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An orbital is a state of the Schroedinger equation for only one particle.
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Fig. 5.1. Polar coordinate system defining the polar angle # and the azimuthal
angle ¢
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The actual calculation of the crystal field splitting depends on setting up a
suitable Hamiltonian and solving it, usually in some approximation scheme.

The energy level degeneracy does not depend on the detailed Hamiltonian,
but only on Its symmetry. Thus, the decomposition of the level degeneracies
INn a crystal field is a consequence of the symmetry of the crystal field.
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Table 5.1. Character table for O and decomposition of the angular momenta rep-

resentations into the irreducible representations of group O g & GE :‘ o
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Table 5.4. Character table for D4 and the decomposition of the irreducible repre-
sentations of group O into representations for group Dy

character table for Dy, E Co,=C57 2C; 2C% 2C%

I A 1 1 1 1 1
Iy As 1 1 1 -1 —1
I, B, 1 1 —1 1 —1
Iy B 1 1 -1 -1 1
I FE 2 -2 0 0
reducible representations from O group
E 2 2 0 2 0 =A1+ B
1> 3 -1 -1 -1 1 =F+ B>

Table 5.5. Decomposition of the ¢ = 2 angular momentum level into the irreducible
representations of group Dy

E Cy, 20, 20, 20Y
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Table A.30. Character table for group O (cubic)

ﬂz O (432) E 8Cs 3C2 = 3C} 6CY

S s S | (4172 _+_y2 —+—22) Al 1 1 1
RN T 1 ~ Y
N ' : Az 1 1 1
=+ SRR Ro= % (z? — 92,322 — r?) E 2 =] 2
L1 \ 2. \
A e - (R;,:.R,,.R:)} g

(2,9,2) b
s + (zy,yz, zx) T 3 0 3

On = O ® i, (m3m) (cubic)

15 + SEORENEREOI N, ATANRTE

o e G\ e MERBZEA (O - y2, 322 —72), T,HY
EeRE A (xy, yz,2x)

Fig. 5.6. The angular parts of d-wave functions in cubic crystals are shown as

labeled by the basis functions for the partners of their irreducible representations.

(a) zy/r? = (T2), (b) yz/r? = (T2), (c) (z*—y*)/r* = (E), (d) (32> —r?)/r* = (E)
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Table 5.6. Splitting of angular momentum in cubic symmetry Oy, V,rq PRIEKIE R BT B YIER H H
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6 |1 1 | 1 9 Table 5.6 gives the decomposition of
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Here we make use of the fact that the crystal field potential is generated by a collection of
point sources and in the intervening space we are "outside” the field sources so that

the potential must satisfy the Laplace equation V2V = 0. Solutions to Laplace’s equation
are of the form r'¥; , (8, ¢). From the definitions for the spherical harmonics it is clear
that for a cubic field V.ypic, the only spherical harmonics that will enter V. pic are

Yao, Yaq and Y, 4 since (z/4)* involves only Y, o while [(x/4)* + (v/4)*] involves only
Yysand Y, _4



