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The magnetic ordering in Ni;—, Cu,MnSb alloys changes from ferromag-
netic (z = 0) to antiferromagnetic (¢ = 1). The X-ray and neutron diffrac-
tion showed that the systems crystallise in C1, type structure. We present
an influence of the local chemical ordering on the electronic and magnetic
properties of Ni;—;Cu,MnSb alloys. The band structure and the magnetic
moments were calculated by the spin-polarised linear muffin-tin orbital in
the atomic sphere approximation method for the experimental values of the
lattice parameters. The magnetic moment of Mn increases from 3.8 up for
z =0 to 4.18 pp for z = 1.

PACS numbers: 31.15.Ar, 31.15.Ew, 71.15.Mb, 71.15.-m, 71.15.La, 71.20.-b,
71.20.Be

1. Introduction

The electronic and magnetic properties of Nij_;Cu,MnSb semi Heusler al-
loys were investigated experimentally and theoretically [1-7]. Particularly, the
magneto-optical Kerr effect (MOKE) in half-metallic systems was studied exten-
sively over the last years [6, 7]. Nij_;Cu,MnSb semi Heusler alloys crystallise in
C1, type structure which consists of four interpenetrating fcc sublattices. Ni and
Cu atoms are distributed randomly in one fcc sublattice with an origin located
at (0.25, 0.25, 0.25). The second fcc sublattice at (0.75, 0.75, 0.75) is empty. Mn
and Sb atoms occupy the sublattices located at (0,0,0) and (0.5, 0.5, 0.5), respec-
tively. Magnetic measurements [1-3] indicated that NiMnSb was ferromagnetic
with T¢ = 750 K. Neutron diffraction experiment [3] indicated that CuMnSb was
antiferromagnetic with Ty = 55 K. The magnetic moments were aligned in the
ferromagnetic (111) planes with neighbouring planes oriented antiparallel. Szy-
tuta [1] had shown that for 0.6 < = < 0.95 the Ni;_;Cuy;MnSb had the com-
plex non-collinear magnetic structure. The neutron scattering measurements have
shown [1] that the antiferromagnetic contribution to the total magnetic moment
decreased to zero for & = 0.6. Magnetic moment of Mn in NiMnSb estimated

(607)



608 A. Jezierski, A. Szytula

from neutron measurements was 3.85 up at 4.2 K [1]. The lattice parameter a
increased almost linearly with the concentration from a¢ = 0.5909 nm for z = 0
to @ = 0.6095 nm for z = 1 [1]. In this work we present an ab initio study of
the influence of local chemical ordering in Ni-Cu sublattice on the electronic and
magnetic properties of Nij_,CuyMnSb alloys.

2. Method of calculation and results

The electronic structure and magnetic moments were calculated by the self-
-consistent tight binding linear muffin-tin orbital (TB LMTO) method [8] within
the framework of the local spin density (LSD) approximation. The scalar-relativistic
approximation for the band electrons and the fully relativistic treatment for the
frozen core electrons were applied. The exchange correlation potential was taken
in the form proposed by von Barth and Hedin [9] and the gradient corrections were
applied [10]. The values of the atomic spheres radii in the atomic sphere approx-
imation (ASA) were taken in such a way that the sum of the all atomic sphere
volumes was equal to the volume of the unit cell. The values of the atomic potential
for each atoms were the same at the sphere boundary. The band structures were
carried out for more than 260 k-points in the irreducible wedge of the Brillouin
zone. The number of k-point depended on the symmetry of the system. In order
to study the effect of the local environment we replaced each fcc sublattice by four
simple cubic sublattices. In such a way we observed the change of the electronic
structure and the values of the magnetic moments when the distribution of nickel
and copper atoms in sublattices was changed. The self-consistent band calculations
were performed for the paramagnetic, ferromagnetic phase and also for the case in
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Fig. 1. Electromc density of states for the ferromagnetic Ni;—;CuzMnSb. The Fermi
level is located at E = 0 eV. The solid (broken) curve presents the DOS for spin down
(up) direction.
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which two sc sublattices occupied by manganese atoms had the opposn;e direction
of the magnetic moments.

In Fig. 1 we presented the electromc density of states (DOS) for the ferro-
magnetic Nij_;Cu,MnSb alloys. The solid (broken) curves show the DOS for
spin-down and spin-up, respectively. The Fermi level is located at 0 eV. For
NiMnSn in spin-down density of states there is a gap at the Fermi level. The
substitution of nickel by copper atom decreases the gap. The shape of DOS for
NiMnSb is similar to those obtained by Kulatov and Mazin [4].
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Fig. 2. Electronic density of states for the paramagnetic Nij_;Cu,MnSb. The Fermi
level is located at £ =0 eV.
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Fig. 3. Electronic densify of states for the antiferromagnetic Nij—_;Cuz;MnSb. The
Fermi level is located at E =0 eV.
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In the paramagnetic phase the Fermi level is located in the manganese d-band
(Fig. 2). The gap below Ep decreases with the increase in copper concentration.
The copper and nickel atoms can be distributed randomly in four sc sublattices.
We performed the spin-polarized self-consistent band calculations for the different
distribution of copper and nickel atoms in the sublattices. Qur ab initio calcula-
tions indicated that the local disorder in the Ni~Cu sublattices led to increase in
the total energy and the system became unstable. The manganese atoms occupy
in C1; structure four simple cubic sublattices. In the ferromagnetic phase all mag-
netic moments of manganese are parallel. We recalculated the band structure of
Nij—zCuy,MnSb for 0.5 < z < 1 for antiparallel oriented manganese moments in
two sc sublattices.

The total density of states for the antiferromagnetic ordering is presented
in Fig. 3. The main peak from 3d manganese is located near E = —4 eV. The
density of states at the Fermi level is small for the antiferromagnetic CuMnSb. Our
self-consistent band calculations have shown that the antiferromagnetic ordering
is more stable than the ferromagnetic ones.

3. Conclusions

In this paper we presented ab initio TB LMTO calculations of the electronic
and magnetic properties of Nij_,Cu,MnSb alloys. Our results have shown that
the substitution of nickel by copper atom influences the value of the magnetic
moment of manganese. The local disorder in Ni-Cu sublattice led to decrease in
the magnetic moment of manganese.
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