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Relative energies [eV] of C20 isomers
4.5
4.0 + :
Key new features of QMC s 1 & HE o
T DA .
B 28| .
§ 20 e
- works directly in the multi-dimensional space, £ st P i
ie, in 3N-dimensions for N particles, using X gl m T o
stochastic rather than basis function e I P 4
respresentation 05 |
. oo &7 GGA Tw A
- builds upon but goes beyond one-particle i
approaches: genuine many-body method B BOWL v
- computationally demanding but feasible
for realistic systems "D
J
Applications follow ... )
B »
.\ /”
.\..‘., e .
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Forces for Cp

radial direction

tangential direction

Radial direction: @MC force ~ 0

Tangetial dir.: force towards smaller dimerization

Challenging to get the geometries right (no
good mean-field available): forces helpful

Geometries of dimerized isomers

in Hartree-Fock
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- Cut an approximately spherical shape from

crystall

Search for Structural Prototypes

ine silicon

- Saturate dangling bonds with hydrogen

- Possibly, reconstruct the "surface" bond pattern

- For exa

mple, dimer reconstruction:

- Optimize the geometry in Density Functional

Theory

SinHm clusters:

saturation vs.
reconstruction

L. Mitas, NCSU
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Structures with saturated bonds form magic sizes

Si_ H,, from eliptical cutout: "fused” Si, H,,




Dr. Lubos Mitas, North Carolina State Univ (K1 TP 8-06-02) Quantum Monte Carlo Methodsfor Electronic Structure of Materials

Page 12

Si29H24, Optical absorption
CIS with correction/broad. 0.12 eV (L. Mitas, UIUC)
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Previous models had assumed excitations were
iocalizea on a Single bond.

We found:

- no change in bonding pattern

- change in bond lengths ~ 0.01 angstrom

- slight distortions distributed across the whole
system

Exciton is delocalized across the whole structure

Single particle state of excited electron

"Doping" with Nitrogen and Carbon

NH

2

Emission energy
lowered by .25 eV

Shift from violet
to blue

CH

3
No shift

Can be bound
to organic
molecules
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QMC for solids

- supercell + periodic boundary conditions
- Ewald sums

- finite size effects for:

kinetic energy ("k- points")
potential energy ("cell shape")

extrapolations to N => infinity

- besides cohesive energies, lattice constants
etc, possible to study band structures using
excitons : "band structure scan”

Mitas and Martin, PRL 72, 2438 ('94)

- studies of Fermi surfaces feasible in future

Beyond cohesive energies

e QMC evaluation of band structures for insu-
lators (band gaps, band widths)
- create an exciton (Mitas, Martin '94):

PRL #Z, 2438 (193¢
e~ from the valence — conduction band

200
10.0 —@ X

0.0 P

O
pZIN
e, |

EfeV]

-30.0

-40.0

L r X

Fig. 3. Hartree-Fock band structure of diamond. The filled cir-
cles indicate states which are occupied in the 8-atom simulation
supercell.

Eexciton == Eground - Ega,p 5 Ee—h
- alternatively: add/subtract an electron

e challenge: Fermi surfaces for metals (very

large supercells necessary)
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Start with a molecule first:

=
TiO as a prototype 5% g
- qualitatively: Ti++ O —-, triplet with two & g ; ) " :
unpaired d electrons on Ti 85 ) 0 §
£3 t’ | -
K = I
E? —— ]

Currently investigating the 3d-series: X

APS March Meeting in '94:
L. M.: Electronic structure of Mn@si ,

Magnetic nanomaterials: caged transition
elements Si;,X X=Sc, Ti, ... 3d,4d,5d series

- aftempt to predict caged d-spin syst.
- not successful, hybridized, unstable

¢
I&'.
z
3
H

Dxy singly occupieds dx2-y2
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