
5.04, Principles of Inorganic Chemistry II 

Lecture 26: One-Electron Crystal Field Energies

 d1 ion � 2D state (10-fold degenerate) 

Degenerancy removed upon application of the ligand field. Generally, 
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The character of the operation is the trace of the matrix representation. By 
using L’Hôpital’s rule, the trace of �� may be determined as ��0 
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For � � 0, the trace is simply the sum of the exponents 
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Thus considering the pure rotational subgroup for the 1e - system 
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2) 8C3 6C2 

1 1 1 1 1 � A1g 

3 1 -1 0 1 � T1u 

5 -1 1 -1 1 � Eg + T2g 

�f = A2u + T1u + T2u 

�g = A1g + Eg + T1g + T2g 

we see, therefore, that the Oh ligand field lifts the degenerancy of the free 
ion state. Applying the projection operator to the real parts of the spherical 
harmonics (i.e. the d-orbitals) 
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The two energy terms are obtained from the following secular determinants 

(which are diagonal because the �i’s are symmetry adapted) 

The SALC’s for the 
H � �� E 01,1 g( )  spherical harmonics in the 

= 0 
Oh point group are given in 0 H � �� E2,2 g( )  
pg IE5. 

H � ��(T ) 0 0 If you use these SALC’s… 
the secular determinant 

3,3 2g 

0 H � ��(T ) 0 = 04,4 2g will always be diagonalized 
as shown here. 0 0 H � ��(T )5,5 2g 

need only calculate one energy root 
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Using the appropriate integration tables (see next page) 
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angular independent position of potential energy (in Kh 

symmetry) resulting in e - repulsion of e - on M with e -

pairs of L… causes energy shift with no split 
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� 2� 
Values of the integrals � � Y

* (�,�)Y (�,�)Y �(�,�)sin�d�d�
2,ml � ,n 2,ml0 0 

Table removed due to copyright considerations. 

For ��(T2g) will solve H4,4 … only one wave function in calculation of �4 (this 

example reveals convenience of choosing spherical harmonic over real d-
orbital wave functions, which are linear combinations) 
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Summarizing… 
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Symmetry adapted linear combinations of spherical harmonics Y
l,ml

 for the symmetry group O. 

Table removed due to copyright considerations. 
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