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Heteronuclear diatomic molecules
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essentially 100% F1s

mostly F2s , small contribution H1s

strong admixture of H1s , F2s , F2pz

essentially 100%  Fpx , Fpy
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largely Li+ + F- in character at Re
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So the ionic dissociation limit is 2eV above the covalent dissociation limit

adiabatic potential
diabatic potential  



The probability of finding an electron near a point (x, y, z) is
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x y z n  For a single determinant wave function 

Consider an operator          , where ri denotes the coordinates 
of an electron  
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nj is the occupation 
number (1 or 2)



Dipole moments

For a set of point charges ,i iQ r  
  is a vector from the origin to point 

charge i

For a continuous charge distribution
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  where       is the charge distribution Q

Q FE the electric field that a force exerts on a charge Q

Assume the applied field is in the z direction
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For multiple point charges z i iV Q z  
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In a QM treatment ˆ ˆ'H   E μ

     1 0 0* ˆE d    E μ

   0 * 0ˆ d  μ = μ permanent electric dipole moment

If a molecule has a center of symmetry             
We need to include the nuclear charges.
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The second term 
derives from the 
nuclei

Note, that for a charged system the dipole moment depends on 
the chosen origin.  So specifying the dipole moment of a charged 
molecule is meaningless unless the origin is also specified.



Virial Theorem 2i
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 where       is the coordinate

If the potential is a homogenous function of degree n
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Atom: 2 T V 

For diatomic molecules 

2

el
dUT U R
dR

dUV U R
dR

  

 

at R= infinity and R=Re , 0dU
dR



Harmonic osc: n = 2
H atom:  n =‐1



At long distance     6
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At short distances



Generalized Hellmann-Feynman Theorem
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where      refers to some parameter in λ Ĥ

Holds if n n nH E 

So holds for full CI in a basis set.
Also holds for the HF wavefunction.
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xwhere       refers to x coordinates of 
nucleus    
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Include       and      contributionsy z
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Hellmann-Feynman electrostatic theorem 

The force on a nucleus is a consequence of Coulomb interactions

Note that in these equations. 
e’, the magnitude of the 
charge of the electron has 
been set equal to 1. 


