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EXTENDEDABSTRACT

Introduction: Functional materials exhibiting distinct electrical, magnetic,
optical, and thermal behaviors play a vital role in advancing cutting-edge
optoelectronic and energy technologies [1]. Among these systems, half-
Heusler alloys with the general formula XYZ and face-centered cubic C1,
crystalline symmetry have attracted considerable attention owing to their
exceptional structural stability, favorable electrical transport, and chemical
versatility [2,3]. Recently, incorporating Ag and Mg into Heusler matrices
has shown promise in modulating band structures, enhancing electrical
conductivity, and suppressing lattice thermal conductivity, thereby
facilitating high thermoelectric and electronic performance [4,5].
Theoretical DFT investigations have indicated that hybridization between
transition metal d-orbitals and main-group p-orbitals fundamentally dictates
their physical behavior. Despite existing literature on Heusler compounds, a
comparative and comprehensive evaluation of the structural, mechanical,
magnetic, and anisotropic optical behaviors of TiAgMg and ScAgMg has
remained largely unexplored. This work aims to fill this gap through high-
precision first-principles computations to assess their feasibility for
spintronic and optical shielding devices.

Methodology: The computational simulations were carried out within the
framework of Density Functional Theory (DFT) utilizing the full-potential
linearized augmented plane wave (FP-LAPW) method as implemented in
the WIEN2k code [6,7]. Exchange-correlation effects were treated using the
Generalized Gradient Approximation parameterized by Perdew, Burke, and
Ernzerhof (PBE-GGA). For structural optimization and electronic
properties, a Monkhorst-Pack grid with 3000 total k-points (yielding 104
irreducible k-points) was deployed, while optical properties were computed
using a refined mesh of 10000 k-points (286 irreducible points) to ensure
precise spectral resolution. The core-valence energy separation threshold
was set to 6.0Ry. Plane-wave cutoff parameters were chosen as RyrxKmax
=7.0 and Gmax=12a.u~! for potential expansion. Self-consistent cycle
convergence was strictly achieved when total energy variations remained
below 10-3Ry. Mechanical constants were evaluated via stress-strain
relations, and optical dielectric functions were obtained through momentum
matrix element integration [8].

Results: Total energy calculations fitted to the Birch-Murnaghan equation
of state established the equilibrium lattice constants at a=6.71A° for
TiAgMg and a=6.66A° for SCAgMg. Thermodynamic stability is verified
by negative cohesive energies (E.=—3.60kJ/mol for TiAgMg and
—2.76kJ/mol for ScCAgMg), confirming the superior structural stability of



the Ti-based compound.

The electronic structure indicates metallic behavior for both systems, as
non-zero electronic states cross the Fermi level in both spin channels. The
states near the Fermi energy are dominated by Ti-3d and Sc-3d states, with
hybridization from Ag and Mg orbitals. Magnetic assessments reveal total
magnetic moments of 2.0ug/f.u. for TiIAgMg and 0.5us/f.u. for SCAgMg.
The integer moment of TIAgMg (Zw=17) perfectly satisfies the Slater-
Pauling rule (Mwi=Z—15), induced by substantial spin asymmetry in Ti-3d
states.

Mechanical stability criteria for cubic crystals (C11>0, C44>0, C11—C12>0,
and C11+2C42>0) are fully satisfied by both compounds. TiAgMg exhibits
noticeably higher elastic parameters (C11=132GPa, B=81GPa, G=44GPa,
E=112GPa) than ScAgMg (C11=65GPa, B=51GPa, G=28GPa, E=71GPa),
alongside a higher Debye temperature (6p=321K vs. 301K).

Table 1. Calculated structural parameters, cohesive energies, magnetic
moments, and elastic constants of XAgMg (X=Ti, Sc)
\% B Ec(ki Mot Cu Ciz Cu E Op
Alloy @ (A) 5one)GPa) mol ) (us) (GPa) (GPa) (GPa) (GPa) (K)
TiAgMg 6.71 427.8655.66 —-3.60 20 132 55 49 112 321
ScAgMg 6.66 480.7242.75 276 05 65 44 52 71 301

Discussion: The mechanical evaluations demonstrate that while both alloys
share identical Poisson’s ratios (v=0.27), reflecting similar atomic bonding
chemistry, TiAgMg possesses significantly enhanced stiffness, structural
rigidity, and resistance to shear and volume deformation. The elevated bulk
modulus and cohesive energy in TiAgMg stem from stronger interatomic
hybridization and localized d-d orbital bonding.

Optical analysis over the complex dielectric function g(w)=¢1 (®)+ie2 (®)
confirms metallic optical character. In the low-energy regime, & (o) drops
to negative values accompanied by large &, (w) amplitudes, confirming
free-carrier Drude-like intraband screening. Both materials display clear
optical anisotropy between distinct crystallographic axes. Interband
transitions emerge within the 3.0-5.0eVV window, causing prominent
absorption peaks in the visible and near-ultraviolet range (1.7-5.0eV).
Electron energy-loss spectra (EELS) identify prominent volume plasmon
peaks at 5.0eV for TiAgMg (along the x-axis) and 10.0eV for ScAgMg
(along the z-axis), demonstrating their functionality in selective plasmonic
and high-reflectivity environments.

Conclusions: First-principles FP-LAPW calculations demonstrate that
TiAgMg and ScAgMg half-Heusler alloys are thermodynamically,
chemically, and mechanically stable. Both materials exhibit metallic
behavior in both spin polarizations. TiAgMg exhibits pronounced
ferromagnetic ordering with an integer magnetic moment of 2.0ug/f.u.,
strictly obeying the Slater-Pauling formalism across its equilibrium volume.
Mechanical findings confirm that TiAgMg offers superior hardness, elastic
stiffness, and thermal stability over ScAgMg. Furthermore, optical
dielectric and EELS spectra underline high metallic absorption, optical
anisotropy, and well-defined plasmon resonances, highlighting TiAgMg as
a favorable candidate for spintronic components, plasmonic wave devices,
and optical filter applications.
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ABSTRACT

In this research, the structural, electronic, magnetic, and optical properties
of ternary half-Heusler alloys are investigate based on density functional
theory calculations. The electronic structure results showed that both

TiAgMg and ScAgMg compounds exhibit metallic behavior in both spin
orientations. Magnetic analysis demonstrates the magnetic property of
TiAgMg is greater than that of ScCAgMg, and due to its magnetic nature,
this alloy has a total magnetic moment (2 uB/f.u.) that strictly follows the
Slater—Pauling rule. Thermodynamic assessment confirms the chemical
stability o the studied compounds showed that the TiAgMg compound has
suitable stability. Mechanical and elastic evaluation prove that both alloys
satisfy Born stability criteria. However, TiIAgMg, due to its higher values of
elastic constants, mechanical moduli, and Debye temperature, exhibits
greater mechanical stability and hardness than ScAgMg. Investigation of
the optical properties of optical anisotropy of these two compounds shows
that the TiAgMg compound exhibits good performance in the calculation of
optical properties, and this compound can be a suitable candidate for use as
an absorber of waves.

KEYWORDS
Half-Heusler Alloys, DFT, Electronic Properties, Magnetic Behavior,
Optical Anisotropy.
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