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Topic 9 - Oxidation and reduction

OIL RIG

Tracking electron transfers is easy with ionic compounds (as there are visible 
charges) but more complicated with covalent molecules. This is why we use 
oxidation states.

An oxidation state just exaggerates electronegativity values of atoms in covalent 
molecules to the point where they would become ions.

In water, O is assigned a negative ox. state as it is more electronegative than H 
so would act as a negative ion.

An increase in ox. state is considered oxidation  and a decrease is considered 
reduction.

Redox reactions will always contain both processes
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Redox equations
We often break down redox equations into half-equations  so that we can see the individual 
processes more clearly.

If we know the different species involved in a redox reaction then we can add the two half-
equations together to give the full equation.

Many redox reactions are carried out in acidic conditions so we often add H+ and H2O to 
balance these half equations. 
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In basic conditions...
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Oxidising and reducing agents
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Metals and reactivity
A reactive metal loses its valence electrons more easily compared to an unreactive metal. We can 
say that a reactive metal will be a stronger reducing agent as it will force its electrons onto 
another species.

The zinc has reduced the copper and therefore displaced it from the sulfate ion.

We can use displacement reactions to create a "reactivity series" (or "activity") for metals.

Non-metals and reactivity
Non-metals tend to form negative ions so their reactivity can be measured by their strength of 
gaining electrons - ability to act as an oxidising agent.
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What do you call a reaction in which a species is both 
reduced and oxidised?

D_s_r_p_r_i_nation

Cl2 + NaOH    -->   NaCl + NaClO + H2O  
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Electrochemical cells

We have seen the displacement reaction between copper and zinc in which electrons 
spontaneously flow between the Zn and Cu2+ to form Zn2+ and Cu. 

The energy is released in the form of heat (an exothermic reaction).

If we seperate these 2 half-reactions into "half-cells " and allowing the electrons to flow through 
an external circuit --- creating ELECTRICITY!

This is called a voltaic cell .

Voltaic cells

Instead of drawing the entire diagram, we often represent voltaic cells using cell diagram 
convention:

Write a cell diagram for this voltaic cell:

In summary:
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Standard electrode potentials
Voltaic cells generate a potential difference  (caused by one half-cell having a greater tendency to undergo 
reduction) that we call "electromotive force (EMF) ". This means that electrons will flow from one electrode to 
the other.

This potential generated by the EMF is call a cell potential or electrode potential (E) .  The size of E depends 
on the tendencies of each half-cell to undergo reduction.

To compare different half-cells we must create a cell with each one and a reference electrode - the standard 
hydrogen electrode (SHE) .

What does this mean?

Write a full equation for this 
redox reaction:

Write a full equation for this 
redox reaction:

How does this explain why copper does not react with dilute acids?

How can we use this data?
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Electrolysis  is the opposite process to what happens in voltaic cells. We use an 
electrical current  to force a redox process to occur, giving us useful products.

Why are the metals in Al 2O3 and NaCl difficult to extract using normal chemical reactions?

Remember:

When extracting sodium from sodium chloride we often add calcium chloride to the mixture undergoing 
electrolysis. Why? 

Will this addition affect the products of electrolysis?
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Electrolysis of H 2O (Small amount of NaOH is dissolved to increase electrical conductivity)

Overall balanced equation

Observations

Electrolysis of NaCl (aq)   (often referred to as brine)

An important use of H 2?

Electrolysis of CuSO 4(aq)   

This process is very 
important as it provides both 
Cl 2 and NaOH from the same 
process. These are both 
industrially important 
chemicals.

This is used in the purification of copper...

What can be deduced from this image of the electrolysis of SnCl2?

Questions
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Faraday and electrolysis

Therefore the amount of product depends on the current, duration and charge on the ions
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Electroplating

How could I cover a copper coin in a silver 
coating?
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