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Making new solid state materials
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“ Modifying the size and shape of the material
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Nanostructure as a new material

Definition:  Nanostructure is an assembly of
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Why nanometer scale: This is the scale when the _ _
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from bulk.

Electron Wavefunction
Nanostructure
Both are in nanometers
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Computational challenge %

atoms | nanostructures — bulk
molecules
Infinite
size { 1- 100 1000- 106 (1- 10 atoms
atins atoms in a unit cell)
method { Ab initio computational “ Effective mass
method nanoscience method
Ab initio New methodology Even larger
elements and algorithm Supercomputer
and reliability (ESH
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Coupled Cluster
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umbpber of atoms
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Ab initio density functional calculations
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- Density Functional

V(r)

Selfconsistency
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Two tasks for a hybrid nano computation method

(1) To get the potential V() [or the charge density r (0]
so we will have the Hamiltonian.

(We want ab initio reliability, but not a full ab initio
calculation)

(2) To solve the single particle Hamiltonian
| Ei xOEET Ol Ex~ @dEOUAUT OOmpdUOdI
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| 2 QOUdUI EdUGUANdp©2 pdOAODPdET I EOM
need to solve all of them)
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Charge patching method —
Selfconsistent LDA Non- selfconsistent LDA
calculation of a single quality potential for
graphite sheet nanotube

Get information from small
system ab initio calc., then generate
the charge densities for large systems
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Charge patching: free standing quantum dots

Ing5Pgs, LDA quality calculations (eigen energy error ~ 20 meV)

64 processors (IBM SP3) for ~ 1 hour Total charge density
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Planewave expansion of the wavefunction

(- %DZ VO, (1) =Ey, (1)

y(r)=& C(g)e"

Fast Fourier Transformation  between
real space y(r) and Fourier space C(q).
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Folded Spectrum Method
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NERSC

NERSC: National Energy Research Scientific Computing Center

Hopper, Cray XE6 machine, 150,000 computing cores, 1.3 Petaflops
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Examples of new properties

} CdSe Quantum Dots (Bawendi Group)

= F R
“Band gap increase l 1[ N
” Single electron effects g
on transport (Coulomb E - JUM A M ]\ )\J\ A
blockade). | MM youLill
| Gate Votage (V) |
“ Mechanical properties, 5 ,ﬁ=’=§:
surface effects and no ;7‘ :
dislocations R
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Free standing quantum dots

Stock
£ CdSe ll
g% quantum dot e #
TEM image L & Heating
% Mantle
Figure Al

“ Chemically synthesised

” Interior atoms are in bulk crystal structure
” Surface atoms are passivated
“Diameter~20 - 100 A

” A few thousand atoms, beyond ab initio method
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CdSe quantum dots as biological tags

~ Optically more stable than dye molecules
” Can have multiple colors
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Quantum dot wavefunctions

Cross section electron wavefunctions
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CdSe quantum dot results Diameter 214
=
2
CdSe Quantum Dots (Bawendi Group) §
. ©
Fa = ;ﬁ '§ 30A
T A 40A
| | I \ | I | | |
18 20 22 24 26 28 3.0 32 34 3.
elice Frankel Energy (ev)
L& T T T I
- T
50 (b) & experiment |
~ — EMA with Coulomb term
s 45+ _ _
— 1+ SEPM with Coulomb term
@ 401 . o
] 3
& 35F _ .
c + %
2 R0r <& . L
2 |
W o5t o . i
@O
20f T ¢ o6 -
15 | | L | |
10 20 30 40 50 &80
Diameter (};\)

WEEE SCIENTIFIC COMPUTING GROUP Egap (eV)



(b) | | cB14 cBI15 (c)
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