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First principles study of complex crystalline solids.
Electronic structure of strongly correlated systems.

First-principle calculation of electronic structure
and phase stability of random alloys.

Electronic structure and quantum transmittance
through nano-materials.
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MPG-India research program
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Novel materials are key to new technologies.

Modeling is playing an ever increasing role in the
search for new materials.

The chemistry controls the physical propertiegy(
electrical, magnetic, and optical properties) of
materials.

At the root of all are the Electrons!
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Ab Initio Electronic Structure Calculations
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Muffin Tin Orbitals

Gaussians Plane Waves




Our goal is to nd a generally applicabkdectronic
structure method, which isintelligible, fast and

accurate.
+

Provides an useful way of deriving the
starting from complicated LDA
band-structure.

NMTO's beingenergy-selectivey nature, produce
truly minimal basis set¥

Adds Chemical Realityo Physicists Models
(PRB 62, R16219)
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Max Tc
bct La2CuO4 40 K
bct Bi2Sr2CuO6 40 K
bct TI2Ba2CuO6 90 K
t HgBa2CuO4 90 K
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_ >

It IS concelvable that the material dependence enters
via the one-electron part of the Hamiltonian (LDA):
but this needs to be ltered out.
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HgBa, CuQ,
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PRL 87 04/7003; PRB 80, 014510; PRB 79, 134522; PRB 78, 035
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PRL 100, 186402; PRB 79, 1444(
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Hubbard Hamiltonian

X X
Hiu = iy [C|y G; +/bjy G ]+ U AN

<i;]>; i

t-J Hamiltonian U t J t%=U

X X
Hy 5 = ti [€ 6 "'/ij G ]+ Ji éiéj

<I;|>; <I;|>

Heisenberg Hamiltonian

X
Hheis = J; S5

<I;|>
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Materials-specific Input param.s unknown
Fails for strong correln. +~ Account for correln. effects
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Input param.s unknown
Fais for strong correln. | EGEONONGONSSHEGS

I Improve the description starting from LDA, by
combiningab-initio calculations with many-body
methods.
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Density Functional TheoryElectronic structure

+ downfolding+ e-e correln

+

Many-body methods Exact diagonalization,
QMC, DMFT.....

+
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® Na

Distorted VG, pyramids. \#* - 3dt, spin-1/2 system
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Edge-sharing Corner-sharing | Corn_er-sharing
intra-ring(=0.18eV) intra-ring(=0.13eV)  Inter-ring(=0.03eV)

Due to the complex geometry, the edge-shared
coupling Is equally strong as that of corner-shared
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description: tubes consisting of weakly coupled
nine-site rings with frustration

= . Effective spin Model :
” neglect inter-ring coupling
tl ~t2 ~t3
t'l ~t'2
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Exact diagonalization of the derived spin-Hamiltonian

e experiment data
a=0.0, J=400K
a=0.1, J=200K

--- a=05, J=200K
——-a=10, J=200K
— a'=0.7, J=200K

PRL 95, 107201, PRB 68, 024411, PRB 67, 245110, PRB 66, 054426
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* undergoes 1st-order M-I transition - can be induced by temp., pressure, al
* PM-PI : same crystal (corundum) & magn. structure
* only known example among transition-metal oxides to show a PM-PI transi
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NMTO-downfolding
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— T=390K
«Exp. T=175K
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PRL 104, 047401; PRB 76, 085127; PRB 68, 1131

DS

. — .24



| NMTO method can be employed very ef ciently to
unravel chemical bonding and physical properties of
novel materials.
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