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Understandings: 

1. State that d-orbitals split in a complex ion.  

- When metal ions are bonded with ligands, the ligands split the d-orbital into two distinct 

energies. The reason is because 2 of the 5 orbitals in 3d-orbital gets repelled by the electrons 

in ligands and hence energized.  

 

This leads to that electrons in dxy, dxz, and dyz, may get excited and jump up to the 

energized d-orbitals.  

That energy they do not absorb will determine the colour of the complex ion.  

2. Explain how complex ions are coloured.  

- The opposite colour (complementary colour) will appear!  

Use the colour wheel to determine. So this means that when a complex appears yellow, the 

complex absorbs purple, which is high energy, E=hf.  
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3. Explain how to deduce the colour absorbed.  

- Explained above.  

Applications and skills: 

1. Explain how nuclear charge of metal ion (which element basically), oxidation number of 

metal, charge density of ligand and the geometry affect the colour of the complex ion.  

- This part is the only difficult part in this chapter. So essentially, there are 4 factors affecting 

the colour, hence the magnitude of split, of the complex ion.  

One fundamental thing to keep in mind is that the stronger the interaction between the 

metal ion and ligand, the closer they are, the larger repulsion in d-orbitals, hence the larger 

split.  

The identity (nuclear charge) of metal ion – It is logical to think that when two atoms have 

same electron configuration but different nuclear charge, the one with higher nuclear charge 

will interact more with ligand. Ex, Fe has more protons, therefore larger split, therefore 

absorb higher frequency.  

 

 

Oxidation state of the metal – Consider [Fe(H2O)6]2+ and [Fe(H2O)6]3+. We use the same logic 

as above. Since Fe 3+ has a higher effective nuclear charge in this case, it will interact more 

and absorb higher energy.  

Charge density of ligand – This can be read in the data booklet, spectrochemical series. This 

shows which ligand absorbs the most energy.  

Geometry of complex ion – The details are above IB. Just know that this affects the colour.  

2. Explain how different ligands affect the colour.  

- As mentioned above, some ligands tend to split the d-orbitals more due to differences in 

charge density. We do not have to know which ligands show which colour, but we are given 

the relative strength in data booklet.   

 


