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Computational Study of Ductile Sc-Intermetallics
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The electronic and elastic properties of PdSc and PtSc intermetallic compounds are reported in this paper.

These intermetallics crystallize in the CsCl (B2-type) structure. The ground state properties such as lattice
constant a, bulk modulus B, and its pressure derivative B′ are calculated. These results show good agreement
with the experimental and other theoretical results. The elastic constants were calculated. Besides we have
studied Murnaghan’s equation of state to obtain thermodynamical quantity. The present intermetallics confirm
their ductile nature.
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1. Introduction

From the past few years, the research of novel mate-
rials with specific properties and advanced application
has attracted greater attention of metallurgists. There
has been a continuing interest in the properties of the
intermetallic compounds. Intermetallic compounds are
the class of substances composed of definite propor-
tions of two or more elemental metals. Intermetallics
have properties and crystal structures that differ from
their constituent metals. The ability of intermetallics
to absorb hydrogen gas makes them potential candi-
dates for hydrogen storage materials and intermetal-
lic hydrides have been studied extensively for this pur-
pose [1–5]. Jain et al. studied both the present com-
pounds (PdSc and PtSc) using full potential linearized
augmented plane wave (FP-LAPW) method as imple-
mented in the WIEN2k code. It is based upon density
functional theory (DFT) within the generalized gradient
approximation (GGA) in the scheme of Perdew, Burke
and Ernzerhof (PBE). Wu and Cohen (WC) is used for
the exchange and correlation effects [6].

According to the available literature it is initiated that
extremely slight interest has been paid for electronic and
elastic properties of PdSc and PtSc intermetallic com-
pounds. A systematic study of electronic structure and
elastic properties of PdSc and PtSc intermetallics have
been presented in this paper. We have performed the
Quantum Espresso code to study the structural and elec-
tronic properties of these intermetallics. These calcu-
lations are done for PdSc and PtSc compounds with
B2 structure using generalized gradient approximation
(GGA) within density-functional theory (DFT). The ba-
sic ground state properties along with bulk modulus have
been presented. Electronic band structure, density of
states and some elastic properties are also investigated.
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The ductile nature of these intermetallic compounds is
predicted on the basis of calculated results. The aim
of this work is to extend the understanding of anomalous
ductility. The detailed methodology of presented calcula-
tion is given in the next section. In Sect. 2, a brief outline
of the method of calculation is presented. In Sect. 3, the
results are discussed.

2. Methods of calculation

Quantum Espresso is a computational technique for
first principle calculation of periodic as well as disor-
dered systems [7]. It is mainly based on DFT theory
(electron–ion interaction), plane wave and pseudopoten-
tials (electron–electron interaction). It calculates the
ground state energy and Kohn–Sham orbital for both in-
sulators and metals and various types of structural opti-
mizations. Quantum Espresso can be used to study met-
als, semiconductors, as well as insulators. Three main
components of method are plane wave self-consistent field
(PWSCF), Car–Parinello (CP), first principle molecular
dynamics (FPMD). For Quantum Espresso irreducible k-
points are generated according to the Monkhorst–Pack
scheme [8]. The Kohn–Sham single-particle functions
were expanded on a basis of plane-wave set with a ki-
netic energy cut-off of 34 Ry. The Brillouin zone was
sampled with 12× 12× 12 k-point mesh, in order to get
well converged ground state energy. The exchange and
correlation effects have been treated within the GGA.
The lattice parameter, bulk modulus and pressure deriva-
tive of the bulk modulus were determined by the standard
procedure of computing the total energy for different vol-
umes and fitted to Murnaghan’s equation of state [9].

3. Result and discussion

To find the equilibrium atomic structure of the crystal
the minimization of total energy is performed using the
first principles pseudopotential (PWSCF) method. The
equilibrium lattice constants were obtained by minimiz-
ing the total energy. The parameters were used in the
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TABLE IGround state properties.

a (Å) B B′ C11 C12 C44

PdSc
this work 3.295 106.87 4.22 148.67 85.98 36.77
exp. 3.283a – – – – –
others 3.313b 62.70b – – – –

3.316c 106.63c 4.32c 159.78c 87.59c 39.51c

3.269c 121.99c 4.72c 153.39c 108.68c 64.00c

PtSc
this work 3.255 132.99 4.40 179.89 109.54 43.66
exp. 3.270 – – – – –
others 3.304b 80.26b – – – –

3.305c 153.08c 4.52c 187.38c 113.31c 47.11c

3.364c 148.28c 4.95c 186.80c 132.75c 58.85c
aRefs. [10, 11], bRef. [12], cRef [6]

TABLE IIElastic properties.

Solid G Y A σ C12 − C44 B/G

PdSc 34.49 93.42 1.71 0.35 49.21 3.09
42.0a 113.2a 2.8a 0.34a 44.6a 2.94a

PtSc 40.18 109.51 1.24 0.36 65.88 3.30
43.0a 117.9a 2.1a 0.36a 73.9a 3.50a

aRef. [6]

non self-consistent calculations for band structure. The
energy values have been fitted to the Murnaghan equa-
tion of state [9] to obtain the equilibrium lattice constant
a, bulk modulus B and its pressure derivative B′ at min-
imum equilibrium volume V . For this purpose, we use
the following formula:

P (V ) =
B

B′

[(
V0

V

)B′

− 1

]
, (1)

where the fit parameters are the equilibrium volume V ,
the bulk modulus B, given by

B = −V
∂P

∂V
= V

∂2E

∂V 2
, (2)

and its derivative with respect to the pressure,
B′ = dB/dP . In Table I the calculated structural pa-
rameters are tabulated. These parameters are compared
with available results. It is clearly indicated that ob-
tained results are in good agreement with the available
experimental [10, 11] and other theoretical results [6, 12].

Further to calculate elastic properties the values of
elastic constants C11, C12 and C44 are computed and
reported in Table I. In additional the computed values of
Young modulus Y , isotropic shear modulus G, anisotropy
parameter A, B/G ratio, the value of C12–C44, and Pois-
son ratio, using PWSCF-GGA approximations in CsCl
structure have been given in Table II. All these param-
eters are comparable with others calculations [6, 10–12].
According to Pugh [13] if the value of B/G > 1.75
the material behaves the ductile manner. The value of
B/G > 1.75 and C12–C44 > 0 confirm the ductile nature
of both the intermetallics.

Fig. 1. Electronic band structure of PdSc in
CsCl-phase.

Fig. 2. Electronic band structure of PtSc in
CsCl-phase.

Fig. 3. Density of state (DOS) of PdSc in CsCl-phase.

Moreover, for investigating the electronic properties
the electronic band structure (BS), total density of states
(TDOS) and partial density of states (PDOS) of PdSc
and PtSc are studied. These electronic properties are
presented in Figs. 1–4, respectively. The band structure
of PdSc is shown in Fig. 1 while Fig. 2 represents band
structure of PtSc. In Figs. 3 and 4 the total density of
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Fig. 4. Density of state (DOS) of PtSc in CsCl-phase.

states are plotted along with wave vector of both the
compounds, respectively. Due to the hybridization it is
clearly observed that both compounds show the metallic
nature. Also, it is observed that PtSc has higher value
of bulk modulus as compared to PdSc. So it is lighter
than PdSc.

4. Conclusion

First principle calculation has been performed for
studying the electronic study of present compounds in
B2-type (CsCl) phase. The lattice parameter and other
fundamental properties are reported and compared with
experimental data. Electronic band structure clearly
shows the metallic behaviour of present compounds. Al-
though elastic study clarifies that both intermetallics are
ductile in nature.
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