Working out oxidation states

1. The oxidation state of an uncombined element is zero. 

2. The sum of the oxidation states of all the atoms or ions in a neutral compound is zero.

3. The sum of the oxidation states of all the atoms in an ion is equal to the charge on the ion.

4. The more electronegative element in a substance is given a negative oxidation state. 

5. The less electronegative one is given a positive oxidation state.

6. Some elements almost always have the same oxidation states in their compounds:

	Element
	usual oxidation state
	exceptions

	Group 1 metals
	always +1   
	

	Group 2 metals
	always +2   
	

	Oxygen
	usually -2 
	except in peroxides and F2O (see below) 

	Hydrogen
	usually +1 
	except in metal hydrides where it is -1 (see below) 

	Fluorine 
	always -1   
	

	Chlorine 
	usually -1 
	except in compounds with O or F (see below) 


Hydrogen in the metal hydrides:  Metal hydrides include compounds like sodium hydride, NaH. In this, the hydrogen is present as a hydride ion, H-. The oxidation state of a simple ion like hydride is equal to the charge on the ion - in this case, -1.  Alternatively, you can think of it that the sum of the oxidation states in a neutral compound is zero. Since Group 1 metals always have an oxidation state of +1 in their compounds, it follows that the hydrogen must have an oxidation state of -1 (+1 -1 = 0).

Oxygen in peroxides:  Peroxides include hydrogen peroxide, H2O2. This is an electrically neutral compound and so the sum of the oxidation states of the hydrogen and oxygen must be zero.  Since each hydrogen has an oxidation state of +1, each oxygen must have an oxidation state of -1 to balance it.

Oxygen in F2O:  The problem here is that oxygen isn't the most electronegative element. The fluorine is more electronegative and has an oxidation state of -1. In this case, the oxygen has an oxidation state of +2.

Chlorine in compounds with fluorine or oxygen:  There are so many different oxidation states that chlorine can have in these, that it is safer to simply remember that the chlorine doesn't have an oxidation state of -1 in them, and work out its actual oxidation state when you need it. You will find an example of this below.

Examples of working out oxidation states

1. What is the oxidation state of chromium in Cr2+?  

A. That's easy! For a simple ion like this, the oxidation state is the charge on the ion - in other words: +2

2.
What is the oxidation state of chromium in CrCl3?

A.
This is a neutral compound so the sum of the oxidation states is zero. Chlorine has an oxidation state of -1. If the oxidation state of chromium is n:     n + 3(-1) = 0, so  n = +3

3. What is the oxidation state of chromium in Cr(H2O)63+?

A.
This is an ion and so the sum of the oxidation states is equal to the charge on the ion. The sum of the oxidation states in the attached neutral molecule must be zero. That means that you can ignore them when you do the sum. This would be essentially the same as an unattached chromium ion, Cr3+. The oxidation state is +3. 

4.
What is the oxidation state of chromium in the dichromate ion, Cr2O72-?

A.
The oxidation state of the oxygen is -2, and the sum of the oxidation states is equal to the charge on the ion. Don't forget that there are 2 chromium atoms present.   2n + 7(-2) = -2   so   n = +6

5.
What is the oxidation state of copper in CuSO4?

A.
Unfortunately, it isn't always possible to work out oxidation states by a simple use of the rules above. The problem in this case is that the compound contains two elements (the copper and the sulphur) whose oxidation states can both change.  The only way around this is to know some simple chemistry! There are two ways you might approach it.   You might recognise this as an ionic compound containing copper ions and sulphate ions, SO42-. To make an electrically neutral compound, the copper must be present as a 2+ ion. The oxidation state is therefore +2.  You might recognise the formula as being copper (II) sulphate. The "(II)" in the name tells you that the oxidation state is 2 (see below).  You will know that it is +2 because you know that metals form positive ions, and the oxidation state will simply be the charge on the ion.

Using oxidation states in naming compounds

You will have come across names like iron(II) sulphate and iron(III) chloride. The (II) and (III) are the oxidation states of the iron in the two compounds: +2 and +3 respectively. That tells you that they contain Fe2+ and Fe3+ ions.  This can also be extended to the negative ion. Iron(II) sulphate is FeSO4. There is also a compound FeSO3 with the old name of iron(II) sulphite. The modern names reflect the oxidation states of the sulphur in the two compounds.  The sulphate ion is SO42-. The oxidation state of the sulphur is +6 (work it out!). The ion is more properly called the sulphate(VI) ion.  The sulphite ion is SO32-. The oxidation state of the sulphur is +4 (work that out as well!). This ion is more properly called the sulphate(IV) ion. The ate ending simply shows that the sulphur is in a negative ion.  So FeSO4 is properly called iron(II) sulphate(VI), and FeSO3 is iron(II) sulphate(IV). In fact, because of the easy confusion between these names, the old names sulphate and sulphite are normally still used in introductory chemistry courses.

 Using oxidation states to identify what's been oxidised and what's been reduced

This is easily the most common use of oxidation states.  Remember:  Oxidation involves an increase in oxidation state and reduction involves a decrease in oxidation state.
