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Example:  Lithium Atom, 1s22s1
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One dominant electron configuration → the Slater determinant is 
a good starting point & existing methods work well. 

Many important electron configurations → the orbital picture is 
invalid…the problem of strong correlation…
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One dominant electron configuration → the Slater determinant is 
a good starting point & existing methods work well. 

Many important electron configurations → the orbital picture is 
invalid…the problem of strong correlation…

Single-reference Near-degeneracy Strong correlation 

  frontier 0,1in    
frontier ~ 1 2in  

frontier 1in    

band gap  Vee[valence] band gap ∼ Vee[valence] band gap  Vee[valence] 

Equilibrium structures 
stretched bonds 

transition-states of rxns 
Superconductors 

Large quantum dots 

Saturated hydrocarbons 
polyacenes; polynes; 

cumulenes 
spin-frustrated systems 

Wigner crystal 

closed-shell main-group 
molecules 

transition-metal 
compounds, Cr2, 

noninnocent ligands 
Open-shell molecules (esp.  

f-block and d-block 
elements) 

Heavy-fermion materials 
Molecular magnets 

Kondo state 
quantum phase transitions 

noninteracting electrons Hubbard & PPP models  
Richardson & Heisenberg 

models 
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