RUC, October 2006

Quantum Chemistry & Spectroscopy.

Problem 14
In its electronic groundstate, formaldehyde (H2CO) is a planar molecule with C2v symmetry:
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a) What are the symmetries (irreducible representations) of the 10 molecular orbitals (MOs) that can be constructed on the basis of the 10 valence atomic orbitals H(1s), H’(1s), C(2s, 2px, 2py, 2pz) and O(2s, 2px, 2py, 2pz)?  Hint: Determine the characters of the reducible representation  based on the 10 atomic orbitals, and reduce  to irreducible representations. 
b) The highest occupied MO in the groundstate (HOMO) can be characterized as a “lone pair” orbital, largely localized in the 2py orbital of the oxygen atom.  This MO contributes very little to the chemical bonding in the molecule; such an orbital is often called an n orbital (“n” for “non-bonding”). What is the symmetry of formaldehydes n orbital?
c) The second highest MO (SHOMO) and the lowest unoccupied MO (LUMO) are the  and  MOs, respectively, of the C=O double bond. Indicate the shape of these orbitals (you may compute them with the Hückel model, see Problem 12). What are their symmetries?
d) The lowest electronic transition of formaldehyde corresponds to the HOMO ( LUMO transition, n ( . What is the symmetry of the excited state?

e) This transition is observed as an extremely weak absorption band near 30000 cm-1. Why is the transition so weak?













































































































































