
 Complex Ion Reactions 

The good news is that there are only two main reactions that you need to know: precipitation and ligand 
substitution. The bad news is there are a lot of colours and a lot of equations. 
 

Precipitation Reactions 
 
I am not going to talk too much about this here as we focus on it a lot in the big table further on in this 
tutorial. There isn’t a huge amount to say on it anyway….as the name suggests, you are forming a 
precipitate. The precipitates are always hydroxides e.g. Cu(OH)2 formed by adding NaOH to a complex ion 
such as [Cu(H2O)6]2+. 

 
 
Ligand Substitution 
 

In a ligand exchange reaction, you simply swap one or more ligands in a complex ion for something else. 
You can get complete or partial substitution. 
 
Complete substitution: 
 
Monodentate ligands 
 

[Fe(H2O)6]2+  +  6NH3  →   [Fe(NH3)6]2+  +  6H2O 
 

All we have done is swap all the waters for all the ammonias. Both are neutral ligands so the overall 
charge doesn’t change. 
 
 

Cu(H2O)6]2+  +  4Cl-  →   [CuCl4]2-  +  6H2O 
 
 
In this example we are adding chloro ligands to an octahedral complex. Cl- is provided by HCl usually. 
 
We mentioned in part 2 that you can only fit four chloro atoms around a metal due to their large size. 
This means that there is a change in shape to tetrahedral. 
 

✓ This is still complete substitution, as all the waters have been removed, even although we have only 
added four chloro atoms.  

 

✓ Also note the change in charge on the complex.  
 
 
Multi or bidentate ligands 
 

[Cu(H2O)6]2+  +  EDTA4-  →  [Cu(EDTA)]2-  +  6H2O 
 

 
The above example is very common. We only need one EDTA molecule to replace all 6H2O molecules.  
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Entropy 
 
An important point…. in the above reaction there is an increase in entropy and the resulting EDTA 
complex is therefore very stable. This usually occurs when you swap monodentate ligands for bidentate 
or multidentate. 
 
Look at the equation again and count up the moles on each side of the arrow: 
 
 

[Cu(H2O)6]2+  +  EDTA4-  →  [Cu(EDTA)]2-  +  6H2O 
 
 
 
 
There are 2 moles on the left side and 7 moles on the right side. The increase in moles = an increase in 
entropy. You can also say that the equilibrium lies further to the right now and that the value of K, the 
equilibrium constant has increased. All indicating that a more stable complex has formed. 
 

✓ Enthalpy is ignored in this discussion. This is because enthalpy looks at bonds broken and bonds 
formed. The bonds broken and formed in these reactions are very similar, therefore, the enthalpy 
change is close to zero and can be ignored. 

 
 
Haemoglobin  
 
The purpose of haemoglobin is to transport O2 around the body. O2 can substitute a H2O ligand bonded 
to the Fe2+.  
 
Problems arise when CO is present as it also a ligand and does ligand substitution with H2O, so there is 
competition to occupy the site to coordinate with the Fe. CO is poisonous and forms stronger bonds to 
the Fe2+ than O2 does which creates a very serious problem. 
 

✓ You don’t need to know the structure of haemoglobin. Just remember what is stated above and 
everything is great again. 

 
 
Partial substitution: 
 
We are starting with an octahedral complex of six waters.  
 
But only four of the waters have been exchanged as we are only adding four ammonias: 

 
[Cu(H2O)6]2+  +  4NH3  →  [Cu(NH3)4(H2O)2]2+  +  4H2O 

 

 
Students get annoyed with partial substitution, as they are not sure how many ligands are swapped. It 
seems like it could be any number of ligands.  But in the example above, we are told that four ammonias 
are added so that makes it easy. Just swap four ammonias for four waters and keep the remaining two 
waters in their original place. The complex is still octahedral. 
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✓ The question should make it obvious how many ligands are being exchanged. Either that or you 
should know the different complexes (see the tables below). You should never have to guess! 
 

 
Complex ion reactions  
 
Ok…I’ll be honest with you. This is the vital part of the transition metal complex coming up, if there is one 
part to be an absolute boss at…then this is it! 
 
The table below should be treated with care and attention. It provides a lot of answers! 
 
The 5 ions looked at are Fe2+, Fe3+, Cu2+, Mn2+ and Cr3+. The two reactions are precipitation and ligand 
substitution. There is no redox in the table below: 
 

 
Complex Few drops NaOH or NH3 excess NaOH excess NH3 

pale green 
[Fe(H2O)6]2+ 

 

Dirty green ppt 
Fe(OH)2 

No reaction No reaction 

Green/violet 
[Cr(H2O)6]3+ 

 

Pale green ppt 
Cr(OH)3 

Deep green soln 
[Cr(OH)6]3- 

Purple soln 
[Cr(NH3)6]3+ 

yellow 
[Fe(H2O)6]3+ 

 

brown ppt 
Fe(OH)3 

No reaction No reaction 

blue 
[Cu(H2O)6]2+ 

 

pale blue ppt 
Cu(OH)2 

No reaction Deep blue soln 
[Cu(NH3)4(H2O)2]2+ 

pale pink 
[Mn(H2O)6]2+ 

 

Light brown ppt 
Mn(OH)2 

No reaction No reaction 

 

✓ the precipitates can be written as, for example, Cr(H2O)3(OH)3
 or Cr(OH)3

 

 

✓ watch out for Fe2+ →  Fe3+ by air oxidation. It is usually the precipitate they refer to and a green → 
red/brown colour change. 

 

✓ note that a small amount of NaOH and NH3 do the same thing but when added in excess they react 
very differently. 

 

✓ be careful with the [Cr(H2O)6]3+ colour. Sometimes you might see it as green and other times as 
violet. You should be ok to say either but I’d probably go for violet. Green seems to form if other ions 
are also in the solution. 

 
 
We will now look at each column in this table in more detail. 
 

 



Reaction 1: precipitate formation (a few drops of base) 
 

✓ the starting point for all these reactions is the metal ion with 6 water ligands around it. 
 
To get the precipitate we add a base: either NH3 or NaOH. 
 
 
 
 
 
 
To form the precipitate the complex must lose the charge and become neutral. When the complex is 
neutral, it no longer stays in solution and a precipitate forms. So remove the charge! 
 
 
Example 
 

[Cu(H2O)6]2+   +    2OH-    →      Cu(OH)2(s)   +    6H2O 
 
 
Alternatively if we add NH3 as the base: 
 
 

[Cu(H2O)6]2+   +    2NH3    →      Cu(OH)2(s)   +    2NH4
+   +  4H2O 

 
 

✓ We get the same precipitate. The only difference is the NH4
+ formed instead of H2O. 

 

✓ To go from 2+ to neutral we are removing 2 x H+. And similarly, to go from 3+ to neutral we are 
removing 3 x H+. So the products formed are either (OH)2 or (OH)3. Very easy. 

 
 
 

Reaction 2: redissolving the precipitate  

We will still use NaOH and NH3 as the bases but now there is a difference in how they react. The point is 

to try to redissolve the precipitate formed. 

 
Adding excess NaOH 
 
The good news is, only the Cr precipitate reacts, so there is not much to remember. 
 

Cr(OH)3   +   3OH-   →   [Cr(OH)6]3-     
 

✓ Cr(OH)3 is said to be amphoteric i.e. reacts with acid or base. The other precipitates in the above 

table do not redissolve with NaOH.  

 

✓ to go from the precipitate back to the original complex can be done by adding acid (addition of H+ 

ions). All the precipitates do this reaction: 

when a small amount of base is added to a complex ion, a precipitate (a solid) forms 



Cu(OH)2    +   4H2O +   2H+   →    [Cu(H2O)6]2+ 

 
 
Adding excess NH3 (ligand substitution): 

 

When adding ammonia to the Cr(OH)3 precipitate, it redissolves to give a purple/violet solution: 
 

Cr(OH)3  +  6NH3  →  [Cr(NH3)6]3+  +  3OH- 
 
 
Similarly with the Cu(OH)2 precipitate, it redissolves to give a dark blue solution: 
 

Cu(OH)2  +  2H2O  +  4NH3  →  [Cu(NH3)4(H2O)2]2+  +  2OH- 
 

✓ If they ask what do you see when you add excess NH3 to either of the above, you have to talk about 

the precipitate forming then redissolving. 

 

 

Copper 

 
HCl can be added to provide Cl- ions/ligands. Again, just a ligand substitution: 

 

 [Cu(H2O)6]2+    +    4Cl-    →      [CuCl4]2-   +    6H2O 

 

 

 

Reduction 
 
Cu2+ can be reduced to Cu+ using iodide ions: 
 
 
 
 
 

✓ CuI is a white precipitate. I- is often used to reduce things. 
 
 

Disproportionation: 
 
In aqueous conditions, Cu+ can undergo disproportionation: 
 
 

 

✓ A blue solution (Cu2+) and Cu (brown/pink solid) are formed. 

blue yellow/green 

2Cu+  →  Cu2+  +  Cu 

2Cu2+  +   4I-  →  2CuI(s)  +  I2 



Chromium 

 
You are required to know about Cr3+ and Cr2O7

2- (Cr6+) and how to go between the two ions. 
 
Zn is used as a reducing agent and H2O2 is the oxidising agent. There are other oxidising and reducing 
agents but those are the two mentioned in the specification: 
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