RUC, September 2006

Quantum Chemistry & Spectroscopy.

Problem 5
In this problem we consider a description of the energy levels in the hydrogen atom by using a three-dimensional “particle in a box”-model (Engel, 4.3). The eigenfunctions and eigenvalues for a particle in a rectangular box with side lengths I, J, and K are given by
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where i, j, and k are quantum numbers that independently may adopt any positive integer value. 

a. Assume that the box has the shape of a cube. Indicate the approximate shape of the wave​functions for the two lowest energy levels and express the energy difference between them as a function of the side length L of the cube.
b. The corresponding spectroscopic transition in atomic hydrogen has a wavelength of 122 nm (the first line in the Lyman series). Which effective volume V = L3 should our simple cube model have in order to reproduce this wavelength?  Compare V with experimental estimates of the volume of the hydrogen atom (e.g., the van der Waals radius rw of hydrogen is estimated to be 1.2 Å, corresponding to a volume rw3/3 = 7.2 Å3 ).

c. The “particle in a box”-model for hydrogen is less successful than the FEMO-model for linear polyenes (Problem 3). Why?
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