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102°, 64° - 114.997.3¢ - Cu  [65-62] Ni,MnAl

GGA < S PP/PAW 44 yha aladiuly [62] aa el a
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46.514 49.048 61.686 34.903 G Cu,GdIn
121.766 128.001 152.197 91.782 E
0.309 0.305 0.234 0.315 v
46.514 49.048 61.686 34.903 p
10.982 11.672 15.355 8.139 A
2.283 2.228 1.883 2366  B/G

20.938 35.523 37.208 43.374 G Ag,GdIn
58.601 94.938 97.617 110.469 E
0.399 0.336 0.312 0.273 v
20.938 35.523 37.208 43.374 u
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rare-earth Gd 4f ion.

We preformed first-principle calculations for the structural, electronic, elastic and magnetic properties
of Cu,GdIn, Ag,GdIn and Au,GdIn using the full-potential linearized augmented plane wave (FP-LAPW)
scheme within the generalized gradient approximation by Wu and Cohen (GGA-WC), GGA+U, the local
spin density approximation (LSDA) and LSDA+U. The lattice parameters, the bulk modulus and its
pressure derivative and the elastic constants were determined. Also, we present the band structures
and the densities of states. The electronic structures of the ferromagnetic configuration for Heusler
compounds (X,GdIn) have a metallic character. The magnetic moments were mostly contributed by the

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Heusler compounds are ternary intermetallic compounds that
have the general composition X,YZ. In this class, X and Y
represent d-electron transition metals, and Z denotes an sp-
electron element [1]. In recent years, Heusler compounds have
been extensively studied, motivated by their gained importance
due to advancements in spintronics [2-6]. In contrast to half-
metallic ferromagnets (HMFs) [7], only a few Heusler compounds
(all of them with a rare earth metal at the Y position) have been
successfully implemented as superconductors [8]. Pd,YSn is the
Heusler compound with the highest critical temperature (4.9
K) [9]. The coexistence of antiferromagnetism and superconduc-
tivity, demonstrating the manifoldness of the Heusler family, was
reported for Pd,YbSn [10] and Pd,ErSn [11]. Many of the Heusler
compounds have been reported to be HMFs [12,13], and several
Co,-based Heusler compounds have been used as electrodes in
magnetic tunnel junctions [14,15]. The hexagonal compound
Pd,Celn orders antiferromagnetically at 1.23 K [16]. D.B. de Mooij
et al. [17] reported that Pt,GdSn and Pt;ErSn exhibit ferromag-
netic (Tc=20 K) and paramagnetic behavior, respectively. Gener-
ally, Heusler compounds (X,YZ) crystallize in the cubic L2,
structure (space group Fm3m), in which the lattice consists of
interpenetrating fcc sublattices. The crystal structures of these
compounds are shown in Fig. 1. Our paper is organized as follows.

* Corresponding author. Tel.: +21395115576; fax: +213 36 92 72 10.
E-mail address: berrisaadil2@yahoo.fr (S. Berri).

0921-4526/$ - see front matter © 2012 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.physb.2012.04.012

The theoretical background is presented in Section 2. The results
and discussion are presented in Section 3. A summary of our
results is given in Section 4.

2. Method of calculations

We have employed first-principles calculations [18,19] using
the full-potential linearized augmented plane wave (FP-LAPW)
method [20] as implemented in the WIEN2k code [21]. The
exchange-correlation effects were described with the parameter-
ization of the generalized gradient approximation (GGA) by Wu
and Cohen (GGA-WC) [22], the local spin density approximation
(LSDA) [23], GGA+U [24] and LSDA+U [25]. In the calculations
reported here, we used the parameter Ry,Kinax=9.5 to determine
the matrix size (convergence), where K,.x is the plane wave cut-
off and Ry is the smallest atomic sphere radius. We have chosen
a muffin-tin (MT) radius of 2.6 a.u. for the Gd and Au atoms. For
the In and Ag atoms, the MT radius is 2.5 a.u., and it is 2.4 a.u. for
Cu atoms. Within these spheres, the charge density and potential
are expanded in terms of the crystal harmonics up to an angular
momenta of L=10. A plane wave expansion has been used in the
interstitial region. G, .x was set to 14, where G is defined as
the magnitude of the largest vector in the charge density Fourier
expansion. The Monkorst-Pack special k-points were performed
using 1500 special k-points in the Brillouin zone for the Cu,GdlIn,
Ag,GdIn and Au,GdIn compounds [26]. The convergence criteria
for the total energy and force were set to 10~> and 10~ % eV/A,
respectively. The GGA+U and LSDA+U calculations used an
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Fig. 1. The crystal structures of Cu,GdIn, Ag,GdIn and Au,GdIn.
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3. Results and discussion to determine the ground state properties, such as the equilibrium
lattice constant a, the bulk modulus B and its pressure derivative

We have calculated the total energy as a function of the lattice B'. The calculated structural parameters of these compounds are
constant for X,GdIn in the ferromagnetic (FM) state. The plots of reported in Table 1. Our results for the lattice parameters are in
the calculated total energies versus the reduced volume of these good agreement with the experimental data [28-32]. Based on
compounds are given in Fig. 2. The total energies versus the the experimental data, the equilibrium lattice constants for
changed volumes are fitted to Murnaghan’s equation of state [27] Ag>GdIn and Au,GdlIn are best described by GGA+ U, and Cu,GdIn
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Fig. 3. The up- and down-spin band structures for X,GdIn (X=Au, Ag or Cu) along the high-symmetry axes of the Brillouin Zone using GGA-WC.
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is best described by LSDA + U, compared to the calculations by the
GGA-WC and LSDA methods. To our knowledge, there are no
previous experimental studies or theoretical calculations explor-
ing the bulk modulus and its pressure derivative for these
compounds. We also included the bulk modulus data for Co,CrBi
[33] and Pd,ZrAl, Pd,ZrIn, Pd,HfAl and Pd,HfIn [34] in Table 1 for
comparison.

The elastic constants Cj; are the proportionality coefficients
relating the applied strain to the stress, g;=Cj¢;. Hence, to study
the stabilities of these compounds, we have calculated the elastic
constants with the FP-LAPW method. A cubic crystal has only
three independent elastic constants: Cyq, C; and C44. Hence, a set
of three equations is needed to determine all of constants. The
first equation involves calculating the elastic constants C;; and
Ci2, which are related to the bulk modulus B.

1
B=§(C11+2C12)- (1)

The second one involves applying volume-conserving tetra-
gonal strains:

e 0
e=|0 ¢ )
00

The application of this strain changes the total energy from its
initial value as follows:

E(y) = (C11—C12)6Voy? +0()%), 3)

where V; is the volume of the unit cell. For the last type of
deformation, we used the volume-conserving rhombohedral
strain tensor that is given by

12 0
=3 1 0 | (04)
00 —(41:2)

which transforms the total energy to the full elastic tensor.
v
E() = 5> (Cr1 +2C12+4Ca0)+007°) (05)

The individual elastic constants C; cannot be measured.
Instead, the isotropic bulk modulus B and the shear modulus G
are determined. For this purpose, we have utilized the Voigt-
Reuss-Hill approximations. With this approach, the actual effec-
tive modulus for polycrystals can be approximated from the
arithmetic mean of the two well-known bounds for monocrystals
according to Voigt and Reuss. The Hill approximation is then used
to determine the average [35] and is given by

G=(C11—C12+3Cas)/5. (06)

The Young’s modulus E (which expresses the resistance of a
material to unidirectional strain), Poisson’s ratio v and the Lame
coefficients (1 and 1) are frequently measured for polycrystalline
materials to characterize their hardness.

These quantities are related to the elastic constants by the
following equations:

E=9B-G/3B+G) (7)
v=(3p-E)/(6f) ®)
u=E/2(1+v) ©
A =VE/((1+Vv)(1-2v)) (10

The calculated elastic constants (C;q, Ci2 and Cy4), the shear
modulus G, Young's modulus E, Poisson’s ratio v and Lamé’s
coefficients (¢ and 1) are given in Tables 1 and 2.

The value of Poisson’s ratio is small (v=0.1) for covalent
materials, whereas 0.25 is a typical value of v for ionic materials
[36]. A value of ~ 0.3 for v indicates that the compound is an ionic
material. To our knowledge, there are no previous experimental
studies or theoretical calculations exploring the elastic constants,
the shear modulus G, Young’s modulus E, Poisson’s ratio v and
Lamé’s coefficients (¢ and ). Thus, no experimental data for the
elastic constants of these compounds are available. We included
the shear modulus G and the C44 data of Ni;MnAl [37-40] in the
Tables 1 and 2 for comparison.

The requirement of mechanical stability in this cubic structure
leads to the following restrictions on the elastic constants [41]:

C11—C12>0,C44 > 0,C11+2C12 > 0. 11

The Heusler compounds investigated here are based on cubic
structures. Our results satisfy all of the criteria in Eq. (11), and it
follows that these materials are stable in rocksalt (B1) structures.
Au,GdIn and Ag,GdIn were obtained by the LSDA+ U method.

We have calculated the anisotropy factor A (Table 2) of the
compounds using the following expression for cubic symmetry:

A =2:4C44/(C11—Cr2). (12)

For an isotropic crystal, A is equal to 1, while any value smaller
or larger than 1 indicates anisotropy.

A simple relationship that empirically links the plastic proper-
ties of materials with their elastic moduli was proposed by Pugh
[42]. The shear modulus G represents the resistance to plastic
deformation, while B represents the resistance to fracture [43].
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Fig. 4. The total density of states (TDOS) of Cu,GdlIn, Ag,GdIn and Au,GdIn using
GGA-WC.
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A high B/G ratio is associated with ductility, whereas a low value X,GdIn (X=Au, Ag or Cu) compounds are summarized in Table 2.
corresponds to a brittle nature. The critical value that separates These materials are classified as ductile.

ductile and brittle materials is approximately 1.75. If B/G > 1.75, The calculated spin-polarized band structures of the X,GdIn
then the material behaves in a ductile manner; otherwise the (X=Au, Ag or Cu) compounds at the theoretical equilibrium
material behaves in a brittle manner. The calculated B/G for the lattice constant along the high-symmetry directions of the first

4 g Agp
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Fig. 5. The spin-polarized partial DOS of a) Cu2GdIn, b) Ag2GdIn and c) Au2GdIn using GGA-WC.
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Table 3
Calculated total and partial magnetic moment (in yg) for X,GdIn (X=Au, Ag and Cu) compounds.
Compound Interstitial region Gd In X Total magnetic moment Expt
Cu,GdIn (GGA-WC) 0.11850 6.98155 —0.01252 —0.00316 7.08120 7.89 [30]
GGA+U 0.09736 6.67904 —0.01114 0.01018 6.86233 7.98 [32]
LSDA 0.09301 6.95811 —0.00968 0.01078 7.06300 -
LSDA+U 0.08283 6.78784 —0.00458 0.01230 6.89071 -
Ag,GdIn (GGA-WC() 0.13266 6.97955 —0.01562 —0.00310 7.09040 -
GGA+U 0.09886 6.75455 —0.00557 —0.00027 6.84730 -
LSDA 0.10822 6.95877 —0.01234 0.00304 7.06073 -
LSDA+U 0.09963 6.73672 —0.00442 0.00139 6.83470 -
Au,GdIn (GGA-WC) 0.16020 6.96555 —0.00538 0.00052 7.12142 -
GGA+U 0.11580 6.77229 —0.00272 0.00114 6.88765 -
LSDA 0.12219 6.93454 —0.00434 0.00697 7.06634 -
LSDA+U 0.08211 6.73515 —0.00519 0.00401 6.82009 -

Brillouin zone are displayed in Fig. 3. The total and partial
densities of states, in which the spin-up and spin-down sub-
bands are plotted with black and red lines, respectively, are
shown in Figs. 3-5. The Fermi level was set to 0 eV.

In Fig. 3, the non-existence of a gap at the Fermi level for both
compounds confirms the metallic behavior and indicates the
presence of conducting features.

In Fig. 4 shows the total density of states (TDOS) as a function
of energy for the lattice constant of X,GdIn (X=Au, Ag or Cu). To
illustrate the nature of the electronic band structures, we have
plotted the partial density of states (DOS) of X-p, In-s, Gd (eg and
tog) and Gd-4f for the spin-up and spin-down sub-bands in Fig. 5.
For all of the cases, the figure indicates that band structures can
be divided into three parts: (1) —6.0eV to 0.0 eV, which repre-
sents the contribution of the majority spin of the 4f orbital of Gd
atoms hybridized with X p states and In s electrons, (2) 0.0 to
1.5 eV, where the 4f orbital of Gd atoms creates fully unoccupied
bands (the exchange-splitting between the spin-up and spin-
down sub-bands of the Gd 4f states is approximately 5.0 eV,
which is the main contributor in the magnetic moment of these
compound) and (3) 1.5 to 5.0 eV, where strong Gd (eg and tyg)
states exist in the majority and minority spin states.

The calculated total and atom-resolved magnetic moments, using
different approximations (GGA-WC, GGA+ U, LSDA and LSDA+ U), are
summarized in Table 3. The present study shows that the total
magnetic moment for all three compounds is ~ 7.08ug for the GGA-
WC approximation. Here, the values of the total magnetic moment
vary from 6.82 to 7.07. When we used the U-Hubbard term, the
magnetic moment decreased significantly. For Cu,Gdin, the total
magnetic moment agrees with recent experimental data [30,32].
For these Heusler compounds, the magnetic moments originate from
the exchange-splitting of the 4f states of the rare-earth ions. Our
results for the magnetic moment of the Gd atom (Table 3) shows
agreement between the experimental data of 7.94up [32] and the
theoretical value piff, = gig\/j(i+1) of 7.94yg [44]. For the X,Gdin
compounds, most of the magnetic moment arises from Gd atoms, as
expected, because gold, silver, copper and indium atoms carry no
magnetic moment.

4. Conclusions

Here, using the FP-LAPW methods implemented in Wien2k
(GGA-WC, GGA+U, LSDA and LSDA + U), the structural, electronic,
elastic and magnetic properties of Cu,GdIn, Ag,GdIn and Au,GdIn
Heusler compounds were investigated. The electronic structures
of the ferromagnetic configurations for X,GdIn Heusler com-
pounds are metallic in character. The calculated lattice constants
are in good agreement with the experimental data. A numerical

first-principles method was used to calculate the elastic constants
Gj, the shear modulus G, Young’s modulus E, Poisson’s ration v
and Lamé’s coefficients (¢ and A). The values of the B/G ratios for
the X,GdIn compounds show that these materials are ductile. The
magnetic moment contributions were primarily from the rare-
earth Gd 4f ion. Our calculations show that Heusler compounds
(X,GdIn) are promising materials in future spintronic applications.
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In this paper, we study the structural, electronic and elastic properties of the ternary AgSbTe,, AgSbSe,,
Pr3AIC, CesAlC, CesAlN, LasAlC and LasAIN compounds using the full-potential linearized augmented plane
wave (FP-LAPW) scheme and the pseudopotential plane wave (PP-PW) scheme in the frame of generalized
gradient approximation (GGA). Results are given for the lattice parameters, bulk modulus, and its pressure
derivative. The calculated lattice parameters are in good agreement with experimental results. We have
determined the full set of first-order elastic constants, shear modulus, Young’s modulus and Poisson’s ratio
of these compounds. Also, we have presented the results of the band structure, densities of states, it is
found that this compounds metallic behavior, and a negative gap I' - R for Pr3AlIC. The analysis charge
densities show that bonding is of covalent-ionic and ionic nature for AgSbSe, and AgSbTe, compounds.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

The ternary chalcogenides AgSbSe, and AgSbTe, belong to the
family of semiconductors with a disordered NaCl cubic structure;
AgSbTe, is not only a good thermoelectric but is the end compound
of several high-temperature, high-performance thermoelectric
[1-4]. The electrical conductivity measurements [5] show a metallic
behavior of AgSbTe,, whereas the diffuse reflectance suggests an
apparent band gap (0.35eV). A similar observation in the diffuse
reflectance spectrum of AgSbSe, has also been made (see Ref. [6]).
AgSbX, (X=Se,Te) compounds are related to zinc-blende structures.
Rock salt AgSbSe, and AgSbTe, were synthesized in 1957 [7]. The Ag
compounds show an importance in thermoelectric, optical phase
change, and frequency conversion applications [8,9]. In comparison
with the classical GeSbTe phase change memory alloy, AgVInSbTe is
reported to have better erasability and cyclability in memory switch-
ing [10-13]. Experimentally Kumar et al. [14,15] found that the
compounds under study have undergone a transition phase from B1
to B2 between 17 and 26 GPa for AgSbTe, and 15 GPa for AgSbSe,. A
transition under temperature was observed from solids to liquids at
T=849 K for AgSbTe, and T=909.5 K for AgSbSe, [16]. In recent
years the perovskite ABX; type compounds have numerous techno-
logical applications due to their wide range of attractive properties,
ferroelectricity [17-19], piezoelectricity [20,21], semiconductivity

* Corresponding author. Tel.: +213 795115576; fax: +213 36 92 72 10.
E-mail address: berrisaadi1l2@yahoo.fr (S. Berri).

0921-4526/$ - see front matter © 2012 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.physb.2012.04.011

[22], catalytic activity [23], and thermoelectricity [24], superconduc-
tivity and metal-insulator transition [25]. Example ternary oxides of
rare earth (Eu,Gd and Tb)CoOs are important materials because of
their electrical, magnetic and catalytic properties. The perovskite
type oxides in this series find extensive application in materials
science and technology, some of the perovskite (Eu,Gd and Tb)CoO3

. Pr, Ce, La
®"
@ -

Fig. 1. Crystal structure of (a) AgSbTe, and AgSbSe,, (b) Pr3AIC, Ce3AIC, CesAlN,
LazAIC and LasAIN compounds.
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Fig. 2. Calculated total energies as a function of volume of AgSbTe,, AgSbSe,, Pr3AlC, CesAlC, CesAlN, LasAIC and LasAIN compounds.
Table 1 Table 2
Lattice constant a(A), bulk modulus B (in GPa) pressure derivative of bulk modulus Calculated values of elastic constants Cij (in GPa).
B’ for AgSbSe,, AgSbTe, Pr3AlC, Ce3AlC, CesAlN, LasAIC and LasAIN compounds.
Ci Ci2 Caa
Present work Present work Experiment Others
(FP-LAPW) (PW-PP) AgSbTe,
Present work (FP-LAPW)  55.32 43.38 2.51
AgSbTe, Present work (PW-PP) 81.04 +4.12 44.5+2.25 1.46 +0.09
a 6.4 74 6.2 [15] 5.93 [15] AgSbSe,
6.078 [16] 5.676 [39] Present work (FP-LAPW) ~ 84.48 68.535 167
6.29 [40] Present work (PW-PP) 1009 +3.98 4374+155 2954007
B 51.34 56.87 45 [15] 44,5 [15]
B 4.697 4.23 - 4.8 [15] LasAlC
Present work (FP-LAPW)  97.15 35.88 29.14
AgSbSe, Present work (PW-PP) 118883 +4.82 40568 +2.90 38.090+0.10
a 5.89 7.01 5.786 [16] -
B 73.85 69.73 - - LasAIN
B’ 4.33 412 - - Present work (FP-LAPW) 180 98 47
LaAlC Present work (PW-PP) 209.441+528 31.065+2.87 48.397 +0.08
as,
a 5.21 4.979 5.109 [42] - CesAIN
B 55.241 72.715 - - Present work (FP-LAPW) 259 120 33
B’ 3.292 3.551 - _ Present work (PW-PP) 261.037 +4.18 64.127 +2.71 0.08 +42.335
IrsWC [44] RuFe3N [45]
B 256 - - - (PW-PP) 363 87.4 117
LasAIN CesAlC
a 5.103 4.859 5.07 [41] - Present work (FP-LAPW) 269 125 88
B 65.336 78.378 - - Present work (PW-PP) 312.27+3.98 197 +2.41 71.324+0.05
B 3.559 4.102 - - IFWC [44]
Cu3CdN[43] (FP-LAPW) 355 207 17
B 99.4 - - - PrSAIC
CesAIN Present work (FP-LAPW) 381 208 101
a 4.853 4.866 5.008 [41] - Present work (PW-PP) 412117 +4.07 217.2+299  97.12+12
B 76.915 66.827 - -
B 4.201 3.927 - -
Ce;AIC Fm3m(#225) [16]. The Ag atom are positioned at the (0 0 0) position,
a 4924 4917 5.007 [42] - the Sb atom at the (0.5 0.5 0.5) position and Se or Te atom at the
B 68.608 71.648 - - (0.25 0.25 0.25) position. On the other hand the compounds ABX3
B 3.917 3.982 v - crystallize in the cubic space group Pm3m(#221) [28]. The Al atom is
Pr3AIC positioned at the (0 0 0) position, the C or N atom at the (0.5 0.5 0.5)
a 4.835 4.972 5.04 [42] - position, and Pr, Ce or La atom occupies the position (0 0.5 0.5). The
g, g%ggz 63579?;18 3 B crystal structure of these compounds is shown in Fig. 1. Today, there

compounds are used as electrode materials for magnetohydro-
dynamic (MHD) generators [26] and for fuel cells [27]. In general,
AgSbSe;, and AgSbTe, compounds crystallize in the cubic space group

are no theoretical reports on the physical properties of Pr3AlC,
CesAlC, CesAlN, LasAlC and LasAIN compounds in the literature.
Our paper is organized as follows. The theoretical background is
presented in Section 2 and the results are presented in Section 3.
Finally, a summary is given in Section 4.
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2. Method of calculations

To obtain these results we have employed first principles
calculations [29,30] with both the full potential linear augmented
plane wave (FP-LAPW) method [31] as implemented in the WIEN2k
code [32] and the pseudopotential plane wave (PP-PW) scheme in
the frame of generalized gradient approximation (GGA). The
exchange-correlation effects were described with the parameteriza-
tion of Perdew et al. (GGA-PBE) [33]. In the calculations reported
here, we use a parameter Ry,:Kax=9.5, which determines the matrix
size (convergence), where K. is the plane wave cut-off and R, is
the smallest of all atomic sphere radii. We have chosen the muffin-
tin radii (MT) for Ag, Sb, Te, Se, Pr, Ce, La, Al, N and C to be 2.2, 2.3,

Table 3
Shear modulus G, Young's modulus E (GPa), Poisson’s ration v and Lamé’s.

G E v n A
AgSbTe,
Present work (FP-LAPW) 3.89 114 0.46 3.89 0.27
Present work (PW-PP) 1.46 49.49 0.35 1.46 78.12
AgSbSe;
Present work (FP-LAPW) 4.19 12.34 0.47 4.19 0.22
Present work (PW-PP) 2.94 74.44 0.3 2.94 95.01
LasAlC
Present work (FP-LAPW) 29.738 75.64 0.271 29.738 7.378
Present work (PW-PP) 38.09 98.239 0.254 38.09 42.702
LasAIN
Present work (FP-LAPW) 44.6 108.998 0.221 44.6 11.009
Present work (PW-PP) 48.397 201.416 0.129 48.397 112.647
CesAIN
Present work (FP-LAPW) 47.6 118379 0.243 47.6 11.891
Present work (PW-PP) 64.78 146.87 0.133 64.78 12.62
RuFesN [45]
(PW-PP) 100.3 258 0.284 - -
Ce3AIC
Present work (FP-LAPW) 81.6 175301 0.074 81.6 10.306
Present work (PW-PP) 65.6 150.78 0.142 65.6 13.73
Pr3AIC
Present work (FP-LAPW) 95.2 193472 0.16 95.2 2.971
Present work (PW-PP) 99.6 200.33 0.12 99.6 18.37

Coefficients u and A (GPa) for AgSbSe,, AgSbTe,,
and Pr3AIC compounds.

LasAIC, LasAIN, CesAlN, CesAlC,

Energy (eV)

Fig. 3.
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24, 2.1, 245, 2.35, 2.3, 2.25, 1.9 and 1.8 (a.u) respectively. Within
these spheres, the charge density and potential are expanded in
terms of crystal harmonics up to angular momenta L=10, and a
plane wave expansion has been used in the interstitial region. The
value of Gax=14, where G. is defined as the magnitude of largest
vector in charge density Fourier expansion. The Monkorst-Pack
special k-points were performed using 35 special k-points in an
irreducible Brillouin zone (IBZ) [34]. The convergence criteria for
total energy and force are taken as 10~° and 10~ % eV/A, respectively.

We have used the norm-conserving pseudopotential (NCP)
method [35] and the generalized gradient approximation according
to (PBE) [33] were performed using the computer program CASTEP
(Cambridge Serial Total Energy Package) [36]. To calculate structural,
elastic, and electronic properties for AgSbTe,, AgSbSe,, Prs3AlC,
CesAlC, CesAlIN, LaszAIC and LasAIN compounds. The kinetic cut-off
energy for the plane wave expansion is taken to be 600 eV. The
special points sampling integration over the Brillouin zone was
employed by using the Monkhorst-Pack method with a 7 x 7 x 7
special k-point mesh [34]. Based on the Broyden Fletcher Goldfarb
Shenno (BFGS) [37] minimization technique, the system reached the
ground state via self-consistent calculation when the total energy is
stable to within 5 x 10~ eV/atom, and less than 10~2 eV/A for the
force. These parameters were sufficient in leading to well converged
total energy, geometrical configurations and elastic moduli.

3. Results and discussion

3.1. Structural properties

We have calculated the total energy of AgSbTe, and AgSbSe,,
Pr3AIC, CesAlC, CesAlN, LasAlC and LasAIN using FP-LAPW and PP-
PW methods. The plots of calculated total energies versus reduced
volume for these compounds are given in Fig. 2. The total energies
versus changed volumes are fitted to Murnaghan’s equation of
state [38] in order to determine the ground state properties, such
as equilibrium lattice constant a, bulk modulus B and its pressure
derivative B'. The calculated structural parameters for these
compounds are summarized in Table 1, together with the avail-
able experimental and theoretical results for comparison. Our
results for lattice parameters and bulk modulus for AgSbTe, and
AgSbSe, are in good agreement with previous theorical [9,15,39]
and available experimental data [15,16]. The obtained results

AgSbTe,

Energy (eV)

W K

Band structure for high-symmetry directions in the Brillouin zone of AgSbSe, and AgSbTe, compounds.
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with the FP-LAPW method are in better agreement with the
experimental data compared to those calculated by the PP-PW
method. On the other hand, the results for lattice parameters of
Pr3AIC, CesAlC, CesAIN, LasAIC and LasAIN compounds are in
agreement with the experimental data [40,41] for both methods.
In our knowledge there are no experimental works or theoretical
calculations exploring the bulk modulus and its pressure deriva-
tive of these compounds, We also include in Table 1, the bulk

Energy (eV)

Energy (eV)

Energy (eV)
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modulus and its pressure derivative data for CusCdN [42], and
IrsWC [43] for comparison purpose.

3.2. Elastic properties
The elastic constants of solids are among the most fundamental

properties, and give important information, such as interatomic
bonding characteristic between adjacent atomic planes, equations of

Energy (eV)

Energy (eV)

Fig. 4. Band structure for high-symmetry directions in the Brillouin zone of (a) LasAIC, (b) LasAlN, (c) Pr5AIC, (d) CesAIN and (e) CesAlC compounds.
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state, and phonon spectra [44]. That can be predicted from first-
principles ground-state total-energy calculations. The elastic con-
stants G; are the proportionality coefficients relating the applied
strain to the computed stress, o;=Cje;. So, to study the stability of
these compounds, we have calculated the elastic constants with
both methods. It is well known that a cubic crystal has only three
independent elastic constants, Cy1, C; and C44. Hence, a set of three
equations is needed to determine all constants. The first equation
involves calculating the elastic constants C;; and C;» which are
related to the bulk modulus B.

1
B= §(C11+2C12) (M

The second one involves applying volume-conserving tetra-
gonal strains
¢ 0 0
e=|0 ¢ 0 2)
0 0 ;-1
Application of this strain changes the total energy from its
initial value as follows:

E(y) = (C11—C12)6Voy? +0(y*) 3)

where Vj is the volume of the unit cell. Finally, for the last type of
deformation, we used the volume-conserving rhombohedral
strain tensor given by

1 ¢ 0
e=|3 1 g (4)
00 4y

which transform the total energy to the full elastic tensor.
Vi
E() = 5 (Cii +2C12+4Caa)+007%) 5)

We also calculate the shear modulus G, Young’s modulus E,
Poisson’s ration v and Lamé’s coefficients (u and 1), which are
frequently measured for polycrystalline materials when investi-
gating their hardness. These quantities are related to the elastic
constants by the following equations:

E=96G/(3+G) ®
G=(C11—C12+3C44)/5 )
v=3pB—-E)/(6p) 3
f=E/(1+v) ©)
A=VE/(14+v)(1-2V)) (10

The calculated elastic constants (C;1, Ci2 and Cy4) are given in
Table 2, the shear modulus G, Young’s modulus E, Poisson’s ratio v
and Lamé’s coefficients (¢ and 1) are given in Table 3.

The value of the Poisson’s ratio is small (v=0.1) for covalent
materials, whereas for ionic materials 0.25, i.e, is a typical value of
v [45]. For CesAIN and LasAIN compounds, the values of the
Poisson ratio v of about ~ 0.22 for FP-LAPW and =~ 0.12 for PP-
PW methods. In the case of Pr;AIC compound the values of the
Poisson ratio v is equal to ~0.12, which indicates that higher
covalent contribution in inter-atomic bonding.

On the other hand,the AgSbTe, and AgSbSe, compounds, have
the largest Poisson’s ratio of about ~ 0.4 for FP-LAPW and ~ 0.3 for
PP-PW methods, and v ~ 0.25 of LasAlC for both methods, indicates
that AgSbTe,, AgSbSe;, Pr3AlIC, CesAIN, LasAlC and LasAIN com-
pounds as an ionic materials. We can observe that for CesAlC, the
values of the Poisson ratio v of about 0.074 for FP-LAPW and 0.142
for PP-PW methods.

Young’s modulus is defined as the ratio of stress and strain,
and is used to provide a measure of stiffness of the solid. When
the value of E is large, the material is stiff [44].

Young’s modulus of AgSbSe, is higher than that of AgSbTe,, for
two methods. For, Pr3AlC, CesAlC, CesAIN, LasAIC and LasAIN
compounds, the value’s of Young’s modulus are found to be
201.416 GPa for LasAIN and 193.472 GPa for PrsAlC by using
PW-PP and FP-LAPW methods respectively.

From Table 2, we can observe that the shear modulus G
decreases in the following sequence: LasAlC— LaszAIN— CesAIN—
CesAlC— Pr3AIC and AgSbTe, —AgSbSe, in both methods. Since
there are no results available for the elastic constants, the shear
modulus G, Young’s modulus E, Poisson’s ratio v and Lamé’s
coefficients (¢ and 1), a comparison was performed with the RuFesN
[46]. The difference in value the elastic constants between the two
methods is mainly due to the difference in methods.

The requirement of mechanical stability in this cubic structure
leads to the following restrictions on the elastic constants:

C11—C12>0,C44>0,C11+2C12>0 (11)

The ternary AgSbTe,, AgSbSe,, Pr3AIC, CesAlC, CesAlN, LasAlC
and LasAIN compounds investigated here are based on cubic
structures. Our results satisfy all the criteria, and it follows that
these criteria in Eq. (11) are satisfied, and it follows that these
materials are stable.

3.3. Electronic structure

3.3.1. Band structure

The band structures for those compounds have been calculated
at the theoretical equilibrium lattice constant by using FP-LAPW
and PP-PW methods along high-symmetry directions of the first
Brillouin zone are plotted in Figs. 3 and 4. Note that, there is no
difference in the band structure plot for the two methods.

The conduction band minimum (CBM) is found to be mixed
with the valence band maximum (VBM) along the (XX) direction
for AgSbTe, and AgSbSe, from the two methods. The experimen-
tal value of the band gap for AgSbTe, is 0.71 eV, obtained by using

20

124

DOS (States/eV)

25 Sh-p
Sb-s
Te-p

DOS (States/eV)

DOS (States/eV)

— T T T
10 -8 -6 -4 -2

Energy (eV)

v
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1

0

Fig. 5. Total and partial DOS of AgSbTe, compounds.
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direct gap-optical measurements [47,48]. While Abdel-ghany and 0.34 eV was found using electrical measurements [39], but
et al. [49] found a band gap of 1.65 eV by using indirect gap- the agreement with the experiments is still not perfect. One
optical measurements. For AgSbSe,, a band gap value of 0.091 eV reason of this discrepancy is that in our calculations, we have

35 T T T T T , T T
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Fig. 6. Total and partial DOS of La3AIC, La3AIN, Pr3AlC, CesAIN and Ce3AIC compounds.
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assumed the crystal to be at T=0K and thus do not include
contributions from lattice vibrations that are present at room
temperature measurements. On the other hand, from Fig. 4 we
can see that La3AlC, LasAIN, CesAIN and Ce3AlC compounds have
metallic behavior. In the case of Pr3AIC phase the valence band
maximum (VBM) is located at I" point, whereas the conduction
band minimum (CBM) is located at R point leads to a pseudogap
of about —0.3 eV for FP-LAPW and —0.41 eV for PP-PW methods.

3.3.2. Total and partial density of states

To further elucidate the nature of the electronic band structure,
we have calculated the total and the partial densities of states (DOS)
of these compounds. These are displayed in Figs. 5 and 6. The
density of states was presented only for AgSbTe, with the FP-LAPW
method because it is similar to that of AgSbSe, and the PP-PW
method with a small difference. It can be noted that the DOS of
AgSbTe, can be mainly divided into three parts: the first part
extending from —10eV to —8eV the contribution of Sb-s, the
second part from —8 eV to 0 eV is of the combination of Ag (de, and
dtyg ) and Te-p and the third part extended from 0 eV to 4 eV, this
structure originates from Sb-p states (see Fig. 5).

In the case LasAlC, LasAIN, Pr3AIC, CesAIN and CesAIC com-
pounds. The density of states was presented only with the FP-
LAPW method because it is similar to that of the PP-PW method
with a small difference, in Fig. 6. It can be noted that the DOS of
LasAlC, LasAIN, Pr3AlC, CesAIN and CesAIC compounds can be
mainly divided into three parts: the first part extending from
—6eV to —4eV is of the contribution of and Al-s states, the
second part from —4 eV to 0 eV is the combination of p states of C
or N Atom hybridized with Al-p orbital and the third part
extended from 0 eV to 3 eV, this structure originates from La-d
or f states of Ce or Pr atoms.

a
Al

3.3.3. Charge density

In order to understand the nature of chemical bonding, we
display, in Figs. 7 and 8, the contours of charge densities in the
(11 0) plane for those compounds by using the FP-LAPW method.
From Fig. 7, we can see that the near spherical charge distribution
around the C and N atoms site are negligible and as a result the
C and N atoms are fairly isolated, indicating that the bonding La-
(C,N), Ce-(C, N) and Pr-C are expected to be some ionic character.
On the other hand, the rare-earth (La, Ce and Pr) atoms hybridiza-
tion with Al atom happens with a strong interaction between the
rare-earth with Al atom. It is clear that a covalent interaction
occurs between rare-earth (La, Ce and Pr) with Al atom. According
to the correlation between the shear modulus, bulk modulus and

Fig. 8. Charge density distribution in the plan (110) of (a) AgSbTe,, and
(b) AgSbSe, compounds.

Fig. 7. Charge density distribution in the plan (1 1 0) of (a) CesAIC, (b) CesAlIN, (c) LasAIC, (d) LasAIN and (e) PrsAIC compounds.
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the hardness, it can be expected that PrsAIC will possess a high
hardness compared to LasAlC, LasAIN, CesAIN and CesAlC com-
pounds. The bonding character may be described as a mixture of
covalent and ionic. In the case AgSbSe, and AgSbTe, compounds,
the overall shape of the charge distributions suggests a partially
ionic bonding in both Te-(Ag, Sb) and Se-(Ag, Sb) bonds
(see Fig. 8). We can conclude that the bonding in AgSbSe, and
AgSbTe; is a purely ionic character.

4. Conclusion

In the present work, we have used the FP-LAPW and PP-PW
methods, implemented in the Wien2k and CASTEP within GGA, to
obtain the structural, electronic and elastic properties of the ternary
AgSbTe,, AgSbSe,, Pr3AIC, CesAlC, CesAlN, LasAlC and LasAIN com-
pounds. At T=0 K, the calculated lattice constants are in agreement
with the experimental findings. The analysis of electronic structure
showed that these compounds have a metallic character which
allowed the Pr;AlC compound to have an intermetallic behavior. We
have calculated and analysis the elastic constants for these com-
pounds, which have not been established previously theoretically
and experimentally. The analysis of charge densities contours leads
us to conclude that the bonding character in these compounds is a
mixture between covalent-ionic and ionic nature for AgSbSe, and
AgSbTe, compounds.
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We have performed first-principle calculations of the structural, electronic and magnetic properties of
Rh;MnAl, Rh,MnGe and Rh,MnSn Heusler alloys, using the full-potential linearized augmented plane
wave (FP-LAPW) scheme within the GGA-WC and GGA+ U. Results are given for the lattice parameters,
the bulk modulus and its pressure derivative. The total magnetic moments increase with increasing
atomic number X. Also, we presented results of the band structure and the density of states. The
electronic structure in the ferromagnetic configuration shows metallic character.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Heusler compounds are ternary intermetallic compounds that
have the general composition X,YZ. In this class, X and Y represent
d-electron transition metals, and Z denotes an sp-electrons ele-
ment [1]. In recent years, Heusler compounds have been exten-
sively studied, motivated by their gained importance due to
advancement in spintronics [2-6]. In contrast to half-metallic
ferromagnets (HMFs) [7], only a few Heusler compounds (all of
them with a rare earth metal at the Y position) have been
successfully implemented as superconductors [8]. Pd,YSn is the
Heusler compound with the highest critical temperature (4.9 K)
[9]. The coexistence of antiferromagnetism and superconductivity,
demonstrating the manifoldness of the Heusler family, as reported
for Pd,YbSn [10] and Pd;ErSn [11]. Many of the Heusler com-
pounds have been reported to be HMFs [12,13]. In addition, several
Co-based Heusler compounds have been used as electrodes in
magnetic tunnel junctions [14,15]. The hexagonal compound
Pd,Celn orders antiferromagnetically at 1.23 K [16]. De Mooij et
al. [17] have reported that Pt,GdSn and Pt;ErSn exhibit ferromag-
netic-paramagnetic behavior with Tc=20 K. Adachi et al. [18] have
reported the effect of hydrostatic pressure on the Curie tempera-
ture of the Heusler alloys Rh,MnX (X=Sn, Ge). Large local
magnetic moments have been predicted for Rh,MnGe [19].

* Corresponding author. Tel.: +213 95 115576; fax: +213 36 92 72 10.
E-mail address: berrisaadi12@yahoo.fr (S. Berri).

0921-4526/$ - see front matter © 2013 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.physb.2013.03.002

Kurtulus and Dronskowski [20] have applied first principles
density functional theory within the TB-LMTO-ASA and have
studied the electronic structure and magnetic exchange coupling
of Heusler alloys Co,MnZ (Z=Ga, Si, Ge, Sn), Rh,MnZ (Z=Ge, Sn,
Pb), Ni,MnSn, CuMnSn and Pd,MnSn. Pugachiva et al. [21] used
the TB-LMTO-ASA method to study the electronic structure and
magnetic properties of Rho,MnZ (Z=Al, Ga, In).

Generally, Heusler compounds (X2YZ) crystallize in the cubic
L21 structure (spacegroup Fm3m), in which the lattice consists of
interpenetrating fcc sublattices. The atomic coordinates, for
Rh2MnX(X=Al, Ge, Sn) are listed in Table1. Our paper is organized
as follows. The theoretical background is presented in Section 2.
Results and discussion are presented in Section 3. A summary of
the results is given in Section 4.

2. Method of calculations

We have carried out first principles calculations [22,23] with
both full potential and linear augmented plane wave (FP-LAPW)
methods [24] as implemented in the WIEN2k code [25]. The
exchange-correlation effects were described with the parameter-
ization of the generalized gradient approximation (GGA) by Wu
and Cohen (GGA-WC) [26] and GGA+U [27]. In the calculations
reported here, we use a parameter R, /Kinqax=9, which determines
the matrix size (convergence), where K., is the plane wave cut-
off and Ry, is the smallest of all atomic sphere radii. We have
chosen the muffin-tin radii (MT) for Al, Mn, Ge, Rh and Sn to be 2,
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Table 1
Atomic coordinates for RhoMnX(X=Al, Ge, Sn) compounds within the L21
structure.

4a (0,0,0) 4b (1/2,1/2,1/2) 8c (1/4,1/4,1/4)
Rh,MnAl Al Mn Rh
Rh,MnGe Ge Mn Rh
Rh,MnSn Mn Sn Rh

2.1, 2.2, 2.3 and 2.4 a.u respectively. Within these spheres, the
charge density and potential are expanded in terms of crystal
harmonics up to angular momenta L=10, and a plane wave
expansion has been used in the interstitial region. G,,,x= 14, where
Gmax is defined as the magnitude of largest vector in charge
density Fourier expansion. The Monkhorst-Pack special k-point
scheme with a 1500 special k-points in the Brillouin zone for
Rh,MnAl, Rh,MnGe and Rh,MnSn compounds [28]. The conver-
gence criteria for the total energy and force have been taken as
107> eV and 10~ eV/A, respectively. In the GGA+U calculations,
the effective parameter U.g=U-], where U is the Hubbard para-
meter and J is the exchange parameter. We have used U=7.07 eV,
and J=0.0 eV.

3. Results and discussion

We have calculated the total energy as a function of lattice
constant of Rh,MnX compounds for the ferromagnetic (FM) state.
The plot of calculated total energies versus reduced volume of
these compounds is given in Fig.l. the total energies versus
changed volumes have been fitted to Murnaghan's equation of
state [29] in order to determine the ground state properties, such
as equilibrium lattice constant a, bulk modulus B and its pressure
derivative B’. The calculated structural parameters of these com-
pounds are reported in Table 2. Our result for the lattice para-
meters are in good agreement with experimental data [18,30-33]
and previous theoretical calculations [33,34]. Based on the experi-
mental data, the equilibrium lattice constants for Rh,MnSn and
Rh,MnGe are best described by GGA-WC, compared with the
GGA+U method. To our knowledge there are no experimental
data or theoretical calculations on the bulk modulus and its
pressure derivative of these compounds. For comparison purpose,
we also include in Table 2 the bulk modulus data for Fe,Mn(Al, Ge)
[35] and Co,CrBi [36].

The calculated spin-polarized band structures of Rh,MnX
(X=Al, Ge and Sn) compounds, at the theoretical equilibrium
lattice constant, along high-symmetry directions of the first
Brillouin zone are displayed in Fig. 2 within the GGA-WC and
GGA+U approaches. One can observe the absence of a gap at
Fermi level, for Rh,MnX (X=Al, Ge and Sn) compounds, which
confirms the metallic behavior found for both the GGA-WC and
GGA+U approaches. On the other hand, using the GGA+U
method, the band structures for the minority electrons are similar
for all compounds under study, and they are very close to the
structure reported for Mn,CoB in Ref [37].

The total and partial densities of states are shown in Figs. 3 and 4,
in which the spin-up and spin-down sub- bands are plotted with
black and red lines, respectively. The Fermi level is set at 0eV.
Fig. 3 shows the total density of states (TDOS) as a function of
energy for the lattice constant of the Rh,MnX compound. To
illustrate the nature of the electronic band structures, we have
plotted the partial density of states (DOS) of Rh eg and t2g, X-s, Mn
eg and t2g for both spin-up and spin-down sub-bands in Fig. 4.
Our results reveal that the band structures can be divided into
three parts:(1) from -6.0eV to 1.0eV, which represents the
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Fig. 1. Variation of total energies as a function of the unit-cell volume of Rh,MnX

(X=Al, Ge and Sn).

contribution of the majority spin of the eg and t2g orbitals of

Table 2
Lattice constant a(A), bulk modulus B (in GPa), pressure derivative of bulk modulus.
B’ for RhMnAl, Rh,MnGe and Rh,MnSn compounds.

compound (GGA-WC) GGA+U Expt. Previous
Rh,MnAl a 5.98 6.04 6.022 [30] -
B 213.01 189.85 - -
B’ 430 5.16 - -
Fe,MnAl [35] B 209 - - -
Co,CrBi [36] B 132.7 - - -
B’ 5.20 - - -
Rh,MnGe a 6.02 6.09 6.03 [18] 6.102 [34]
- - 6.044 [31] -
- - 5.992 [32] -
- - 5.993 [33] -
B 234.89 195.56 - -
B’ 6.63 6.49 - -
Fe,MnGe [35] B 217.6 - - -
Rh,MnSn a 6.23 6.31 6.24 [18] 6.239 [34]
- - 6.232 [30] -
- - 6.252 [33] -
B 195.55 171.82 - -
B’ 5.55 5.20 - -

Mn atoms hybridized with Rh eg and t2g states, (2) from 1.0 to
3.0 eV, where the eg and t2g orbitals of Mn atoms create fully
unoccupied bands (the exchange-splitting between the spin-up
and spin-down sub-bands of the Mn eg and t2g states, that are the
main contributor in the magnetic moment of these compounds)
and (3) from 3.0 and till 7.0 eV,were s states of X atoms contribute
to the majority and minority spin states.

The calculated total and atom-resolved magnetic moments,
using GGA-WC and GGA + U, of these compounds, are summarized
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Fig. 3. Total density of states (TDOS) of Rh,MnX (X=Al, Ge and Sn) compounds.
Table 3

Calculated total and partial magnetic moments (in ug) for Rh,MnAl, Rh,MnGe. and Rh,MnSn compounds.

Compound Interstitial region X Rh Mn Total magnetic moment
Rh,MnAl GGA-WC -0.01 -0.03 0.34 3.40 4.04
GGA+U -0.27 -0.13 0.74 3.50 4.58
Previous [38] - -0.04 0.32 3.38 4.00
Rh,MnGe GGA-WC 0.07 0.01 045 3.70 4.68
GGA+U -0.23 -0.11 0.93 3.542 5.05
Exp. [33] - 0.007 0.37 3.61 4.36
Previous [20] - - 0.42 3.67 4.49
Previous [34] - 0.004 0.39 3.69 4.47
Previous [38] - 0.01 0.42 3.67 4.52
Rh,MnSn GGA-WC 0.04 -0.01 0.43 3.81 4.72
GGA+U -0.28 -0.10 0.93 3.69 5.18
Exp. [33] - -0.01 0.38 3.77 4.51
Previous [20] - - 045 3.69 4.58
Previous [34] - -0.01 0.38 3.77 4.51
Previous [38] - -0.01 0.39 3.83 4.60

in Table 3. The present study shows that the total magnetic
moment of the studied compounds varies from 4.04 to 5.18 pp.
Our results for the magnetic moments of Rh,MnX compounds are
in good agreement with previous theoretical and experimental
data [20,33,34,38]. The results obtained with the GGA-WC method
are in better agreement with the experimental data compared to
those calculated by the GGA+U method. When we use the U-
Hubbard term, the magnetic moment increases significantly. The
magnetic moments of the Mn atoms (Table 3) are in agreement
with the available experimental and theoretical data [20,33,34,38],
the partial magnetic moments of the Rh atoms are very small.

In Fig. 5, we present detailed information on the atomic and
total magnetic moments for the range of pressures up to 25.0 GPa.
We observe a linear decrease of the total magnetic moments
versus increasing pressures with different rates. The dependence

of the Mn magnetic moments on pressure is well represented by a
linear function with a negative slope. The calculated magnetic
moments of the Rh atoms decrease with increasing pressures,
while the magnetic moments of the X atoms increase with
pressure. For the Rh,MnX alloys, most of the total magnetic
moment arises from Mn and Rh atoms, as expected, because
aluminum, germanium and tin atoms do not carry a magnetic
moment.

4. Conclusions

Using FP-LAPW methods as implemented in the Wien2k within
(GGA-WC) and GGA+U approaches, we have calculated and
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Fig. 4. Spin-polarized partial DOS of: (a) Rh,MnAl, (b) Rh,MnGe and (c) Rh,MnSn compounds.

analyzed the structural, electronic and magnetic properties of alloys has metallic character. The calculated lattice constants are in
Rh,MnAl, Rh,MnGe and Rh,MnSn Heusler alloys. The electronic good agreement with experimental data. For these compounds,
structure of the ferromagnetic configuration for Rh,MnX Heusler the magnetic moments are predominantly due to the Mn-3d and
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Fig. 5. Pressure dependence of the magnetic moments in Rh,MnX Heusler alloys, GGA-WC(solid line) and GGA+U (dashed line).

Rh-4d electrons. Our calculations show that Rh,MnX alloys are
candidate materials for future spintronic applications.
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Abstract

In this work, we have studied the structural, electronic, elastic and magnetic
properties of Cu,GdIn, Ag,GdIn and Au,GdIn. The aim of this project is the investigation of
physical properties such as the equilibrium lattice parameter, bulk modulus, and its pressure
derivative of bulk modulus, density of state, band strucuure, elastic constants Cij and the
magnetic moment. We have used the FP-LAPW method. Thermal and pressure effects on
some macroscopic properties of Cu,GdIn and Au,GdIn are predicted using the quasi-
harmonic Debye model in which the lattice vibrations are taken into account. We have
computed the variations of the lattice constant, bulk modulus, volume expansion coefficient,
heat capacities and Debye temperature with pressure and temperature in the ranges of 0-25

GPa and 0-1400 K.

Résumé

Dans ce travail, nous avons présent¢ une ¢étude théorique sur les propriétés
structurales, électronique, ¢lastique et magnétique des Cu,GdIn, Ag,GdIn et Au,GdIn. Le but
du travail est I’investigation des parametres physiques tels que le pas de réseau a 1’équilibre,
le module de compressibilité, la densité d’état, la structure de bande électronique, constant
elastique, le moment magnetique. La méthode de calcul utilisée c’est FP-LAPW qui est
incorporée dans le code WIEN2K dans le cadre général de la théorie de la fonctionnelle de la
densité (DFT). Les propriétés thermodynamiques ont été¢ calculées par le programme GIBBS,
basé sur les données E-V comme les seuls données d'entrée. L'effet de la température (jusqu’a
1400 K) pour différentes valeurs de pressions sur le module de compression, I’expansion du

volume, les capacités calorifiques et la température Debye a été discuté.

gadla
5 Agoall paliad @y SV Ay gl Gailaddl 4y 5kh0 Al Led Jeadl 128
o Gl g Gl Au,GdIn s Ag,GdIn «CupGdIn <l pall dphlizall ailiadl)
(emalinall o jall 9455 pall Cul o ccilblac Aty (YA ABUS ¢ ) gl Jie 4300 5l aila gl
gl b Amadd)l JalSll () gasll s Llad 30) il 4 siasal) 2 5aY) Ay ko4 deadioll A8 yhl)
Z sl Al ASialing g il paibiadll Clua o3 Z8USH 4010 4 Hlas U] 8 elld s WIEN2K
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