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Liner Combination of Atomic Orbitals
 Diatomic molecule
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LCAO
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LCAO: Diatomic molecule
 Identical atoms
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Simple cyclic molecules



  

Infinite chain of H: Blöch Theorem
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Other k-points
k = π/a 

Ψπ/a = χ0+(exp{iπ})χ1 exp{i2π})χ2 + (exp{i3π})χ3… 

Ψπ/2a = χ0 - χ1 + χ2 - χ3 + χ4 +… 

k = π/2a 
Ψπ/2a = χ0+(exp{iπ/2})χ1 +(exp{iπ})χ2 +

(exp{i3π/2})χ3+(exp{i2π})χ4+… 

Ψπ/2a = χ0 + 0 - χ2 + 0 + χ4 +…

k = 0 k = 0 
ΨΨ00 =  = χχ00++χχ1 1 ++χχ2 2 ++χχ3 3 ++χχ4 4 +…+…

k=0

χ0 χ1 χ2 χ3 χ4

k=π/a

k=π/2a
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Blöch Theorem Properties
 We have as many k-points as unit cells in the crystal.
 The Wave-function is periodical in momentum space, and 

non-periocial in real space:
 The charge density and the crystalline potential are 

periodical in real space: 
 We have as many bands as orbitals in the unit cell.
 Each band has as many k-points as unit cells the crystal 

have.
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Band Width
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Band Running: P orbitals
 Sigma bands
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Band Running: P orbitals
 π bands



  

Linear chain: (PtL4)n
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Linear chain: (PtL4)n

  Comparative overlap



  

Linear chain: (PtL4)n

 Running Bands



  

2D Crystals
 Direct Cell 

 Reciprocal Lattice



  

2-D Lattice of H atoms



  



  

Band Folding (I): supercells



  

Band Folding (2)



  

Band Folding (3)
 Limit of the infinite supercell

∞



  

From Bands to DOS
 Band structure for Fe (BCC)



  

E.g.: infinite chain FeN
 DOS



  

FeN: Band Structure & DOS
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