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ABSTRACT

In this work, the structural and magnetic states of
Ni2CrZ (Z = Ga, Ge, Si, Sn) Heusler alloys are studied.
It was shown that the tetragonal antiferromagnetic state is
stable in all alloys. The analysis of the phonon dispersion
curves of these compounds for L21 cubic structure for
both ferromagnetic and antiferromagnetic configurations
was carried out. The phonon dispersion curves for tetrag-
onal antiferromagnetic states was also calculated. It was
found that there are no peculiarities of phonon dispersion
curves of all considered alloys in the comparison with, for
example, the dispersion curves for Ni2MnGa Heusler alloy.
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INTRODUCTION

Full-Heusler alloys including Ni-based compounds are ones
of the most studied and better-known compositions. It has
been long recognized that such noteworthy properties as
shape memory effect, effects of superelasticity and super-
plasticity, giant magnetocaloric effect, giant magnetoresis-
tance and magnetostrain are intrinsic to Heusler alloys. The
mechanical, electronic, and magnetic properties of Ni2CrGa
have been discussed in detail in paper [Roy, 2016]. It was
found by authors that the equilibrium lattice parameter of
this compound is 5.80 Å. This result is in good agree-
ment with theoretical study [Buchelnikov, 2018] where the
magnetic properties of Ni2CrZ (Z=Ga, Ge, Si, Sn) were
investigated. The ferromagnetic (FM) and the antiferromag-
netic (AFM) configurations were assigned by Cr atoms hav-
ing parallel and antiparallel direction of the ferromagnetic
moments, correspondingly. According to the research, the
AFM configuration is more energetically favourable than
the FM one in case of L21 cubic structure for all considered
alloys. However, both these magnetic configurations of
studied Ni2Cr-based alloys are unstable in the cubic phase.
In fact, L10 phase with antiferromagnetic configuration is
realized with ratios c/a ≈ 1.2 for Ni2CrGa, Ni2CrGe, and
Ni2CrSi and c/a ≈ 1.1 for Ni2CrSn [Buchelnikov, 2018].
In present work, the correlation between magnetic and
phonon properties of Ni2CrZ (Z=Ga, Ge, Si, Sn) Heusler
alloys in the L21 cubic and the L10 tetragonal phases
are studied according to the results of previous theoretical

investigations [Buchelnikov, 2018], [Roy, 2016] by means
of ab initio methods.

DETAILS OF CALCULATIONS
For the purpose of phonon properties investigation, two
program packages were used: the VASP (Vienna ab ini-
tio simulation package) [Kresse, 1996], [Kresse, 1999]
applied for Hellmann-Feynman forces calculations and
the PHONON [Parlinski, 1997], [Parlinski, 2013] ap-
plied for phonon dispersion curves computation. In our
study, we used recently obtained values of the lattice
parameters [Buchelnikov, 2018], which are 5.82 Å for
both Ni2CrGa and Ni2CrGe, 5.70 Å for Ni2CrSi, and
6.07 Å for Ni2CrSn. Using these data, the analysis of
the phonon spectrum of Ni2Cr Z (Z=Ga, Ge, Si, Sn)
alloys was performed. According to the Monkhorst-Pack
scheme [Monkhorst, 1976] the first Brillouin zone was seg-
mented into 10×2×8 k-points mesh. All calculations were
conducted for 40-atoms supercells, which were created by
merging 5 primitive cells along the [110]c direction of the
cubic Heusler structure, which is the [010]t direction of the
tetragonal cell. Both the FM and the AFM configurations
were dealt in the present study.

RESULTS AND CONCLUSIONS
Phonon spectrum of Ni2Cr Z (Z=Ga, Ge, Si, Sn) Heusler
alloys for both the FM and the AFM configurations in
cubic L21 and for the AFM tetragonal L10 phases were
calculated. It was found that the phonon curves for these
phases have the same behavior. For example, the phonon
dispersion curves for the AFM state in cubic L21 phase
of Ni2CrGa, Ni2CrGe, Ni2CrSi, and Ni2CrSn alloys are
presented in Figure 1. As as it follows from these figures,
there were no found any peculiarities of the phonons in
these alloys in contrast to, for example, dispersion curves
of Ni2MnGa Heusler alloy. As was mentioned above, the
same behavior of the phonon spectrum was obtained for
the FM configuration in the cubic L21 phase and for the
AFM tetragonal L10 state.
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Figure 1: Calculated phonon dispersion curves for (a) Ni2MnGa, (b) Ni2MnGe, (c) Ni2MnSi, and (d) Ni2MnSn Heusler alloys.
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