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Abstract— The work is devoted to the Heusler alloys asmdiate for applications in spintronics. On the
basis of experimental studies the electronic stirecof these alloys by computer simulations wenied
out. Hence, the purpose of our work is to simulatid to explain the variety of structural propertéshe
Ni,MnGa and CeMnGa compounds by using state-of-the-art computati@b-initio methods. The total
energy calculations for the cubic and the tetrafostauctures, band structure and its nature and
magnetizability have the compounds are investigallbd obtained results will explain the dependesfabe
magnetic properties of the alloys on the geométstaicture as well influence of Co and Ni on these
properties.

|. INTRODUCTION

Half-metallic ferromagnetic alloy have been studasia candidates for the metal-based the
spintronic-logic devices. Among many half-metaficromagnetic materials special attention has been
done on Heusler alloys such asMinGa and CgMinGa that show high Curie temperature and high
spin polarization [1-5]. Several studies by meahs{gay and neutron diffraction measurements
indicate that the alloys present;L&ructures with mainly ferromagnetic ordering [Bpwever, R. J.
Kim and et al. found a well-ordered crystallinetstaa disordered state, and crystalline state arth
intermediate order and exhibited influence of dtrted order on the physical properties of the
CoMnGa films [7]. The similar phenomena for the;MnGa are described in work [8]. More often,
the substrate temperature is mentioned as haviamatic effects on the structural ordering and
magnetic properties, however the effects of strattdisorder on the various physical properties of
these alloys are not fully understood. Moreovee, dependence of electronic structure on the alloy
geometrical structure is insufficiently describdthaugh it could be the main reason to understand
what can be responsible for many of the alloy prioge

Hence, the purpose of our work is to simulate anelxplain the variety of structural properties
of the NpMnGa and CeMnGa compounds by using state-of-the-art computatiab-initio methods.
The total energy calculations for the cubic andt#teagonal structures, band structure and itsreatu
and magnetizability have the compounds are invaistty The obtained results will explain the
dependence of the magnetic properties of the alboythe geometrical structure as well influence of
Co and Ni on these properties.

Il. RESULTS

At present time quantum mechanical investigatiothef NbMnGa and CgMnGa possessing
L2, structure were investigated. The views of thecstmes are presented in Fig. 1. The aim of the firs
investigation is to establish how the electronioparties of the alloys are changed when the Ni atom
in the lattice are changed by the Co atoms andwecsa.

Let us to remember that the Co and Ni atoms aferdiit not only due to different electrons
but also due to electronic configuration. The Canaglectronic configuration is [Ar]43d’ while Ni
one is [Ar]4$3d® and [Ar]433d”. Thus, there is some disagreement as to whichNthelectronic
configuration should be considered the lowest gneanfiguration [9-11].0f course, the isolated
atoms and atoms in the compounds electronic cordiguns are different, but it could be essential to
explain properties of the compound that is relatéd charge redistribution.

First, our investigated systems are open shelesystdue to odd number of the Mn atoms.
However, the highest electronegativity numbers, twhdicate ability an element attract electrons
toward it, are the Co and Ni atoms in the invesédaompounds. Indeed in our investigategMiGa
compound the largest negative charge possessewiNsawhile charge of the Ga and Mn atoms is
positive or negative (Fig.1). Moreover, the charggeot distributed equally that leads to appeararice

120



the high dipole moment (144.67 Deby) with large @bmponent (dy=139.63 Debye) that could
indicate concentration of the negative charge aad¢,onsequence, large uncompensated spin presenc

Indeed, the largest spin densities are obtainetth@mn atoms that electronegativity is smaller
than Ni (Fig. 2). Thus, we predict, that it coulel lappens due to an electronic configuration clenge
and different oxidation states of the atom presente the different places of the investigated
compound. Hence, the Ni atoms attract the electtonfoerm chemical bonds, while an additional
electron is located on Mn atoms mostly due to thenfiguration of d orbital [12]. It is necessapy t
remember that only Mn atom could have oxidativéessaich as -1, -2 or -3, while other atoms of the
compound oxidative state is positive and indicdiat theses atoms may not accept an additional
electron. It is necessary to pay attention to d#ffié spin densities on the Mn atoms located iredzffit
places of the investigated compound (Fig.2). Thius,results obtained indicate geometrical structure
of the compound is important for their magneticgandies.

The above conclusion is confirmed by the invesingatresults of the NMng3746Ga& 625
compound (Fig.3). It is clear to see the largest dpnsity on the Ni atom, when Mn atom is changed
by Ga.
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Figure 1. The 3D Mapped Isosurface of Electrostatic Figure 2. The 3D Isosurface of Total Spin Density.
Potential of the NMnGa compound. The light grey The light grey colored bubble is Ni,
colored bubble is Ni, dark grey — Mn and black -Ga dark grey — Mn and black —Ga.

ks

Figure 3. The 3D Isosurface of f the total spigNNig 37:Ga 625 alloy.
The light grey colored bubble is Ni, dark grey — &ind black —Ga.

It is necessary to mention that the last one sysseahosed shell system, i.e. there is no free
electron. In this case, the Ni atom possessindhitiigest electronegativity numbers attracts elestron
toward it. However the spin density on the Ni atisrequal to O approximately due to several reasons:
the attracted electrons may form chemical bondstlaee is no the free electron
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CONCLUSION
The primary results of the investigations exhibitedt the spin density of the MinGa alloy

are atom placement depended.
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