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In this problem we consider vibrational states of the diatomic molecule hydrogen chloride, HCl. The fundamental and the first overtone band for gaseous 1H35Cl are observed at the wavenumbers 2885.9 cm-1 and 5668.0 cm-1. 
a. In addition to the transitions at 2885.9 and 5668.0 cm-1, the spectrum of naturally occurring hydrogen chloride shows also two weaker transitions displaced a few wavenumbers towards lower values. How can these transitions be explained?
b. Determine the anharmonicity constant xe and the vibrational wavenumber 
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 (cm-1) for 1H35Cl.
c. Predict the wavenumbers of the second and third overtone transitions.

d. Compute the zero-point energy (kJ mol-1), i.e., the vibrational energy corresponding to the vibrational ground state.

e. Compute the force constant k (N m-1) for 1H35Cl.

f. Predict the wavenumber of the fundamental transition for deuterium chloride, 2H35Cl, when it is assumed that 2H35Cl has the same anharmonicity constant and force constant as 1H35Cl. 
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