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Abstract
Intermetallics have superior physical important properties than ordinary metals. Due to interesting properties such as high
tensile strength, high melting point and stifness, good oxidation resistance , low mass density, these intermetallic compounds
are suitable for many applications in engineering. and industry. Among the B2-type intermetalb# compounds, there is a
theoretical study on the defect properties of AgY . Here, we have studied structural, mechanics, electronic, vibrational and
thermodynamic propeisiies of AgY compound using first-principles methods based on density-functional theory. It can be
concluded that AgY in B2 structure are metallic compounds from electronic band structure. AgY is also stable mechanically
and dynamically.
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1. Introducti

The discovery of high ductility and fracture toughness at room temperature in certain B2 type- compounds, as
described by Gschneidner et al. in 2003, is indeed noteworthy. The compounds mentioned exhibit promising
mechanical properties without the need for additional elements or complex processing techniques[1-3]. The
challenge of brittleness in intermetallic compounds has historically limited their practical applications. The
improvement in ductility for e specific compounds is a significant advancement. The fact that these properties
can be achieved by simply arc-melting equal amounts of pure elements in normal-humidity air without the
addition of third elements adds tofeRe practicality of these materials. Typically, methods to enhance ductility in
intermetallic compounds involve techniques such as testing at high temperatures, zero-humidity atmospheres,
adding dopants, introducing non-stoichiometry, or inducing metastable disorder. However, the mentioned
compounds seem to exhila desirable properties at room temperature without the need for such complex
procedures. Understanding the ductility mechanism of these alloys is crucial for furthering their applications and
optimizing their properties. While fBe elastic properties of YAg have been investigated by Russel and
Gschneidner[4]. it is highlighted that the ductility mechanism of these alloys has been reported very little. Further
research and investigation into the underlying mecha s responsible for the observed ductility in these
intermetallic compounds can provide valuable insights| the development of new materials with improved
mechanical characteristics. In summary, the discovery of intermetallic compounds with high ductility and fracture
toughness at 300K opens up new possibilities for their use in various applications. The simplicity of the synthesis
process and the absence of additional elements make these compounds particularly interesting for further
p]oration and development in the field of materials science[5-7].

The intermetallic compounds YM (where M represents Cu, Zn, and Amldopt a cubic CsCl-type structure
characterized by a space group symmetry of Pm3m (No. 221). Extensive experimental and theoretical analyses
have been conducted to explore their electronic, elastic, and nchanica] properties, as documented in several
studies [8—13]. There is nretudy onvibrational properties and thermodynamic properties of DyAg in B2
structure. We have aimed to investigate structural, mechanical, electronic, vibrational and thermodynamic
properties of AgY intermatallic compound in B2 structure using ab-initio methods.

2. MatEs and Methods

We have the density functional theory (DFT) method to investigate of the B2—strred YAg compound's
physical. The calculations were performed with the VASP software [14-17], employing the Generalized Gradient
Approximation (GGA) for the exchange-correlation function [18]. Y and Ag exhibit valence-electron
configurations of 4s24p°4d’Ss' and 4d'’Ss! respectively. To optimize lattice parameters and atomic positions, a
17 x 17@7 Monkhorst and Pack k-points grid [19] was applied for integration into the irreducible Brillouin
region. The kinetic energy cutoff for the plane-wave basis set was set at 850 eV. Elastic constants were
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investigated using the stress-strain method [20,21]. For the analysis of vibrational properties, a supercells
approach was employed, and phonon dispersion curves were calculated using the PHONOPY code [22]. This
ethodology provides a comprehensive exploration of both the physical and vibrational characteristics of AgY.

3. Results and Discussion
3.1. Structural and Mechanical Properties

AgY adopts the B2 phase CsCl structure within the (2 2 1) space group. The atomic positions are designated as
Ag(0,0,0)and Y(0.5,0.5,0.5) as illustrated in Fig. 1(a). To optimize the lattice constants of AgY, onmprehee
structural relaxations were conducted. The resulting total gies-volume graphs, presented in Fig. 1(b), were
fitted to the Mumaghan state equation [23] for determining the bulk modulus and its first derivative. The obtained
data, detailed in Table 1, were compared with findings from literature. Our computed lattice parameter is
comparable with the values reported in Ref. [24], attributed to the utilization of the GGA functional. Throughout
subsequent calculations, this determined lattice parameter was consistently applied. The determined lower bulk
modulus for YAg, at 66.08 GPa, signifies a slightly higher compressibility compared to values in [24]. The bulk
modulus, indicative of resistance to volume change under mechanical effects, is accompanied by a first derivative
of 4.32, which is lower than the corresponding result in Ref. [24].

Table.1 Structural parameters for AgY in B2 structure

a(A) B(GPa) B’ Etot (eV )/atom
This study 3.653 66.08 4.32 -4.985
Theory 3.641 68.5 5.0
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Understanding elastic properties is crucial for comprehending a material's physical response, particularly in
device applications. Elastic properties not only influence the material's effectiveness but also offer insights into
its thermodynamic behavior. In the cubic system, three elastic constants play a pivotal role in characterizing the
material's response to stress. C;; indicates the material's rigidity, C;2 determines transverse expansion, and Cas is
associated with shear deformation. These constants collectively contribute to the material's stability. The stability
conditions of the cubic system encapsulated in the Born-Huang criteria [25], hinge on satisfying four essential
criteria. These criteria provide a comprehensive framework for assessing the stability of the material and are
integral ton'lderstanding its overall performance and reliability. Table 2 presents the our obtained findings of
calculated elastic constants and mechanical properties, with C;,, Ci2, and Cus satistying the stability criteria for
AgY.




Table 2. Obtained elastic constants (Cy;, Cjz, Cas in GPa unit), Young’s modulus (E in GPa), Anisotropy factor
(A), Poisson rp (v) and Hardness (Hv in GPa) for AgY
1

Cp Cu E B/G A v Hv
This study | 96.5 50.8 352 77.0 2.237 1.540 0.3054 32
Theory 99.30 543 38.5 §1.0 2.209 1.71 0.305 -
[24] YAg

Young's modulus (E, GPa) gauges the stress- strain ratio, primarily reflecting the chemical bonds between atoms
in the material and providing information about the material's hardness. Notably, the AgY compound exhibits a
lower Young's modulus, signifying its not hardness. Determination of ductile / brittle property involves factors
like the B/G ratio showing the Paugh ratio, AgY is categorized as ductile based on the Paugh ratio. The Poisson
ratio (v), which characterizes bonding forces in solids, serves as a key indicator. When v ranges from 0.25 to
0.50, it signifi e center of interatomic force, while a v of 0.5 indicates nearly incompressible material. Since
limit values of Poisson’s ratio are 0.10 for covalent bonds, 0.25 for ionic bonds and 0.33 for metallic bonds [26],
AgY has ionic bonding. The Hv parameter defines stiffness against deformation, and in the B2, hardness increases
with Cys. AgY, with a parameter value of 3.2 GPa, exhibits a soft structure. Values above 10 indicate hardness,
and those exceeding 40 imply super-hardness. Zener anisotropy A, derived from elastic constants, indicates
isotropy at a value of 1 and anisotropy at smaller or larger values. AgY displays an anisotropic nature.

3.2 Electronic Properties

Electronic energy band structure along the high symmetry direction, accompanied by the total density of states,
provides insights into the electronic properties of AgY. Setting the Fermi level at 0 eV reveals the metallic nare
of AgY ., where the valence and conduction bands OVe[B], signifying conductivity contributed by electrons near
the Fermi level as seen in Figure 3. mFig. 4, the partial density of states (PDOS) for AgY is presented,
showcasing distinct contributions fifff the Fermi level, valence band, and conductivity band. Predominantly, the
Y-d states significantly influence the Fermi level, while the valence band is domimd by Ag-d states. The
metallic character 2Y, attributed to conductivity, is primarily associated with Y-d and Y-p states in the
conductivity band. The density of states (DOS) at the Fermi level registers at 1.58, a lower value of which
typically indicates a more stable structure.
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Figure 3. Electronic band structure for AgY Figure 4, Total and partial DOS for AgY

The charge density map for (100) planes of AgY, as sgiven in Figure 5, is crucial for ana§fing the bond structure
between atoms. Understanding the bond type involves considering e]ectmﬂ;ativity and inter-atomic charge
transfer. When the electronegativity values differ sn'iificant]y. as in this case, an ionic bond is formed; otherwise,
a covalent bond is established. Figure 5 illustrates an ionic bond structure with varying electron densities.
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Figure 5. Charge density map along [100] direction for AgY

3.3 Vibrational Properties

The PHONOPY open-source code [22] was employed to determine the phonon distribution spectrum of AgY
compound. Analyzing this spectrum provides insights into various physical propertigfl including phase
transitions, dynamic stability, and specific heat within the compound. Figure 6 i]]ustmtesﬂ

curves along high symmetry directions, generated using 2 x 2 x 2 supercells. YbAu, characterized by two atoms
in its unit cell, exhibits three acoustic vibration modes and three optic modes among the available six vibration
modes. Here, all obtained frequencies for first Brillouin region are positive, indicating the absence of imaginary
frequencies. Thus, AgY is dynamically stable at 0 GPa. From the PDOS of AgY,Y atoms in the regkmetween
2.5-4.5 THz contributed more to the acoustic modes. Lower frequencies region of acoustic modes are mostly
detected by vibrations of Ag atoms.
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Figure 6 . Phonon dispersion curves for AgY




The properties dependent on temperature are explored th h the quasi-harmonic approach, considering thermal
electronic excitations. Thermodynamic parameters like heat capacity (Cv) and entropy (S) are calculated using
onon frequencies within the framework of the quasi-harmonic approximation. Figure 7 visually rejsents how
lattice vibrations contribute to the entropy and heat capafity of AgY. To minimize the potential influence of
anharmonicity, the temperature is limited to the range of 1000 K. The contribution of lattice vibrations to heat
capacity follows the Debye model and gradually approaches the Dulong—Petit limit at higher temperatures. This
analysis offers a thorough understanding of the system's temperature-dependent characteristics, especially
concerning its thermodynamic parameters
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Figure 7 . Thermodynamic properties for AgY

4. Conclusion 8

2
We conducted a thorough exploration of AgY's structural, elan:, vibrational, electronic, and thermodynamic
properties using first-principles methods. Our investigation into zero-pressure second-order elastic constants and
related parameters confirmed the §8mpound's malleable characteristics. In contrast, Poisson’s ratio (v) values
pointed towards the presence of lonic bonds, while elastic anisotropy (A) values indicated the compound's
elasticity is anisotropic. The calculated stwtura] and elastic constants results exhibited consistent agreement
with previously reported data. Electronic band structure and density of state calculations brought to light the
metallic nature of AgY. Despite observing a decline in free energy, both enthalpy and entropy demonstrated an
increase at temperatures exceeding 1000 K.
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