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Quantum wire, 2D confinement, 
1D electronic system
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Quantum wire, 2D confinement, 
1D electronic system
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Density of states per unit length:
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Quantum Confinement and Dimensionality
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Quantum dot, 3D confinement, 
0D electronic system
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Discrete states
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Quantum Confinement and Dimensionality
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Buhro. et al. Nature Materials, 2003, 2, 517
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State E/E 0 E/E 0 Degenerate 
States 

E/E 0 Degenerate States 

1 1 1 2 (1,1) 1 3 (1,1,1) 1 

2 4 1 5 (2,1),(1,2) 2 6 (2,1,1),(1,2,1),(1,1,2) 3 

3 9 1 8 (2,2) 1 9 (2,2,1),(1,2,2),(2,1,2) 3 

4 16 1 10 (3,1),(1,3) 2 11 (3,1,1),(1,3,1),(1,1,3) 3 

5 25 1 13 (3,2),(2,3) 2 12 (2,2,2) 1 

6 36 1 17 (4,1),(1,4) 2 14 (3,2,1),(3,1,2),(2,3,1) 
(2,1,3),(1,3,2),(1,2,3) 

6 

7 49 1 18 (3,3) 1 17 (3,2,2),(2,3,2),(2,2,3) 3 

8 64 1 20 (4,2),(2,4) 2 18 (4,1,1),(1,4,1),(1,1,4) 3 

9 81 1 25 (4,3),(3,4) 2 21 (4,2,1),(4,1,2),(1,4,2) 
(1,2,4),(2,4,1),(2,1,4) 

6 

10 100 1 26 (5,1),(1,5) 2 27 (3,3,3) 1 
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Tight Binding Model

Calculation of Energy Band

Reading: Burdett Chpt 1-3
Hoffman p1-21

For MO Theory: 

Chemical structure and bonding (Gray/Decock)



8

Chem 253, UC, Berkeley

Chem 253, UC, Berkeley



9

Chem 253, UC, Berkeley

Molecular Orbital Theory
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Diatomic Molecules
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How to calculate E(k)?

Crystal Schrodinger Equation: )()()( kkEkH  
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 )(ˆ)(* kHk 

1. m=n

2. mn, consider only the nearest neighbor

 NHkHk
n

nn   ˆ)(ˆ)( **

  1
* ˆ

nn H

ka
N

eeNN

kk

kHk
kE

ikaika

cos2..........

)(
.........

)()(

)(ˆ)(
)(

*

*





















n
n

inkaek  )(

Chem 253, UC, Berkeley

n-1     n      n+1

 
ka

eeeHekE n
anik

n
ikna

n
anik

n
ikna

cos2.........

ˆ)( 1
)1(

1
)1(







 







23

Chem 253, UC, Berkeley

 2

 2

4

Chem 253, UC, Berkeley

4


