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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.
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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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