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In this study, we use the full potential linearized augmented plane wave (FP-LAPW) method within the
framework of density functional theory combined with ab-initio calculations with hybrid exchange-correlation
functional to determine the structure and investigate the electronic and magnetic properties of zinc-blende
MnAuSn alloy. The magnetic state is confirmed to be the most stable configuration using the Perdew-Burke-
Ernzerhof (PBE) generalized gradient approximation (GGA). Our spin-polarized band structure simulations
indicate that the material exhibits half-metallic behavior. The complex interplay affecting the magnetic and
electronic properties is mainly attributed to the hybridization between the Mn-d, Au-f and Sn-p states, which leads
to the observed spin polarization. MnAuSn shows traits of a half-metallic ferromagnet, as evidenced by a
calculated total magnetic moment of 4 uB. Grasping these properties is crucial for leveraging the unique features
of these material in future technological applications, such as spintronic devices.
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1. INTRODUCTION

Studies of HHA such as MnAuSn have highlighted
their exceptional electronic and thermoelectric properties,
making them ideal candidates for next-generation
technologies. Studies have shown that external factors
such as stress can induce electronic phase transitions in
AuMnSn, improving its suitability for tunable systems
[2,3]. Additionally, the importance of localized Mn
moments in Mn-based HHA has been emphasized,
broadening their potential for transport applications [4].

Experimental work has further explored the structural
and electronic behavior of MnAuSn. Optical studies have
revealed the role of Sn sites in contributing to the magneto-
optical Kerr effect, a critical characteristic for optical
applications [5]. Moreover, thermoelectric properties have
been extensively studied, with AuMnSn recognized as a
promising material for energy conversion technologies [6,7].

Discrepancies between experimental and theoretical
measurements, particularly in the Kerr effect, have led to
refinements in modeling techniques [8]. Predictions of
significant Kerr rotation in related alloys suggest that
doping could expand their potential applications [9,10].
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The advancements in HHA are rooted in their high
Curie temperatures and tunable properties, enabling
versatile applications [11-13]. Their operational advantages
make them ideal for diverse uses. Ground states and
electronic behaviors in related systems have been
extensively studied, aiding in their characterization.

This study investigates the role of exchange-correlation
potential in shaping the electronic structure and magnetic
properties of the Half-Heusler MnAuSn Alloy. Spin-
polarized band structure analysis was conducted using the
PBE with an onsite Hybrid exchange—correlation
treatment, which provided additional insights into
gradient-corrected electronic interactions, demonstrating
the complementary strengths of PBE+H in understanding
and predicting the behavior of HHA.

2. CALCULATION DETAILS

The calculations in this study were performed using the
Full Potential Linear Augmented Plane Wave (FP-LAPW)
method using the WIEN2k software package [14,15]. Spin
polarization calculations were performed using the PBE+H
method [16] as described by Moreira et al. [17]:
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Where (o) signifies the fraction of Hartree-Fock (HF)
exchange. In this work, we used the default value of
(0.25). The wave functions and potentials were expanded
using a muffin-tin approach for atomic sites and plane
waves in the interstitial region. The cutoff parameters
included: Muffin-tin sphere cutoff (Imax = 10), interstitial
region cutoff (Rmin = 8) and Energy cutoff from valence to
core states (10-3Ryd) to distinguish. A dense k-point
network of 1000 points was used to sample the first
Brillouin zone, ensuring convergence and accuracy in the
calculations of energy, magnetic moments and spin
polarization. The atomic positions in the MnAuSn unit
cell were defined as follows: Mn at 4a (0, 0, 0), Au at 4b
(1/4, 1/4, 1/4) and Sn at 4c¢ (1/2, 1/2, 1/2). Muffin-tin Radii
(Rmt) were selected as 2.1 for Sn, 2.4 for Mn and Au.

3. RESULTS AND DESCUSSION
3.1 Ground Magnetic State

The total energy was optimized by adjusting the
supercell volume using the Two-Dimensional Optimize
package [18]. The equilibrium structural parameters
were obtained by minimizing the total energy as a
function of unit cell volume at 7'= 0 K. This optimization
was performed using Murnaghan equation of state [19],
which provides an accurate fit for the relationship
between total energy and primitive cell volume:
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In this equation, the bulk modulus (B), its pressure
derivative (B) and equilibrium volume (Vo) were
extracted from these calculations. The bulk modulus B is
derived from the relationship:
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Fig. 1 demonstrates two types of electronic
configurations: non-spin-polarized and spin-polarized.

The most stable phase of MnAuSn corresponds to the
magnetic state, suggests that the spin-polarized
configuration lowers the system energy, stabilizing the
MnAuSn. This implies that the electron spin ordering
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plays a crucial role in determining the material overall
energy and stability. The magnetic state refers to a
configuration where the material exhibits a non-zero
magnetic moment, meaning the electron spins are
aligned in a way that creates a net magnetic effect.

The structural parameters of MnAuSn such as the
lattice parameter (Lp), the compressibility modulus (B,
B) and the minimum energy obtained from the
calculations are presented in Table 1.

3.2 Band Structure

Fig. 2 shows the spin-polarized electronic band
structure in the first Brillouin zone, calculated along the
symmetry directions for MnAuSn. It reveals an indirect
energy gap of 0.275 eV in the spin-down configuration,
occurring between the top of the valence band at the I”
point and the bottom of the conduction band at the X
point, which demonstrates semiconductor character. In
contrast, the spin-up configuration exhibits an overlap
between the bands and the Fermi level (Er) indicating
metallic character. The band structure of MnAuSn with
spin-polarization (spin-up and spin-down) is not identical,
confirming that the MnAuSn compound exhibits half-
metallic behavior.

3.3 Density of State

Fig. 3 depicts the Spin-dependent Total Density of States
(STDOS) for MnAuSn, shown the origin of states and bands
in MnAuSn. The bands near the Fermi level primarily arise
from from the Mn atom withontributions from the Au atom
and a minor influence from the Sn atom. At Fermi level, the
Mn atom strongly impacts the magnetic properties, while
Au and Sn atoms alter the electronic environment through
their interactions with Mn. The spin asymmetry at the
Fermi level reveals pronounced spin polarization, which
underlies the half-metallic behavior and contributes to the
net magnetic moment.

The Spin-dependent Partial Density of States
(SPDOS) showed in Figs. 4, 5 and 6 for Mn, Au and Sn
respectively, reveal distinct contributions from their
electronic states. The PDOS of Mn is primarily derived
from the 3d states, which influence the magnetic
properties. The PDOS of Au is dominated by the 4f
states, which are crucial for the alloy electronic structure.
Finally, the PDOS of Sn mainly originates from the 5p
states, contributing to the material bonding and
electronic interactions.

Table 1 — Structural properties of MnAuSn calculated for PBE + H in comparison with the experimental and other theoretical data

Parameter ;?f;lzgne — YT PBE+U [2] PBE [2] Other works Exp

wonr e [ [mmemEn | owms
B (GPa) 84.7721 88.9613 s o 85.3 [27] /

: ; ; o e |, /

Emin (Ry) —52771.22492 —52771.82531 / / / /
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Fig. 1 — Energy versus volume of MnAuSn with PBE+H calculation
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Fig. 2 — Spin-polarized band structure of MnAuSn with
PBE+H calculation
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Fig. 4 — Spin-dependent partial of Mn with PBE+H calculation
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Fig. 5 — Spin-dependent partial of Au with PBE+H calculation
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The primary mechanism behind this spin polarization
is the spd-hybridization of Mn-d, Au-f and Sn-p states.
This hybridization not only results in the observed spin
polarization but is also the main driver of the material
half-metallic nature. Furthermore, the partial occupancy
of the spin-down states at the Fermi level gives rise to
the net magnetic moment in MnAuSn, highlighting the
importance of hybridization in determining its electronic
and magnetic behavior.

3.4 Magnetic Moment

In its free state, Mn typically exhibits a local magnetic
moment of 5 uB due to unpaired 3d-electrons, while Sn
and Au are non-magnetic as their 4d and 4f electrons are
paired. In the MnAuSn compound, Mn interacts with Sn
and Au atoms, leading to hybridization between Mn-d
electrons, Sn-p electrons and Au-f electrons. This results
in a redistribution of charge density and reduces Mn
magnetic moment to 4 uB. The delocalization of Mn-d
electrons weakens its magnetic contribution, affecting the
stability of hybridized states. These inter-atomic
interactions are crucial for the magnetic properties of
MnAuSn, which are important for spintronic
applications. Additionally, the local magnetic moment of
Sn is negative, indicating anti-parallel alignment with
Mn, while Au shows a positive value, indicating parallel
alignment, as shown in Table 2.
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IlepcriekTnBU COiIHTPOHIKM HA OCHOBI HamiBreiciaepororo ciiaey MnAuSn: mocaimkenus
MATHITHHUX Ta €JIEKTPOHHUX BjaactuBocrei 3a momomorow DFT i riopungunx dpyukniounanis

N. Bouteldjal, I. Ouadha?, M. Traiche!, S. Dahmanel, H. Rached?, M.H. Meliani!

1 Theoretical Physics and Materials Physics Laboratory, Hassiba Benbouali University, Chlef, Algeria
2 Magnetic Materials Laboratory, Djillali Liabes University, Sidi Bel-Abbes, Algeria

Y naHoOMy [IOCITI/IPKEHHI 3aCTOCOBAHO METOJ MOBHOTO IMOTEHINAJY 3 JIHEapr30BAHUMH POIITHPEHUMU
xsunboBuMu QyHEAMu (FP-LAPW) B pamrax Teopii dysakiionana ryctuau (DFT) y moennansni 3 ribpumaum
0OMIHHO-KOPEJIAIIHHIM (DYHKITIOHAJIOM JJIsT BU3HAYEHHS CTPYKTYPHU Ta BUBUYEHHS €JIEKTPOHHHUX 1 MATHITHHUX
BJIACTHBOCTEN cIiaBy MnAuSn 3 KpHCTaJIYHOI CTPYKTYPOIO THUITY IIMHKOBOI 00MaHKH (zinc-blende). MaruitHa
KOH(Iryparis MmATBepKeHa AK HaWCTAOLIBHINIMN CTaH PWU BUKOPUCTAHHI y3araJbHEHOr0 TI'PaIieHTHOrO
Habmmkennsa [lepapio—Bepk—Epuseproda (PBE-GGA). Pesynbraté criH-3aIesKHUX PO3PAXyHKIB 30HHOL
CTPYKTYpPH BKa3yIOTh, 10 JAHUN MaTepiaJ Mae HalmBMeTaiuHy moBeaiHky. CryagHa B3aeMo[is, 110 BH3HAYAE
MATHITHI Ta eJIEKTPOHHI XapaKTePUCTUKHU, TOJIOBHIUM YMHOM IIOB'sI3aHa 3 ribpuausairieio cranis Mn-3d, Au-4f ta
Sn-5p, 110 # 3abeameuye cmiHoOBY moJisspuaariio. Marepias MnAuSn neMoHCTpYe BJIACTHBOCTI HATIBMETAIIYHOTO
depomarueTura, 110 MIATBEP/IIKYETHC PO3PAXOBAHUM 3arajbHUM MartHitHuM MoMeHToM 4 pB. Posyminus Takumx
BJIACTHUBOCTEH € BAYKJIMBUM JIJII BUKOPUCTAHHSA Y CIIIHTPOHIIT Ta PO3POOKH HOBITHIX €JIEKTPOHHUX IPUCTPOIB, AKI
IPYHTYIOTBCS HA MAHIIYTIOBAHHI CITIHOM €JIEKTPOHA.

Kawouori cnosa: Cminrpouika, PBE+H, Hamisreiicieposi cmimasu, MnAuSn, Hamismerasn, MaruitHnit
maTepiaJr.
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