RUC, September 2006

Quantum Chemistry & Spectroscopy.

 Problem for Thursday, September 14

Problem 3
In this problem we consider electronic transitions in linear, conjugated polyenes. It is assumed that the so-called π-electrons associated with the double bonds move freely within the length of the conjugated system ("Free-Electron Molecular Orbital" model), and energy levels and wavefunctions are approximated by using the particle in a one-dimensional box-model.
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Assume that the effective length L of the box is given by L = (2n + 1)d, where d = 1.4 Å is the average CC bondlength in a lineær polyene and n is the number of formal double bonds. In the electronic ground state, the 2n π-electrons (2 per double bond) occupy the n lowest energy levels, since each level can only contain two electrons (Pauli principle).

Show that the energy difference between the lowest unoccupied level εn+1 and the highest occupied level εn is equal to 
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The energy difference corresponds to the transition energy ΔE for the most longwave absorption band in the UV-VIS region. Compute the theoretical transition energies ΔE [J, eV] and the corresponding wavenumbers 
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 [cm-1] and wavelengths λ [nm] for n = 1, 2, 3, and 4 (ethene, butadiene, hexatriene, and octatetraene). Compare with the experimental wavelengths: 163, 210, 247, and 286 nm, respectively. 
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