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Consider the response of the energy  
of the d orbitals to the approach of 6  
negatively charged ligands (a “crystal  
field”) along the x, y and z axes of the  

metal 

The two d orbitals (dx2-y2 and dz2) that  
are directed along the x, y and z axes  

are affected more than the other  
three d orbitals (dxy, dxz and dyz) 

The result is that the dx2-y2 and  
dz2 orbital increase in energy  
relative to the dxy, dxz and dyz  

orbitals (D0 is called the “crystal  
field energy splitting” t2g orbitals 

eg orbitals 

crystal  
field  
energy  
splitting 



Crystal field splitting of the 5 d orbitals by the “crystal field” of 6  
ligands 

Crystal field  
splitting 

Orbitals “on axis”: “energy increases” 

t2g orbitals 
Orbitals “off axis”: “energy decreas2es” 
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Net unpaired  
spins = 0:  
Diamagnetic 

Net unpaired  
spins = 4:  
Strongly  
paramagnetic 

Low spin  
Electrons spin  
pair 

High spin  
Electrons do  
Not spin pair 

Ligand strength: (Weak) I- < F- < H2O < NH3 < CN- (Strong) 

Large splitting 

Small splitting 
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Element Neutral atom 2+ Ion 3+ Ion 

Sc [Ar]4s23d1 [Ar]3d1 [Ar] 

Ti [Ar]4s23d2 [Ar]3d2 [Ar]3d1 

V [Ar]4s23d3 [Ar]3d3 [Ar]3d2 

Cr [Ar]4s13d5 [Ar]3d4 [Ar]3d3 

Mn [Ar]4s23d5 [Ar]3d5 [Ar]3d4 

Fe [Ar]4s23d6 [Ar]3d6 [Ar]3d5 

Co [Ar]4s23d7 [Ar]3d7 [Ar]3d6 

Ni [Ar]4s23d8 [Ar]3d8 [Ar]3d7 

Cu [Ar]4s13d10 [Ar]3d9 [Ar]3d8 

Zn [Ar]4s23d10 [Ar]3d10 [Ar]3d9 



Large splitting 
Low spin 

Small splitting  
High spin 

Energy gap larger  
than advantage due  
to Hund’s rule 

Energy gap small;  
Hund’s rule applies 
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What is the charge of Fe in Fe(CN)6
4- and in Fe(H2O)6

2+? 

Fe2+ in both cases Fe = [Ar]3d64s2; Fe2+ = [Ar]3d6 

What kind of ligands are CN- 

and H2O? 
CN- is a strong field ligand and 
H2O is a weak field ligand 
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6 Ti(H2O) 3+ 
2g 

)1 

6 Cr(H2O) 3+ 

(t 

(t 2g 
)3 

6 Fe(H2O) 3+ (t )3(e )2 

6 Fe(CN) 3- (t 2g 

2g g 

)5 

6 Fe(H2O) 2+ (t )4(e )2 

6 Fe(CN) 2- (t 2g 

2g g 

)6 

6 Ni(H2O) 2+ 
2g g (t )6(e )2 

6 Cu(H2O) 2+ 
2g g (t )6(e )3 

6 Zn(H2O) 2+ 
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3d5  
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()5 

()4()2  

()6 

()6()2  

()6()3 

()6()4 

Complex Valence  

electrons 

Unpaired  

electrons 

Electron  

configuration 

Spin 

configuration 





t = 4/9o 

All tetrahedral compounds are  
High Spin 



Octahedral 
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dz2 
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Square Planar (CN=4) 

Ni(II) d8 S 
= 0 

Octahedral  

Coordination number =6 

 

Ni(II) d8 S 
= 1 




