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1. Introduction

The field of spintronics is currently a lead-
ing area of investigation in the realm of
novel materials exhibiting unconventional
properties, which can be attributed to the
rapid advancement of nanoscience.[1] The
potential of utilizing high-spin-polarization
materials in the field of spintronics has
generated significant attention among
researchers.[2,3] Heusler compounds have
been extensively researched due to their
high Curie temperature, 100% spin
polarization, and tunable electronic
characteristics.[4–7] Heusler alloys can be
classified into two distinct categories,
namely, half-Heusler and full-Heusler
compounds. The chemical entities denoted
as X, X 0, Y, and Z belong to the categories
of transition metals and main group mem-
bers, respectively. The chemical formulas
associated with these entities are XYZ,
X2YZ, and XX 0YZ. Each of the aforemen-

tioned chemical formulas exhibits X with a greater valence than
X 0, and X 0 with a greater valence than Y. In 1983, de Groot et al.[8]

conducted a study which first proposed that the NiMnSb
half-Heusler alloy could exhibit half-metallicity. Since then,
electronic structure simulations have revealed that many half-
Heuslers with a C1b configuration and full-Heuslers with an
L21 configuration exhibit half-metallic behavior.[9–13] Several
publications[14–17] have shed light on the rule of Slater and
Pauling, which establishes a connection between the electronic
and magnetic features, and the process by which the gap in
Heusler alloy is formed. In addition, ternary Heusler alloys
(NiMnSb, Co2CrAl, CoMnGe, and Ni2MnGa) have been
extensively examined[18–22] for the impact of lattice distortions
on magnetic and electronic characteristics.

A recent hypothesis posited that compounds of the LiMgPdSn
type may demonstrate characteristics of half-metallicity, as indi-
cated by sources.[23,24] The Y-type solids are characterized by the
space group F43m. The CoFeMnSi compound serves as a proto-
typical model and has been the subject of extensive investigation
by numerous research groups.[25–27] Dai et al.[24] inferred that
CoFeMnSi is likely to exhibit a half-metallic property based on
the analysis of its XRD pattern and magnetic measurements. The
crystal structure of CoFeMnSi was found to be similar to that of
LiMgPdSb. The hypothesis that CoFeMnSi exhibits a half-
metallic property has been corroborated by both experimental
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This study employs density functional theory to investigate the structural, elastic,
electronic, and magnetic properties of FeVScSb and FeVYSb Heusler compounds.
FeVScSb exhibits ferromagnetic properties in its stable state, whereas FeVYSb
displays ferrimagnetic behavior. The obtained elastic constants (Cij) indicate that
FeVScSb and FeVYSb possess mechanical stability and ductility, while also
displaying a significant degree of elastic anisotropy. The aggregate magnetic
moment of said alloys is determined to be equivalent to 3 μB, in accordance with
the Slater–Pauling principle. The investigation of the impact of uniform strain on
electronic and magnetic characteristics is conducted. The findings indicate that
FeVScSb and FeVYSb exhibit semiconductivity within extensive lattice parameter
intervals, ranging from 5.84 to 6.60 Å for FeVScSb and from 6.11 to 6.70 Å for
FeVYSb. The Heusler compounds FeVScSb and FeVYSb exhibit half-metallic
behavior within a range of lattice parameters. Specifically, FeVScSb displays this
behavior when the lattice parameter varies from 6.61 to 6.72 Å, while FeVYSb
exhibits half-metallicity within the range of 6.71–6.81 Å. Under the influence of
strain, the magnetic moment retains a constant value of 3 μB. Therefore, the
potential for spintronics is promising.
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findings and density functional theory (DFT) computations.[28]

The material has a magnetic saturation of 3.7 μB f.u.�1and a
Curie temperature of 620 K.

Feng et al.[29] have reported that CoFeMnSi exhibits a high
degree of stability in terms of half-metallicity, even when sub-
jected to potential growth-induced disorders. In their study,
Ozdoğan et al.[30] utilized ab initio calculations to examine a total
of 60 quaternary Heusler alloys. Out of these, 41 were identified
as half-metals, while 9 were classified as semiconductors.
Notably, 8 of the semiconductors exhibited spin gapless behavior.
The CoFeCrZ (where Z represents Al, Si, Ga, and Ge) com-
pounds were synthesized by Gao et al. and were found to exhibit
remarkable half-metallicity, as evidenced by the discovery of spin-
down bandgaps of 0.16 and 0.28 eV.[31,32]

The study conducted by Kundu and co-workers examined two
distinct quaternary Heusler series, namely, CoXMnSi and
CoXFeSi, wherein X represents the fifth-row elements ranging
from Y to Ag. The researchers have identified CoTeMnSi,
CoRhMnSi, and CoZrFeSi as authentic half-metallic materials,
while a few other substances exhibit characteristics that are indic-
ative of their potential to be classified as such. Yan et al.[33]

conducted research which indicates that ZrTiCrZ (where Z
represents Al, Ga, In, Si, Ge, Sn) exhibit characteristics of heavy
metals, whereas ZrTiCrZ alloys with Z representing Si, Ge, and
Sn demonstrate semiconductor properties in relation to their
electronic, magnetic, and mechanical attributes. All of the afore-
mentioned alloys exhibit Curie temperatures (TC) that are higher
than the ambient temperature when employing the mean field
approximation (MFA).

Due to the difficulty in controlling strain during the experi-
mental synthesis of quaternary Heusler alloys, research into their
physical characteristics when subjected to external strain is
essential. Researchers Wang et al.[34] investigated how uniform
strain affected RuMnCrSb. Significant spin-down bandgaps are
seen for uniform strain between �4% and 0, while EF is inside
this gap from �2% to 0%. Total magnetic moment of 2 μB and
100% spin polarization P, from 4% to 0% uniform strain, show
that RuMnCrSb’s ideal HM is retained throughout the interval.
In contrast to ZrRhTiZ (Z= Al, In), where anomalous spin flip
occurs at strains of -1% and 1%, Ray et al.[35] found that half-
metallic ferromagnetic behavior is maintained within a �2%
to 2% strain. Xiong[36] showed that the half-metallicities of
CoFeTiSi, CoFeTiAs, and CoFeVSb may be maintained at lattice
constants as low as 7%, 5%, and 6%, respectively, when com-
pared to their equilibrium lattices. We further show that, with
the right amount of in-plane strain, CoFeTiSi, CoFeTiAs, and
CoFeVSb retain their HM properties. Half-metallicity was found
to be invariant throughout a broad range of lattice constants
(6.24–6.96 Å for Al, 6.12 Å–6.87 Å for Ga, and 6.14–6.94 Å for
In) by Rahmoune et al.[37].

There are still a multitude of quaternary alloys that have not
been explored. To the best of our knowledge, there is a dearth of
literature pertaining to investigations conducted on the quater-
nary Heusler alloys FeVScSb and FeVYSb. The present investiga-
tion employs first-principles simulations to examine the structural,
electronic, elastic, and magnetic properties of FeVScSb and
FeVYSb, wherein Sc denotes a 3d element and Y represents a
4d element. This study has conducted investigations on the impact

of uniform strain on the electronic and magnetic characteristics of
FeVScSb and FeVYSb compounds.

2. Calculation Method

The pseudopotential plane wave technique uses DFT as its
basis,[38] and CASTEP, a computer program, has integrated
it.[39] This method was used to investigate the fundamental
ground-state assets of the FeVScSb and FeVYSb quaternary com-
pounds in addition to the influence of hydrostatic pressure on the
electronic and magnetic properties of the compounds. In the
parameterization of the Perdew–Burke–Ernzerhof model,[40]

the exchange and correlation impacts were dealt with in a
self-consistent manner by making use of the generalized
gradient approximation (GGA) that is the industry standard.
The valence electron states of Fe: 3d6 4s2, V: 3d3 4s2, Y: 4d1

5s2, and Sc: 3d1 4s2 were all calculated using the Vanderbilt ultra-
soft pseudopotential.[41] We used a 450 eV cutoff for the plane
wave energy and a 14� 14� 14 k-point mesh over the
Brillouin zone (BZ) in Monkhorst–Pack[42] for the structural opti-
mization, and a 30� 30� 30 k-point mesh for the determination
of the density of states. Crystalline Heuslers FeVScSb and
FeVYSb were also optimized using the Broyden–Fletcher–
Goldfard–Shanno minimization approach,[43] with a total energy
convergence criterion of 5� 10�6 eV atom�1. The band-energy
structures were computed with 0.005 A�1. The energy gap
between successive repetitions of the atomic positions was
relaxed until it was less than 1� 10�6 eV atom�1. Limits of
0.002 eV Å�1 for force and 1� 10�4 Å for displacement were
imposed. The stress–strain method[44] was utilized to ascertain
the elastic constants (Cij). The Voigt–Reuss–Hill approaches[45–47]

were used to predict the elastic moduli.

3. Results and Discussion

3.1. Structural Properties

Heusler alloys of both quaternary FeVScSb and FeVYSb form
cubic crystals of the LiMgPdSn (Y-type) phase (space group
F43m).[48–52] This structure has three possible nonequivalent
superstructures (YI, YII, and YIII) summarized in Table 1. In
both FeVScSb and FeVYSb Heuslers, the three possible non-
equivalent atomic arrangements (YI, YII, and YIII) are shown
in Figure 1. A stability of a structural phase at zero temperature
and pressure investigation was performed to identify the
ground-state properties of FeVScSb and FeVYSb Heuslers by tak-
ing into account both the ferromagnetic and paramagnetic
arrangements of each atom inside the conventional cell. While
discussing magnetic states, both ferromagnetic and ferrimag-
netic orders of spins are included. It is worth noting that the
CASTEP algorithm optimizes electron spin in addition to
geometric parameters. By varying the lattice parameter (a) from
5.83 to 6.85 Å in increments of 0.127 Å for FeVScSb (FeVYSb),
we were successful in optimizing the crystal structures of
FeVScSb and FeVYSb Heuslers by performing a total energy cal-
culation for each of the three possible arrangements in structure
(YI, YII, and YIII). Figure 1 shows the relationship between the
computed total energy and the unit cell volume for bothmaterials
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under study. The Birch–Murnaghan equation of states was used
to fit the energy-volume data. Figure 1 shows that the structural
configuration YI has the lowest total energy for both the FeVScSb
and FeVYSb Heusler compounds. Hence, the YI structure is
more suited to crystallization of FeVScSb and FeVYSb
Heuslers, with Fe, V, Sc/Y, and Sb occupying Wyckoff positions
4d (3/4, 3/4, 3/4), 4c (1/4, 1/4, 14), 4b (1/2, 1/2, 1/2), and 4a (0, 0,
0), respectively. In Table 2, we summarize the equilibrium lattice
constants (a0), equilibrium lattice (V0), bulk modulus (B), pres-
sure derivatives (B 0), and the total energies Etot. Lattice constant
optimization results in values of 6.34 and 6.64 Å for FeVScSb and

FeVYSb, respectively. When the Z-atomic atom’s number grows,
the lattice constant rises, suggesting that hybridization between
atoms weakens. The optimum lattice parameters of Heusler
compounds FeVScSb and FeVYSb accord well with previous the-
oretical predictions.[53] Cohesive and formation energy can be
used to investigate the quaternary FeVScSb and FeVYSb
Heusler alloys’ physicochemical stability

Ecoh ¼ 1
4

EFeV SCð =YÞSb
Tot � EFe

atom þ EV
atom þ ESc=Y

atom þ ESb
atom

� �h i
(1)

EFor ¼
1
4

EFeV SCð =YÞSb
Tot � EFe

bulk þ EV
bulk þ ESc=Y

bulk þ ESb
bulk

� �h i
(2)

where EFeVðSC=YÞSb
Tot is the equilibrium total energy,

EFe
atom, EV

atom, E
Sc=Y
atom, and ESb

atom are the isolated atomic energies
of the elements Fe, V, (Sc/Y), and Sb, respectively, and

EFe
bulk, E

V
bulk, E

Sc=Y
bulk , and E

Sb
bulk are the equilibrium total energies

per atom for bulk Fe, V, (Sc/Y), and Sb, respectively.
Cohesion and formation energies have been computed for
FeVScSb at �0.49 and �5.07 eV atom�1, and for FeVYSb at
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Figure 1. Energy versus unit cell volume in the nonmagnetic and magnetic configurations of a,c) FeVScSb and b,d) FeVYSb.

Table 1. Three FeVScSb and FeVYSb Heusler compound sites in Y-type
arrangements.

4a (0,0,0) 4c (0.25, 0.25, 0.25) 4b (0.5, 0.5, 0.5) 4 d (0.75, 0.75, 0.75)

YI Sb V Sc/Y Fe

YII Sb Sc/Y V Fe

YIII V Sb Sc/Y Fe
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�0.21 and �4.82 eV atom�1, respectively. These two materials
are stable and amenable to experimental synthesis, as indicated
by the negative numbers. As it has the lowest formation energy,
FeVScSb is the easiest to synthesize. In light of these results,
further analysis on the electronic, elastic, and magnetic charac-
teristics of FeVScSb and FeVYSb was conducted only on this
structure (type Iþ ferromagnetic state).

3.2. Elastic Properties

The elastic properties of a material are the most precise indica-
tors of its mechanical characteristics. The assessment of a solid’s
elastic stability involves the consideration of its elastic constants
Cij, which are the macroscopic parameters in a uniform solid that
establish the relationship between stress and deformation. This
is in addition to the modulus of compressibility B.[54]

The mechanical stability of a cubic system requires only the
three independent elastic constants C11, C12, and C44 to obey
the following Born condition:[55] (C11 � C12)> 0; (C11þ 2
C12)> 0; C11> 0; C44> 0; and C12< B< C11, where the elastic
constant C11 reflects the resistance of the crystal to unidirectional
compression, and C12 and C44 represent the resistance to shear
stress. As the value of the elastic constant C11 is greater than that
of C12 and C44, this suggests that the FeVScSb and FeVYSb
Heusler materials are more resistant to shear than they are to
compression. We found that FeVScSb and FeVYSb are elastically
stable because they obey the Born condition, as shown in Table 3.
Some mechanical properties, like bulk modulus B, shear modu-
lus G, Young’s modulus E, Poisson’s ratio, and universal anisot-
ropy factor AU, can be derived from computed elastic
constants.[56]

B ¼ C11 þ 2C12

3
(3)

GV ¼ C11 � C12 þ 3C44

5
(4)

GR ¼ 5 C11 � C12ð ÞC44

3 C11 � C12ð Þ þ 4C44
(5)

GH ¼ GV þGR

2
(6)

E ¼ 9BG
3BþG

(7)

AU ¼ 5
GV

GR
þ BV

BR
� 6 (8)

σ ¼ 3B� 2G
2 3Bþ Gð Þ (9)

The obtained values are also listed in Table 3. The values of the
compressibility module obtained from the Cij are in perfect
accord with those obtained by smoothing the (E–V ) state equa-
tions. FeVYSb is less resistant to compression and shear com-
pared to FeVScSb because the B= 103.6947 GPa of FeVYSb is
smaller than the B= 138.99 GPa of FeVScSb. Poisson’s ratio
is used to distinguish the nature of forces between atoms consti-
tuting a solid material and, thus, the type of interatomic bonds.
For FeVScSb, σ is close to 0.25, which indicates that these mate-
rials present a central interatomic interaction or ion crystal,
although the value of 0.31 (FeVYSb) is for metallic materials.
The Pugh’s ratio, abbreviated as B/G, is a method for determin-
ing whether or not a material is brittle (when B/G is less than
1.75), or ductile (when B/G is greater than 1.75). It is equivalent
to 1.80 and 3.16 for FeVScSb and FeVYSb, respectively. Since
then, we know that both FeVScSb and FeVYSb Heusler are duc-
tile, with the caveat that the ductility of the FeVYSb Heusler com-
pound is greater than that of the FeVScSb Heusler compound.
The Debye temperature (ΘD) is correlated with thermal and elas-
tic characteristics. It equals 432.24 K for Heuslers composed of
FeVScSb and 269.10 K for those composed of FeVYSb. The val-
ues of the anisotropy coefficient were found AU 6¼ 0 for the two
compounds, thus indicating that they are elastically anisotropic,
and it shows that FeVScSb is less elastically anisotropic
compared to FeVYSb.

The preceding investigation was insufficient in delineating the
elastic properties of the crystal. Prioritizing the utilization of sur-
face structures that exhibit the directional reciprocal of Young’s
modulus is a recommended approach for practical applications.
According to Ref. [57], it is possible to depict the distribution of E
in a cubic material through 3D polar illustrations.

E ¼ 1
S11 � 2 S11 � S12 � 1

2 S44
� �

n21n
2
2 þ n22n

2
3 þ n23n

2
1ð Þ (10)

Table 3. The obtained elastic parameters of FeVScSb and FeVYSb.

Parameters FeVScSb FeVYSb

C11 225.89 168.824

C12 95.55 71.129

C44 86.12 25.009

B 138.99 103.694

G 77.02 32.809

B/G 1.80 3.16

E 195.04 89.038

Σ 0.27 0.36

ΘD 432.24 269.10

AU 0.09 0.56

Table 2. Calculated equilibrium parameters for FeVScSb and FeVYSb Heusler alloys.

Alloys a0 [Å] V0 [Å3] B0 [GPa] B 0 E0 [eV] Ecoh [eV atom�1] EFor [eV atom�1]

FeVScSb 6.341, 6.342[53] 63.75 130.33 4.77 �4270.95 �5.07 �0.49

FeVYSb 6.640, 6.640[53] 73.18 110.40 5.28 �3185.69 �4.82 �0.21
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Sij are the deformability elastic constants, n1 ¼ sin θ cosφ,
n2 ¼ sin θ sinφ, and n3 ¼ cos θ. Figure 2 shows how the pro-
jected orientation effects on Young’s modulus behave for
FeVScSb and FeVYSb. If the system were entirely isotropic in
all directions, the surface here would assume the form of a
sphere. Nevertheless, neither of these items is accurate; neither
the FeVScSb nor the FeVYSb Young’s modulus surfaces can be
described as spherical in any way. As compared to FeVScSb,
which has nearly isotropic behavior, we found that FeVYSb
exhibited anisotropy on a wide scale caused by differences in
bonding characteristics between adjacent atomic planes. This
was seen in contrast to the nearly isotropic behavior of
FeVScSb. The anisotropy of the elastic properties of FeVScSb
is practically the same in the plane (X= Y ) as it is in the
(XY ), (XZ ), and (YZ ) planes, as well as the Young modulus’s sur-
face being almost spherical. Alternatively, the anisotropy in the
(XY ), (XZ ), and (YZ ) planes of FeVYSb is greater than that of the
(XY ) plane. As a consequence of our research, we have found that
the compound with the highest level of anisotropy is FeVYSb,
whereas the compound with the lowest level of anisotropy is
FeVScSb.

3.3. Electronic and Magnetic Properties

Electronic, optical, transport, and magnetic characteristics are
only a few of the many essential physical ones that may be
accessible from the band structure of solids. Figure 3 displays
the zero-pressure majority- and minority-spin band structures
of FeVScSb and FeVYSb compounds. Galanakis et al.[16] estab-
lished a naming convention for the irreducible representations
of the spin-up/down states at the point of maximum symmetry
Γ. Degeneration of the band occurs at point Γ for s-bands, which
is 1, for p-bands, which is 3, for e-bands, which is 2, and for t-
bands, which is 3. The e- and t-bands are formed when 3d (4d)
orbitals of Fe, V, (Y), and Sc atoms hybridize with one another.

The Heusler compounds FeVScSb (as shown in Figure 3a)
and FeVYSb (as shown in Figure 3c) both demonstrate semicon-
ductor properties in the spin-up direction, with direct bandgaps
of 0.56 and 0.30 eV, respectively. This is due to the positioning of
the Fermi level (EF) between the fully occupied valence bands s, p,
2eg, 3t2g, and 3t1u, and the unoccupied conduction bands 2 eu.
The spin-down band structures of FeVScSb (as shown in
Figure 3b) and FeVYSb (as shown in Figure 3d) exhibit a

Figure 2. 3D surfaces of Young’s modulus for a) FeVScSb, b) FeYScSb, and c,d) their plane-specific cross sections.
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semiconductor behavior, with the Fermi level situated between
the occupied valence bands (s, p, 2eg, and 3t2g) and the unoccu-
pied conduction bands (3t1u). The indirect bandgap Γ-L (Γ!Γ-X)
for FeVScSb and FeVYSb is 0.73 and 0.83 eV, respectively.

Thus, in the case of FeVScSb (FeVYSb), it can be observed that
the L (Γ-X) direction, which represents the highest symmetry
point, is associated with the lowest energy level of the 3t1u con-
duction band. On the other hand, the highest energy level of the
3t2g valence band is represented by the highest symmetry point
Γ. With respect to the two spin orientations, it can be observed
that both of our alloys exhibit magnetic semiconductor properties
at a pressure of 0 GPa.

The state densities for FeVScSb and FeVYSb Heuslers at
0 GPa are presented in Figure 4, encompassing both total and
partial values. The total density of states (DOS) structure of
our compounds exhibits a notable similarity. The findings
depicted in Figure 4 indicate that the magnetic moments of
the transition elements (Fe, V, Sc, and Y) are predominantly
attributed to the d states, whereas the magnetic moments of
the Sb atom are attributed to the s–p states. The discernible

energy distance between the s and p states of the antimony atom
and the d states of the iron, vanadium, scandium, and yttrium
atoms is evident. The hybridization of d orbitals in Fe, V, Sb,
and Y atoms is evident, resulting in the division of bonding
e.g., and t2g orbitals (situated below the Fermi level), nonbonding
eu and t1u orbitals (around the Fermi level), and antibonding e.g.,
and t2g orbitals (positioned above the Fermi level). The d–d
bandgap is a type of bandgap that arises due to the hybridization
of d–d orbitals in transition metals. The bandgap in AlCu2Mn
full-Heusler alloys is attributed to the d–d bandgap. The hybrid-
ization between the d states of Fe, V, Sc, and Y and the p states of
Sb governs the degree of occupancy of the p–d orbital. The
hybridization process induces a modification in the magnitude
of the energy gap. The majority of electronic states that exist
at the Fermi level EF within transition metals, such as Fe, V,
(Y), and Sc, are a result of hybridization between 3d (4d) orbitals.
There exist three plausible hypotheses regarding the origin of the
bandgap in HM. The three phenomena under consideration are
as follows: 1) the bandgap resulting from d–d hybridization, as
depicted in Figure 5, 2) charge transfer, and 3) the presence of a
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Figure 3. Band structure of FeVScSb and FeVYSb at their equilibrium lattice.
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covalent band. In this study, the origin of the bandgap in these
compounds is investigated by examining the hybridization of
d-electrons among the transition metals. The bandgap of said
complexes was ascertained through the observation of d electron
hybridization between transition metal constituents, thereby
determining its origin. Magnetic semiconductors exhibit discon-
tinuous energy bands owing to their dual characteristics as both
semiconductors and magnets. The Generalized Slater–Pauling
law[40,58] predicts that Heusler compounds containing 21 valence
electrons will display a split energy band at the Fermi energy.
Figure 5 depicts the schematic representation of the electronic
band structures for both majority and minority spin in semicon-
ductors possessing 21 valence electrons. The determination of
the hybridization process can be ascertained by following the cri-
teria outlined in reference number 60. The s–p atom generates a
single s-band and three p-bands.

The d-orbitals of the XA and X 0
C atoms then combine to form a

hybrid. When this happens, the hybridized orbital begins

coupling with the YB atom’s d-orbital. A single s-band, three p-
bands, double-degenerated eg, triple-degenerated t2g, and a single
t1u will be seen when hybridization is complete. One s-band state,
three p-band states, and eight d-band states are possible in a sin-
gle atom. Heusler compounds usually contain a total of 21
valence electrons, with 12 of them being valence electrons that
can be fully utilized. However, it is noteworthy that the minority
spin energy band has only nine valence electrons, resulting in the
t1u orbital being unoccupied. The presence of dissymmetry
results in the manifestation of magnetism and a bandgap.
Theoretically, it is expected that Heusler compounds possessing
21 valence electrons would exhibit magnetic semiconductor
behavior. The disparity in spin energy between hybrid orbitals
t1u and eu, as illustrated in Figure 5, is exclusively governed
by the atoms occupying the A and C sites. The impact of A site
and C site atoms on the spin energy gaps between hybrid orbitals
t1u and t2g is noteworthy. Thus, the atoms occupying the A and C
sites play a crucial role in determining the energy band in prox-
imity to the Fermi level. If the B site and D site elements are
modified while keeping the valence electrons unchanged, the
energy band is expected to undergo a minor shift.

In order to investigate the impact of strain on physical char-
acteristics, the latter were estimated utilizing the subsequent cor-
relation

ε %ð Þ ¼ a� a0
a0

� 100 (11)

where a0 is the the optimized lattice parameter, and a is the
lattice parameter that exhibits strain.

The present study involves the computation of spin-polarized
electronic band structures of FeVScSb and FeVYSbHeusler com-
pounds under varying degrees of strain, ranging from �8% to
7% for FeVScSb and from �8% to 3% for FeVYSb. The objective
of this investigation is to assess the robustness of the electronic
structure in response to strain-induced effects. The present study
illustrates the shift of the lowest 3t2g (2 eu) and highest 2eg (3t1u)
bands along the spin-up (down) direction under strain for
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Figure 4. The total and partial state densities of FeVScSb and FeVYSb in
type I as determined by GGA.

Figure 5. Diagram depicting the majority–minority gap’s origins in
FeVScSb and FeVYSb.
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FeVScSb and FeVYSb Heusler materials, as depicted in
Figure 6a (Figure 6c) and Figure 6b (Figure 6d), respectively.
The findings of our study indicate that the semiconductivity
of alloys remains consistent across a broad spectrum of lattice
parameters, ranging from 5.84 to 6.60 Å for FeVScSb, and from
6.11 to 6.70 Å for FeVYSb. The Heusler compounds FeVScSb
and FeVYSb exhibit half-metallic behavior within a specific
range of lattice parameters. Specifically, FeVScSb displays
half-metallicity when the lattice parameter varies from 6.61 to
6.72 Å, while FeVYSb exhibits this behavior within the range of
6.71 to 6.81 Å. The research findings indicate that the spin-up
energy bandgap of Heusler compounds FeVScSb and FeVYSb
exhibits a decreasing trend as the lattice parameters increase.

The Hirshfeld electron populations were analyzed to estimate
the total and partial magnetic moments of FeVScSb and FeVYSb.
Figure 7 illustrates the progression of their development in rela-
tion to the applied strain. The study revealed that the mtot values
of FeVScSb and FeVYSb were determined to be 3 μB, and were
found to conform to the Slater–Pauling rule, as denoted by the
subsequent equation: The equation MT=ZT�2nd is given,

where ZT is equal to 21 and nd is equal to 9. Table 4 illustrates
the alterations in the complete and partial magnetic moments of
FeVScSb and FeVYSb substances under the influence of strain.
Upon computing the magnetic moment at the equilibrium lattice
constant, it is evident that the dominant contributor is V, exhib-
iting a magnitude of 2.40 μB for FeVScSb and 2.66 μB for
FeVYSb. The magnetic moments of V, Sc, and Sb atoms exhibit
an increase with an increase in lattice parameters, while the mag-
netic moment of Fe atom experiences a decrease with an increase
in lattice parameters, yet it remains constant at 3 μB.

4. Conclusion

The present study offers a theoretical examination of the influ-
ence of strain on the structural, elastic, electronic, and magnetic
characteristics of the FeVScSb and FeVYSb Heusler alloys. The
ultrasoft pseudopotential method, as implemented in the
CASTEP software, was utilized to perform the calculations.
The results of the geometry optimization indicate that the
FeVScSb and FeVYSb materials exhibit stability and form
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Figure 6. Strain impact on the minima of the 2 eu and 3t1u conduction bands and the maxima of 3t1u and 3t2g valence bands of FeVScSb and FeVYSb.
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crystals with a YI structure that is ferromagnetic. Specifically, the
Fe, V, Sc/Y, and Sb atoms are situated at 4d, 4c, 4b, and 4a posi-
tions, respectively. The lattice constant acquired exhibits a satis-
factory level of agreement with the existing literature. The elastic
constants (Cij) computations indicate that the Heusler com-
pounds FeVScSb and FeVYSb possess higher resistance to uni-
axial strain in comparison to shear deformation. Furthermore,
these compounds are deemed stable and ductile.

The semiconductor behavior of FeVScSb and FeVYSb is
observed across a broad spectrum of lattice parameters, as
inferred from the analysis of their electronic structure.
FeVScSb and FeVYSb exhibit semiconductor properties within
distinct lattice parameter ranges, namely, 5.84–6.60 Å and
6.11–6.70 Å, respectively. The FeVScSb and FeVYSb Heusler
compounds display half-metallic characteristics with consider-
able spin polarization upon alteration of their lattice parameter.
The observed phenomenon is attributed to FeVScSb and FeVYSb
materials, respectively, in response to changes in the lattice
parameter. Specifically, FeVScSb exhibits this behavior within
the range of 6.61–6.72 Å, whereas FeVYSb displays it within
the range of 6.71–6.81 Å. The magnetic moment of 3 μB is

retained by the FeVScSb and FeVYSb Heusler compounds over
the range of strain investigated. As a result, these chemical com-
pounds have been acknowledged as a viable alternative for utili-
zation in magnetic tunnel junctions and spin valves, due to their
significant spin polarization, as observed from a spintronics
perspective.
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Table 4. The calculated magnetic moments, mtot, mFe, mV, mY, mSb in μB,
EHM, and ESC bandgaps in eV for half-metal semiconductor, respectively,
and polarization in %.

Compounds Strain A mtot mFe mV mY mSb EHM ESC P%

FeVScSb �8 5.84 3.00 0.42 2.06 0.31 0.21 – 0.15 –

�6 5.96 3.00 0.36 2.13 0.31 0.20 – 0.25

�4% 6.09 2.99 0.29 2.21 0.31 0.18 – 0.34

�2% 6.22 2.99 0.20 2.30 0.32 0.17 – 0.38

0% 6.341 3.00 0.09 2.40 0.34 0.17 – 0.37

2% 6.47 3.00 �0.06 2.53 0.37 0.16 – 0.35

4% 6.60 3.00 �0.27 2.67 0.43 0.17 – 0.01

4.5% 6.63 3.00 �0.33 2.71 0.45 0.17 0.49 – 100

5% 6.66 3.00 �0.39 2.75 0.47 0.17 0.39 – 100

5.5% 6.69 3.00 �0.46 2.79 0.49 0.18 0.30 – 100

FeVYSb �8 6.11 3.01 0.43 2.18 0.22 0.18 – 0.56 –

�6 6.24 3.01 0.33 2.28 0.23 0.17 – 0.61 –

�4% 6.38 3.00 0.21 2.39 0.24 0.16 – 0.60 –

�2% 6.51 3.01 0.07 2.52 0.26 0.16 – 0.50 –

0% 6.64 3.00 �0.12 2.66 0.30 0.16 – 0.30 –

1% 6.71 2.99 �0.23 2.74 0.32 0.16 – 0.053 –

1.5% 6.74 3.00 �0.29 2.79 0.34 0.16 0.651 – 100

2% 6.77 3.00 �0.35 2.83 0.35 0.17 0.52 – 100

2.5% 6.81 3.00 �0.42 2.88 0.37 0.17 0.41 – 100
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