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Excited states
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In spectroscopy the ground state is often labeled as X, and 
successive excited states (of a given multiplicity) by A, B, C,…

Total angular momentum: combine spin and 

, 1,...S S S     



Analog to the J quantum number for atoms
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With this treatment De = 3.5 eV vs. 4.75 (exact)

Larger basis set: De = 3.64 eV
So correlation energy ~ -1.11 eV.
Correlation energy of He atom = -1.14 eV

Roughly speaking correlation energy     -0.9 eV per 
pair of electrons



* *
1 21 1 1 1 ug g uCI c c     

De = 4.03 eV.

33 configuration wave function De = 4.71 eV

For the Be atom, the correlation energy is 
2.5 eV

Note if one were analyzing this in terms of 
pair correlation energies, there are 1s‐1s, 2s‐
2s, and 1s‐2s pairs 



The HF wave function of H2 has both ionic and covalent components

       2 2 21 1 1 1 1 1 1 1 1 1g a b a b a b a b b as s s s s s s s s s      

This 50/50 mixture persists at all distances. So the dissociation 
limit corresponds to ½ (H+H) + ½ (H++H-)

IP 13.6 eV

EA 0.7 eV

H

H





So the ionic limit is ~14.2 eV above the covalent limit

Note        2 2 21 1 1 1 1 1 1 1 1 1u a b a b a b a b b as s s s s s s s s s       

So by taking , we can vary the % of ionic character 2 2
1 2g uc c   

At and the dissociation is to the purely covalent limit 2 1, ,R c c   

and the            asymptote is ~7.1 eV too high in energy  R



Valence Bond treatment of H2

   1 1 1 1a b b as s s s    

De = 3.15 eV, which is in poorer agreement with the exact value than is the HF result

Optimize the orbital exponents:  De = 3.78 eV

Expand the basis set : De = 4.04 eV

Can mix in the ionic configuration

   2 2
1 21 1 1 1 1 1a b b a a bc s s s s c s s    

For the simple VB wavefunction

Equivalent to the two‐configuration wave function 
based on MOs that we considered earlier



2 :1 1 *g uH   excited states
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Consider the triplet state
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This goes to the same limit as the ground state (with ionic terms removed) as                
i.e., to H atoms with the electrons in their 1s orbitals. 

This makes sense sense at             we have two 2S H 
atoms, that can couple to a singlet or triplet.
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Now lets consider the excited           singlet stateg u 
2 21 1s A Bs s  

This is 100% ionic (H-H+ and H+H- )

Notice the unusual shape of its potential energy 
curve which at long should go as R-1 due to the 
ionic nature of the wave function.

Potential energy curves of H2
From Levine


