
Born-Oppenheimer Approximation

     Typical Energies (cm–1) Typical Periods (fs)
Electronic  20,000-80,000                    0.5-2
Vibrational      100-4000                   10-300
Rotational        0.1-30                         1000-300,000
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H = TN +Te +VNN +VNe +Vee

Full Molecular Hamiltonian 
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Hel = H −TN = Te +VNN Q( ) +Vee q( ) +VNe Q,q( )
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No approximations have been made up to this point!
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Adiabatic or Born-Oppenheimer Approximation:
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TN +Wk Q( )−En[ ]χnk Q( ) = 0

Total wavefunction in the adiabatic approximation 
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Ψnk q,Q( ) = Φk q;Q( )χnk Q( )
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Variant #1:  Born-Huang Approximation

Keep diagonal (k' = k) nonadiabatic terms 
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Variation # 2:  Crude adiabatic approximation
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Φk q;Q( ) ≈ Φk q;Qeq( )
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Avoided Crossings in Diatomics
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Rep'n      Hel           TN
Adiabatic diagonal     non-diagonal
Diabatic non-diagonal     diagonal
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