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Abstract: Thefull potentia Linearized augmented
planewave (FLAPW) method isempl oyed to study
theground state and crysta propertiesof InMTiO,.
Theé ectronic-energy band structure, site and angu-
lar-momentum decomposed density of states and
charge-density contours of double perovskite
In,MgTiO, are calculated by the FLAPW method
with the generalized-gradient approximation using
density-functional theory. Fromtheanaysisof den-
Sty of states, we concludethat thereishybridization

of Ti-d statewith the O-p state, whichimpliesthat the\
interaction between theatoms of thesetwoishighly
covaent whichisconsistent with the cal cul ation of
electronic band structureaswell as charge density
studies. Theequilibrium vaues, bulk modulus, andits
pressure derivative have been estimated through op-
timization of thecrystal structureof thismaterial.

K eywor ds:. Electronic band structure; Density of
states; FLAPW.
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INTRODUCTION

Double perovskites with general formula
A,B'B"O,withA beinganakalineearthsuchasCa,
Ba, Sr or alanthanideand B’, B"” arethetransition
metals are a matter of investigation since past de-
caded*’l. Borgeset al.¥ investigated theferromag-
netic metallic behaviour of CaFeMoO,, Sr,FeMoO,
and Ba,FeMoO with Curietemperature of 345426
K. Kang et al.? have studied the e ectronic structure
of Ba,FeM 0O, using photoemission spectroscopy.
Sarma?® has pointed out the discrepanci es between
the manganites and the doubl e perovskitesand pro-
posed the mechanism of occurrence of large T in
doubleperovskites Sr,FeMoQ,. Thismechanism has
been extended to many other systems by Kanamori
and Terakura“®. Moritomo et al .8 showsastrong
correlation between the curie temperature and the
conductivity at room temperaturewhichimpliesthat
themobile conduction € ectronsmediatetheexchange
interaction betweentheloca Fe* ions. Inthismodel
the hybridization of the Mo 4d (tzg) and Fe 3d (tzg)
satesplaysthekey rolein stabilizing ferromagnetism
at high curietemperatures®>58 Based on band cal cu-
lationusingthelLoca Dengty gpproximation (LDA),
Pickett!® has proposed that the double perovskite
LaMnV O, canbeapromising candidatefor exhibit-
ing haf-metdlic antiferromagnets (HM-AFM) char-
acterigics. Thedectronic sructurecalculaionswere
based on theassumptionthat bothMnandV ionsare
trivaent and moreimportantly alow spinstate(t, g“ego;
S=1) resulted for all Mn** ions. Phillip et al studied
theeffect of structurd changesand dopinginthedouble
perovskite A_,CrWO, (A = Sr, Ba, Ca) on the
magnetotransport, the magnetic and optica proper-
tiestogether with band structure calculations. Phillip
et al. have also pointed out that the T in double
perovskiteswas discussed to depend sensitively on
band structure and band filling in contrast to experi-
mental resultgo,

In doubl e perovskites having structural formula
A,B'B"O,, each transition metd site (B'B") issur-
rounded by an oxygen octahedron and the A atoms
siteare situated in the holes produced by eight adja-
cent oxygen octahedral. The properties of double

perovskite compounds are determined by therela-
\\

tivesizes, vaenciesand ordering of theA and B site\
ions.

The study of elemental structuresplaysapivota
roleinsolid-state physicd*. Thestructurd study gives
insight into the properties of the elements. In the
present article, the electronic structure (density of
states, band structure) of InMgTiO, (IMT) arecal-
culated by full potentid linearized augmented plane
wave (FLAPW) method* withinthegenerdized gra-
dient approximation (GGA )14,

COMPUTATIONAL DETAILS

Theground-state propertiesof IMT areinvesti-
gated employing the FLAPW method within thegen-
eralized gradient approximation (GGA). Thestruc-
turd parametersof thesystem wereoptimized at 3000-
k pointsingdetheirreducibleBrillouin zonefor inte-
gration. Thefull geometrica optimizationgivesanin-
planelattice constanta=b=c=8.0andc/a=1.0 of
pureln,MgTiO,. Accurateoptimizationsof crysta ge-
ometries have cometo serve asastringent test for
electronic sructureca culations. Weuseour optimized
parametersfor the study of e ectronic structure cal-
culationstaking muffintinradius(RMT) as2.0, 1.9,
1.8and 1.6 for In, Mg, Ti and O respectively. The
total energy hasbeen minimized and caculated with
respect tothevolume. Inour calculation, thecrystal
structure of IMT hasthe space group symmetry Fm-
3m. The Birch-Murnaghan rel ation for equation of
state (EOS) isused to get the static equilibrium vol -
umeV , (=940.39) aswell asthebulk modulusB, (=
123.55GPa) anditspressurederivative B’ (= 3.0873)
at zero pressure.

RESULTSAND DISCUSSION

Infigure 1, we have cd culated and minimized the
total energy with respect tothevolume. Inour calcu-
lation, thecrystd structureof IMT hasthespacegroup
symmetry Fm-3m. The Birch-Murnaghanrelation for
equation of gtate (EOS) isused to get the static equi-
libriumvolumeV , (=940.39) aswel | asthebulk modu-
lusB, (= 123.55 GPa) and its pressure derivative B’
(=3.0873) at zero pressure. Thepressurederivative
of bulk modulusat zero pressure B, isaparameter
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overlgp each other at and around theFermi level which

-
of greet physica sgnificanceinhigh pressurephysics.

Itisrelated to afew other important thermo physical
properties (like phasetransitions, interphase energy,
adsorption energy etc.)*,
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Figurel: Total energy of In,MgTiO asafunction of cell
volume.
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Figure2: Theelectronic band structure of In,MgTiO,
along high symmetry directions.

Theca culated band structurefor IMT inthehigh
symmetry directionintheBrillouin zoneisshownin
figure 2. Inthisfigure, wefind alarge dispersion of
the bands. It can be seen that there are many bands
from-3 eV to 1 eV. These bandsaremainly contrib-
uted from Ti-d and O-p el ectrons. These bandsalso

indicatesthat thereishybridization between the Ti-d
and O-p states. Comparing it withfigure 3, it sup-
portsour explanation.

The angular momentum proj ected densities of
stateswere obtai ned by using 3000-k pointsinside
theirreducibleBrillouin zonefor integration. Thefull
geometricd optimization givesanin-planelattice con-
stant a= b =c = 8.0 and c/a = 1.0 of pure
InMgTiO,.
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Figure3: Total DOSand PDOSaround Fer mi ener gy of
In,MgTiO calculated for the optimized lattice constant.

Figure 3 showsthetotal DOS aong with par-
tial DOS of Ti-d and O-p states of I1ZT. It is ob-
served that the main contributionin theva ence band
comesfrom Ti-3d state. The Ti-d state hybridizes
with O-p states near Fermi level. The hybridiza-
tion between Ti-d and O-p statesimpliesthat the
interaction between the atoms of thesetwo ishighly
covalent.

CONCLUSION

We have performed and analyzed the FLAPW
caculaionof thedoubleperovskiteIn MgTiO, (IMT).
Theground state and el ectronic structural properties
have been obtained. From the angular momentum
projected densities of statesat 3000-k pointsinside
theirreducibleBrillouinzonefor integration, it can be
concluded that Ti-d state hybridizeswith O-p states
near Fermi level and theinteraction between the at-
omsof thesetwo ishighly covalent.
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