Module 2815 Trends and Patterns


The Chemistry of Copper
Oxidation state

The most common oxidation state is +2

Electron configuration 

+1 ions do exist but they do not exhibit transition metal properties such as colour.

Colour of copper compounds

Cu2+ is blue.

Cu+ are white with the exception of copper(I)oxide which is brick red.

Precipitation reactions

Addition of hydroxide ions to a solution of Cu2+ ions causes a pale blue precipitate of Cu(OH)2 to form.
Ligand substitution
Cu2+ exists as a complex ion [Cu(H2O)6]2+
A complex ion has a metal ion at its centre with a number of other molecules or ions surrounding it. These can be considered to be attached to the central ion by co-ordinate (dative covalent) bonds. 
The molecules or ions surrounding the central metal ion are called ligands. All ligands are lone pair donors. In other words, all ligands function as Lewis bases.
This complex formation is responsible for the colour of the solution.    The (H2O) ligands can be easily replaced by :NH3 or :Cl-
Displacement by :Cl- 
Cl- is a better ligand than H2O.

Cl- is a bigger ligand than H2O
Displacement by :NH3
:NH3 is more electronegative than oxygen so will donate a lone pair more easily.

:NH3 will only replace four water molecules

Addition of a small amount of ammonia solution to Cu2+(aq) yields a pale blue precipitate of Cu(OH)2. Addition of more ammonia solution causes the precipitate to re-dissolve and form us the deep blue coloured complex.
Catalytic activity
Reactions with zinc

Zn + HCl or H2SO4 is used to produce H2. The addition of a little CuSO4 speeds up the reaction.

CuSO4 reacts with Zn in a displacement reaction to form finely divided metallic copper which acts as a catalyst.

Oxidising propanone

Copper acts as a catalyst for the oxidation of propanone in air to form CO2 + H2O.

A red-hot strip of copper is placed in the vapour above propanone. An exothermic reaction takes place on the surface.

This method is also employed in exhaust systems to speed up the oxidation of organic pollutants.

[image: image1.png](b) Using complex ions of copper as examples, explain what is meant by the terms
complex jon and ligand.

Explain what is meant by ligand substitution, giving two examples that are accompanied
by a colour change and including equations in your answer.

Desaribe, using suitable examples, two different shapes of complex ions. [13]
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