

NM 6.25 61.08 242.46 5.50 2.059312

Ir2MnSi [28] Type-I FM 6.03 55.01 244.44 4.623
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ergies observed for Ir2MnSn and Ir2MnSi underscore their
chemical stability, supporting their feasibility for experimen-
tal synthesis. In comparison, Ir2MnSi, with similar stabil-
ity and desirable properties in its ferromagnetic state, pro-
vides a benchmark for evaluating these findings. Collectively,
these insights highlight the robust stability of the Cu2MnAl
(Type I) structure across different Heusler alloys, laying a
solid foundation for future experimental and theoretical in-
vestigations.

The study of elastic properties is crucial for understand-
ing the mechanical and dynamic behavior of materials, as
it provides valuable insights into the internal forces acting
within solids. Elastic constants are particularly important
as they connect mechanical deformations with the material’s
response to applied stress, revealing the stiffness and bond-
ing strength within the crystal lattice. The phonon charac-
teristics discussed earlier are directly linked to these elastic
properties, as vibrational modes are influenced by the crys-
tal’s stiffness, quantified by the elastic constants. When a
crystal undergoes stress, it deforms, leading to changes in
its defining parameters, referred to as homogeneous defor-
mations. Near equilibrium, the energy can be approximated
by a quadratic function, leading to the linear relationship
described by Hooke’s law between stress and strain. This
relationship is characterized by elastic constants, which are
also essential for determining the mechanical stability of the
crystal. For stability, the quadratic form of energy must be
positive definite, imposing specific constraints on the elastic
constants. Elastic constants, therefore, measure a crystal’s
resistance to external forces, and methods such as volume
conservation or stress-strain techniques are typically used to
determine them [41,42]. In this study, we employed the vol-
ume conservation technique to calculate the specific elastic

constantsC11, C12, andC44 for the cubic system of Ir2MnZ
(Z = Sn, Si). From these constants, additional elastic proper-
ties, including shear modulus (G), Young’s modulus (E), and
Poisson’s ratio (ν), were derived using the following equa-
tions [43-47]:

E =
9BG

3B + G
, (2)

G =
C11 − C12 + 3C44

5
, (3)

B =
C11 + 2C12

3
, (4)

ν =
3B − 2G

2(3B + G)
, (5)

A =
2C44 + C12

C11
, (6)

To ensure mechanical stability, the conditionsC11, C44,
C11 − C12, andC11 + 2C12 > 0 must be satisfied. Addi-
tionally, the conditionC12 < B < C11 must hold [48]. As
shown in Table II, both Ir2MnSn and Ir2MnSi in the regular
Heusler Type I (Cu2MnAl-type) structure meet these stability
criteria.

The bulk modulus (B0) quantifies a material’s resistance
to compression, with higher values indicating stronger resis-
tance to volume change. According to the data in Table II, the
calculated G values confirm that both Ir2MnSn and Ir2MnSi
are relatively hard materials. The stiffness of the materials,
predicted by Young’s modulus (E), shows that higherE val-
ues correspond to greater stiffness. The elastic constant C11,
which reflects the material’s resistance to unidirectional com-
pression along primary crystallographic axes, is lower than
C44, which measures resistance to shear deformation. This

TABLE II. Values of the anisotropy parameterA, the elastic constantsCij (GPa), the shear modulusG (GPa), the Young’s modulusE
(GPa), elastic wave velocities termed as transversevt (m.s−1), longitudinal velocitiesvl (m.s−1), average wave velocityvm (m.s−1) for the
compounds Ir2MnSn and Ir2MnSi.

Compounds Ir2MnSi Ir2MnSn

B 247.47(247.61) 140.85(244.445) [28] 200.84(210.08)

C11 273.24 124.31 [28] 214.35

C12 234.41149.13 [28] 194.49

C44 205.84 75.42 [28] 378.91

G 131.27 40.29 [28] 231.31

B/G 1.88 0.86

E 334.46 501.44

A 10.6 4.442

ν 0.27 0.038

vs 3389.0 4053.25

vl 5460.46 6014.14

vm 3389.0 4424.25
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TABLE III. The gap energy (Eg) obtained by the GGA and
GGA+mBJ approximation.

Compound Gap energy Gap energyEg

Eg (eV) - GGA (eV) - GGA+mBJ

Ir2MnSi 0.556 0.644

Ir2MnSn 0 0.23

Ir2MnSi [28] 0.55 -

indicates that Ir2MnSi exhibits stronger resistance to unidi-
rectional compression, while Ir2MnSn shows greater resis-
tance to shear deformation. To quantify the elastic anisotropy
of these compounds, we calculated the anisotropy factor A
using the values of the elastic constants. Elastic anisotropy is
crucial in engineering applications, as it indicates that a mate-
rial’s properties vary with direction. An anisotropic material
exhibits different mechanical characteristics depending on its
orientation. According to Table II, the anisotropy factors
for Ir2MnSn and Ir2MnSi are 4.442 and 10.6, respectively.
Since an isotropic crystal has an A value of 1, both materi-
als demonstrate significant elastic anisotropy, with Ir2MnSi
being more anisotropic. Pugh’s criterion [49] offers an em-
pirical relationship linking the plastic properties of a material
with its elasticity. The ratio B/G is a useful metric to predict
whether a material behaves in a ductile or brittle manner. A
B/G ratio higher than 1.75 indicates ductility, while a lower
value indicates brittleness. In our case, B/G values of 0.86
for Ir2MnSn and 1.81 for Ir2MnSi indicate that Ir2MnSn is
brittle, while Ir2MnSi behaves in a ductile manner. Addition-
ally, Poisson’s ratio (ν), which characterizes the lateral con-
traction of a material when subjected to a longitudinal strain,
was calculated as 0.038 for Ir2MnSn and 0.27 for Ir2MnSi.
Since materials withν > 0.26 are considered ductile, these
results confirm that Ir2MnSi is ductile in nature.

Another parameter used to assess the ductility or brittle-
ness of a material is the Cauchy pressure [50]. We also cal-
culated the average sound velocity in the polycrystalline ma-
terial using the following formula [51]:

vm =
[
1
3

(
2
v3

t

+
1
v3

l

)]1/3

, (7)

wherevl andvt are, respectively, the longitudinal and trans-
verse sound velocities obtained using the shear modulusG
and the bulk modulusB from Navier’s equation [52]:

vl =
(

3B + G

3ρ

)1/2

, (8)

vt =
(

G

ρ

)1/2

, (9)

The calculated sound velocities for Ir2MnSi and Ir2MnSn
in the Cu2MnAl (Type-I) structure are listed in Table II. To
the best of our knowledge, the elastic constants and related

FIGURE 4. Phonon dispersion analysis of Ir2MnSn and Ir2MnSi
compounds

properties for Ir2MnSn have not been previously reported.
For Ir2MnSi, our results show a notable difference compared
to those ofÖzdemiret al. [27]. This discrepancy can be at-
tributed to the fact that our elastic property calculations were
performed under the same conditions as the structural proper-
ties, particularly withBstructural

0 = Belastic
0 (see Table III). We

hope our calculations will help to fill the gap in the existing
data for these compounds.

In addition to energy and elastic results, an in-depth anal-
ysis of the phonon spectra (Fig. 4) provides key insights into
the atomic dynamics and mechanical stability of these mate-
rials. The phonon spectra reveal a total of 12 branches, com-
prising 3 acoustic branches (one longitudinal acoustic and
two transverse acoustic modes) and 9 optical branches (trans-
verse optical [TO] and longitudinal optical [LO] modes). The
phonon spectra of Ir2MnSn and Ir2MnSi (Fig. 4) display no-
table differences between the acoustic and optical modes, re-
flecting disparities in atomic mass and bonding characteris-
tics.

For Ir2MnSi, the gap between the acoustic and transverse
optical branches is relatively narrow, indicating that the vi-
brational frequencies of these modes are quite similar. This
is due to comparable atomic masses and bonding strengths
between Mn and Si atoms in the lattice. Conversely, in
Ir2MnSn, the gap between the acoustic and optical branches
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FIGURE 5. Observed total densities of states (DOS) and partial
densities of states (PDOS) of Ir2MnSn compound.

is more pronounced, suggesting more distinct vibrational in-
teractions between the modes. Additionally, in Ir2MnSi, a
significant gap between the transverse and longitudinal opti-
cal branches indicates that the bonds responsible for longitu-
dinal vibrations are stiffer, resulting in higher frequencies for
the LO modes. In contrast, Ir2MnSn shows a smaller gap
between these optical branches, reflecting a more uniform
bonding environment around Mn, leading to less disparity in
bond stiffness affecting the transverse and longitudinal opti-
cal modes. These differences in phonon spectra directly in-
fluence the thermal and mechanical properties of the alloys.
The larger gap between the acoustic and optical branches in
Ir2MnSn suggests that the phonon contribution to thermal
conductivity (kL) is lower, making this alloy more suitable
for thermoelectric applications, where reduced thermal con-
ductivity is essential for improved energy efficiency. Specif-
ically, the smaller gap between the TO and LO branches in
Ir2MnSn implies more efficient phonon scattering, further
lowering kL and enhancing thermal performance for appli-
cations requiring efficient thermal insulation. In contrast,
Ir2MnSi, with its stiffer longitudinal bonds (evidenced by the
larger gap between TO and LO modes), shows superior me-
chanical and thermal stability at elevated temperatures. This
is supported by the shear modulus (G) and Young’s modulus
(E), which indicate that this alloy offers greater resistance to
mechanical deformations. Moreover, the Poisson’s ratio (ν)
and B/G ratio confirm that Ir2MnSi behaves more ductilely,
making it an ideal candidate for applications where mechani-
cal resilience is critical. While Ir2MnSn stands out due to its
lower thermal conductivity, favoring thermoelectric applica-

FIGURE 6. Observed total densities of states (DOS) and partial
densities of states (PDOS) of Ir2MnSi compound.

tions, Ir2MnSi is better suited for high-temperature environ-
ments thanks to its superior mechanical stability and stiffer
bonds, as evidenced by the phonon spectra. These findings,
illustrated by the phonon dispersion figures (Figs. 4, 5, and
6), demonstrate the importance of examining phonon dynam-
ics in designing materials tailored for specific thermal and
mechanical applications.

3.2. Electronic and magnetic properties

The electronic and magnetic properties of Ir2MnSn and
Ir2MnSi were analyzed using density of states (DOS) cal-
culations, as illustrated in Figs. 5 and 6. These DOS plots
reveal the contributions of the different atomic states (Ir, Mn,
Sn, Si) to the overall electronic structure, providing deeper
insights into the materials’ half-metallic nature.

In both compounds, the majority spin channel exhibits
metallic behavior, with states crossing the Fermi level (EF ),
while the minority spin channel presents a semiconducting
gap. This feature is characteristic of half-metallicity, where
one spin channel is conductive, and the other is insulat-
ing. The Mn/d-states are the dominant contributors to the
magnetic and electronic properties in both compounds. In
Ir2MnSi, the strong exchange splitting between the spin-up
and spin-down Mn d-states leads to the formation of a larger
minority spin gap (0.644 eV), compared to Ir2MnSn, where
the gap is smaller (0.23 eV), as shown in Figs. 7 and 8. This
difference is due to the stronger bonding and smaller atomic
radius of Si, which enhances the overlap between CMn and
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TABLE IV. Total and partial magnetic moment in unit ofµB for Ir2MnSn and Ir2MnSi.

Compounds Method Ir Mn Sn/Si Interstitial Total magnetic

(µB) (µB) (µB) (µB) moment (µB)

Ir2MnSn GGA-mbj 0.54 3.93 -0.004 -0.02 5.00

Ir2MnSi 0.605 3.767 0.018 0.0029 5.00

GGA 0.598 3.66 0.030 0.111 5.00

Ir2MnSi [28] 0.573 3.558 - - 5.00

FIGURE 7. The band structure of spin-up and spin-dn electrons for
Ir2MnSn in both GGA and GGA-mBJ approximations.

Si orbitals, leading to a more pronounced splitting of the
Mn/d-states. The larger gap in the minority spin channel
of Ir2MnSi ensures that it retains its half-metallic properties
more robustly, even at elevated temperatures, making it an
ideal candidate for spintronic applications. In Ir2MnSn, al-
though the Mn d-states still play a key role, the weaker inter-
action with Sn results in a smaller gap in the minority spin
channel, reducing the robustness of its half-metallicity com-
pared to Ir2MnSi. However, Ir2MnSn still displays signifi-
cant half-metallic behavior, as shown by the clear separation
between the metallic majority spin channel and the gapped
minority spin channel. The Ir/d-states also contribute to the
DOS, particularly around the Fermi level in the majority spin
channel, but their contribution is smaller compared to the Mn
atoms. In both materials, the Ir d-states hybridize with the
Mn d-states, particularly in the majority spin channel, which

FIGURE 8. The band structure of spin-up and spin-dn electrons for
Ir2MnSi in both GGA and GGA-mBJ approximations.

enhances the metallic character. In the minority spin channel,
the Ir d-states are largely suppressed, contributing to the for-
mation of the semiconducting gap. This suppression further
supports the half-metallic behavior by maintaining the gap in
the minority spin channel. For the non-magnetic elements, Sn
and Si, their contributions are primarily found at lower ener-
gies, away from the Fermi level. Si exhibits stronger interac-
tions with Mn due to its smaller size and higher electronega-
tivity, which contributes to the larger band gap in the minority
spin channel for Ir2MnSi. In contrast, Sn has a more lim-
ited impact on the electronic structure near the Fermi level,
leading to the smaller band gap observed in Ir2MnSn. The
total magnetic moments for both compounds were calculated
to be approximately 5.00µB per formula unit, following the
Slater-Pauling rule [53], as shown in Table IV.

Rev. Mex. Fis.72041003
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FIGURE 9. Volume variation as a function of temperature at differ-
ent pressures for full- Heusler alloys Ir2MnZ (Z = Sn, Si).

The majority of the magnetic moment is contributed by
the Mn atoms, with the Mn atoms in Ir2MnSi exhibiting
a magnetic moment of 3.40µB , slightly higher than the
3.29 µB observed for Ir2MnSn. This difference can be at-
tributed to the stronger exchange splitting in Ir2MnSi, which
is a result of its stronger Mn-Si bonding. The Ir atoms con-
tribute a smaller antiparallel magnetic moment of approxi-
mately−0.13 µB for both materials, slightly reducing the to-
tal magnetization. The Sn and Si atoms, being non-magnetic,
contribute negligibly to the total moment. The difference in
magnetic moments between Ir2MnSi and Ir2MnSn is primar-
ily due to the stronger Mn-Si interaction in Ir2MnSi, which
leads to a slightly higher magnetic moment in this compound.
The total magnetic moment of both compounds is largely de-
termined by the Mn/d-states, whose strong exchange split-
ting is responsible for the formation of the gap in the minor-
ity spin channel. The overall magnetic properties of these
materials, combined with their electronic structure, confirm
their potential as half-metallic ferromagnets, particularly in
the case of Ir2MnSi, where the larger minority spin gap and
stronger magnetic interactions make it a more robust candi-
date for spintronic applications. The strong half-metallic na-
ture of Ir2MnSi makes it a prime candidate for spintronic ap-
plications, particularly because the large minority spin gap
ensures high spin polarization at the Fermi level, even at el-
evated temperatures. This high degree of spin polarization

is critical for devices like magnetic tunnel junctions and spin
valves, where efficient spin injection is required. Ir2MnSn
also exhibits half-metallicity, though its smaller gap makes
it slightly less ideal for high-temperature applications. How-
ever, both materials show great promise for use in spintronic
devices due to their robust magnetic moments and high spin
polarization.

3.3. Thermodynamic properties

The thermodynamic properties of Ir2MnSn and Ir2MnSi were
analyzed as a function of temperature and pressure. The fol-
lowing figures illustrate variations in volume, heat capac-
ity, thermal expansion coefficient, and Debye temperature
for both materials. A comparison between the two alloys
highlights their distinct thermodynamic behaviors. Figure 9
shows the variation of volume as a function of temperature at
different pressures for both alloys. Both materials exhibit an
increase in volume with rising temperature, which is typical
for solids. However, Ir2MnSi shows a slightly smaller vol-
ume variation than Ir2MnSn at all pressures, suggesting that
Ir2MnSi is more thermally stable and more resistant to ther-
mal expansion. This difference can be attributed to the more
compact nature of Mn-Si bonds, which enhance the stability
of the crystal lattice compared to Mn-Sn. This indicates that
at high temperatures, Ir2MnSi is better able to maintain its
structure and resist thermal deformations, an important fac-
tor for high-temperature applications. Figure 10 illustrates
the variation of heat capacity at constant volume (Cv) as a
function of temperature at different pressures. The heat ca-

FIGURE 10. The variation of the heat capacityCv as a function of
temperature at different pressures for full-Heusler alloys Ir2MnZ
(Z = Sn, Si).
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FIGURE 11. The variation of the heat capacity Cp as a function of
temperature at different pressures for full-Heusler alloys Ir2MnZ
(Z=Sn,Si).

FIGURE 12. The thermal expansion coefficientα as a function of
temperature at different pressures for full-Heusler alloys Ir2MnZ
(Z = Sn, Si).

pacity increases with temperature for both materials. How-
ever, Ir2MnSi shows slightly higher Cv values than Ir2MnSn,
especially at higher temperatures. This difference suggests

FIGURE 13. The variation of the Debye temperature as a function
of temperature at different pressures for full-Heusler alloys Ir2MnZ
(Z = Sn, Si).

that Ir2MnSi has a greater capacity to absorb heat without
experiencing rapid temperature increases. This may be re-
lated to its more stable crystal structure and stronger inter-
actions between Mn and Si, which promote better internal
thermal energy management. Figure 11 shows the heat ca-
pacity at constant pressure (Cp) for both alloys as a function
of temperature. Similar to heat capacity at constant volume,
Ir2MnSi shows higherCp values than Ir2MnSn. These results
reinforce the idea that Ir2MnSi has a greater capacity to dis-
sipate heat without experiencing rapid temperature increases,
making it potentially more effective in thermally demanding
environments. Figure 12 presents the variation of the thermal
expansion coefficient (α) as a function of temperature. Both
materials show an increase inα with temperature, indicating
increased thermal expansion as the temperature rises. How-
ever, Ir2MnSi exhibits a lower thermal expansion coefficient
than Ir2MnSn at all temperatures and pressures. This means
that Ir2MnSi is less susceptible to thermal expansion, fur-
ther reinforcing its high-temperature stability. This property
makes Ir2MnSi more suitable for applications where minimal
thermal expansion is required to maintain structural integrity.
Figure 13 shows the Debye temperature for both materials as
a function of temperature at different pressures. The Debye
temperature is a key indicator of a material’s stiffness and its
ability to resist thermal vibrations. Ir2MnSi exhibits higher
Debye temperatures than Ir2MnSn (440 K), reflecting greater
stiffness and stronger resistance to atomic vibrations. A ma-
terial with a higher Debye temperature, like Ir2MnSi (380 K),
is more resistant to thermal disturbances, which gives it su-
perior mechanical and thermal stability at elevated temper-
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atures. Overall, the comparison of thermodynamic proper-
ties between Ir2MnSn and Ir2MnSi shows that Ir2MnSi is
the more thermodynamically stable alloy. Ir2MnSi exhibits
less volume variation, higher heat capacity, and a lower ther-
mal expansion coefficient, making it better suited for high-
temperature environments. The higher Debye temperature
of Ir2MnSi also confirms its superior mechanical and ther-
mal resistance. In contrast, Ir2MnSn is slightly less thermally
stable, with a stronger response to temperature and pressure
variations, making it less suitable for applications requiring
high thermal stability.

4. Conclusions

In this work we investigate Ir2MnZ (Z = Sn, Si) full-Heusler
compound with Density Functional Theory (DFT) with PBE-
GGA and GGA-mBJ exchange correlation function utilizing
full potential augmented plan wave (FP-LAPW), provided a
comprehensive understanding of its properties in several do-
mains. Additionally, Ir2MnZ (Z = Sn, Si) were identified
as a half-metallic Heusler alloy. In the spin-down state, it
exhibited an indirect bandgap semiconductor behavior with
an energy of0.556 eV and0 eV for Ir2MnSi and Ir2MnSn
with GGA, respectively, and0.644 eV and0.23 eV, as de-
termined using GGA-mBJ. Conversely, in the spin-up state,
the compounds displayed metallic behavior. The above anal-
ysis has been confirmed by the examination of the electrical
band structure and density of states (DOS). The elastic prop-
erties further validate the structural stability of both alloys in
the studied phase. According to Pugh’s criteria, Ir2MnSn is

classified as brittle, while Ir2MnSi exhibits a more ductile na-
ture, highlighting their differing mechanical behaviors. Mag-
netic calculations show that both alloys exhibit a total mag-
netic moment of approximately5µB , largely attributed to the
Mn atoms, which play a significant role in determining their
overall magnetic characteristics. Finally, key thermodynamic
parameters such as lattice constants, thermal expansion co-
efficients, heat capacities, and Debye temperatures were de-
termined across a pressure range from 0 to 20 GPa for both
alloys. The Debye temperature results, in particular, corre-
late with the elastic constants, indicating that Ir2MnSi, with
its greater rigidity and thermal stability, is more suitable for
applications requiring enhanced performance under varying
thermal and mechanical conditions. Finally, this study offers
a thorough analysis of the diverse properties of Heusler alloys
Ir2MnZ (Z = Sn, Si):

• Structural stability and compatibility: They generally
exhibit high chemical and thermodynamic stability,
and they have excellent lattice matching with conven-
tional materials.

• Tunable properties: Their electronic and magnetic
properties can be adjusted by changing the atomic or-
dering or through doping (valence electron count).

• High magnetic moments: Many possess high magnetic
moments.

Due to these properties, these studied compounds have
promising potential in developing spin-electronics.
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