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 ̋What can we do ?  
 ̋How do we do it ?  
 ̋Examples  
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Making new solid state materials  

N̋ew crystal compounds  

A̋lloys  

I̋mpurity and doping  

M̋odifying the size and shape of the material  
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Nanostructure as a new material  

Definition:   Nanostructure is an assembly of  
ÓÆÓÔÒÊÙÊ×dØÈÆÑÊd̆ÇÚÎÑÉÎÓÌdÇÑÔÈÐØ̇rd 

Why nanometer scale:  This is the scale when the  
Õ×ÔÕÊ×ÙÎÊØdÔËdÙÍÊØÊd̆ÇÚÎÑÉÎÓÌdÇÑÔÈÐØ̇dÇÊÈÔÒÊdÉÎËËÊ×ÊÓÙd 
from bulk.   

size 

Electron Wavefunction  
Nanostructure  

Both are in nanometers  
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Computational challenge  

A̋b initio method  

atoms 

molecules  
nanostructures  bulk  

size 
1- 100  
atoms 

1000 - 10^6  
atoms 

Infinite  
(1- 10 atoms  
in a unit cell)  

method  Ab initio  
method  

E̋ffective mass  
   method  

Challenge for  
computational  
nanoscience.  

Ab initio  
elements  
and reliability  

New methodology  
and algorithm  

Even larger  
Supercomputer  
(ES!) 
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Number of atoms  
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GW/BSE,  
Coupled Cluster  

Empirical  
Pseudopotential  

Non- selfconsistent  
LDA 

Time dependent  
DFT 

Direct LDA  

Computational methods: accuracy versus size  

101         102      103           104   105              106 
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Ab initio density functional calculations  
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N electron  
N wave functions  

Density Functional   
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Two tasks for a hybrid nano computation method  
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so we will have the Hamiltonian.  

(2) To solve the single particle Hamiltonian  
      l¸ÈÍ×ÔÊÉÎÓÌÊ×̃ØdÊÖÚÆÙÎÔÓmpdÙÔdÌÊÙdÙÍÊdÕÍÞØÎÈÆÑdÕ×ÔÕÊ×ÙÎÊØr 

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

l³ÔÙdÙÍÊdÚØÚÆÑdµ©ªpdÒÆÓÞdÊÎÌÊÓdØÙÆÙÊØpdÉÔÓ̃ÙdÜÆÓÙdÆÓÉ 
 need to solve all of them)  

(1) To get the potential  V(r)  [or the charge density  r (r)]  
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Charge patching method  

Selfconsistent LDA  
calculation of a single  
graphite sheet  

Non- selfconsistent LDA  
quality potential for  
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  

In675P652  LDA quality calculations (eigen energy error ~ 20 meV)  

CBM VBM  
64 processors (IBM SP3) for ~ 1 hour  Total charge density 

         motifs 
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Planewave expansion of the wavefunction  
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q

iqreqCr )()(y

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  

B̋and gap increase  

CdSe quantum dot  

S̋ingle electron effects  
  on transport (Coulomb  
  blockade).  

M̋echanical properties,  
  surface effects and no  
  dislocations  
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Free standing quantum dots  

CdSe  
quantum dot  
TEM image  

C̋hemically synthesised  
I̋nterior atoms are in bulk crystal structure  
S̋urface atoms are passivated  
D̋iameter ~ 20 - 100 A  
A̋ 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  
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CdTe nanowire  

Exp:  

Calc:  


