
Week 9 – Ligands and Complexes 
 
Ligands: 

• A ligand is a molecule or ion which acts as a Lewis base. It has a lone pair(s) of electrons 
to donate on their donor atoms which is/are attached to the metal. 

• They can be neutral (H2O, NH3) or anionic (Cl-, CN-) 
• Can be: 

o Monodentate – 1 donor atom 
o Bidentate – 2 donor atoms 
o Tri/Tetra/Penta/Hexa/Poly (n) 

• Monodentate 

• Bidentate ligands: have two donor atoms that can coordinate simultaneously

 
o Both oxalate and en have four atom chains which form 5 membered rings with a 

metal. 
o A ligand like en grabs metal ion like a crab’s claw this is called a chelating ligand. 
o Note that oxalate ions form VERY strong complexes with the Transition Metal and 

thus the precipitate is not soluble. 
• Chelate rings 

o The attachment of two donor atoms from a bidentate ligand to the same metal 
forms a chelate ring. 

o For example, acetylacetonate (acac)  

The donor atoms are shown in red 



Hydration and ionization isomers – Due to exchange of ligands in first coordination sphere 
with those outside it. 
 
Hydration isomerism involves one of the ions being switched with the water molecule 
outside the complex. 

 
 
 
 

Ionization isomerism involves the exchange of anionic ligands with counter anions. 
 

 
 
 

Coordination isomerism 
Can occur when both a complex cation and anion are present. This allows for multiple 
combinations of ligands coordinated to the two metal centers. 

Remember to always place the cation first 
 
B) Geometric Isomers 
 
Example: Cisplatin in a highly effective and widely use anticancer drug with formula cis -
[PtCl2(NH3)2]. Especially effective in ovarian and testicular cancers. Interestingly trans-
[PtCl2(NH3)2] is not active and is toxic. 
 
 

 



 
▪ The complex ion [Ti(H2O)6]3+ appears purple in color because it transmits light at the 

red and blue ends of the spectrum 

 
o Colors of transition metal complexes are determined by energy difference (') between the two 

non-equivalent orbital sets (labelled eg and t2g levels for octahedral) 

 
▪ Delta Electron is the same as delta oct. 

o  
o Consider [Ti(H2O)6]3+, a 3d1 ion with one electron in t2g level  
o Energy difference -  corresponds to photons in the green – yellow range. Transmitted light gives 

purple color

 
▪ Color occurs from one of the electrons in the low energy jumping to the  higher energy, 

it absorbs energy as this occurs  
o How does 'oct influence the λmax (absorbed wavelength) value? 

▪ Consider [Ti(H2O)6]3+, so 'oct = 510nm 
▪ H2O is a weak field ligand, so 'oct is quite small 
▪ If H2O is exchanged for Cl- (an even weaker ligand) 'oct will be even smaller and λmax will 

shift to longer wavelengths 
▪ i.e. [TiCl6]3-, λmax  = 780nm (appears orange) 

 
 
 


