RUC, September 2006

Quantum Chemistry & Spectroscopy.
Problem 9
For a linear molecule considered as a rigid rotor, the magnitude of the angular momentum is given by 
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 and the rotational energy by  Ej 
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, where  j  is the angular momentum quantum number and  I  is the moment of inertia.  If the molecule has a permanent electric dipole moment, transitions between different rotational states can be observed by optical spectroscopy (in the far IR and microwave regions).  However, not all rotational transitions are spectroscopically allowed; the selection rule is j = 1. Hence, absorption of electromagnetic radiation can occur only for transitions corresponding to j ( j + 1. 

a. Show that the wavenumber 
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 for an allowed rotational transition is given by 
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= 2B(j + 1), where B is the rotational constant  (
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 between two neighbouring lines in the rotational spectrum is thus a constant quantity, 
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b. For hydrogen chloride 1H35Cl in the gas phase the following absorption lines have been measured: 83.32, 104.13, 124.73, 145.37, 165.89, 186.23, 206.60 and 226.86 cm-1 (R. L. Hausler & R. A. Oetjen: J. Chem. Phys. 21, 1340 (1953)). Compute the bond length R for hydrogen chloride. 

c. Predict the wavenumbers for the corresponding lines in the spectrum of deuterium chloride 1H35Cl, when it is assumed that deuterium chloride has the same bond length R as hydrogen chloride.
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