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Elastic constants and thermophysical properties of CuPd: First-principles study
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Based on density functional theory, the structural parameters, elastic moduli, and thermophysical properties of Copper-palladium (CuPd)
inter-metallic compound at various temperatures and under high pressures have been studied using first-principles calculations. The pseudop
plane wave method within the generalized gradient approximation approach was utilized. The material considered is a pure substance o
solid CuPd arranged in the body-centered cubic fashion. Our results show a lattice constant of arourq B.@ibd agreement with

the experimental value of 2.9% from literature. The elastic stiffness constants increase monotonically with pressure. Mechanical stability,
isothermal bulk modulus, heat capacity, Debye temperature, and entropy are also analyzed for pressures from 0 to 12 GPa and temperatur:
from O to 600 K. At room temperature and zero-pressure, the constant volume heat capacity and the entropy are found to be 45.65 anc
53.94 J/mol.K, respectively.
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1. Introduction (X = Sc and Pd) intermetallic compounds in the eightfold co-
ordinated CsCl-type structure (B2).

Copper-palladium with the chemical formula CuPd, and Like silver, pure copper has also a high electrical con-
copper scandium with the chemical formula CuSc are tW(ﬂUCUV”:y At 20°C, it has an electrical CondUCtiVity of around
renowned members of ‘d’ block transition metal family, 5-98x107 S.m~* Palladium, a member of the platinum group
These two Compounds are Comp|ex with their bo"mg p0|ntsof metals, is the least dense element in this group. Its electri-
and high melting temperature [1]. The transition metal Cuxcal conductivity is slightly lower than that of copper, approxi-
(X = Sc and Pd) intermetallic compounds own many promisnately9.28 x 10° S.m* at 20°C [22]. In the CsCl-type (B2)

ing mechanical and physical properties such as high tensigtructure, the CuX (X = Sc and Pd) intermetallic compounds
strength, good ductility, high corrosion resistance, large mecrystallize with Cu atoms located at the vertices and Sc (Pd)

chanical stability under compression, and high thermal sta@tom in the center of body-centered cubic cell [1, 2].
bility [1, 2]. In the present work, we report on first-principles calcu-

The elastic and thermodynamic properties of solid mate[atlons of the equation of state (EoS), structural parameters,

rials are important for the understanding of the physics of thé“ecrt]"’m'CaI propertlle?hand tr:je mflugnce oftﬂressufrecar;d dtgm—
solid state matter [3—6]. This is due to their direct relationshippera ure on several thermodynamic quantities ot Lurd in-

with other fundamental properties of matter. At extreme Con_termetalhc compound in its metallic solid CsCl-type (B2)

ditions of pressure and temperature, the fundamental prope?—truCture using the pseudopotential plane wave method in the

ties of solid materials may behave differently [7-12]. The ramework of the density functional theory (DFT) [23, 24].
knowledge of the behavior of these properties under high

pressure and temperature is very useful for our understan®. Methods

ing of fundamental properties of materials subjected to severe

conditions and for technological applications. As a matter ofThe calculations reported in the present work have been per-
fact, pressure and temperature are attractive thermodynanfearmed within the D F'T" using pseudopotential-plane wave
cal variables that allows a variation in the fundamental prop{PP — PW) method. The static energy-volumg (V') data
erties of solid materials when the inter-atomic distances arand the elastic constants; are obtained using the CASTEP
changed in a systematic way [13—-16]. Almost, copper-basedode [25]. For the exchange-correlation potential, the gener-
binary compounds were the object of several studies on thealized gradient approximation (GGA) for the total energy cal-
fundamental properties in the last two decades. In fact, aulations in the form proposed by Perdew-Burke-Ernzerhof
lot of theoretical calculations [1, 2,17-20] and experimental(PBE) [26] scheme is employed for electron-electron interac-
studies [21] have been performed on structural parametertipn. In order to reduce the required number of plane waves,
elastic constants, and thermophysical properties at ambiechemically inactive core electrons are effectively replaced
conditions and under high pressure and temperature on CuXith an ultra-soft pseudopotential [27].
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The plane-wave basis set cut-off energy used in the -2275.48
present calculations is taken as 500 eV. The Monkhorst-Pack (CuPd)
method [28] with al6 x 16 x 16 special k-point mesh is -2275.50 |
used to realize the special points sampling integration over —
the Brillouin zone. To minimize the total energy, interatomic @ 5,75 52
forces and unit-cell stress, the lattice parameter has been in >
dependently modified. For the geometry optimization, the 2

. o L ) _ O 2275541
difference within5 x 10~% eV/atom in the total energy is |
taken, the maximum stress is taken to be 0.02 GPa, maxi-
mum ionic displacement withifi x 10-4 A, and a maximum e
ionic Hellmann-Feynman force within 0.01 A/
In order to obtain the pressure and temperature depen- 22 >8: 0" 525 260 265 270 275 280 285 290
dence of the thermodynamic properties of CuPd intermetal- Volume (A%

lic compound, the quasi-harmonic Debye model is success-
fully applied; our calculations are implemented through theFIGURE 1. Total energy versus the volume for CuPd intermetallic
Gibbs code [29]. The method of the calculation adopted incompound.

the present work and the different relationships used here are _
detailed elsewhere [2,29]. obtained value of 160.04 GPaBjf is almost equal to the the-

oretical one of 160.37 GPa obtained by Baranov [17] and our
obtained value (5.26) B, is underestimated with respect to
the theoretical one of 5.33 [1] by less than 1.32%.

3. Results and discussion

3.2. Mechanical properties

3.1. Structural parameters at equilibrium
3.2.1. Elastic constants and some other derivative quanti-

The total energy of the material of interest (CuPd with CsCl- ties

type structure) has been calculated as a function of the unibue to the symmetry elements in the crystal, there are only

CGegXOIUFTe arotun(;:l tthe e_qunlgnum (?ﬁtl)l \_/olumte, L;S'n? the three independent elastic stiffness constantg (C2 and
scheme, to determine the equilibrium structura param—c44) in the case of cubic crystals [2]. At zero-pressure, the
eters (the equilibrium lattice constamg, bulk modulusBy,

SN o evaluated elastic constant; of CuPd intermetallic com-
and its first pressure derivativé))). Then the calculated total s,

: inimized b M han’ i Eound in cubic CsCl-type structure are presented in Table I,
energies were minimized by means of Murhaghan's equatioy compared with other theoretical data [1]. From Table II,
of state [30], as shown in Fig. 1. Our obtained values of th

latti ter at ibri bulk modulus? dit Sve observe that our calculated elastic constantsare in
atlice parameter & faquu riumy, bulk moauluso, and its reasonably good agreement with the previous theoretical data
pressure derivativé), are also summarized in Table |, and

. . reported in Ref. [1]. At zero-pressure, the calculated elas-
compared with other theoretical results [1, 17, 18] and exper. ; . :
. : ; _tic constantg”;; of CuPd intermetallic compound satisfy the
imental data [21]. From the results summarized in Table |, i 4 P fy

) . tre uirement mechanical stability criterions, which are given
can be observed that our resuligfof the material of interest q y g

o : : o 1,31
is in good agreement with the theoretical one of 2.89%8], as| |
and the experimental one of 2.9§21]. Our obtained value C
N X . ) +2C12 > 0,011 — C12 > 0,044 > 0,
(3.001°A) is overestimated with respect to that of experiment 1 2 M 2 “
(2.96A) [21] by less than 1.4%. Our calculated value of the and Ci; > B > (Cqq, Q)

bulk modulusB, and its pressure derivativB; are also in

good agreement compared to the theoretical ones [1, 3]. O Eq. (1) means that the bulk modulis the shear modulus
C=C44 and the tetragonal shear modultfs=(C;; — C12)/2

must be positive. The tetragonal shear modulus measures the
response of a crystalto volume-conserving tetragonal shear

TABLE I.
Parameter Our work Other works
- TABLE II.
ao (A) 3.002 3.0145°, 2.9663"/, 2.9569
2967 2.995. 2.96 Parameter Our work Other works

Bo (GPa) 160.04 158.8%, 184.92"]", C11 181.07 184.03’b, 217.54°°, 208.661’d

188.84°9, 160.37 Chz2 150.40 144.12°,173.72°°, 185.01*
B) 596 488 471/ 5339 Caa 97.10 60.87",94.11-°, 69.47¢
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strain and can be linked with the stretching and the bending
of atomic bonds [32].

It can be noticed that th€1, is slightly higher tharC’,, Chi = 181.49 + 5.58p, ®)
while Cy4 is largely lower. This indicates that the velocity Chs = 150.95 + 4.81p, 4)
of a longitudinal wave in thé100] direction is much larger
than the shear wave &% is larger tharCy,. This behavior Cag = 97.53 + 2.21p, (5)

of the elastic constants;; is also observed for zinc-blende
zirconium carbide (ZrC) material [32].

The bulk modulus is defined as the reciprocal of the comThe variation of the elastic constangs;; as a function
pressibility. A material that is difficult to compress has alargeof pressure allowed us to predict the pressure derivatives
bulk modulus, but a small compressibility. When the bulkacC;; /0P. Our results regarding the pressure derivatives at
modulus is independent of pressure, this is a specific form ofero-pressuredC,, /0P, 0C12 /0P, 9Cy14/0P and OB /0P
Hooke’s law of elasticity. For crystals with cubic structure, of CuPd intermetallic compound are: 5.58, 4.81, 2.21 and
the bulk modulus and the elastic constants; are related 5.07, respectively. The results show that,, /0P is the low-
by [31] est value compared to oth@€;; /0P, thus indicates that the

shear deformation designed 6y, parameter is less sensitive

B = (Ci1 +2C12)/3. (2)  tothe pressure than other parametéts (C1, andB). It can

be noted that the same behavior of the elastic constéts
At zero-pressure, the bulk modulus of CuPd intermetallicunder compression was also observed for CuSc intermetal-
compound is found to be 160.62 GPa. It is also in readic compound [2]. To the best of our knowledge, there is no
sonably good agreement with the previous theoretical datdata available in the literature on the pressure derivatives of
[1,17]. Our obtained value deviates from the theoretical oneglastic constant§’;; for the material of interest. For cubic
of 158.85 GPa reported by Jaét al. [1] and 160.37 GPa crystals, a linear empirical expression linking thg to the
obtained by Baranov [17] by less than 1.12% and 0.16%, reelastic constant’;;, is given by [34, 35],
spectively.

Figure 2 shows the variations of the elastic constéhjs
e USNG he vl o, — 15117 GPa obtinedat zro

P P ) pressure, the value df,, of CuPd has been found to be

a quasi-linear dependence in all curves. All parameters of ing .. 3k This value is much higher than the value of
terest increase monotonically with raising pressure.

i o 872.6+300 K of cubic zinc-blende copper iodide (Cul) semi-
The ela_\stlc_ consta_rt[?n represents elastlc_:lty in length conducting material [34]. To the best of our knowledge, there
and a longitudinal strain produces a chang€in [33]. On

! are no experimental or other theoretical data available so far
the other hand, the elastic constaOls andCys are related  , check the accuracy of our estimated Tm value of CuPd
to the elasticity in shape, which representing a shear CONftermetallic compound with B2 structure.

stant [33]. The best fit of our data.regarding the elastic con- On the macroscopic scale, the elastic moduli (Young

stantsC; . and the bu]k modulug (in GPa) for CuPd obey modulusFE, Poisson’s rati@r, etc.) were usually used to de-

the following expressions: scribe the elastic properties of solids. The Young's modulus
FE is a measure of the ability of solid material to defend longi-

B =161.13 + 5.07p. (6)

Ty, = 553 + (591 /Mbar)Chy % 300K. @)

tudinal stress [36,37], while the Poisson’s ratiis a measure
240 of the Poisson effect; the phenomenon in which a material
2 tendso to expand (compress) in directions perpendicular to
O 210 the direction of compression (expansion) [38]. For the ag-
: gregate polycrystalline materials (elements, compounds and
*g' 180 c alloys), the Young modulug’ and Poisson’s ratie are cal-
— 12 culated as follows [36-38],
6
= L E=9BG/(3B+ @), and
8 10l C.. o= (3B —2G)/2(3B + Q), 8)
1]
// where B is the bulk modulus and- is the isotropic shear
- 3 A & ” po 7S modulus. At equilibrium, our calculated values@f E and
Pressure (GPa) o are: 47.7 GPa, 130.21 GPa, and 0.365, respectively. They

are presented in Table Ill, and compared with other available
FIGURE 2. Variation of the elastic constan; and the bulk mod-  theoretical data of the literature [19]. It is seen also that, our
ulus B as a function of the pressure. calculated values af?, F ando are in general in good agree-
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TABLE 1. 6
Pressure G E v B/G Emax/Ewmin Hy 4: Cu
(GPa) (GPa) (GPa) (GPa)

0 4770 130.21 0.365 3.37 5.44 3.57 ; 21

1 38.97 108.00 0.386" 4.039" - - Ly

2 50.77 138.66 0.366 3.39 5.29 3.70 2 34

4 51.75 141.75 0.369 3.50 5.62 3.62 g 24 Pq

6 54.00 148.06 0.371 3.54 5.58 3.68 ; ! ]

8 57.05 156.47 0.371 3.55 5.42 3.82 a v g

10 5874 16129 0373 3.60 547 383 oo U7

12 61.13 167.95 0374 3.63 5.45 31 2 i preR
ment with the previously calculated data [19], where for ex- L- e
ample, the value (0.365) of obtained in the present work 24 _
deviates from the theoretical one of 0.386 reported by dain | =TT
al.[19] by around 5.44%. It can be seen that CuPd has higher <10 -6 & 4 2 0 2 & & § 10
value of E compared to that (101.34 GPa) of CuSc [2], im- Energie (eV)

plying that the CuPd is more covalent in nature comparing - _ _

to CuSc material [19]. Under compression our predicted Val_FIGURE 3. Total apq Ipcal densities of states of CuPd intermetallic
ues of the isotropic shear modul@s the Young’'s modulus compound at equilibrium and 12 GPa.

E, and the Poisson’s ratio up to 12 GPa are also reported comes from Cu-d and Pd-d electrons which play an impor-
in Table l1I. All these different quantities increase monoton-tant role in the conductibility of the crystal of interest. Upon
ically with increasing pressure. The physical properties ofcompression of 12 GPa, we observe a shift of Cu-d and Pd-d
solid materials are importantly related to the electronic conelectrons towards lower energies with respect to those at zero
figuration of molecules [39]. In this respect, the densities ofpressure. A useful visualization of the elastic anisotropy can
states (DOSs) have been computed for CuPd in order to studye obtained by plotting a three-dimensional representation
the distribution of the electrons in different orbitals. Our re-(3D) of the dependence of Young’s modulison crystal-
sults are displayed in Fig. 3. Note that the major contributionlographic direction in a crystal. For cubic crystals, the direc-
for the energy bands near the Fermi level of the CuPd crystalonal dependence of Young’s modulus3B representations

| can be given by the following relationship [40]

E(ﬁ) = 1/[511 — (2511 — 28512 — 544)(77/127122 =+ n12n32 =+ 71227132)}7 (9)

where S;; design the elastic compliance constants, apnd
ng andng are the directional cosines to the y- andz-axes, Iity conditions on the elastic constants at any value of pres-
respectively. Equation (9) determines a 3D closed surfacesure are expressed as follows [2,31]

and the distance from the origin of the system coordinates

to this surface is equal to young’s modulus in a given direc- K =1/3(C11 +2C12 + P) > 0,

tion. For a perfectly isotropic material this surface would be G =1/2(Cy; — C12 —2P) >0, and
a sphere, but often this is not the case even for cubic crys- .
tals [40]. Figures 4 and 5 show, respectively the three dimen- G = (Cyy—P)>0. (10)

sional and the projections in 110 and 100 crystallographiGyg ressyre is applied to CuPd intermetallic compound with
planes of the Young's modulus of CuPd single material. AtBZ-type structure, it gets transformed from the ordered B2-

equilibrium, the estimated valués,ax and Emi, are along yne sirycture into another phase (perhaps to the disordered
the [111] direction for 110 planes, and along [001] direc-

ion for 100 ol el h q q (gqhase or to the amorphous state). The variation of the gener-
tion for 100 p anes, respectively. The pressure IEPENCENGHi; e elastic stability criterié’, G’ andK are plotted against
Of Emax/Fmin is listed also in Table Ill. The variation of

. f ) ¢ . . pressure in Fig. 6. From Fig. 6 in can be seen we found that
Emax/ Emin ratio as a function of pressure is not MONOLONIC, (7 yacreases gradually with increasing pressure and vanishes

reflecting the variation of the magnitude of the mechanicalat about 26.5 GPa, which yields the phase transition pres-

anisotropy under compression up to 12 GPa in CuPd interg,, .o~ Hardness is one of the basic mechanical properties of
metallic compound. In cubic crystals, the mechanical stabil-

the solid. It represents the resistance to elastic and plastic
deformation or brittle failure when compressive force is ap-
plied.

Rev. Mex. Fis71020501
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FIGURE 4. Graphical representation of the Young’s modulus for
CuPd material with B2 structure at equilibrium.

E (GPa)
-200 -150 -100 -50 0 50 100 150 200

—— {110}
L2 {100}

-200 -150 -100 -50 0 50 100 150 200
E (GPa)

FIGURE 5. Variation of the generalized elastic stability criterions
as a function of the pressure.

CuPd

The hardness of elements, compounds as well as alloys has
a significant effect on their applications in functional materi-
als [41]. The isotropic polycrystalline shear modulus is the
most important parameter besides the bulk modulus for hard-
ness of any material [32]. An empirical formula was usually
used to predict the hardness of several compounds and alloys.
This formula relates the Vickers hardndgs and the elastic
moduli; it is given as [42],

Huv = 0.92k"17GO70%, (11)

where the parametérrefers to thes/ B ratio, B is the bulk
modulus, and- is the shear modulus. Using our values of the
modulus and the shear modulus obtained at zero-pressure, the
predicted value of the Vickers hardnelds of CuPd is 3.57
GPa. This value is lower than the hardness of the covalent
materials, which are relatively high, in that the strong cova-
lent bonds greatly hinder the plastic flow due to the pinned
dislocation [41]. Under compression our predicted values of
the Hv up to 12 GPa are reported in Table Ill. We can see that
Hwv of CuPd increases with raising pressure. To the best of
our knowledge, there is no data available in the literature on
the generalized elastic stability criteria and the Vickers hard-
nessHv for CuPd material with B2- structure. Hence, our
result represents a prediction and may serve for a reference,
and still await experimental and other theoretical confirma-
tions.

3.2.2. Sound velocity, Debye temperature and melting tem-
perature

From the theoretical elastic constants, we computed the elas-
tic wave velocities. In this respect we have calculated the
sound velocities and the Debye temperature using expres-
sions from Refs. [2,37] and presented them along with other
results of Jairet al. [19] in Table IV. As can be seen from
Table IV, our calculated values concerning the longitudinal
(v;), transverse;) and averageu,) sound velocities and
the Debye temperatu, are in reasonable agreement with
the previous theoretical data reported in Ref. [19], where
for example our obtained value 2138/s of v; overesti-
mates the theoretical one (2078:34 s) [19] by only around
2.87%, while our value301K) of 6, overestimates the re-

— 250
x 200 sult 291.49K) [19] by only around 3.26%. The variation of
e iso @ the longitudinal (;), transverse) and averageu,,) sound
B | o e ] velocities are drawn as functions of pressure in Fig. 7 for each
o 100 T compound of interest. Itis inferred from Fig. 7 that all sound
E i velocities increase monotonously with increasing pressure.
=
1L
b TABLE IV.
- . . . . o Parameter Our work Other works
5 10 15 20 25 30 v, (M/s) 4635 4586.79
Pressure (GPa) vy (M/s) 2138 2078.34
FIGURE 6. Longitudinal (), transverse(;) and averageu) vm (M/S) 2408 2343.30
sound velocities of CuPd versus pressure. 0p (K) 301 291.49

Rev. Mex. Fis71020501
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204
—a—T=0K
- -4 -1=300x | (CuPd) /
- 192 | |- @ T= 600K )
f’ - 3
= < 180t a
: g
2 ~ 168 | i o
-E & _,»” o
= .
A 166 | il
_E L .
22 Y 144
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Pressure (GPa) Pressure (GPa)
FIGURE 7. Variation of the unit cell volume as a function of the FIGURE 9. Isothermal bulk modulugz of CuPd versus pressure
pressure at different temperatures. at different values of temperature.

This tendency of the sound velocities under compression was The bulk modulus is one of the most important mechani-
also obtained by Jaiet al. [19] for CuPd compound. It can cal parameters of the material. It is usually increases as pres-
be noted that the same behavior of all sound velocities unSure rises [2, 43]. Figure 9 shows the isothermal bulk mod-

der pressure was also observed for CuSc intermetallic cont!us Br variation of CuPd compound versus pressure up to
pound [2, 19]. 12 GPa at a given temperatures of 0, 300 and B00 At

zero pressure and room-temperature, the obtained value of
the isothermal bulk modulus is around 147.11 GPa. For a
given temperature, the bulk moduli- increases with in-

creasing pressure, and for a given pressure, the bulk modu-

perature dependence of the thermodynamic properties s Bt decreases with increasing temperature from 0 to 600

X . . K. This indicates that the material of interest becomes less

CuPd intermetallic compound were obtained from the quasi- . o i
. . compressible with increasing pressure. The effect of decreas-
harmonic Debye model and the method adopted in the : :
) . . . ing temperature and increasing pressurdlgrare nearly the
present work is detailed elsewhere in our previous work [2]. .
. . same. We can note that the same trend on the isothermal

The variation of the volume of the unit cel{§ of CuPd ver-

. bulk modulusBr was also observed in CuSc binary com-
sus pressure at temperatures 0, 300 and 600 K is shown |n ) -

X . L pound [2]. The best fits of our data regardiBg for CuPd at
Fig. 8. The volume of the unit cell decreases with increas- : ' .
. : . 0, 300 and 600< obey the following quadratic expressions,
ing pressure at a given temperature. On the other side, as the

temperature increases, the volume of the unit cell increases gﬁspectwely:
a given pressure. The rate of increasé/ofvith temperature By = 156.0 + 4.69p — 6.40 % 10~2p? (12)
decreases with increasing pressure. '

3.3. Thermodynamic properties

As we mentioned below in Sec. 2, the pressure and te

Bp = 147.0 + 4.10p — 4.40 « 10~ 2p?, (13)
280 — Br = 1424+ 2.19p — 4.04 %« 10~ 3p?, (14)
; —a— T= 0K
275 L. f I ;ggﬁ where, bothB andp are expressed in GPa.
T i The knowledge of the heat capacity of a substance can
L \‘ provide essential insight into its vibrational properties, and it
=< R, el is also mandatory for many applications. From the standard
g L elastic continuum theory, two famous limiting cases are re-
= 283 B o ported. At high temperature, the constant volume heat capac-
g e e ity C'yv tends to the Dulong-Petit limit, while at sufficiently
260 T e low temperature('y, is proportional tal™® [44—46]. At inter-
(CuPd) e . mediate temperatures, however, the temperature dependence
255 | of Cy is governed by the details of vibrations of the atoms
0 2 2 5 3 10 12 and for a long time could only be determined from experi-
Pressure (GPa) ments [44]. Figure 10 shows the dependence of the heat ca-

pacity Cy on temperature at different pressures (0, 6 and 12
FIGURE 8. Isothermal bulk modulugr of CuPd versus pressure GPa) for the CuPd intermetallic compound with cubic cesium
at different values of temperature. chloride-type structure. From Fig. 10, we can observe that

Rev. Mex. Fis71020501
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50 3800 2
/_‘%F“Z—:_:!:_’—'—'_:!_ o /.J
P 3700 | o A
40 | i —=—P=0GPa o a
L -# P=6GPa E 3600l
; - %--P =12 GPa = T e
= - A
E 30 A2 3500
O E ] "’," — 5
1 L 3400t AT
= pe 7o (CuPd)
O S 300f . &
- 2 . —=—T=0K
32000 --A--T= 300K
(CuPd) b @ T=600K
; ‘ 31[][] 1 1 1 1 1 1
0 0 2 4 6 8 10 12

300 450 600
Pressure (GPa)

Temperature (K)
FIGURE 12. Sound velocity versus pressure of CuPd intermetallic

FIGURE 10. Variation of the heat capacity at constant volume as a compound at different temperatures.

function of the temperature at various pressures.

temperature. For CuPd material, the best fits of our data re-
gardingfp at 0, 300 and 60@& obey the following quadratic

e - expressions, respectively:
_ -4-1=300k | (CuPd) AT A
< 4go || @ T= 600K / C Op = 41324+ 7.14p — 1.25 10" p%,  (15)
g / Op = 40322+ 7.59p — 120 10'p>,  (16)
W 440 | e
§ o Op = 386.18 + 7.74p — 0.74 % 10”192, (17)
A
E; 120 / e where,0p is expressed id(, andp is expressed in GPa. In
o ol . the Debye model, the sound velocity and the Debye tem-
Q 00 | : peratured are related by the following expression [45-47],
0
380 . . . . . vy = kplp/ /6T h3N/V, (18)
0 2 4 6 8 10 12 . )
Pressure (GPa) WhI%re N/V represents the concentration of atoms in the
solid.
FIGURE 11. Debye temperature of CuPd versus pressure at various Figure 12 shows the dependence of the sound velogity
temperatures. at different temperatures (0, 300 and 6R() for the CuPd

__intermetallic compound. Such as the Debye temperature,
the C'y depends on both temperature and pressure, and itirkjg 12 clearly shows thatsincreases monotonically with
creases rapidly with the temperature 7ok 300 K. At zero- raising pressure. At a fixed value of pressurgdecreases
pressure and 308, the constant volume heat capadity of it increasing temperature. It can be noted that, a similar
CuPd was found to be 45.65 J.molK™". Itis aimost equal  yrenq for the sound velocities versus pressure and temper-
to the 45.9 J.mol'.K~* of CuSc binary compound [2]. FOr ayre was also observed in the case of MgCu intermetallic
T > 350K, Cy tends to the Dulong-Petit limit. Athigh tem-  ¢ompound with cubic CsCl-type structure [45], and for alu-
perature<” approaches approximately 48.87 J.moK™"  inym phosphide (AIP) semiconducting compound with cu-
for the material under investigation. As can be seen, the efgic zinc-blende phase [46]. For CuPd material, the best fits of

fect of pressure on the heat capacity is not significant. We, ;; gata regarding, at 0, 300 and 60& obey the following
can note that the same trend 6% is also observed in CuSc quadratic expressions, respectively:

binary compound [2], cubic zinc-blende zirconium carbide

{nat[erif]:ll [32], and AJ.25B0.75As semiconducting ternary al- vs = 3317.4 4 50.16p — 9.97 x 10~ 1p?, (19)
oy [44]. 1.2

Figure 11 shows the [2] dependence of the Debye tem- vs = 3246.8 + 53.63p — 9.68 x 10~ p7, (20)
peraturef on pressure (ranging from 0 up to 12 GPa) at vs = 3126.3 + 55.17p — 8.81 * 10~ 2p?, (21)

different temperatures (0, 300 and 600 K) for the CuPd in-

termetallic compound with cubic cesium chloride-type struc-where,v, is expressed im.s~! andp is expressed in GPa.
ture. From Fig. 11, we can observe clearly that @hein- In Fig. 13, the variation of the entrop§ as a function of
creases monotonically with raising pressure. At a fixed valuéemperature at various pressures is presented. At low temper-
of pressure, the Debye temperature decreases with increasiatures, the entropy increases monotonically and very quickly
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90
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o
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T
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Temperature (K)

600

FIGURE 13. Variation of the entropy as a function of temperature

at different values of pressure.

with increasing the temperatufE. The variation ofS as

temperature and zero-pressure, the entropy of CuPd is found
to be 53.94 J.mol'.K—!; whereas at pressure of 12 GPa, it
is found to be 46.4 J.mol. K1,

4. Conclusions

In conclusion, ab-initio PP-PW method based on the DFT
in the GGA approach has been used to investigate the struc-
tural, mechanical and thermodynamic properties of CuPd in-
termetallic compound with the CsCl-type structure at differ-
ent pressures and temperatures. The calculated equilibrium
lattice parameter is in good agreement with the experimen-
tal one. Generally, our results of the elastic constants and
other derivative quantities were found to be in good agree-
ment with the available theoretical data published in the liter-
ature. According to the generalized elastic stability criteria,
B2-type structure is mechanically stable up to 26.5 GPa under
high-pressure. It is found that pressure influences all ther-

a function of temperature remains qualitatively almost themodynamic parameters of interest in a manner opposite to
same as that of pressure ranging from O up to 12 GPa. ThT@at of temperature. At Zero-pressure and room-temperature,
trend is similar to that of the entropy versus temperaturdhe isothermal bulk modulus was found to be 147.11 GPa;
in CuSc material [2], cubic zinc-blende zirconium carbide Whereas the entropy S was found to be 53.94 J.il~".
(ZrC) [32], MgCu [45] intermetallic compound and for cu- All features of interest were found to vary monotonically with
bic zinc-blende AIP semiconducting material [46]. At room- €ither temperature or pressure.
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