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Summary	
  

•  The	
  Hartree-­‐Fock-­‐Roothaan	
  method	
  
•  Pople	
  and	
  Dunning	
  basis	
  sets	
  
•  Semiempirical	
  models	
  
•  Configura&on	
  interac&on	
  
•  Möller-­‐Plesset	
  perturba/on	
  theory	
  
•  Density	
  func&onal	
  theory	
  
•  Time-­‐dependent	
  DFT	
  



MANY-­‐BODY	
  PERTURBATION	
  THEORY	
  

Reference	
  (non-­‐perturbed)
Hamiltonian	
  

Perturbed	
  Hamiltonian	
  

Perturba(on	
  
λ	
  =	
  perturba&on	
  parameter;	
  
determine	
  the	
  strength	
  of	
  the	
  
perturba&on	
  (0	
  ≤	
  λ	
  ≤	
  1).	
  	
  

Expanding	
  the	
  eigenfunc(ons	
  and	
  the	
  respec(ve	
  eigenvalues	
  as	
  Taylor	
  series	
  in	
  λ:	
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Ψi
(n)	
  =	
  n-­‐th	
  order	
  

correc&on	
  to	
  Ψi
(0)	
  	
  



MANY-­‐BODY	
  PERTURBATION	
  THEORY	
  

Schrödinger	
  equa/on	
  for	
  the	
  ground-­‐state	
  Ψ0	
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Equa(ng	
  terms	
  in	
  the	
  same	
  power	
  of	
  λ	
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MANY-­‐BODY	
  PERTURBATION	
  THEORY	
  

Schrödinger	
  equa/on	
  for	
  the	
  ground-­‐state	
  Ψ0	
  

Mul(plying	
  from	
  the	
  le@	
  by	
  <Ψi
(0)|	
  	
  

Taking	
  advantage	
  of	
  the	
  rela(ons:	
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MANY-­‐BODY	
  PERTURBATION	
  THEORY	
  

E0
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(0) V̂ !0
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Ψ0
(1)	
  can	
  be	
  expressed	
  as	
  a	
  linear	
  combina(on	
  of	
  the	
  complete	
  set	
  of	
  

eigenfunc(ons	
  of	
  H0	
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By	
  mul(plying	
  the	
  first-­‐order	
  equa(on	
  from	
  the	
  le@	
  by	
  <Ψi
(0)|	
  	
  

Subs(tu(ng	
  in	
  the	
  second-­‐order	
  correc(on	
  of	
  the	
  energy	
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Second-­‐order	
  correc/on	
  of	
  the	
  energy	
  



MÖLLER-­‐PLESSET	
  PERTURBATION	
  THEORY	
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Perturba(on	
  =	
  difference	
  between	
  the	
  exact	
  electron	
  repulsion	
  operator,	
  
and	
  how	
  it	
  is	
  computed	
  in	
  the	
  HF	
  method	
  	
  

Reference	
  =	
  sum	
  of	
  the	
  N	
  one-­‐electron	
  Fock	
  operators	
  	
  

Perturbed	
  Hamiltonian	
  



MÖLLER-­‐PLESSET	
  PERTURBATION	
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Zeroth-­‐order	
  term	
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The	
  zeroth-­‐order	
  term	
  corresponds	
  to	
  the	
  sum	
  of	
  the	
  spin-­‐orbitals	
  energies	
  	
  

Eigenstates	
  

! i
(0) =!excited!configurations (Slater determinants)

!0
(0) ="HF
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The	
  sum	
  of	
  the	
  zeroth-­‐	
  and	
  first-­‐order	
  terms	
  corresponds	
  to	
  the	
  total	
  HF	
  energy	
  

First-­‐order	
  term	
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Second-­‐order	
  term	
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first	
  term	
  that	
  contributes	
  to	
  the	
  electron	
  correla(on	
  energy	
  	
  

!0
(0) Ĥ ! i

(0) given	
  by	
  the	
  Slater	
  rules	
  

The	
  only	
  non-­‐zero	
  terms	
  involve	
  the	
  coupling	
  matrix	
  elements	
  between	
  
Ψ0

(0)	
  and	
  doubly	
  excited	
  determinants	
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