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Supplement – CHEM 112 Exam 2  

Complex Ions and Coordination Compounds 
 
� Coordination compounds are like ionic compounds in that they consist of oppositely 

charged ions attracted to one another. 
  

� The major difference is that in coordination compounds one of the ions is a complex ion. 
 

� A complex ion consists of a central metal cation surrounded by molecules and/or 
anions (referred to as ligands) which are bonded to the metal using lone pairs of 
electrons present on atoms within the ligand. 

 
� The counter ions are present to maintain charge neutrality within the compound, but 

are not part of the complex ion itself. 
 
Understanding Complex Ions 
Coordination Number 
 

* A complex ion’s coordination number refers to the number of ligand atoms bonded to 
the central metal cation. 

 
* Generally, we see coordination numbers of 2, 4, and 6 – but never more. 

 
* Below is an example of the complex ion [Fe(H2O)6]2+, with a coordination number of 6: 

 



Ligands 
 

* Ligands have donor atoms that each donate a lone pair of electrons which form a 
covalent bond with the metal ion. 

 
* Ligands can provide more than one donor atom to bond to the central metal ion: 

 
* They are classified as follows: 

 
  - 1 donor atom: monodentate 
  

- 2 donor atoms: bidentate 
  

- 3+ donor atoms: polydentate 
 
 
 
Chelating Agents 
 
• Note that any ligand that attaches itself to the central atom in two places or more can be 

referred to as a chelating agent. 
 

• Chelating agents will greatly increase the stability of a complex ion, and are therefore more 
likely to be used as ligands whenever possible. 
 

• The following list shows the most important chelating agents: 
 

 
Chelate    Coordination #  Charge 
 
Ethylenediamine (en)  2        0 
Porphine    4       2- 
EDTA     6       4- 
Oxalate (C2O42-)   2       2- 
Carbonate (CO32-)   2       2- 

 
  



Complex Ions, Bidentate Ligands, and their Coordination Numbers 
 
• Below is an example of the complex ion [Ni(en)3]2+, which uses the ligand abbreviated as 

“en” though its actual formula is H2NCH2CH2NH2. 
 

 
 
 

• Note that the metal cation is surrounded by three “en” ligands, each of which bonds to 
Nickel in two places using its Nitrogen atoms.  
 

• As a result there are a total of six atoms that are bonded to the Nickel cation, and so the 
coordination number is 6, despite their only being 3 ligands. 

 
  



Problem: 
A solution is prepared by dissolving Na3[Co(CN)4(en)] in water. 
 

i. What is the coordination number of Cobalt in Na3[Co(CN)4(en)]? 
 
A. 3    
B. 4    
C. 5    
D. 6    
E. 9 
 

ii. For every mole of Na3[Co(CN)4(en)] dissolved in water, how many moles of ions are 
present in the solution? 

 
A. 3 
B. 4 
C. 5 
D. 6 
E. 9 
 
 
Solution: 
1(i)D 
Remember that coordination number is really the number of different atoms that are attached 
to the central metal cation. In this complex ion, cobalt is surrounded by 5 ligands: four of them 
are CN1-, and the fifth is ethylenediamine, abbreviated as “en”. The CN1- ligands are 
monodentate and can only attach to the cobalt ion using one atom at a time, thus they each 
increase the coordination number by 1. However the en ligand is bidentate, and can attach 
itself to two different places simultaneously, thus each increase the coordination number by 2. 
Combining the coordination numbers of all five ligands, we get a coordination number of 6. 
 
Note: we do not include the three Na+ counter-ions when determining the coordination 
number, only the ligands within the complex ion itself are needed. 
 
1(ii)B 
When the coordination compound is dissolved, it behaves the same way any standard ionic 
compound behaves (assuming it is soluble), meaning that it separates into its constituent 
cations and anions. This particular coordination compound is made of three Na+ counter-ions, 
and one complex ion, Co(CN)4(en)3-, which by default must have a charge of -3 to balance the 
+3 charge of the counter-ions. So in total we would end up with 4 ions for every molecule of 
Na3[Co(CN)4(en)] that is dissolved in water; 3 Na+ ions and 1 Co(CN)4(en)3- ion. 
 
Note: the complex ion does not dissociate when in solution, thus the number of ligands 
attached to the metal cation are not relevant when determining the number of ions. 


