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OUTLINE

� Combined exact diagonalization – ab initio method (EDABI).

� Correlated electrons in nanochains: ground–state properties,

density of states, Drude weight.

� H � cluter: stability in respect to dissociation on H � molecules.

� Hydrogen ladders: stability, optical conductivity, phase diagram.
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Combined exact diagonalization – ab initio method (EDABI)
Single–particle
Schrödinger eq.
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JS et al., PRB 61, 15676 (2000); AR & JS, PRB 63, 073101 (2001).
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1D nanochain: Hamiltonian
/ 0 1324 5 6
7 68 9

6: ;=<?> 6: < 6 @A 8 h.c. B 8 C
6

7 6 D7 6 E 8 F
G 6 H

I J 6 H�K7 6K7 H

L MN OP Q Rwhere:

� K7 6TS 7 6VU F ;

� 1W24 5 S 1 5 8 XZY A 6 [ H]\ G ^`_ 6 H 8 J 6 Ha (Ry):
atomic energy + all MF parts of the Coulomb interaction
(Richardson extrapolation for X b c is performed);

� model parameters are calculated in Gaussian (STO–3G) basis.

Main advantages:

� 3– and 4– site terms are exactly included on the atomic level;

� rapid convergence (with X b c ) of ground–state energy d e and
inverse orbital size f .
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Ground–state energy optimization for the nanochain

-1

-0.8

-0.6

-0.4

-0.2

 2  3  4  5  6  7

G
R

O
U

N
D

-S
T

A
T

E
 E

N
E

R
G

Y
  (

R
y)

INTERATOMIC DISTANCE,  a (a.u.)

INS

M

HF

N=6
N=8

N=10
HF

M/INS

 1

 1.2

 1.4

 2  3  4  5  6  7
IN

V
E

R
S

E
 O

R
B

IT
A

L 
S

IZ
E

,
a (a.u.)

g�hji

k Crossing point of d e \ < a for ideal metallic (M) and insulating (INS)
behavior as an estimation of MIT point.

k The lower variational energy of HF (Slater–type, AF) solution.
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Spin and charge correlation functions
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k Long–range (AF) type of spin order.

k Charge order: short–range for X � 0 X , l.–r. away from the half–filling.
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Tomonaga–Luttinger scaling
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Electron momentum distribu-
tion around ÇÈ Ç É :

Ê ËÌÎÍ Ê ÏÐ Ñ ÒÔÓ ÏÖÕ Ó ÒØ× Ù ÚÜÛ Ý Ó ÏÕ Ó Þ]ß

à – TLM exponent (interac-
tion–dependent).

Asymptotic RG expansion
(Solyom, 1979)

áÛ Ò Ê ÏÕ Ê ËÌ ÒÍ Õ â áÛ ã

Ð ä áÛ áÛ ã Ð åÐ æ Ý]ç è áÛ ã Þé

where ê S ë ^ì Ç É U Ç ì < .

k à 0 F for< íîï ð 0 Gñ òó < ô .

k Analogical behavior observed for the Hubbard model (< íîï ð 0 Gñ F ò < ô ).
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Spectrum of single–particle excitations

Density of states:
õ \÷ö a 0 øúù ø \÷ö a , where
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k Charge–energy gap 3 d 4 5 ó for X � 0 X (Mott insulator).

k Scaling with F ^ X b ó constitutes MIT X � 0 X ^ G .
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Drude weight and optical conductivity
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k Mott insulator for X � 0 X , MIT for X � 0 X ^ G (LL 7 CDW).
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The H 8 cluster: Stability
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k i global mimimum of d e ; binding energy higher for (ii).

k Molecule dissociation for jlk 6 míîï ð 0 Gñ no < ô , jk 6 6 míîï ð 0 Fñ p p < ô .
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Hydrogen ladders: Ground–state energy
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Drude weight for the ladders
k Molecular–crystal phase (< È < �ï� ):� � �Y � (band insulator), further

justification provided by 3 d 4 behavior.

k Dielectric catastrophe for< � j � < �ï� (band insulating and Mott

insulating phases separated by highly–conducting region).
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k Analogical results for Hubbard model with a sigle–particle potential of

the form\ U Fa H 3 (Resta & Sorella, PRL 82, 1999).
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Phase diagram of the planar ladder
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k Metallic region borders chosen as inflection points of� \ < a function.

k Quarter–filling line close to the metalic phase.
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SUMMARY: Main results
� Coexistence of metallic and insulating properties for the nanochain

with a half–filled band; Mott insulating state contitutes gradually with

increasing< ^ < ô .

� Transformation from nanometal to nanoinsulator (with charge order of

CDW type) for the quarter–filling.

� The H � cluster and hydrogen ladders stability; molecule dissociation

for high densities.

� Presence of dielectric catastrophe for the planar ladder, induced by the

system transformation from the band–type to the Mott insulating state.
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