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Hartree-Fock 
 

Ψ ≈ ψ iψ jψ kψ l...  
 
 

EDet = hii
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Minimization in Terms of Density Matrix 
Recall that P is idempotent: 

PP = P or PµλPλν
λ
∑ = Pµν  

 
 

T 
 
 
 
 
 
 
 
 
 
 

∂EDet

∂Pµν
= hµν + Pλσ µλ νσ − µλ σν( )

λσ

M

∑ ≡ Fµν  
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First Interaction Terms 

Pλσ µλ νσ
λσ

M

∑ = Pλσ
λσ

M
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* r2( )χν r1( )χσ r2( )
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Second Interaction Term: 

− Pλσ µλ σν
λσ

M

∑  

 
 
 
 
 
 
 
 
In any case, assembling the full derivative of L 
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dL
dP

= F +XP + PX −X = 0
 

How to Simplify? Define Q=1-P 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Self Consistent Field (SCF) Iterations 

1) First, guess an approximate Fock matrix (e.g. 

� 

Fµν = hµν ). 
2) Diagonalize F to obtain c. 
3) Use c to build P and F’= F[P] . 
4) If [F’,P]≠0, return to step 2) with F=F’. 
5) If F’=F, then the HF equations are solved.  

 
 
 
Information we can get from ΦHF: 

1) The Total Energy  
 
 

2) Molecular Orbital Energies – 
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Fci = ε ici ε i = hii + ij ij − ij ji
j=1

N

∑  

 
 
 
 
 
 
 
 
 
 
 
Koopman’s “Theorem” 
The HF eigenvalue of every occupied MO is a first order 
approximation to the ionization energy required to remove an 
electron from that orbital – 

� 

EIP
i ≈ εi

HF . The HF eigenvalue of 
every virtual MO is a first order approximation to the electron 
affinity of the associated orbital – 

� 

EEA
a ≈ εa

HF. 
 
 
 

3) Molecular Orbitals  
4) Partial Charges and Bond Orders  

qA = ZA − cµicµi
i=1

N

∑
µ∈A
∑  

OAB = cµicνi
i=1

N

∑
µ∈A
ν∈B

∑
 

 
 
 
 
 
 
 
 

Perturbation Theory 
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F̂ ΦHF = EHF ΦHF Ĥ Ψ = EExact Ψ  
 
 
 
 
 
 

 
 
 
 
 

E0
(2) =

Φ0 Ĥ
1( ) Φi

2

E0 − Eii
∑  
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E0
(2) =

Φ0 Ĥ
1( ) Φx

2

E0 − Exx
∑

=
Φ0 Ĥ

1( ) Φi
a 2

E0 − Ei
a

ia
∑ +

Φ0 Ĥ
1( ) Φij

ab 2

E0 − Eij
ab +

ijab
∑

Φ0 Ĥ
1( ) Φijk

abc 2

E0 − Eijk
abc +

ijkabc
∑ ...

 
 
 
 
 
 
 
 
When with Perturbation Theory Work? 
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