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Research Activity in the group

� 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.

Funding: Swarnajayanti, AMRU, Indo-EU, Indo-US, Indo-Sweden and

MPG-India research program
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MOTIVATION

� 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 properties (e.g.
electrical, magnetic, and optical properties) of
materials.

At the root of all are the Electrons!
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Motivation
Ab initio Electronic Structure Calculations

Muffin Tin Orbitals

V(r)
Gaussians

eV(r)

Condensed Matter

Plane Waves
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Motivation

Our goal is to �nd a generally applicableelectronic
structure method, which isintelligible, fast and
accurate.

+
Muf�n-Tin Orbitals of N-th order (NMTO)

� Provides an useful way of deriving thefew-band
Hamiltoniansstarting from complicated LDA
band-structure.

� NMTO's beingenergy-selectiveby nature, produce
truly minimal basis sets) the Wannier-like functions

� AddsChemical Realityto Physicists Models
(PRB 62, R16219) . – p.5/25



HTSC
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bct La2CuO4
Max Tc

bct Bi2Sr2CuO6 40 K
bct Tl2Ba2CuO6

90 K
90 K

40 K

t HgBa2CuO4

T

nopt n/CuO2

A
F

I PG

NM
SC

T*

Tc

It is conceivable 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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HTSC- 1 band description
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HTSC- Wannier-like functions

2
HgBa  CuOLa CuO

4 42

Tc = 40 K Tc = 90 K
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Material dependence

l

m

PRL 87 047003; PRB 80, 014510; PRB 79, 134522; PRB 78, 035132
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PRL 100, 186402; PRB 79, 144403
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Effective Models
� Hubbard Hamiltonian

HHu = �
X

<i;j>;�

t ij [ĉy
i;� ĉj;� + ĉy

j;� ĉi;� ] + U
X

i

n̂i; " n̂i; #

� t-J Hamiltonian U � t J � t2=U

H t � J = �
X

<i;j>;�

t ij [ĉy
i;� ĉj;� + ĉy

j;� ĉi;� ] +
X

<i;j>

Jij Ŝi Ŝj

� Heisenberg Hamiltonian 1 electron/site

HHeis =
X

<i;j>

Jij Ŝi Ŝj
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Methods

+ 
-  + 

-
Account for correln. effects

LDA Model Approaches
Materials-specific

Fails for strong correln.

Input param.s unknown
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Methods

+ 
-  + 

-
Account for correln. effects

LDA Model Approaches
Materials-specific

Fails for strong correln.

Input param.s unknown

! Improve the description starting from LDA, by
combiningab-initio calculations with many-body
methods.
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Methods
� Density Functional Theory.-Electronic structure

+ downfolding+ e-e correln

Effective Model

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

+

Physical Picture
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QSS: Ex. Na2V3O7

First transition-metal based nanotubular system!
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� Distorted VO5 pyramids. V4+ - 3d1, spin-1/2 system
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Na2V3O7 - Effective Model

(a) (b) (c)

Edge-sharing
intra-ring(=0.18eV)

Corner-sharing
intra-ring(=0.13eV)

Corner-sharing
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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Na2V3O7 - Effective Model
description: tubes consisting of weakly coupled
nine-site rings withpartial frustration
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a'     = J2/J1

Effective spin Model :

neglect inter-ring coupling

t1 ~ t2 ~ t3

t'1 ~ t'2

H = J1
P 9

i=1 (Si :Si+1 + �
0

i Si :Si+2 )
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Na2V3O7 - Magn. Susceptibility
Exact diagonalization of the derived spin-Hamiltonian
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PRL 95, 107201, PRB 68, 024411, PRB 67, 245110, PRB 66, 054426, ..
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Phase diagram of V2O3

* undergoes 1st-order M-I transition - can be induced by temp., pressure,  alloying

* PM-PI : same crystal (corundum) & magn. structure

* only known example among transition-metal oxides to show a    PM-PI transition
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V2O3: NMTO-downfolding

V t2g xy V eg x2-y2 V eg 3z2-1
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-1

0

1

2

3

4

 L  Z  G  F 

                              

E0    

E1    

E2    

2

4

6

8

10

12

 L  Z  G  F 

                              

E0    

E1    

-8

-6

-4

-2

0

 L  Z  G  F 

 
                              

E0    

E1    

E2    

-1

0

1

2

3

4

 L  Z  G  F 

 

                              

E0    

E1    

E2    

O-p V-t2g V-eg V-s

pd   antibonding
p s s . – p.22/25



DMFT results
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PM spectra - comparison with PES

PRL 104, 047401; PRB 76, 085127; PRB 68, 113105
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Conclusion
| NMTO method can be employed very ef�ciently to
unravel chemical bonding and physical properties of
novel materials.
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