RUC, September 2006

Quantum Chemistry & Spectroscopy.

 Problem for Monday, September 18.
Problem 4
In this problem we attempt a description of a cyclic -electron system (e.g., benzene) by using the “Free-Electron Molecular Orbital" (FEMO) model for a particle in a circular box.
Consider an electron that rotates freely on a circular ring with radius  r.  The position of the electron on the ring is specified by the angular coordinate .  The kinetic energy operator is then given by 
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where I = mer2 is the moment of inertia of the electron. The stationary wavefunctions () must fulfil the cyclic boundary condition (  + 2) = (). The resulting eigenfunctions (orbitals) and eigen​values (orbital energies) of  the kinetic energy operator 
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are given by
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where  m  is a quantum number that can adopt the values  m = 0, ±1, ±2, … .  For |m| > 0, the orbitals are pair-wise degenerate, i.e., they have the same energy, E+|m| = E–|m|. The orbitals 
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are also eigen​functions of the angular momentum operator 
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with eigenvalues  
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 (subscript z indicates that the angular momentum is with respect to the axis of rotation z, perpendicular to the plane of the circle through its centre). 
a. Assume that the model can be used to describe the six -electrons in the benzene molecule, when radius r is set equal to (6(1.40 Å)/2. Compute the energy difference E between the highest occupied (HOMO) and the lowest unoccupied (LUMO) orbitals [J and eV].  What is the wave​number 
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 [cm-1] and wavelength  [nm] for the electromagnetic radiation corresponding to a transition with energy equal to E?
b. The near-UV spectrum of benzene shows three bands with very different intensity: max =  255, 200, and 180 nm; max = 200, 6300, and 100000 M-1cm-1.  An analysis shows that the bands are all related to promotions of an electron from the two degenerate HOMOs to the two degenerate LUMOs. But according to the simple model, the bands should have the same energy!  Which physical interaction, neglected in the FEMO-model, may be responsible for the observed splitting i energy?   
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