
If you look through the change in your pocket, and the copper 
coins in particular you will notice that they appear to be varying 
shades of red, orange or brown. Some are bright and shiny 
orange colour, others are a much duller shade of brown. 
Historically original coinage was often made of gold, partly for 
this very reason. Gold is a noble metal and the gold Doubloons, 
Florins, Ducats and Krugerrands were (and still are) precious 
partly because they are made of a metal which doesn’t oxidise  
or tarnish.

Lower value numismatics (the technical name for coins) are 
made of less valuable metals such as copper, because if they 
were made of valuable metals the value of the metal would 
exceed the value of the coin. As it happens for a short time 
in 2006 the value of the copper in a pre-1992 2p coin, which 
contains 97% Cu was 3p. A tonne of copper coins would consist 
of 145,000 2p coins or 290,000 1p coins giving it a monetary value 
of £2,900. But at that time a tonne of copper would fetch £4,500 
on the commodity market. The reason that we didn’t see an 
instant clutch of 2p millionaires is that it’s actually quite difficult 
to get 145,000 2p coins from the bank, and even if you could, it is 
an offence to melt down the coins of the realm. 

In this experiment we are going to restore your small change to 
its former brilliance using lemon juice or vinegar.

MATERIALS
You will need:

 • Small copper coins (well tarnished); 
 • An egg cup; 
 • Lemon juice or white wine vinegar; 
 • Laboratory gloves (or Marigold-type rubber gloves); 
 • Safety glasses.

HEALTH & SAFETY 
You may wish to consider eye protection with approved safety 
glasses since lemon juice and vinegar can cause eye irritation. 
You should wear laboratory gloves or Marigold type rubber 
gloves if/when handling residual copper ethanoate. The gloves 
should be disposed of after the activity and your hands washed 
immediately afterward. 

METHOD 
Pour a little of the vinegar or lemon juice into the egg cup such 
that by propping one of the coins against the side, half the coin 
is immersed in the liquid and half isn’t. Leave for ten minutes. 
Remove the coin and notice how one half is untarnished, shiny 
and orange the wet half is compared to the dry half. 

EXPLANATION  
The tarnish on copper coins is caused by gradual oxidation of the 
copper by atmospheric oxygen. The resultant coating of copper 
oxide, CuO, is black, and then thin oxide layer gradually darkens 
the orange colour of the copper coin to a darker brown. The 
application of an acid such as citric acid in lemons or ethanoic 
acid in vinegar causes the copper oxide to react with the acid, 
with the Cu2+ ions dissolving in the aqueous phase and the oxygen 
being reacting with the H+ of the acid to form water.

The equation is

CuO + CH3COOH → (CH3COO)2Cu + H2O

copper oxide + ethanoic acid → copper ethanoate + water

The copper dissolving as copper ions as part of copper 
ethanoate in the solution is evidenced by the gradual change 
in colour of the acid solution, from clear to greenish. Crystals 
of solid copper acetate can be obtained by allowing the liquid 
in the egg cup to evaporate over a number of days; the residue 
will be green copper ethanoate crystals. These should only be 
handled with gloved hands.

DISCUSSION 
This type of process has several applications. Rust on cars can 
be controlled by a similar reaction using phosphoric acid. Rust 
is iron (III) oxide, Fe2O3 which can be converted to the other 
form of iron oxide, iron(II) oxide FeO. This is a black solid which 
doesn’t flake and spread in the same way that rust does, thereby 
extending the useful life of the car. 
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