Problem Set 3
Ch153a — Winter 2026
Due: 30 January 2026

1. (10 points) Consider the ligand field energy diagram for a

mS = -1/2 spin function. The spin-orbit coupling operator,
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tetragonal d! metal-oxo complex. The two zero-order _ bl(xz—yl)
ground-state wave functions for this system are: !
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where |a) is the ms = +1/2 spin function and |S) is the Ay
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Hso = AL - S mixes the real d-orbitals.

The orbital angular momentum operators act on the d-orbitals according to the following
table (the unit of angular momentum, A, is taken to be equal to 1):

d-orbital L, L, L,
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The spin angular momentum operators act on the d-orbitals according to the following table
(the unit of angular momentum, h, is taken to be equal to 1):
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2.

Perturbation theory gives the first order correction to the wavefunction as:
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Find expressions for the ground-state wave functions corrected to first order, |¥¥,) and
|\W5), (the energy gaps, taken to be positive, are defined in the energy level diagram and

the summation runs over the other d-orbital wavefunctions, excluding |‘P§O)> and |‘P,(30)>).

(20 points) The Zeeman operator has the following form:

A, =B.B-(L+g.S)
Write down the secular determinant using the first order wavefunctions from problem 1
and the Zeeman operator assuming that B = B,. That is, the magnetic field is parallel to
the molecular z-axis. Solve the determinant to get the two eigenvalues in terms of ¢, B;,

ge, A, and any energy gaps (A1, Az, or As). Only retain terms to the first power of the
ratio (A/A). What is the energy of an EPR transition with this magnetic field orientation?
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