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ABSTRACT

The full potential Linearized augmented plane wave (FLAPW) method is
employed to study the ground state and crystal properties of InMgTiO,.
The electronic-energy band structure, site and angular-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. From
the analysis of density of states, we conclude that there is hybridization of
Ti-d state with the O-p state, which impliesthat the interaction between the
atoms of these two is highly covalent whichisconsistent with the calculation
of electronic band structure aswell ascharge density studies. The equilibrium
values, bulk modulus, and its pressure derivative have been estimated
through optimization of the crystal structure of this material.
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INTRODUCTION

Doubleperovskiteswith generd formulaA B'B"O,
withA being an alkalineearth such asCa, Ba, Sror a
lanthanide and B’, B” arethetransition metalsare a
matter of investigation since past decades*". Borges
et al.lY investigated theferromagnetic metallic behaviour
of CaFeMoO,, Sr,FeMoO, and Ba,FeMoOwith
Curietemperatureof 345—426 K. Kang et al.'? have
studied the electronic structure of Ba,FeMoO, using
photoemission spectroscopy. Sarma® has pointed out
the discrepancies between the manganites and the
double perovskites and proposed the mechanism of
occurrence of large T_ in double perovskites
Sr,FeMoQ,. This mechanism has been extended to
many other systems by Kanamori and Terakura“d.

Moritomo et al .67 showsastrong correl ation between
the curietemperature and the conductivity at room tem-
peraturewhichimpliesthat themobileconduction elec-
tronsmediatethe exchangeinteraction between thelo-
ca Fe* ions. Inthismode the hybridization of theMo
4d (tzg) and Fe 3d (tzg) statesplaysthekey rolein sta-
bilizing ferromagnetism at high curietemperatures®>@
Based on band cal cul ation using the Loca Density ap-
proximation (LDA), Pickett® has proposed that the
double perovskiteLa,MnV O, canbeapromising can-
didatefor exhibiting hdf-metdlicantiferromagnets (HM-
AFM) characterigtics. Thedectronic structurecalcula
tionswere based on the assumption that both Mn and
V ionsaretrivalent and moreimportantly alow spin
state (t,'e,; S=1) resulted for all Mn* ions. Phillip et
al sudiedtheeffect of structurd changesand dopingin
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the double perovskiteA,CrWO, (A = Sr, Ba, Ca) on
the magnetotransport, the magnetic and optical prop-
ertiestogether with band structure cal culations. Phillip
et al. have aso pointed out that the T in double
perovskiteswasdi scussed to depend sensitively on band
structure and band filling in contrast to experimental
resultgoty,

In double perovskites having structural formula
A, B'B"Q,, each transition metal site (B'B") is sur-
rounded by an oxygen octahedron and theA atomssite
are situated in the holes produced by eight adjacent
oxygen octahedrd. Thepropertiesof doubleperovskite
compoundsaredetermined by therdativesizes, vden-
ciesand ordering of theA and B siteions.

Thestudy of edemental structuresplaysapivotal
rolein solid-state physics*?. Thestructural study gives
ingght into the propertiesof thed ements. Inthe present
article, thee ectronic structure (density of states, band
structure) of In,MgTiO, (IMT) arecaculated by full
potentia linearized augmented planewave (FLAPW)
method*® within the generalized gradient approxima-
tion (GGA)™.,

COMPUTATIONAL DETAILS

The ground-state propertiesof IMT areinvesti-
gated employing the FLAPW method withinthe gen-
erdized gradient gpproximation (GGA). Thestructura
parameters of the system were optimized at 3000-k
pointsinsgdetheirreducibleBrillouin zonefor integra:
tion. Thefull geometrica optimization givesanin-plane
lattice constanta=b =c=8.0and ¢/a= 1.0 of pure
In,MgTiO,. Accurate optimizations of crystal geom-
etrieshave cometo serve asastringent test for elec-
tronic structure cal cul ations. We use our optimized pa-
rametersfor the study of e ectronic structurecalcula
tionstaking muffintinradius(RMT) as2.0,1.9, 1.8
and 1.6 for In, Mg, Ti and O respectively. Thetotal
energy hasbeen minimized and cal culated with repect
tothevolume. In our calculation, the crystal structure
of IMT hasthe space group symmetry Fm-3m. The
Birch-Murnaghan relation for equation of state (EOS)
is used to get the static equilibrium volume V
(=940.39) aswell asthe bulk modulus B (= 123.55
GPa) and itspressurederivative B’ (= 3.0873) at zero
pressure.

RESULTSAND DISCUSSION

InFigure 1, wehave ca culated and minimized the
total energy with respect tothevolume. Inour calcula-
tion, the crystal structure of IMT hasthe space group
symmetry Fm-3m. The Birch-Murnaghan relation for
equation of state (EOS) isused to get the static equilib-
riumvolumeV , (=940.39) aswell asthebulk modulus
B, (= 123.55 GPa) and its pressure derivative B’ (=
3.0873) at zero pressure. The pressure derivative of
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Figure 1: Total energy of In,MgTiO, asa function of cell
volume
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Figure2: Theeectronicband structureof In,MgTiO, along
high symmetry directions
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Figure3: Total DOSand PDOSaround Fermi ener gy of In,MgTiO, calculated for theoptimized lattice constant

bulk modulus at zero pressure B’ is a parameter of
great physica sgnificanceinhigh pressurephysics. Itis
related to afew other important thermo physical prop-
erties(likephasetrangtions, interphase energy, adsorp-
tion energy etc.)*,

Thecalculated band structurefor IMT inthe high
symmetry directionintheBrillouin zoneisshownin Fg-
ure2. Inthisfigure, wefind alarge dispersion of the
bands. It can be seen that there are many bandsfrom —
3eV toleV. Thesebandsare mainly contributed from
Ti-dand O-p eectrons. These bandsa so overlap each
other at and around the Fermi level whichindicatesthat
thereishybridization between the Ti-d and O-p Sates.
Comparing it with Figure 3, it supports our explana-
tion.

Theangular momentum projected dengtiesof states
were obtained by using 3000-k pointsinsidetheirre-
ducibleBrillouinzonefor integration. Thefull geometri-
cd optimization givesanin-planelatticeconstanta=b
=c=8.0and c/a=1.0of pureInMgTiO,.

Figure 3 showsthetotal DOS along with partial
DOSof Ti-dand O-p statesof 1ZT. It isobserved that
the main contribution inthevaenceband comesfrom
Ti-3d state. The Ti-d state hybridizeswith O-p states
near Fermi level. The hybridization between Ti-d and

O-p statesimpliesthat theinteraction between the at-
omsof thesetwo ishighly covalent.

CONCLUSION

We have performed and analyzed the FLAPW cal-
culation of thedouble perovskite InMgTiO, (IMT).
Theground state and el ectronic structural properties
have been obtained. From theangular momentum pro-
jected densities of states at 3000-k pointsinside the
irreducibleBrillouin zonefor integration, it can be con-
cluded that Ti-d state hybridizeswith O-p states near
Fermi level and theinteraction between the atoms of
thesetwoishighly covaent.
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