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ABSTRACT

The electronic, magnetic, elastic, and vibrational properties of new double half-Heusler (DHH) alloys V,Ni,Z'Z" are investigated within the
density functional theory (DFT) calculations. All investigated alloys demonstrated mechanical, dynamic, and thermodynamic stability and
complied with the Slater-Pauling rule. The analysis of their magnetic states indicates that all DHH alloys under investigation exhibit a ferro-
magnetic ground state. Electronic property analysis reveals that each alloy behaves as a half-metal, with an energy gap in the spin-up
channel ranging from 0.103 to 0.653 V. Based on the B/G ratio, the brittleness—ductility assessment yielded values around 2.5, indicating
that alloys are ductile. The combination of magnetic properties, half-metallicity, and mechanical resilience makes these V,Ni,Z'Z" alloys
promising candidates for high-performance spintronics devices and other advanced technological applications.

© 2025 Author(s). All article content, except where otherwise noted, is licensed under a Creative Commons Attribution-NonCommercial-
NoDerivs 4.0 International (CC BY-NC-ND) license (https://creativecommons.org/licenses/by-nc-nd/4.0/). https://doi.org/10.1063/5.0252730

I. INTRODUCTION

Recent attention has focused on double half-Heusler (DHH)
alloys such as (X'X"Y,Z,, X,Y'Y"Z,, and X,Y,Z'Z") because of
their special structural symmetry with complex electronic proper-
ties, different from conventional Heusler compounds.l’3 The transi-
tion metals X and Y, along with the main group elements Z in
Heusler alloys, make it one of the potential alloys for new electronic
discoveries and various multifunctional applications. Unlike the
X,YZ full- and XYZ half-Heusler alloys that have been studied in
some detail, the DHH alloys exhibit a unit cell, which is doubled

and, because of the presence of aliovalent elements Y and Y”,
structurally even more complicated.””” With this particular arrange-
ment, the DHH alloys exhibit huge potential candidates for
advanced electronic properties and applications in state-of-the-art
technologies, like spintronics or thermoelectrics, and are, thus, one
of the central topics in modern materials research.

Anand et al.” propose that the thermal conductivity (x) in
double half-Heusler compounds is primarily governed by reduced
group velocity phonons and constrained by disorder scattering
effects, which should reduce ¥ compared to contemporary ternary
half-Heusler thermoelectric materials, whose efficiency is hindered
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by their inherently high x. Through the synthesis of Ti,FeNiSb, Il. COMPUTATIONAL METHODS
they have demonstrated and validated that this DHH alloy exhibits
markedly lower thermal conductivity than its ternary half-Heusler
analog TiCoSb, thus presenting a superior foundation for the
enhancement of thermoelectric efficiency.” Rached et al.* compared
the structural, thermoelectric, and elastic properties of identical
half (TiXSb, X = Ru, Pt) and double half-Heusler alloys
(Ti,RuPtSb,). The authors have determined through computational
analysis that the Ti;RuPtSb, compound exhibits pronounced peaks
in the absorption coefficient within the ultraviolet (UV) spectral
range, suggesting its potential utility as UV filters and UV photode-
tectors. The investigated materials have also demonstrated promis-
ing thermoelectric properties, indicating their suitability as
potential candidates for thermoelectric device applications.” " In
most instances, double half-Heusler alloys exhibit semiconductor
behavior,'* exemplified by the investigations conducted by
Bouhadjer et al."® In their study, Ti,FeNiSb, and Ti,Ni,InSb alloys
were observed, displaying bandgap energies of 0.64 and 0.43 eV,
respectively. Ding et al'® developed a half-metallic alloy
Mn,FeCoSi, and studied its electronic and magnetic properties.
The effect of different types of disorder on the half-metallic proper-
ties of Mn,FeCoSi, was also investigated. Douinat et al'’” con-
ducted a study on the alloys Zr,AlBiNi, and Zr,GaBiNi,,
demonstrating their stability through ab initio calculations. These
alloys exhibit typical semiconductor behavior with direct bandgaps
of 0.540 and 0.496 eV. According to the obtained data, these alloys
could be considered potential candidates for applications in elec-
tronics, optics, and communication. Cui et al.'® studied two double
half-Heusler alloys, Mn,CoCrP, and Mn,CoCrAs,. They were
found to be half-metallic ferrimagnets with a relatively large spin- 2(Cyy + Cpy) + Cs3 +4Cy3
down bandgap. The work also showed that their magnetic By = 9 ’
moments and half-metallic properties increase their resistance to
the effect of tetragonal distortion. In addition, the authors modeled M + 3Cy; — 3Cyp 4 12Cy4 + 6Cgg
two types of magnetic tunnel junctions using a double half-Heusler Gy = 30 ’
alloy as electrodes and GaAs as a barrier. By calculating the
Fermi-level transmittances, the authors show that both devices (Ci1 + C1y)Cs3 — ch3
exhibit high conductivity when the magnetic moments of the two Br = M >
magnetic electrodes are connected in parallel. In contrast, when the
magnetic moments of the two electrodes are arranged antiparallel,

Ge =15 /

The calculations were performed using the Vienna Ab initio
Simulation Package (VASP) within the density functional theory
(DFT) methodology”**” and have been effectively employed in the
calculation of other functional materials.”*" All calculations were
performed using the generalized gradient approximation (GGA)
within the Perdew-Burke-Ernzerhof functional (PBE) to account for
the exchange-correlation interaction.”’ However, for electronic prop-
erties, since standard DFT functionals are known to underestimate
the bandgap, we employed the meta-GGA functional, namely,
SCAN, to achieve a more accurate description.”” A baseline plane
wave cutoff of 700 eV was applied in all instances. The integration of
the Brillouin zone was achieved through a grid of 12 x 12 x 6k
points. These parameter choices demonstrated satisfactory conver-
gence in total energy. Convergence tolerance for the calculations was
set at a total energy difference within the range of 1077 eV/atom.
The charge distribution on the ions was investigated employing
topological analysis, utilizing the Bader method. The phonon calcu-
lations were performed using PhonoPy program.”” Real-space force
constants were calculated using supercell and finite displacement
approaches, with 2 x 2 x 1 supercells for all considered compounds.
The elastic stiffness tensor (C;) of the compounds considered was
calculated using the stress (o)-strain (€) relation o; = Cye;, and
from the obtained data, all desired mechanical properties were esti-
mated. To describe elastic properties, we use Voigt'* and Reuss”
equations. For a tetragonal crystal, the bulk and shear modulus by
the Voigt (By,Gyv) and the Reuss averaging (Bg, Gr) can be derived _
from the elastic constants as follows:

67:05:50 G202 Joquialdes 6

18By 6
3 ,
C (Ci1 — Ci2) + (c%) + (Cios)

the electron transport capacity of the lower spin emitters is signifi-
cantly suppressed. Thus, in addition to their use as thermoelectric
materials, double half-Heusler alloys are promising candidates for
high-performance spintronic devices. 2 2. _

’ lr))espite the IZldvantages and large number of double where € = (G + Ci2)Caa = Qi M = Ciu + Crz + 2G5 = 3Cs.
half-Heusler alloys that have been extensively studied over the past
decade,””* many new compound combinations have not been
investigated experimentally or theoretically. This study represents the
first extensive investigation of the structural, electronic, magnetic,
and mechanical and phonon properties, including chemical bonding
characteristics, of the previously unexplored double half-Heusler B— By + B, G= Gy + Gr
compounds V,Ni,Z'Z" (where Z' = Al, Ga and Z" = Sb, Sn). The 2 7 2
present results will enhance the understanding of their physicochem-
ical properties and help to assess the possible use of the alloys in
advanced technological applications, especially in the area of spin-
tronics. This study distinguishes itself from previous studies by intro-
ducing and characterizing novel compositions, thereby expanding E— Ly
the known landscape of double half-Heusler materials. 3B+G

Following Hill's guidelines,”’” the volume and shear moduli were

estimated by averaging the upper and lower bounds, applying the
equations provided below:

> 3 . > s 39 . 4
Young’s modulus,” Poisson’s ratio,”” and melting temperature”"'

were determined using the equations provided below:

9BG  3B-2G
T 2+«(BB+G)’

2
Tm =354 + g . (2C11 -+ C33).
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To calculate the Vickers hardness of the alloys under investiga-
tion, we used the empirical models proposed by Chen** and Tian,"’

0.585
— 3’

Hy" =2 (k- G)

H;I;iun =0.92- k1.137 . GOJOS,

where k = G/B. In our study, Hy was calculated using the average
value obtained from H{"" and H{®",

Chen Tian
_ BV + Hy™

H
v 2

In this study, we used Belomestnykh’s formalism to calculate
the Griineisen parameter (y*) using the longitudinal (v;) and
transverse (v;) acoustic wave velocities,

ac __ E (SVIZ — 4V%)
T T

lll. RESULTS AND DISCUSSION
A. Structural and magnetic properties

The DHH compounds V,Ni,Z'Z" (where Z'=Al, Ga and
7' = Sb, Sn) are typically considered within a body-centered tetrag-
onal structure belonging to the I42d space group (No.122). As it is
shown in Fig. 1, the X, Y, Z, and Z” atoms locate at (0, 0.5, 0.495),
(0.75, 0.25, 0.625), (0, 0.5, 0.25), and (0, 0, 0.5) sites, respectively.
In this arrangement, the X (V) and Y (Ni) atoms are located at the
8c and 8d sites, while the Z' (Al, Ga) and Z” (Sn, Sb) atoms occupy
the 4a and 4b Wyckoff positions.

The enthalpy of formation for the studied chemical com-
pounds, excluding zero-point energy corrections, was determined.
The enthalpy of formation was computed using the following
formula:

AH(X,Y,Z7') = H(X,Y,Z2Z7") — [2H(X) 4+ 2H(Y) + H(Z)
+ H(Z)].

Table I presents the optimized parameters and computed for-
mation enthalpies for the studied compounds. All enthalpy values
are negative, suggesting thermodynamic stability and a favorable
experimental synthesis route for each compound. Notably, experi-
mental formation enthalpies are not currently available for
V,Ni,Z'Z" (where Z' = Al, Ga and Z” = Sb, Sn) compounds.

Table II also demonstrates that the Slater—Pauling rule, formu-
lated for double half-Heusler alloys as M; = Z; — 36, accurately
predicts the total magnetic moment for the alloys studied. An
examination of the magnetic properties of materials reveals that V
atoms exhibit the highest atomic spin magnetic moment (AMM),
ranging from 0.42 to 0.99 up, indicating their dominant contribu-
tion to the total spin magnetic moment. Both V and Ni atoms
possess positive AMM values, resulting in a parallel arrangement of
their magnetic moments. In contrast, the Z' and Z" atoms

ARTICLE pubs.aip.org/aip/jap

FIG. 1. Crystal structure of double half V,NiZ’Z" alloys (2’ = Al, Ga and
Z" = Sb, Sn).

contribute minimally, with small negative magnetic moments
between —0.03 and —0.07 ug. All DHH alloys investigated exhibit a
ferromagnetic ground state, characterized by the alignment of
atomic magnetic moments in a parallel orientation, driven by
exchange interaction mechanisms.

B. Vibrational properties

Figure 2 shows the phonon dispersion curves and the corre-
sponding phonon DOS, which give an idea of the vibration behav-
ior and dynamic stability of the material. The dynamic stability of
V,Ni,Z'Z" alloys was assessed by analyzing their vibrational prop-
erties, in particular, through phonon dispersion curves and phonon
density of states (DOS).

TABLE I. Structural information for V,Ni,Z'Z” compounds.

Compounds a=b, A o A AH, eV/fu.
V,Ni,AlSb 5.740 11.476 —1.44
V,Ni,AlSn 5.729 11.435 -1.35
V,Ni,GaSb 5738 11.447 ~1.40
V,Ni,GaSn 5.726 11.404 ~131
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TABLE Il. Evaluated parameters of the magnetic moment of each atom (u), predicted magnetic moments by Slater-Pauling rule (M), total magnetic moments (), magnetic
type VoNip,Z'2"” (Z/ = Al, Ga and Z” = Sb, Sn) compounds.

Compounds 1, atom (V) 1, atom (Ni) u, atom (Z') u, atom (Z") M, u, total Magnetic state
V,Ni,AlSb 0.975 0.077 —0.029 (Al) —0.038 (Sb) 2 1.964 M
V,Ni,AlSn 0.430 0.011 —0.014 (Al) —0.029 (Sn) 1 0.843 FM
V,Ni,GaSb 0.992 0.022 —0.039 (Ga) —0.067 (Sb) 2 2.083 M
V,Ni,GaSn 0.420 0.010 —0.028 (Ga) —0.032 (Sn) 1 0.846 M
2 V,Ni,AlSb Each compound contains 12 atoms per primitive cell, leading
__ to 36 vibrational modes in the phonon band structure, represented
9 as M = 2A; + 3A, + 4B, + 5B, + 11E. The first three acoustic
) modes (Tacoustic = B2 + E) correspond to the collective movement
\257 of the «center of mass, whereas the optical modes
§ (Coptic = 2A1 + 3A; + 4B) + 4B, + 10E) describe relative atomic
g, | EE motion. Group theory analysis reveals 30 Raman active modes
= —— (T'Raman = 2A, + 4B; + 4B, + 10E), 24 infrared (IR) active modes
Jr (T''r = 4B, + 10E), and 3 silent modes (Isiens = 34,) in
0 e —— V,Ni,Z'Z" alloys. The vibrational modes at the I'-point are listed
rx p N T M SIS, [IXRIGM 01 Bos ey, in Table IIL. In the analysis of the phonon density of states (DOS),
b) v NIZA,S“;? a phonon bandgap is observed in V,Ni, AlSb and V,Ni, AlSn alloys
o from 8 to 9.5 THz, while no bandgap appears in V,Ni,SnSn from
==
] TABLE Ill. Calculated optical modes (w) of VoNi,Z’Z” (Z/ = Al, Ga and Z = Sb
== —Toual and Sn), their activity and corresponding Mulliken symbols. Here, 1 is V,Ni,AlSb, 2
F’_ :Ei is VoNibAlSn, 3 is V,Ni,GaSb, and 4 is VoNi,GaSn.
——Sn
0
rx P N T M SIS, TIXRIGM 0 By el ® Mul. . 1 - o (THz) . ;
. V.NiGaSb sym. ctivity
L E Raman, IR 2.755 2.775 2.629 2.681 ;
g E Raman, IR 3.231 3.311 2917 2.975
£6 _;_ B, Raman 2.469 2915 2.211 2910
g = B, Raman, IR 2952 4.001 2144 3546
% % E; A, Silent 4.523 6.002 4.358 6.056
3 = — A Raman 5.170 6.317 5068  6.282
> H —x A, Silent 5.242 6.277 5343 6255
0 % E Raman, IR 4.264 4.549 3.669 3.904
rx P N T M SIS, T[XRIGM o 20 30 0 B, Raman 3.876 4.907 3.506 4.129
9, VNiGaSn  DOSC=e) E Raman,JR  4.806 5.345 4671 5174
] B, Raman, IR 5.975 6.536 5.891 6.339
_ = E Raman, IR 5.314 6.037 5.308 5.974
[% 6. E Raman, IR 6.708 7.090 5.973 6.291
E B, Raman, IR 7.149 7.489 6.804 7.162
g % ] B, Raman 6.481 7.024 6.567 6.971
§3 ;: E Raman, IR 6.980 7.349 6.697 7.049
/ A, Raman 6.216 6.661 6.526 6.693
r A, Silent 6.445 7.107 6.682 7.098
0 : ) E Raman, IR 7.785 8.101 7.101 7.352
rx - rp N T MSIS, TIXRIGM 0 B0 oy © E Raman, IR 9.334 9.583 7.429 7.919
B, Raman, IR 9.612 9.968 7.210 7.550
FIG. 2. Calculated phonon dispersion curves and phonon density of states for E Raman, IR 9.505 9.718 7.934 8.188
V,NipZZ' compounds. B, Raman 9.779 10.012 7.083 7.452
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FIG. 3. The density of states and electronic band structure of the V,Ni,Z'Z” double half-Heusler alloys.
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FIG. 4. The partial density of states for V,Ni,AlSb and V,Ni,AlSh structures. Zero on the energy axis corresponds to the Fermi level.
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a) V,Ni,AlSb

c) V,Ni,GaSb
1.0 y/-\v/-\ ~ o

0.5

0.0

FIG. 6. Calculation of ELF of the V,Ni,Z’Z" double half-Heusler alloys in the
(110) plane.

4.5 to 5 THz, nor in V,Ni,GaSb. V atoms make a dominant contri-
bution to the total phonon DOS in the 5.5-7 THz range, whereas
Al atoms predominantly contribute from 9 to 9.5 THz, with other
atoms contributing uniformly across these ranges.

ARTICLE pubs.aip.org/aip/jap

TABLE IV. Calculated elastic constants C; for V,Ni,Z’Z” compounds in GPa.

Compounds Cl 1 C12 C13 C33 C44 C66
V,Ni,AlSb 209.0 97.7 96.8 204.1 58.5 53.4
V,Ni,AlSn 218.6 96.4 95.2 216.6 59.1 58.4
V,Ni,GaSb 202.3 103.0 102.8 200.2 574 525
V,Ni,GaSn 213.1 101.5 101.1 212.9 59.1 59.5

The absence of imaginary phonon modes throughout the
Brillouin zone in the phonon dispersion calculations confirms that
atoms in these alloys return to their equilibrium positions upon
disturbance, indicating that the V,Ni,Z'Z" alloys are dynamically
stable.

C. Electronic properties

The density of states (DOS) serves as a crucial parameter in
characterizing energy levels. The computed band structure and
DOS are presented in Fig. 3. Analysis of the four plots reveals that
the Ni atom’s d-states predominantly contribute to the total
density of states in the lower region of the valence band, specifically
between approximately —4 and —3eV. In contrast, at the upper
edge of the conduction band, around 1-2.5€V, the unoccupied
d-states of the V atom play a significant role. According to the
results, the highest energy level in the valence band maximum
(VBM) and the lowest energy level in the conduction band
minimum (CBM) are both located at point I'. The band profiles are
similar for all four compounds. The density of states (DOS) analy-
sis and band structure examination revealed the presence of a
bandgap near the Fermi level. Among the alloys studied, the
V2N, AlSb alloy exhibited the largest bandgap, measured at
0.613 eV. In contrast, the V,Ni,GaSb alloy showed the smallest
bandgap, recorded at 0.103 eV. The bandgap values in the remain-
ing two alloys were observed to fluctuate around 0.235eV.
Additionally, an energy gap is observed in the a-states of
V,Ni,Z'Z" Heusler alloys near the Fermi level, indicating half-
metallic characteristics of the alloy.

The projected density of states (PDOS) for the examined
V,Ni,Z'Z" structures is illustrated in Figs. 4 and 5. For each
Heusler alloy composition, the p-orbital contributions from the Ga
and Sn atoms are primarily localized at lower energy levels, around
—6¢eV. In contrast, the p-orbital contributions from Al and Sb
atoms are notably minimal across these energy ranges. This distri-
bution suggests a distinctive separation in the electronic structure,
with Ga and Sn atoms contributing significantly at lower energies,
while Al and Sb atoms play a less prominent role. This observation
aligns with the electronic configuration and bonding characteristics
observed across the Heusler alloy systems under investigation. In
the alloy structures V,Ni,AlSb and V,;Ni,AlSn, the projected
density of d-states for Ni atoms reveals an energy gap near the
Fermi level, as illustrated in Fig. 4. This feature indicates the forma-
tion of a half-metallic electronic structure within both alloys. This
half-metallicity arises from the contributions of e, (@) and ty; (8)
states in the V atoms, which play a central role in defining the elec-
tronic behavior near the Fermi level. These findings highlight the
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TABLE V. Evaluated parameters of the bulk (in GPa), shear (in GPa), Young's (in GPa) moduli, Poisson’s ratio, B/G ratio, Vickers hardness (in GPa), fracture toughness (in
MPa m'"), shear anisotropic factors A;=A, and As, bulk and shear anisotropy factors (%), acoustic Griineisen parameter, and melting temperature (in K) of V,Ni,Z'Z"
compounds.

Compounds B G E v B/G Hy Kic A=A, As Ap Ag 7 T,

V,Ni,AlSb 133.86 56.09 147.65 0.316 2.38 5.28 2.33 1.066 0.960 0.008 0.068 1.87 1287
V,Ni,AlSn 136.37 59.79 156.46 0.309 2.28 593 242 0.965 0.954 0.002 0.019 1.82 1335
V,Ni,GaSb 135.78 53.08 140.89 0.327 2.56 4.54 2.28 1.166 1.056 0.001 0.229 1.95 1261
V,Ni,GaSn 138.50 57.88 152.40 0.317 2.39 5.38 2.40 1.056 1.065 0.001 0.040 1.89 1313

importance of V d-states in shaping the electronic properties of the for an estimation of the material’s volumetric deformation charac-

V,Ni, AlISb and V;Ni, AlSn alloys. A similar electronic state config- teristics, specifically the extent of transverse dimensional change

uration is also observed in the related alloys V,Ni,GaSb and under tensile or compressive loading, exhibits a high value for the

V,Ni,GaSn, suggesting a consistent influence of V d-states across V;Ni,GaSb alloy. For the V,Ni,GaSb alloy, the Vickers hardness

these systems in establishing half-metallic behavior. Hy is the lowest at 4.54 GPa, while the highest value, 5.93 GPa, is
To investigate the various interactions and bonding character- observed for the V,Ni,AlSn alloy, with intermediate values found

istics in the selected DHH alloys, we calculated and analyzed the

electron localization function (ELF), particularly within the (110)

crystallographic plane. As illustrated in Fig. 6, the alloys under 4

investigation can be structurally divided into three main layers

based on the distribution of electron density. The first layer consists

of V atoms. The second layer contains Ni atoms that form V-Ni 3

bonds. Finally, the third layer comprises elements Z' (Al, Ga) and

Z" (Sb, Sp). Analysis of the electrqn local.izat.ion 1:'un§tiop reveals 1 .\./.\.

that V-Ni bonds have low electronic localization, indicating weak < 2 D il

covalent interactions (0.4). In contrast, Ni-Al bonds show the m--____ ]‘1 C_tl_e__

highest degree of electronic localization, corresponding to strong 1 Brittle

covalent bonding (=0.8). Despite the spatial separation of Sb and 1

Al atoms in the Z' and Z" layer, a moderate level of electronic 7

localization is observed (=0.5), indicating an intermediate covalent

interaction between these elements. This bonding nature is consis-

tent across all the studied alloys. In alloys containing Sb (a and c), 0 T | T T

covalent bonding is dominant, accompanied by a high degree of . P&\S‘o . . .

electron localization. In contrast, Sn-based alloys (b and d) have a | ﬂxl | ﬂ\l | ﬂ\l \| ﬂxl

reduced proportion of covalent interactions and a lower degree of 2 2

electron localization. The replacement of Al with Ga induces 25

minimal changes in the bonding characteristics, while replacing Sb

with Sn significantly weakens the covalent interactions. These results

suggest that the bonding in double Heusler alloys is primarily deter- P

mined by the electronic structures of the Z' and Z elements. i
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D. Elastic properties

In the tetragonal crystal structure of the double half-Heusler
alloy, six independent elastic constants were identified: C;;, Ciz,
Ci3, Cs3, Cyg, and Cg. These constants were selected to fully char- 5 4 l/.\-/.
acterize the elastic properties of the material. Table IV provides the
calculated values of the elastic constants Cj; for each of the four
studied compounds. f T f

In Table V using the calculated elastic constants, the elastic . P,\ . P;\So . G‘&S‘o . 6{&%0
moduli such as the bulk modulus, shear modulus, Young modulus, Q ,Lﬂxl \] ,lﬂ\’l \] ’lﬁ\l \] ’L@\’L
and Poisson ratio can be evaluated. The V,Ni,AlSn and
V,Ni,GaSn alloys exhibited high values of Young’s modulus, indi-
cating that these materials are characterized by high stiffness and
exhibit limited elastic deformation. The Poisson ratio, which allows

FIG. 7. Comparative analysis of values of hardness (Hy), B/G for V,Ni,Z'2"
compounds.
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for the remaining alloys. Notably, all hardness values fall below the
minimum threshold typically expected for hard materials
(Hy > 20 GPa). For clarity, Fig. 7 presents the calculated hardness
values in comparison with the minimum standard for hard materi-
als. A B/G ratio greater than 1.75 typically indicates ductility,
whereas a ratio below 1.75 suggests the brittle nature of a material.
In the present study, the B/G ratios are relatively high (=2.5),
which signifies that the materials exhibit ductile behavior. Based on
the calculated bulk and shear moduli, the elastic anisotropy was
determined for both the bulk modulus Az and the shear modulus
Ag. For a perfectly isotropic material, the anisotropy value is 0%,
while a value of 100% represents maximum anisotropy. The analy-
sis of the results reveals that the selected alloys exhibit values close
to isotropic. The calculation of shear anisotropy factors is crucial
for assessing the material’s durability, as they are primarily associ-
ated with the formation and propagation of microcracks in the
crystal structure. So A; = A, for the {100} and {010} planes
between the (011), (010), and (101), (001) directions, and A; for
the {001} shear planes between (110) and (010) directions were
calculated.""*> We have also determined the Griineisen parameter y*,
which is a crucial quantity for characterizing the thermodynamic
properties of solids. The Griineisen parameter serves as an effective
measure of the anharmonicity of atomic and molecular interactions
within a material and influences various fundamental physical pro-
cesses. This is known as the “acoustical” Griineisen parameter and is
defined by the measured sound velocities v; and v,.>' The Griineisen
parameter for the investigated alloys is approximately (1.9), with the
highest value observed for V,Ni,GaSb (1.95).

IV. CONCLUSION

This comprehensive study of V,Ni,Z'Z" (where Z' = Al, Ga
and Z” = Sb, Sn) double half-Heusler alloys has demonstrated that
these materials possess a favorable combination of electronic, mag-
netic, elastic, and dynamic properties, positioning them as promis-
ing candidates for advanced technological applications, particularly
in the field of spintronics. By employing the DFT calculations, the
mechanical, dynamic, and thermodynamic stability of each alloy
were demonstrated. It was shown that all compounds adhere to the
Slater-Pauling rule. The magnetic analysis revealed that the
V2 Ni, AISb and V,Ni,GaSb alloys exhibit ferromagnetic properties,
while V;Ni,AlSn and V,Ni,GaSn are ferrimagnetic, allowing for
potential magnetic tunability in device applications. Electronic prop-
erty analysis indicated that each alloy exhibits half-metallicity, with an
energy gap in the spin-up channel ranging from 0.103 to 0.653 €V,
supporting their suitability for spintronic applications. Mechanical
analysis revealed high stiffness in V,Ni, AlSn and V,Ni,GaSn, as evi-
denced by their elevated Young’s modulus values, while the relatively
high Poisson’s ratio of V,Ni,GaSb suggests substantial volumetric
deformation potential under load. Although the Vickers hardness
values (4.54-5.93 GPa) fall below the threshold for traditional hard
materials, they remain appropriate for applications requiring moderate
hardness. Furthermore, all alloys exhibit ductile behavior, as indicated
by the B/G ratio values (approximately 2.5), and near-isotropic prop-
erties based on elastic anisotropy calculations. The results of this study
underscore the potential of V,Ni,Z'Z” alloys for integration into spin-
tronic devices and other advanced technologies, combining the

ARTICLE pubs.aip.org/aip/jap

benefits of half-metallicity, magnetic tunability, and mechanical resil-
ience. These findings contribute valuable insights into developing
robust, high-performance materials for next-generation technological
applications.
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