RUC, September 2006

Quantum Chemistry & Spectroscopy

Problem 7.
The vibrational energies for a diatomic molecule in the harmonic approximation are, as mentioned, given by 
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. A more accurate model based on the “Morse potential” where anharmonic effects are taken into account yields the vibrational energies Ev = [(v + ½) – (v + ½)2 xe]
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, or in units of wavenumber [cm-1],
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The quantities G(v) are known as the “vibrational terms” of the molecule. The parameters xe and 
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 are called the “anharmonicity constant” and the “vibrational wavenumber”, respectively. The wavenumbers of vibrational transitions are obtained as differences between terms; transitions from the ground state are thus obtained as G(v) – G(0). Note that 
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 is merely a parameter, it does not correspond to the wavenumber of a vibrational transition! The relation between 
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 and the “force constant” k is given by 
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 = /2c = (2c)-1 (k/)1/2, where  is the reduced mass.
a) Show that 
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b) Show that 
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, where 
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c) For the molecule 14N16O, the fundamental band is observed at 1876.06 cm-1 and the first overtone band at 3724.20 cm-1. Estimate the vibrational wavenumber 
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, the anharmonicity constant xe, and the force constant k for 14N16O.
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