QTC, NWI-MOL112, exercises week 2

Gerrit C. Groenenboom, Feb 14, 2020

Question 1: Questions chapter 4

la. Use first order perturbation theory to show that the energy levels of a diatomic molecule can be

written as

Ey=¢€,+ Bl +1), (1)

where v =0, 1,2, ... is the vibrational quantum number and [ = 0,1, 2, ... is the rotational quantum
number. Take the vibrational Schrédinger equation with [ = 0 as the zeroth order problem, and
treat the centrifugal term as a perturbation. Assuming that the solutions x, (r)/r of the zeroth-order
problem are known, give the expression for B,.

Reminder first order perturbation theory: Assume the Hamiltonian can be written as

H=Hy+V (2)

and we want to find approximate solutions of

HVU, = E,U,,. (3)

We assume that the zeroth-order problem has been solved

IA{O ¢n = €n(bn (4)

In first order pertubation theory, the energies E, are given by

(@nlV]en)
E,=¢,+—+—1—. 5
(6ul) ®)
A Morse potential has the functional form
V(r) = D.[1 - e_a(r_’“e)]2 (6)

1b.

1c.

1d.

Derive an expression for the vibrational energies €, for given parameters D., r., and «, and assum-
ing the reduced mass of the diatom is u. To simplify the problem, make an harmonic approximation
of the Morse potential, i.e., make a Taylor expansion up to second order around the minimum, and
use that as the potential.

Give the expression for By in terms of the Morse parameters and the reduced mass. Hint: treat the
centrifugal term as a perturbation and use the vibrational wave function in the harmonic approxi-
mation for | = 0. Also, make a linear approximation of the centrifugal term around r = r,.

Solve the problems that were “left as an exercise” in Chapter 4 of the lecture notes.
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