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ABSTRACT

Soin Polarized Band Sructure calculation of Rh,TiGe compound is reported for the first time using FP-LAPW
method treated with PBE-GGA exchange correlation. The percentage error in optimized lattice parameter is found
to be 1.2%. This material is found to be metallic and diamagnetic. Near Fermi Energy level is mainly occupied by
Rh-d and Ti-d-electrons. Bulk modul us and magnetic moment values are reported.
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INTRODUCTION

The discovery of Heusler alloys (1) has revolutzei the research field as one could derive poterdizdidates for
multifunctional applications. Full Heusler alloystiwvL21 structure and Cbl structure have been stu@®, 3, 4)
mainly for its half metallic character and somettedm are found to be ferromagnetic with 100 % gmtarized.
Many such Heusler alloys are explored and repdddzk spintronic (5, 6) materials. The half Heusléoys (7, 8)
have also been prepared and reported by many cbeesr MgAgAs structured half Heusler alloys anenii to be
thermo electric materials. GilleBen (10) has tledoally predicted and reported many full and hdBusler
compounds using Density Functional Theory. In titeriest to study the structural property of onehspedicted
compound, R}TiGe compound has been chosen. To the best ofrmwlkdge, we report here for the first time, its
band structure, DoS histograms and charge denlsityirporder to explore their electronic transpbehavior and
chemical bonding between their atoms.

COMPUTATIONAL DETAILS

An augmented plane wave plus Local Orbitals progesrimplemented in the wien2k (11) code using Dgnsi
Functional Theory (12) has been applied in ordestaay the band structure calculations of the camgdRhTiGe.
PBE-GGA (Perdew-BurKe-Ernzerhof96) (13) exchangeedation potential is used. The Muffin Tin radioBRh,
Ti and Ge are 2.44a.u, 2.35a.u and 2.40a.u respBctiThe number of k-points chosen are 1000 buy di7
irreducible points have been generated. The cpafimeter are Rk,=7, Ina=10, Gnax =12 a.u'. The space group
of full Heusler alloy is 225 with four inter penating FCC lattices. The chemical formula of thé Heusler alloy is
X,YZ where X and Y atoms are transition metals anatdns are main group (Al,Si,Ga,Ge,...) elementg Th
atoms occupy ( ¥, Y, ¥a) and (34,% , ¥%), Y atomErals,%2) and Z atoms at (0,0,0). XCrySDen (14kpge has
been used to plot the crystal structure ofTRBe and is shown in Figurel.

RESULTSAND DISCUSSION

A structure file has been generated for the comgdripTiGe with the reported lattice parameter (10). Vobkime
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optimization has been carried out in order to etrninimum total energy using SCF with energy cogeerce of
0.0001 Ry and charge convergence of 0.0001e. Tlhelated total energy was fitted into the Murnagbaguation
of state (15). The volume optimized curve is présarin Figure2. The details of optimized latticegmaeter and
bulk modulus are given in Tablel. The optimizetidatparameter matches well with the already regub(10).

Tablel:

Lattice Congtant a(a.u) | gyik Modulus
Theory®® Present % error B (GPa)

Equilibrium Total Energy (Ry)

11.6331 11.6317 1.2 198.9644 -25047.049305

Rh2TiGev
-25046.9900

Murnaghan® vo,B(GPa) BP.ED  +
393.3857 198.9644 7.1134 - 25047049305
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FIGUREL.Crystal Sructure of Rh,TiGe FIGUREZ2. Total Energy VsVolume of Rh,GeTi
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FIGURE.3a.Total DOS of Rh,TiGe FIGURE.3b.Projected DOS of Rh,TiGe

The spin magnetic moment of the compound in urlit isegiven in Table 2 and since the total spin meatgc
moment is negative, one could say thajTRBe is diamagnetic. The total and projected dgriffitstates histograms
are drawn and are shown in Figure 3a and 3b. Finisiptot one can understand that the Density deSteDOS) at
Fermi level is predominantly due to Rh-d and Titatess; Germanium does not contribute to the DOBeafermi
Level. Also the d states of Rh and Ti has exchantgeaction around the Fermi level. The densitgtates at Fermi
level for spin-up and spin-down is found to be £8afid 28.69 respectively. From the band structuaeis shown
(Figure 4) for RbTiGe, one could state that the compound is metallicature as electronic bands from valence
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band cross the Fermi level and get into the comoiudiand. From Fig.4(b) and 4(c), it is clear thedRand Ti-d
bands shown as fat bands are dominating at theiHevel. As there are only spherical contours ie tiectron
density plot of RhTiGe (Fig.5) around each atom, the type of bondietyveen atoms is metallic bonding.

Rh2TiGe-ffo atom 2d size 3.50

Rh2TiGe-fatom ¢ size .20

RhZ2TiGe-ffo atom 14 size .50
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FIGURE.4(a-c). Band Sructure of Rh,TiGe.

FIGURE 5. Electron Density Plot of Rh,TiGe

Table2:

Magnetic Moment of Rh,TiGe
Total (reported(10) Rh Ti Ge | Total (present)
000 -0.15878-0.03895 -0.02328  -0.40229
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CONCLUSION

The band structure, DoS histograms are drawn fer ttieoretically predicted compound JRiGe Heusler
compound. Analysis reveals that they are metafiit diamagnetic in nature. Bulk modulus is found&o199 GPa.
It is proposed to do the BoltzTraP calculationital fits resistivity and thermal properties.
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