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FIRST-PRINCIPLES INVESTIGATION OF STRUCTURAL AND ELECTRONIC PROPERTIES
AND SPIN POLARIZABILITY OF Cug;_yMn,AL (x =0, 1) INTERMETALLIC COMPOUNDS

Intermetallic compounds (IMCs) including transition metals and p-block metals exhibit high resistance to corrosion and oxi-
dation, low density, high conductivity, and magnetic polarizability. In this study, the first-principles calculations method based on
Density Functional Theory (DFT) has been used to investigate the structural and electronic properties, charge density distribution,
spin polarizability, and magnetic behavior of Cu;_Mn,Al (x = 0, 1) intermetallic compounds. Generalized Gradient Approximation
(GGA) was employed with Perdew-Burke-Ernzerhof (PBE) exchange-correlation. Calculation of metallic and conductive nature
and structural properties was performed simultaneously for all crystal lattices of Cu;_Mn,Al (L1, D03, and Heusler L2,) with
221-Pm3m, 225-Fm3m space groups. Notably, the study clarifies the stoichiometric similarity and difference between L1, and
DOj5 type structures by presenting a detailed discussion of the D05 structure and its targeted properties for the first time. The lattice
constant values obtained by performing various optimizations are in excellent agreement with previously reported experimental
and theoretical data. The electron density distribution and population analysis are consistent and reveal the dominant bonding type
in each IMC. Furthermore, Spin Polarizability analysis has been carried out to demonstrate the magnetic nature of the Cu,MnAl
(L2;) Full Heusler alloy upon the addition of the Mn atom.

Keywords: Cu-Al intermetallic; Density Functional Theory (DFT); Structural analysis, Electronic properties, Bonding nature,

Spin polarizability

1. Introduction

Over the past two decades, the increasing demand for
structural materials capable of withstanding severe oxidizing en-
vironments and high operating temperatures has led to extensive
research on the feasibility of intermetallic compounds [1]. The
compounds including transition metals and p-block metals, e.g.
Aluminum, have garnered attention due to their relatively low
density, high resistance to corrosion and oxidation, high melting
points, elevated temperature strength, and high conductivity,
making them suitable candidates for high-temperature structural
applications [2,3].

Among these compounds, Cu-Al [4], with different structure
types, has been widely investigated. Cu-Al-based intermetallic
compounds (IMCs) are extensively used in various industries,
including electrical, light, aircraft, machinery manufacturing, and
construction, due to their superior mechanical strength and low
density compared to pure Al and pure Cu [5]. They also exhibit
many promising elastic, electronic, and structural properties,

such as good ductility, high tensile strength, thermal stability,
and high corrosion resistance [6].

Cu-Al-based alloys possess various stable configurations,
in particular CusAl with L1, (221-Pm3m) and D05 (225-Fm3m)
type structures [7-9] as well as the Cu,MnAl ternary Heusler
alloy [10], [11] with L2, type structure. Notably, the Heusler
L2, type structure is partly different from the D05, despite both
of them (D03 and L2,) belonging to the cf16 Pearson symbol,
and sharing the same space group No. of 225-Fm3m. The L2,
features one additional element in the same crystal lattice and can
be doped in place of Cu atoms in the unit cell edges in the D0,
structure type. Doping of binary Cu-Al alloys with Mn reduces
the decomposition speed of solid solution under aging and alters
the physical and mechanical characteristics of the material [12].
Cu,MnAl is also classified as a notable Heusler alloys [10].

Heusler alloys are ternary intermetallic compounds with
conventional composition XYZ (Half-Heusler) and X,YZ (Full-
Heusler). Since their discovery a century ago, they have attracted
significant interest [10,13], mainly due to their versatile magnetic
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properties. The unique properties of ferromagnetic Heusler alloys
have sparked a significant increase in scientific interest, driven
by their potential applications in various technical fields. For
instance, the development of spintronic materials relies heavily
on ferromagnetic Heusler alloys with full spin polarization at
the Fermi level [14-19].

First-principles calculations in the frame of the density-
functional theory have in recent years become a significant
tool for the accurately studying the mechanical properties and
crystalline and electronic structures of solids [20]. Hence, the
structural and electronic as well as spin polarizability properties
of Cu-Al IMCs and their structural study with space group of
221-Pm3m (L1,) for the CusAl IMCs have recently been inves-
tigated systemically [1,8,21-23]. Using a first-principles method,
R. Parvin et al. theoretically investigated the band structure of
CuzAl IMCs. However, studies on electronic and spin polariz-
ability properties, particularly for the other structure types of
CuzAl IMCs with 225-Fm3m (D03) are still very limited due
to computational complexities and testing method limitations.

A review of the literature reveals that only a few studies have
simultaneously reported on different space groups and structure
types of CuzAl IMCs, as well as Cu,MnAl ternary Heusler
[24-26], while the theoretical modeling of these studies has been
largely overlooked [4,8,27]. To the best of our knowledge, only
a handful of studies have been conducted to simulate the opti-
mized geometry and calculate the structural, electronic, and spin
polarizability behavior, specifically for the DO; and L2, structure
types of CuzAl intermetallic compounds, relative to other structure
types [8,27]. The studies in question have also focused on a sepa-
rate set of properties than those focused on in the present study.

In this paper, we present a theoretical model based on
first-principales calculations in the frame of Density Functional
Theory (DFT) [28,29] using the CASTEP code [30], to study
structural, electronic, and polarizability of different phases (L1,,
D03, and Heusler L2,), of Cu;zAl IMCs compounds. The find-
ings demonstrate an agreement between experimental and other
theoretical results.

The remaining sections of this study are organized as fol-
lows: Section 2 provides a brief overview of the computational
details. Section 3 presents the results and discussion, including
its subsections. Finally, Section 4 summarizes the conclusions
drawn from our study.

2. Computational details

All calculations were performed utilizing the pseudo-po-
tential technique based on plane-wave density functional theory
(DFT) [28,29] as implemented in Cambridge Serial Total Energy
Package (CASTEP) [30] computer program. The generalized
gradient approximation (GGA) in the form of Perdew-Burke-
Ernzerhof (PBE) was used as the exchange-correlation potential
[31]. This program appraises the total energy of periodically (PBC
— Periodic Boundary Condition) repeating geometries within
the frame of density-functional theory and the pseudo-potential

approximation [28,29,32]. The interaction of the valence-core
electrons was represented by Vanderbilt-type ultrasoft pseudopo-
tential [33], while the valence electrons are represented explicitly
in the calculations; therefore, the potential of the constituent
atoms was estimated under the assuming the neutral atomic
configurations of 3s* 3p' and 3d!° 4s' as valence electrons for
Al and Cu, respectively. The Brillouin zone was sampled using
the Monkhorst-Pack scheme [34]. The number of k-point grids
and cutoff energy were increased until the calculated total energy
converged within the required tolerance (total energy difference
<1 meV). After convergence, the optimal k-point grids with mesh
parameters 16x16x16 and plane-wave cutoff energy of 500 eV
were chosen to obtain equilibrium lattice parameters and calculate
the band structure, and the polarizability properties of Cu;Al in-
termetallic with space group of 225-Fm3m (D053). For other types
of CuzAl intermetallics with the space group 227-Pm3m (L1,),
k-point 18x18%18 and a plane-wave cutoff energy of 500 eV were
used. The electron wave function was expanded in plane waves
up to an energy cutoff of 500 eV and a 12 x12 %12 mesh was em-
ployed for sampling the Brillouin zone of the Heusler alloy (L2).

The structural parameters of Cu;Al intermetallics were
determined using the Broyden Fletcher Goldfarb Shanno (BFGS)
minimization scheme [35] with the following convergence
criteria: energy change per atom less than 107 ¢V, maximum
force less than 0.03 eV/ A, maximum stress below 0.05 GPa,
maximum displacement of atoms less than 1.0 x1073A and self-
consistent field tolerance during the geometry optimization fixed
to 1.0 x 10 eV/atom.

3. Results and discussion
3.1. Geometric Optimization & Structural Properties

Cui_pyMn, Al (x =0, 1) IMCs for x = 0 crystallize into two
cubic CuzAu (CuszAl compound) prototype structures, referred
to as L1, and D05 [7-9]. The first type structure of CuzAlis L1,
with space group Pm-3m (No. 221), consisting of Al atoms at the
corners and Cu atoms at the face centers of the cube, and can be
defined by Wyckoft positions: Al @ 1a (0, 0, 0) and Cu @ 3¢(0,
1/2,1/2). The second structure, D05, has a space group of Fm-3m
(No. 225) and consists of Al atoms at the corners and Cu atoms
at the edges of the cube and inside the cell, which can be defined
by Wyckoff positions: Al @ 4a (0, 0, 0), Cu @ 4b (1/2, 1/2, 1/2)
& 8c (1/4, 1/4, 1/4).

The ternary ordered Cu,MnAl (For x = 1) Heusler alloy
(space group No. 225: Fm-3m), in which Al atoms occupy
the 4a Wyckoff positions (0,0,0), Cu atoms occupy the 8c site
(1/4,1/4,1/4) and Mn atoms occupy the 4b site (1/2,1/2,1/2). From
a structural point of view, the Heusler family can be categorized
into two types: Full-Heusler X,YZ phases where X and Y belong
to the transition metal elements and Z is the main group s-p ele-
ment (p-block) [13,36]. This type structures typically crystallize
in the Cu,MnAl (L2,) type structure, and the Half-Heusler XYZ
phases with C1y structure. In Full-Heusler alloys, the Cu,MnAl-



type is obtained when the X atom is more electronegative than Y,
and the Hg,CuTi-type is obtained when the valance electron of
Y atom is larger than X. To date, numerous Ti,, Sc,, and Mn, —
Heusler alloys with the Hg,CuTi structure have been reported
to exhibit Half-metallic (HM) magnetic behavior or even spin
gapless semiconductor properties [37]. The cubic phase atomic
occupancies of all Cu;_yMn, Al (x=0, 1) IMCs with L1,, D03,
and Heusler L2, type structures are illustrated in Figs. 1(a) and
1(b), and 1(c), respectively.

The optimal lattice constant is the value at which the total
energy is minimized [38,39]. To determine the stable optimal
value and obtain the equilibrium lattice constant, we calculated
the total energy against different lattice constants, and the re-
sults are reported in Fig. 2. The data obtained were fitted with
a third-ordered cubic polynomial equation, revealing the mini-
mum energy at a lattice constant of @y = 0.3691 nm (3.691 A),
0.5860 nm (5.860 A), 0.5955 nm (5.955 A) for L1,, DO, and
Heusler L2), respectively. As evident from TABLE 1, the lattice
constant exhibits excellent agreement with previous theoretical
calculations and experimental data [1,8,9,11,40-44].

Furthermore, the volume (lattice parameter’) at zero pres-
sure, bulk modulus, and the first derivative of bulk modulus were
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obtained by fitting the pressure (P) — volume (V') curve with the
results presented in TABLE 1. The bulk modulus characterizes
amaterial’s ability to resist deformation when subjected to exter-
nal pressure. For solid materials, the bulk modulus indicates the
compressibility of the materials, which is associated with their
impact sensitivity [45,46]. A well-known method for characteriz-
ing the behavior of solid materials under pressure is the 3™-order
Birch-Murnaghan (BM3-EOS) equation (formula (1)) [47,48].
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Where P is pressure, By is the Bulk modulus, V'is the deformed
volume, ¥} is the initial volume, and B’ is the first derivative of
the bulk modulus with respect to pressure.

A comparison of our results reveals reasonable agreement
with both theoretical and experimental values. All the values
determined in this stage are used in the subsequent calculations

VA
Fig. 1. Cubic phase atomic occupancies of all Cuz_,Mn,Al (x = 0, 1) IMCs with L1, (a), D05 (b), and Heusler L2, (c) type structures. Lilac

colors are representative of Al atoms and orange ones represent Cu atoms
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Fig. 2. The total energy of CusAl IMCs with different crystal structures under different lattice constants. L1, (a) type structure. D053 (b) type

structure. Heusler L2 (c) type structure
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TABLE 1
Calculated lattice parameter (a), bulk modulus (B), and its pressure derivative (B") for different crystal structures
Compound Type Structure References a [A] B, |GPa] B’
This work 4.0488 76.672 4.590
Al FCC-A1 Calc. [8] 4.05 75.937 4.588
Exp. [44] 4.0496 76.866 —
This work 3.641 133.521 4.881
Cu FCC-A1 Calc. [8] 3.65 131.82 4.983
Exp. [44] 3.615 137.8 —
This work (from Cubic fit) 3.669 — —
This work (from EOS) 3.691 129.205 4.709
L1, Calc. [1] — 130.15 -
Calc. [8] 3.7 126.72 4.675
Exp. [9] 3.607 — —
CusAl This work (from Cubic fit) 5 849 — —
This work (from EOS) 5.860 129.11 4.741
DO, Calc. [8] ’ 126.23 4.117
Exp. 5.877 T o
Exp. 5.83[40] 5.80[41] 129.6(8] -
This work (from Cubic fit) 5.842 — —
This work (from EOS) 5.955 125.654 4.048
Cu,MnAl L2, Calc. [42] 5.927 126.689 4.066
Exp. [11] 5.949 — —
Exp. [43] 5.984 — —

to enhance convergence, accelerate computation, and ultimately
improve the accuracy of the results.

The lattice constant determined for all IMCs in this study
exhibits a discrepancy of approximately 2% compared to the
experimental value. Furthermore, slight differences are observed
between these results and other theoretical values, which can
be attributed to the utilization of different calculation methods.
These findings highlight the reliability of our current DF T-based
first-principles calculations. The observed discrepancy can be
attributed to the fact that our calculated data are simulated at
0 Kelvin, whereas the experimental data are obtained at room
temperature, which introduces variations in parameters.

3.2. Electronic Band Structure & DOS

The spectrum of energy eigenvalues in a periodic system
is referred to as the band structure. Band structure calculations
provide valuable insights into the form of the Fermi surface.

By analyzing the dominant bands near the Fermi level, their
energy status, etc. one can understand the electronic and optical
properties of materials. One of the most useful parameters of the
band structure is the band gap, which has a profound impact on
the optical and electrical properties of the material [49,50]. The
electronic band structure of all Cu;_yMn,Al (x = 0, 1) type
structures along the high symmetry points (X-R-M-G-R) for L1,
and (W-L-G-X-Y-K) for D03 and Cu,MnAl (L2,) in the Brillouin
zones are presented in Fig. 3(a), (b) and (c), respectively. The
band structure of Cu;Al IMCs was computed at equilibrium
volume (zero pressure, P = 0). The Fermi level is set at zero
energy value.

Fig. 3(a), (b), and (c) reveal the conductive and metallic
nature of both Cu;Al IMCs and Cu,MnAl due to the overlap
of valence and conduction bands at the Fermi level. The band
structures of all crystals are reasonably consistent with previous
studies. The valence region of L1, extends from —10.28 eV up
to the Fermi level EF = 0 eV, and similar trends are observed
for other type structures (D05, and Heusler L2,). The conduction
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Fig. 3. Calculated band structures of (a) L1, type structure; (b) D05 type structure; (¢) Heusler L2, type structure



regions span from the Fermi level EF =0 eV up to 18.5 eV and
23.2 eV for L1, and both D03 and Heusler L2, type structures.

From Fig. 3(a) and (b) it is evident that L1, and D05 type
structures exhibit no spin polarizability, as the spin-up (alpha)
bands (depicted in blue) coincide with the spin-down (beta) bands
(depicted in red), resulting in identical electron paths illustrated
on the band structure. In contrast, Fig. 3(c) reveals that for the
L2, type structure, both up-spin (alpha) and down-spin (beta)
electrons originating from Mn atoms follow distinct paths, indi-
cating magnetic and spin polarizability in this structure.

The density of states (DOS) study provides crucial insights
into the physical properties of materials. The total density of
states (TDOS) and the partial density of states (PDOS) of Cu, Al,
and Mn atoms are depicted in Fig. 4(a), (b) and (c). It is evident
that all the type structures of Cu;_,,Mn, Al IMCs possess a me-
tallic character, as indicated by the presence of a finite density of
states (DOS) at the Fermi level. The fundamental characteristics
of these compounds are primarily governed by the d bands of
Cu. For L1,, in the range of —11 and 0 eV, the total density of
states is mainly attributed to the Cu-3 states.

Beyond the Fermi level, the total density of states (TDOS)
is predominantly dominated by the Cu-p and Cu-s orbitals,
with contributions from the Al-s and Al-p states. Additionally,
a significant hybridization is observed between the Al-p, Al-s,
Cu-p, and Cu-s states at energies exceeding —2eV and below
—5eV. The Cu-d and Al-p states exhibit strong hybridization in
the range of =5 to =3 eV. The DOS of the D05 type structure
in Fig. 4(b) is very similar to that of L1, (Fig. 4(a)), with the
notable difference that the conduction band of D05, extending
up to +17 eV, primarily arises from Al-s and p states. The strong
hybridizations are observed near —4 eV and on —2.5 eV arises
from Al-p and Cu-d states and arises from Al-s and Cu-p states,
respectively. Additionally, beyond the Fermi level, Al and Cu
states exhibit collective contributions.

The TDOS and PDOS of L2, type structure have also been
studied as presented in Fig. 4. (c). As evident from Fig. 4(c), there
is not any energy gap around the Fermi level, thereby confirming
the metallic nature of the L2, structure. The lowest valence bands
below —6 eV for Cu,MnAl are entirely attributed to Al-s states,
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while the bands from —5.5 up to 3 eV are predominantly caused
by the Cu-3d and Mn-3d states.

Our results for the L2, type structure exhibit excellent
consistency with previously reported studies by B. Benichou et
al. [42], Rai et al. [51], and Kulkova et al. [52].

3.3. Charge Density Distribution & Population
Analysis

Charge Density Distribution is a valuable feature for exam-
ining bonding behaviors [53]. Fig 5. presents the charge density
distribution maps on the (0 0 1) plane for all type structures.
The contour lines in Fig. 5(a) L1,, (b) D05, (c) L2, are plotted
from 0 to 1 e/A* with 0.2 ¢/A3 intervals. The region with higher
density corresponds to the distribution of core electrons within
the atoms, which contributes minimally to bonding. In Fig. 5(a)
(L1,), the red color represents the Cu atom, while the nearest
neighbors are Al atoms. The charge density distribution maps
primarily demonstrate ionic bonding between Cu and Al atoms,
resulting from the gain and loss of free electrons. On the other
hand, there is an overlap between the orbitals of Al atoms, despite
their distance from each other, suggesting covalent Al-Al bonds.
In contrast, no such overlap is observed between Cu-Cu atoms,
indicating that copper atoms form metallic bonds.

Fig. 5(b) (DO0s) also reveals metallic bonding between
Cu-Cu atoms, characterized by the absence of orbital overlap
and the presence of an electron cloud around them. For Al,
it can be inferred that the Al atom exhibits ionic bonding with
adjacent Cu atoms and covalent bonding with the farther Cu
atoms. Moreover, the overlap between Al-Al atoms is evident,
suggesting covalent bonding between them.

In Fig. 5(c) (L2,), metallic bonding between Cu-Cu atoms
is also observed. For Al, it can be inferred that the Al atom ex-
hibits covalent bonding with adjacent Cu atoms and is strongly
covalent with the Mn atoms. Furthermore, the overlap between
Al-Al atoms is evident, suggesting covalent bonding between
them. Additionally, Mn-Cu bonding appears to be a combination
of ionic and covalent bonding.
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Fig. 5. Contour plot of the electronic charge density in (0 0 1) plane: (a) L1,; (b) D05; (c) L2

To gain further insight into the bonding properties of all
IMCs, we performed a Mulliken population analysis [54]. This
analysis can explain the distribution of electrons in various
fractional ways between formed chemical bonds. As observed
by Segall et al. [55] there is a strong correlation between
covalency [45], bond strength, and ionicity of bonds, which
can be quantified by overlap population and Mulliken charge
values.

In this analysis, the Mulliken charge Q(4) of one atom
coupled with a particular atom-A (formula (2)), and overlap
population N(4,B) in a typical A-B bond (formula (3)) can be
defined as:

O(A4) =2 (k) 2P (K) S, (K) @)

N(4B)=S()SSE.(MS.(K) )

Where P, (k) and S, (k) are the density matrix and the overlap
matrix, respectively. u and v belong to the orbitals of A and
B atoms, respectively. W(k) is the weight associated with the
k-points in the Brillouin zone.

As evident from TABLE 2, electrons are transferred from
the Al atom to the Cu atoms in all phases, as indicated by the total

charges of 0.47 and —0.48, 0.49 and —0.48, and 0.35 and —0.34
for Al and Cu atoms in L1,, D05, L2 type structures, respectively.
Loss and gain of electrons indicate that charge transfer occurs in
Cu(;_yMn,Al, imparting ionic characteristics to these crystals.

The charge transfer inCu,;_)Mn, Al phases is responsible
for their ionic nature in chemical bonding, indicating that these
crystals exhibit some degree of ionic character.

3.4. Spin Polarizability & Magnetic Behavior

To investigate the magnetic nature of all Cu;_,)Mn,Al
(x =0, 1) IMCs, the spin polarizability, and total and partial
magnetic moments were calculated and compared with each
other and presented in Fig. 6. The figures reveal that the mi-
nority and majority spin states of the (a) L1, and (b) D05 type
structures exhibit symmetry, indicating the absence of magnetic
behavior and polarizability in these structures. In contrast, the
(c) L21 type structure, which contains Mn atoms and exhibits
a Heusler orientation, displays asymmetry between the major
and minor spin states, resulting in an asymmetric DOS for the
Cu,MnAl Heusler alloy.

TABLE 3 lists the partial and total magnetic moments of all
type structures. From this table, it is clear that Cu and Al don’t
have any contribution to magnetization in L1, and D05 type struc-
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TABLE 2
Atomic Mulliken charge & bond populations for all phases
Compound Type Structure Species s P d total Charge (e) Bond Population
Al 0.77 1.76 — 2.53 0.47
Cuyy 0.54 0.90 9.72 11.16 —0.16 0.82
LL Cu, 0.54 0.90 9.72 11.16 016 | AlCuCuCu 0.04
Cus 0.54 0.90 9.72 11.16 -0.16
CU3A1
Al 0.78 1.74 — 2.51 0.49 Al-Cu, 0.70
DO Cu,y 0.44 0.79 9.72 10.94 0.06 Al-Cuy; 0.99
3 Cu, 0.53 1.01 9.73 11.27 -0.27 Cu;-Cuy s 0.35
Cuy 0.53 1.01 9.73 11.27 -0.27 Cu,-Cuy 0.35
Al 0.79 1.87 — 2.65 0.35 Al-Mn 0.38
Mn 0.13 0.26 5.64 6.02 0.98 Mn-Cu,,, 0.16
MnAl
Cu,Mn L2, Cuyy 0.69 1.26 9.71 11.66 —0.66 Al-Cu,, 1.19
Cu, 0.69 1.26 9.71 11.66 —0.66 Cu;-Cu, 0.42
(a) . (b) (c)
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Fig. 6. Spin polarizability for major and minor spin for (a) L1, type structure; (b) D05 type structure; (c) L2, type structure

tures, implying that Cu and Al are nearly non-ferromagnetic due
to their equal Alpha (Up) and Beta (Down) spin density. In the
case of L2, type structure, Cu and Al have a small contribution of
magnetic moment —0.17 and —0.4 uB respectively. The presence
of the unoccupied minority spin states, identified as Mn 3d states,

causes the exclusions of electrons with minority spin, leading to
the localized moment of Mn 3d. As a result, the local magnetic
moment of Mn is found to be 3.87 uB independently, indicating
increased magnetization of the corresponding compound, which
is the basic characteristic of Heusler alloys. Our calculated total

TABLE 3
Calculated partial and total magnetic moment of Cu;_,Mn,Al (x = 0, 1) in B unit
Compound Type Structure Species Alpha Beta Partial, uB Total, uB Ref.
Al 1.20 1.20 0
Cu 16.3 16.3 0
Ll Sum 17.50 17.50 — 0 o
Interstitial — — —
Cu;Al
Al 1.22 1.22 0
Cu 16.3 16.3 0
DO Sum 17.52 17.52 — 0 -
Interstitial — — —
34 This work
3.6 Exp. [56]
- 3.6 Exp. [57]
Al 1.2 1.37 0.17 32 Exp. (298 K) [58]
Mn 4.96 1.09 3.87 37 Exp. (77K) [58]
Cu,MnAl L2, Cu 1.1 11.5 0.4 ' P-
4 Exp. (4K) [59]
Sum 17.26 13.96 —
Interstitial — — 0.1 3.302 Cale. [42]
’ 347 Calc. [52]
3.6 Calc. [60]
3.50 Calc. [61]
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magnetic moment of Cu,MnAl is in excellent agreement with
both the experimental values reported by H. Okumura et al. and
the theoretical values obtained by Kulkova et al. as well as other
researchers [42,52,56-61].

4. Conclusions

In conclusion, the first-principles calculations based on
GGA approximations were used to predict the structural pa-
rameters, electronic properties, charge density distribution, and
spin polarizability of the Cu;_yMn,Al (x = 0, 1) IMCs. Our
results show that the lattice constants are in excellent agree-
ment with experimental and theoretical values reported in the
literature. Notably, this study provides the first prediction and
discussion of the physical properties of CuzAl with the space
group D05 (225-Fm3m) for the targeted properties. The analysis
of'the electronic band structures and density of states shows that
Cu3Al IMCs are metallic and conductive compounds. Further-
more, our findings confirm that Cu,MnAl Heusler alloy is a
ferromagnetic and metallic compound by nature. Charge density
distribution shows the dominant bonding type of each IMC and,
demonstrating that the interior bonding of metallic alloys can
include a complex interplay of metallic, ionic, and covalent
bonding.
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