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ABSTRACT ARTICLE HISTORY

We report results obtained from first principle calculations Received 30 April 2017

on APt, compounds with A=Mg, Sc, Y and Zr. Our results ~ Accepted 14 November 2017
of thg lattice parameter a are in good agreement .Wlth KEYWORDS
experlmentql data, with deviations less than 0.8%. Slngle Intermetallic compounds;
crystal elastic constants are calculated, then polycrystalline Ab initio calculations; elastic
elastic moduli (bulk, shear and Young moduli, Poisson properties; electronic
ration, anisotropy factor) are presented. Based on Debye structure; thermodynamic
model, Debye temperature © is calculated from the sound

velocities V, V, and V_. Band structure results show that the

studied compounds are electrical conductors, the conduction

mechanismis assured by Pt-d electrons. Different hybridisation

states are observed between Pt-d and A-d orbitals. The study

of the charge density distribution and the population analysis

shows the coexistence of ionic, covalent and metallic bonds.

1. Introduction

Intermetallic compounds have shown attractive and unusual properties such as
high melting point [1], superconductivity [2], magnetic properties [3,4], corrosion
resistance [5], that's made them important materials for various applications field.
These binary compounds have the general formula AB, where A=Mg, Sc, Y, Zr, Nb,
Lu, while B=Ru, Rh, Pd and Pt [2,6]. The unit cell of these compounds is cubic with
A elements at 1a (0, 0, 0), B elements at 3¢ (1/2, 1/2, 0) [2]. Structural, magnetic
and electrical properties of YPd, was studied by Pandey et al. [3], they succeed to
prepare an ultra pure YPd, that expected to exhibit a pure diamagnetic character
at lower magnetic fields. Using linear-muffin-tin-orbital (LMTO) method, the
optical conductivity of APd, (A=Sc, Y, La and Ce) was studied and the optical
transitions were discussed [7]. Theoretical calculations of electronic structure and
magnetic properties of ScPd, show that this compound has a stable non magnetic
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state. Furthermore, d electrons of Sc and Pd atoms play dominant role near the
Fermi level [8]. Pt-based alloys are generally used for high temperature application
because of their high melting point [5,6,9-13]. The structural, elastic, electronic
and phonon properties of ScX, (X = Ir, Pd, Pt and Rh) and APt, (A=Sc, Y) have
been investigated using density functional theory [12-14], the results show that
these compounds exhibit metallic character. Moreover, both of ScPt, and ScPd,
alloys could be used as materials for ultra high temperature applications.

To complete the earlier works on ScPt, and YPt,, we report in this paper a detail
study of the structural, elastic, thermal and electronic properties of MgPt,, ScPt,
YPt, and ZrPt,. Thereafter, we present the computational details in Section 2. In
Section 3, various results were presented and discussed, such as lattice parameters,
single crystal elastic constant C,, polycrystalline elastic moduli, temperature and
pressure effects on various structural and fundamental physical parameters, elec-
tronic properties and chemical bonding. This work was finished by a conclusion
of the main results in Section 4.

2. Calculation details

CASTEP (Cambridge Serial Total Energy Package) code [15] was used to perform
this study. The problem of fundamental eigenvalue is resolved using the density
functional theory [16] and the Kohn-Sham approach [17]. In the purpose of
reducing the very important number of plane waves (PW), thats describe the
electron functions, a fictive potential (pseudopotential) is generated to replace the
real atomic potential [18]. Pseudo atomic calculations were performed with; Mg:
2p©3s?%, Sc: 3s23p®3d'4s?, Y: 4d!5s?, Zr: 4s*4p®4d*5s* and Pt: 5d°6s’. Local density
approximation LDA with the CA-PZ functional [19] was used to calculate the
exchange correlation energy. The Broyden- Fletcher-Goldfarb-Shanno (BFGS)
algorithm [20,21] was used to find the fundamental energy of the crystal. After
careful convergence tests, we have used 120 irreducible k points to sample the first
Brillouin zone [22]. The ultra-soft pseudopotential was employed [21] with a cut-
off energy E_, .= 500 eV. Calculations were done since the energy tolerance is
about 5.107° eV/atom, the maximum force is equal to 0.01 eV/ A, the maximum
stress is lower than 0.02 GPa and a maximum displacement doesn’t exceed 5.10~A.

For elastic constants calculations, the used convergence parameters are; the
energy change between two successive cycles is less than 107° eV/atom, maximum
force within 0.002 eV/A and maximum displacement less than 10~#A.

3. Results and discussions
3.1. Structural properties

The structure of APt, compounds belongs to the AuCu, type structure [2], A atoms
occupy the corners, while Pt atoms set on the face centres. The present results of
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the lattice parameter are in good agreement with the available experimental data
[2], the deviation between calculated equilibrium volumes and the corresponding
experimental ones is less than 2.4%. Calculated equilibrium volumes are in corre-
lation with the atomic radii of A atoms, crossing down the periodic Table increases
the equilibrium volume by about 8%. However, increasing the atomic number in
the same line reduces the equilibrium volumes by about 4.4%. We note that the
Pt atoms are the same in the four compounds, the size of X atoms is different.The
different size of the A atoms could be responsible for the lattice constant increasing
from MgPt to YPt.The negative values of the calculated cohesive energy [23] reflect
the stability of these compounds. It is noted that the APt, compounds are more
stable when the A element is a transition metal. E-V data are fitted to the third
Birch-Murnaghan equation of state, and the obtained results of the bulk modulus
B and its pressure derivative B’ are summarised in Table 1. One can observe that
ZrPt, has the highest bulk modulus, while YPt, has the lowest one. As a result,
it is predicted that ZrPt, is the hardest in the studied series So we conclude that
in these type of materials the electrons d play an important role in the hardness
of the material. Our results are about 12 and 25% higher than those reported for
ScPt, and YPt, respectively [13], this discrepancy could be explained by the use
of LDA in the former and the GGA in the later [23]. ZrPt, presents the lowest
dependency to external pressure. The obtained results for the bulk modulus are
in good agreement with the well-known relation the smallest unit cell volume,
the highest bulk modulus.

3.2. Elastic constants and their related properties

The study of elastic behaviour of materials is very important for both academic and
technological aspect, in the former, elastic constants are related to many micro-
scopic parameters such as chemical bonding, for the later, they are related to mac-
roscopic properties such as fatigue, cracks, dislocations. Results of single crystal
elastic constants C; are carried out based on the finite elastic strain technique [24-
26]. Elastic properties of a cubic crystal can be described using three independent

Table 1. Summary of calculated lattice parameters, cohesive energy E_, bulk modulus B and its

) X , coh’
pressure derivative B'.

aA) V(A3 E, (V) B (GPa) B

MgPt, Our calc. 3.898 59.24 —6.65 235 53

Expl2] 3.918 60.14
ScPt, Our calc. 3.935 60.92 -8.02 253 5.2

Expl2] 3.958 62.00

Calc. 4.024[12]4.003 [13] 2080131 5.3031
YPt3 Our calc. 4.041 65.94 -7.96 219 5.1

Expl2] 4,075 67.66

Calc. 4.024[12] 4.081 [13] 175031 54031
ZrPt, Our calc. 3.980 63.03 -8.76 274 5.0

Exp[2] 3.990 63.52




Downloaded by [105.108.91.6] at 23:37 27 November 2017

4 A.BENAMER ET AL.

Table 2. Calculated single crystal elastic constants and related polycrystalline elastic moduli.

Method MgPt, ScPt, YPt, ZrPt,

(& Our cal. 322 371-286[10]-350[11] 309 399

4 Our cal. 134 139-113 [10]-72[11] 110 144

"2 Our cal. 189 194-154[10]-194[11] 174 211

B (GPa) Our cal. 233 253 219 274
Other cal. 221[10] 246 [11]

G (GPa) Our cal. 101 116 90 121
Other cal. 94110174011

G'(GPa) Our cal. 66.5 88 67 94
Other cal. 66[10]1/78 [11]

CP (GPa) Our cal. 55 55 64 67

E (GPa) Our cal. 264 301 237 316
Other cal. 2451[10]/203 [11]

Hv Our cal. 8.20 9.95 6.91 9.79

v Our cal. 0.3106 0.3011 0.3192 0.3075
Other cal. 0.302[10]/0.360 [11]

AY Our cal. 2.015 1.5706 1.6296 1.53
Other cal.

B/G Our cal. 2.3 2.18 243 2.2644
Other cal. 2.0[101/3.33[11]

elastic constants C, , C,, and C,, [27]. Our results for C,.]. are summarised in Table

2 with previous callclulated data for ScPt,. The requirements for mechanical stabil-
ity of the cubic system at 0 GPa are [24]: C,-C,>0;C,+2C,>0 and C,>0,
these conditions are well satisfied by the values reported in Table 2. These ensure
the mechanical stability of the previously studied compounds. Our results are in
good agreement with those reported in [12,14]. C,, is related to the unidirectional
compression along the principal directions, the highest (lowest) value is that of
ZrPt, (YPt,).This confirms the results found is Section 3.1 that ZrPt,compound
is the hardest one. Shear modulus C,, changes from 144 GPa for ZrPt, to 110
GPa for YPt,. We have examine the dependency of C; to external hydrostatic
pressure until 50 GPa, according to the mechanical stability criteria [28], these
compounds remain stable up to 50 GPa and no phase transition is expected. Single
crystal elastic constants increase linearly with increasing pressure. C, | has the most
dependency (dC, /dp) to external pressure, while C , has the lowest dependency
(dC,,/dp) to pressure. It is clearly seen that, increasing pressure up to 50 GPa,

leads to increase C, |, C,, and C , elastic constants (see Figure 1).

Polycrystalline eiilstic constants are more meaningful for technological aspects,
in this study they are presented using only the Hill's assumption, which is defined
as the arithmetic average of the Voigt and Reuss approximations [26]. The bulk
modulus B gives information about resistance to volume changes. However, shear
modulus G provides information on shape change resistance [26]. Brittleness and
ductility properties of APt, (A=Mg, Sc, Y and Zr) compounds have been inves-
tigated by calculating the B/G. The critical value that separates brittleness and
ductility is around 1.75. If B/G value is smaller than 1.75, the material behaves in

a brittle manner; otherwise, the material is a ductile compound.
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Figure 1. (Colour online) Pressure effect on elastic moduli of APt, with A=Mg, Sc, Y and Zr.

Our results for the bulk modulus B, shear modulus G, tetragonal shear modulus
G' = (C,,-C,,)/2, Young’s modulus Y, Poisson’s ratio P, anisotropy factor A and
Pugh’s criterion B/G for the ductility or brittleness are summarised in Table 2.

Firstly, we note the excellent agreement of calculated bulk modulus using the
EOS and the C; of single crytal. Bulk modulus takes values between 219 GPa for
YPt, and 274 GPa for ZrPt,, the only available study is on ScPt,, the calculated bulk
modulus is consistent with the reported one of Razumovski et al. [14], however
it is about 10% higher than the reported one by Arikan et al. [12]. According to
our results, we observe a decrease of the bulk modulus when going from (Sc - Y),
however it increases from (Y — Zr). These results agree with the relation between
the lattice parameter and the bulk modulus (B a 1/V) [29]. The resistance to shape
change (G) is about 50% lower than the resistance to volume change (B) of these
compounds. The highest resistance to shear deformation (G or G') is that of ZrPt,,
moreover, the sequence B > G > G’ clearly demonstrates that the tetragonal shear
modulus G’ presents the lower boundary of the mechanical stability for these com-
pounds. Our results for ScPt, are higher than those reported in [12,14]. Young’s
modulus E describes the behaviour of a material versus one directional stress and
gives a measure of the stiffness. ZrPt, presents the higher stiffness, however YPt,
presents the lower one. The only available data on ScPt, for the Young modulus,
show that our results are respectively 11 and 34% higher than those reported in
[12,14], this discrepancy can be explained by the use of LDA which is well-known
to underestimates the lattice parameters and overestimates the elastic constants
[16]. The pressure effect, up to 50 GPa, on the bulk modulus B, shear modulus G
and Young modulus Y is presented in Figure 1. According to our results Band Y
increase faster than G with increasing pressure. Thereby, in this family of APt,,
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Table 3. Results of calculated densities, sound velocities, Debye’s temperatures and melting tem-
perature.

Compounds Bonds Bond length A Population (\e\) Charge (\e))
MgPt, Pt-Pt 275616 0.94 Mg:2.05
Pt-Mg 2.75616 —1.58 Pt:—0.68
ScPt3 Pt-Pt 2.78284 0.9 Sc:1.23
Pt-Sc 2.78284 -0.14 Pt: —0.41
YPt3 Pt-Pt 2.85748 1.13 Y:1.55
Pt-Y 2.85748 —-0.63 Pt:-0.52
ZrPt3 Pt-Pt 2.81434 0.76 Zr:1.11
Pt-Zr 2.81434 0.07 Pt: —0.37

the resistance to volume changes and the strength increase rapidly with pressure,
however the resistance to shape change increases slightly with pressure.

Cauchy’s pressure CP gives us some information about the type of atomic bond-
ing in the crystal, CP is negative (positive) for predominate covalent (metallic)
bonding [30], as reported in Table 2, the present compounds have positive CP
values which is a characteristic of metallic bonding. As reported by Haines et al.
[31],0.25 is a typical value of Poisson’s ratio for ionic bonding, values around 0.33
are a signature of metallic bonding. The obtained values are greater than 0.3, and
again this suggest the presence of metallic bonds in these compounds.

Elastic anisotropy is related to the highly directional chemical bonding, For
isotropic materials A = 1, however any deviation of A from unity suggests elastic
anisotropy [27]. The calculated anisotropy factors are larger than the unity, and
then our compounds are all elastically anisotropic and we can expected the pres-
ence of directional bonding in these compounds. The Pugh’s factor B/G expresses
the malleability of a material. The B/G values higher than 1.75 indicate a ductile
behaviour, while the values lower than 1.75 indicate brittleness [32]. According to
the values of B/G reported in Table 2, the studied compounds are ductile materials,
which is in good agreement with the low resistance to shear deformation.

Based on Debye’s model [33], we have calculated the Debye’s temperature O,
from the longitudinal V, and the transversal V, velocities of the elastic waves as
shown in Table 3. For ScPt,, our calculated O, is in agreement with the reported
one in [12]. Therefore, and according to the relation between the melting tem-
perature (T ) and @, (T ~ O,) [33], we can suggest that ScPt, and ZrPt, have
the higher melting temperature.

According to this study, elastic constants and their related parameters decrease
(increase) when increasing the atomic number in the same column (line) of the
periodic table.We should also add the effect of d electrons is of important role on
the mechanical properties of materials under study.

3.3. Thermodynamic properties

Pressure and temperature are important factors in developing new functional
materials. In order to examine the present compounds against increasing pressure
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and temperature we have used the quasi-harmonic Debye model from which
many studies were carried out, the calculations details are well explained else-
where [33-35].

At first, we have studied the pressure dependency of the normalised volume at
a given temperature 0, 300 and 1600 K. The obtained results are plotted in Figure
2. For 0 and 300 K, the pressure effect on the unit cell volume is almost identical.
However, for high temperature 1600 K, the normalised volume drops down rapidly
with increasing pressure. YPt, presents the higher contraction (18%), while ZrPt,
presents the lower one (15%). As results, the bulk modulus at high temperature
maintains the same sequence, the ZrPt, possesses the highest bulk modulus and
the YPt, the lowest one as summarised in Table 1.

Debye temperature O, is an essential parameter in the investigation of physical
properties of materials, it can be related to the elastic constants and the melting
point temperature of a material [33]. We present the pressure dependence of the
Debye temperature at 0, 300 and 1600 K in Figure 3. In Table 4, we summarised
the values of O, at pressures 0 and 50 GPa, and at temperatures 0, 300 and 1600 K,
the values of o, for ScPt, and ZrPt, are very close, YPt, has the lowest one. At
0 GPa, the increase of temperature till 1500 K, reduces the Debye’s temperature
o, by about 15, 12, 14, 10% for MgPt,, ScPt,, YPt, and ZrPt3) respectively. In the
other side and as shown in Figure 4. At zero pressure O, is almost independent
to temperature when the last one is less than 300 K. It can be observed that O
increases rapidly with pressure, ZrPt, has the lowest dependency rate to pressure,
while YPt, has the highest one.

Volume thermal expansion « increases (decreases) rapidly with temperature
(pressure). Independently to external pressure and temperature, MgPt, (ZrPt,)

1,00

0,95

0,90

V/IVO

0,85

1,00

0,95

0,90

VIVO

0,85

0 10 20 30 40 50 0 10 20 30 40 50
Pressure (GPa) Pressure (GPa)

Figure 2. (Colour online) Normalised volume at various temperatures as a function of pressure for
APt, with A=Mg, S¢, Y and Zr.
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Figure 3. (Colour online) Debye’s temperature at various temperatures as a function of pressure
for APt, with A=Mg, Sc, Y and Zr.

Table 4. Summary of calculated unit cell volume V _, bulk modulus B, volume thermal expansion
a, thermal Gruneisen parameter y,, heat capacities (C, and c) and Debye temperature ©,, at
selected pressures and temperatures.

Method MgPt, ScPt, YPt, ZrPt,

p(gem?) Our calc. 17.085 17.1768 16.9763 17.8227
%(nﬁ*) Our calc. 4638 4871 4468 4942
V,(ms™) Our calc. 2431 2598 2302 2605
Vm(WBJ) Our calc. 2719 2903 2578 2913
6, (K) Our calc. 330 349 302 346

Other cal. 398010

T, +300K Our calc. 2456 2745 2379 291

possesses the highest (lowest) volume expansion factors. Thermal Gruneisen
parameter y, that expresses the effect of temperature on vibrational properties
of the crystal. At zero pressure and for temperature less than 300 K, the thermal
Gruneisen parameter y, is about 2.5, and increases by about 16, 12, 16 and 8%
at 1500 K for MgPt,, ScPt, YPt, and ZrPt, respectively. However, it decreases by
about 25% at pressure of 50 GPa for the considered compounds.

Heat capacity at constant volume C, of MgPt,, ScPt, YPt, and ZrPt, as a func-
tion of temperature at a given pressure is presented in Figure 4. Firstly, as increas-
ing pressure from 0 to 50 GPa, one can observed that C decreases slightly for
temperatures less than 300 K. For temperature higher than 500 K, the pressure
effect on C is insignificant. For all compounds under study and for temperature
less than 300 K, the heat capacity C increases rapidly with temperature. At higher
temperature values C increases slowly and reached the classical limit of Dulong-
Petit: C = 3 nR [33]. At normal conditions (0 GPa and 300 K), heat capacity at
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Figure 4. (Colour online) Heat capacity C, at various pressures as a function of temperature for
Apt, with A=Mg, Sc¢, Y and Zr.

constant pressure Cp is about 96.5 (J/mol K) for all compounds. At high temper-
ature Cp increases to 121.7, 117.2, 120.2 and 112.8 (J/mol K) for MgPt,, ScPt,,
YPt, and ZrPt, respectively. These values decrease by 14, 12, 13, and 9% at high
pressure.

At normal condition of pressure and temperature (0 GPa, 300 K), calculated
thermal constants are slightly affected by the substitution of A elements (A=Mg,
Sc, Y and Zr).

3.4. Electronic properties and chemical bonding

In order to find out more information about the bonding stiffness from electronic
characteristics [36,37], we have calculated the band structure, the density of states,
and the charge density distribution. In Figure 5, we present the band structure for
the investigated compounds. The energy dispersion spectrum crosses the Fermi
level, sets at 0 eV, in the vicinity of R and y points, then these compounds are
conductors. Furthermore, the location of Fermi level close to the minimum of the
total density of state suggests a good stability of these compounds [38]. We can
also see that this minimum move to lower energies for ZrPt,. This is an indication
that this compound is more stable than MgPt,, ScPt, and YPt, compounds.

Based on Figures 6 and 7, the valence band structure of MgPt, is derived from
Pt-d electrons and few Mg-p, Pt-(s,p) states. For the other compounds with A=Sc,
Y and Zr, the valence band is derived essentially from Pt-d and A-d electrons and
little amount of s and p electrons of Pt and A atoms. At Fermi level, Pt-d electrons
are majority except for ZrPt, where the contribution of Zr-d electrons is higher
than Pt-d electrons. The conduction band of MgPt, is built from Mg-(s,p) and
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Figure 5. (Colour online) Calculated band structure and total density of states (TDOS) for APt,
with A=Mg, Sc, Y and Zr.
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Figure 6. (Colour online) Calculated partial densities of states for APt, with A=Mg, Sc, Y and Zr.
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Figure 7. (Colour online) Calculated valence charge density for APt, with A=Mg, Ca, S, Y and Zr.
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Pt-(s,p) states. However, for the APt, with A=Sc, Y and Zr, A-d states constitute
the hole part of the conduction band, with a small contribution from Pt-d states.

On the other side, different hybridization states are observed in Figure 7. We
note the existence of a weak hybridization between Mg-s and Pt-d atoms and a
strong one between A-d (A=Sc, Y and Zr) and Pt-d atoms. Our results and con-
clusions for ScPt, and YPt, consistent with those of Acharya et al.[13].

To give a good comprehension of the bonding in these compounds, we have
calculated the overlap population for nearest neighbours in the crystal. Positive
values express bonding states between atoms, while negative values are related to
antibonding states [39,40]. The present calculations reveal a positive overlapping
population between Pt-Pt bonds, then the present bonds are in bonding state.
Moreover, high overlap value indicates high degree of covalence in the bond
[39,40], all bonds between A-Pt (A=Mg, Sc, Y) atoms are in antibonding state,
which return to weaken the stiffness of the crystal, except for ZrPt, where Zr-Pt
bonds are in bonding state. According to the values reported in Table 5, for YPt,
the Pt-Pt bonds are the strongest. From the calculated atomic population, it can
be accessed that Pt atom acquires some electrons from A atoms, which can be
explained by the difference in electronegativity of the elements Mg, Sc, Y, Zr and
Pt. As a result, ionic bonds will be appear between Pt and A atoms.

To provide a deeper study on the bonding properties, we have calculated the
valence charge density in the (002) and (110) planes as presented in upper and
lower panel, respectively in Figure 7. The electrons are shared between Pt atoms,

Table 5. Bond length and overlap population for nearest neighbours in APt, with A=Mg, Sc, Y
and Zr.

a,(10° C,0/ C, 0/
Comp.  T(K) P(GPa) V, (A® B(GPa) K7) v, ~molK)  molK) 6,
MgPt, 0 0 4226 211 0.0 25 0.0 0.0 324
50 363 452 0.0 19 0.0 0.0 452
300 0 42529 210 304 25 9435 96.5 319
50 36374 445 117 19 8936 89.9 450
1500 0 445 142 508 29 99.60 1217 280
50 369 406 145 19 9935 103.6 437
ScPt, 0 0 4346 237 0.0 25 0.0 0.0 341
50 376 469 0.0 19 0.0 0.0 468
300 0 4369 228 269 25 9375 95.6 336
50 3768 463 109 19 8866 89.2 466
1500 0 455 164 418 28 9957 117.2 302
50 3824 427 134 19 9931 103.2 453
YPt, 0 0 4703 206 0.0 25 0.0 0.0 311
50 4006 435 0.0 18 0.0 0.0 441
300 0 473 197 292 25 9474 96.9 306
50 4013 423 110 18 8982 903 439
1500 0 4947 135 474 29 9961 1202 271
50 4183 347 154 19 9936 104.0 428
P, 0 0 4495 258 0.0 24 0.0 0.0 335
50 3919 485 0.0 18 0.0 0.0 449
300 0 4516 249 232 24 9394 95.5 331
50 3026 479 100 18 8947 89.9 448
1500 0 467 193 330 26 9956 1128 303

50 3979 445 1.21 19 99.35 102.8 436
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it can observed that Pt-Pt bonds are very strong and of covalent nature. A-Pt
(A=Mg, Sc, Y and Zr) are less strong and of ionic nature, these results are in
agreement with the observed hybridized states in Figure 6.

4, Conclusion

Based on first principle calculations, we have presented a study of structural, elas-
tic and electronic properties of APt, with A=Mg, Ca, Sc, Y and Zr. The obtained
results are summarised as following:

The calculated lattice parameters are in good agreement with previous
experimental and theoretical data. The APt, is more stable when A is a tran-
sition metal, this belonging to the presence of d elecrons.

Elastic constant of single crystal C; are in satisfactory agreement with the
available theoretical data for ScPt,.

ZrPt, has the highest bulk, shear, Young modulus and Debye’s temperature,
So this compound is expected to have the highest melting temperature
point among the studied compounds.

The obtained values of Cauchy’s pressure and Poisson’s ratio suggest the
metallic character of these compounds.

The calculated values of Pugh’s factor show the good malleability of these
compounds.

Elastic constants and their related parameters decrease (increase) when
increasing the atomic number in the same column (line) of the periodic
table.

For temperature less than 300 K, bulk modulus B and Debye’s tempera-
ture O, appear to be independent of temperature, however they (B and ©,)
decrease slowly with increasing temperature.

At high temperature, ZrPt, maintains its highly resistance to volume change
against external pressure.

Volume thermal expansion decreases in the sequence MgPt,, ScPt,, YPt,
and ZrPt,.

Thermal Gruneisen parameter y,, decreases by about 25% at high pressure
for all compounds under study.

At normal condition of pressure and temperature (0 GPa, 300 K), calculated
thermal constants are slightly affected by the substitution of A elements
(A=Mg, Sc, Y and Zr).

The band structure analysis confirm that these compounds are conductors.
The bonding mechanism in these compounds, based on the partial densities
of states, is based on hybridisation states between A-d and Pt-d atoms.
From Mulliken analysis of the overlap population, valence charge density
and the charge transfer we have confirmed the coexistence of covalent, ionic
and metallic bonds in these compounds.
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« We conclude that the effect of the size of A atoms and the presence of d

electrons could be responsible for the changement in the properties of APt,
with A=Mg, Ca, Sc, Y and Zr.
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