
 

 

APPLICATION OF REDOX REACTIONS  1 SEPTEMBER 2015 

Section A: Summary Notes  

Electrolysis 

 Non spontaneous reaction 
 Electricity needs to be continuously supplied 
 Electrical energy converted into chemical energy 
 An Electrolyte is a substance that conducts electricity via ions (usually 

solution) 
 Ions undergo chemical reactions (oxidation and reduction) 
 Oxidation occurs at the anode 
 Reduction occurs at the cathode 
 There are no free ions to move in a solid ionic lattice 
 A solution of an ionic compound has free ions which conduct electricity 

 

Practical use of electrolysis 

 Electroplating (item to be plated acts as cathode) 
 Purification of metals (e.g. copper) 
 Refining of metals (e.g. Aluminium) 
 Production of chlorine 

 

Electroplating 

Through the process of electrolysis it is possible to coat 

an object with another metal.  

The objected to be coated is always connected as the 

cathode and the anode is the metal that is going to be 

coating the object.  

Example:  Silver plating 

Anode: Oxidation:                   

Cathode: Reduction:                  

Nett cell:                          (s) 

 

  



 

 

Electro-refining of copper 

A bar of impure copper is connected at the anode 

The cathode is a bar of pure copper 

The electrolyte is a solution of copper sulphate 

(CuSO4) and sulphuric acid (H2SO4) 

When the current is passed through the cell the 

following takes place: 

At the anode:          Cu(s)   Cu2+(aq) + 2e- 

At the cathode:  Cu2+(aq) + 2e-   Cu(s) 

So impure copper at the anode becomes pure copper at the cathode.  Impurities 

from the anode do not dissolve and remain in the solution 

Extraction of aluminium from bauxite 

Bauxite (impure Al2O3) is mined in Australia, then imported to Richards Bay in South 

Africa.  
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 Electrolysis of aluminium oxide dissolved in cryolite (Na3AlF6) results in 
harvesting of pure aluminium 

 At the cathode: 

 Al3+  +  3e-   →  Al(l) 

 The liquid aluminium forms a layer of molten aluminium at the bottom of the 
cell. 

 At the anode: 

 2O2-  →  O2(g)  +  4e- 

 Oxygen reacts with the carbon electrode to form carbon dioxide. The carbon 
electrodes therefore slowly erode and need to be replaced from time to time. 



 

 

 Electrolysis of aluminium oxide is hugely environmentally un-friendly. The 
process uses a massive amount of electricity since the ore needs to be 
melted. 

 The cryolite is added to lower the melting point of the ore from approximately 
2000o C to 10000 C. 

 Electricity production in South Africa produces carbon dioxide as does the 
anode of the electrolytic cell. Carbon dioxide is a greenhouse gas and as a 
result contributes to global warming. 

 

The Chlor-alkali industry 

 Chlorine is manufactured by the electrolysis of brine (NaCl dissolved in water). 
There are 3 processes each with pros and cons. 

2NaCl(aq) + 2H2O(l) --> Cl2(g) + H2(g) + 2NaOH(aq) 

 Sodium hydroxide is produced at the same time as chlorine. (We call this a by-
product). 

 Sodium hydroxide is then used in making soap. 

Mercury cell electrolysis 
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 Mercury cell electrolysis, also known as the Castner process, is a process in 
which the "primary cell", titanium anodes are placed in a sodium (or potassium) 
chloride solution flowing over a liquid mercury cathode. 

 When a potential difference is applied and current flows, chlorine is released at 
the titanium anode and sodium (or potassium) dissolves in the mercury cathode 
forming an amalgam. 

 The mercury is then recycled to the primary cell. 

 The mercury process uses the least energy of the three alternative cells. 

 Of the three main technologies, it is has the lowest yield of chlorine, and there 
are also concerns about mercury emissions. Mercury is a cumulative heavy 
metal poison. 



 

 

Diaphragm cell electrolysis 
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 In this process a diaphragm separates cathode and anode, preventing the 
chlorine forming at the anode from re-mixing with the sodium hydroxide and the 
hydrogen formed at the cathode.  

 The brine is continuously fed into the anode compartment and it flows through 
the diaphragm to the cathode compartment where the sodium hydroxide is 
produced. 

 This method produces alkali that is quite dilute (about 12%), but diaphragm cells 
do not have the problem of preventing mercury discharge into the environment  

 They also operate at a lower voltage, resulting in energy savings but large 
amounts of steam are required if the sodium hydroxide has to be evaporated to 
the commercial concentration of 50%. This then uses more electricity. 

 

Membrane cell electrolysis 
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 The electrolysis cell is divided into two "rooms" by a cation permeable membrane 
acting as an ion exchanger.  

 Saturated sodium chloride solution is passed through the anode compartment, 
leaving at a lower concentration.  

 Sodium hydroxide solution is circulated through the cathode compartment, 
exiting at a higher concentration.  

 This method is more efficient than the diaphragm cell and produces very pure 
sodium (or potassium) hydroxide at about 32% concentration, but requires very 
pure brine. 

 At the anode:                      

 At the cathode:  H2O is a stronger oxidising agent than Na+ ions, thus the 

reduction half reaction is:                             

 Nett ionic reaction:                                        

 With the Na+ ions:                                            

Section B: Practice Questions
 

Question 1 (Taken from November Examination 2008) 

Aluminium is one of the most abundant metals on earth, yet it is expensive – largely 

because of the amount of electricity needed to extract it.  Aluminium ore is called 

bauxite.  The bauxite is purified to yield a white powder, aluminium oxide, from which 

aluminium can be extracted.  

The diagram below shows an electrolyte cell used for the extraction of aluminium at 

temperatures as high as 1 000oC. 

 

1.1. State the energy conversion that takes place in this electrolytic cell.   (2) 

1.2. Is aluminium formed at the positive or negative electrode?  Write down 

POSITIVE or NEGATIVE only.        (1) 

1.3. Use the Table of Standard Reductions Potentials to write down the half-



 

 

reaction for the formation of aluminium.       (2) 

1.4. Explain why carbon dioxide gas is formed at one of the electrodes.   (2) 

1.5. Why should the carbon electrodes be replaced regularly?   (2) 

1.6. Write down TWO negative effects that the extraction of aluminium can have 

on the environment.         (2) 

[11] 

Question 2 (Taken from November Examination 2009) 

Industrially, chlorine gas is produced by the electrolysis of brine.  In addition to 

chlorine gas, hydrogen gas and sodium hydroxide are also produced.  

 

2.1. Write down the equation for the half-reaction that takes place at the cathode.

            (2) 

2.2. Write the balanced overall cell reaction, omitting spectator ions, for this cell. 

            (3) 

2.3. State TWO functions of the membrane in the above cell.    (2) 

2.4. Use the relative strengths of oxidising agents present in a brine solution to 

explain why sodium metal is NOT one of the products in this process.  (2) 

2.5. Chlorine is used in many useful products such as plastics, drugs and 

disinfectants.  Environmentalists are protesting against the large-scale 

production of chlorine.  They base their argument on the negative impact of 

chlorine on humans. 

Name ONE negative impact of chlorine on humans.    (1) 

[10] 

  



 

 

Question 3  (Taken from November Examination 2013) 

The diagram below represents a simplified electrolytic cell used to electroplate a 

spanner with chromium.  The spanner is continuously rotated during the process of 

electroplating.  

 

 

 

 

 

A constant current passes through the solution and the concentration of Cr(NO3)3(aq) 

remains constant during the process.  In the process, a total of 0,03 moles of 

electrons are transferred in the electrolytic cell.  

3.1. Define the term electrolysis        (2) 

3.2. Write down the: 

3.2.1. Half-reaction that occurs at the spanner     (2) 

3.2.2. NAME or FORMULA of the metal of which electrode X is made (1) 

3.2.3. NAME or FORMULA of the oxidising agent.    (1) 

3.3. Calculate the gain in mass of the spanner.      (4) 

[10] 

Question 4 (Taken from Feb – March Examination 2014) 

The diagram below represents the apparatus used in the electrolysis of a 

concentrated CuCl2 solution.  A and B are two carbon electrodes connected to a 

power supply.  

 

 

 

 

4.1. Which electrode (A or B) is the anode?      (1) 

4.2. Is the electrolytic process endothermic or exothermic?    (1) 

4.3. Write down THREE observations that can be made during this process  (3) 

4.4. Write down the overall cell reaction.       (3) 

4.5. Give ONE reason why the salt needs to be in solution in this process.  (1) 

[9] 



 

 

SOLUTIONS 

Question 1 

1.1. Electrical energy   to chemical energy   (2) 

1.2. Negative   (1) 

1.3. Al3+ + 3e-  Al    (2) 

1.4. Carbon will react with O2 because of the high temperature    to form 
CO2 (2) 

1.5. Carbon burns away (and needs to be replaced)    (2) 

1.6. Any two of the following:     

Ecological Impact: 

 Loss of landscape due to the size of the chemical plant needed 
 Disposal of red mud (iron (III) oxide) formed during extraction of 

aluminium oxide) into lagoons causing them to become unsightly 

Environmental Impact: 

 Carbon dioxide from the burning of the anodes contributes to the 
greenhouse effect 

 Carbon monoxide is poisonous 
 Pollution caused by power generation (for electrolytic process) 

using coal-fired plants leads to acid rain  and enhanced 
greenhouse effect (2) 

 

Question 2 

2.1. 2H2O + 2e-   2OH-(aq) + H2(g)    (2) 

2.2. 2H2O(l) + 2Cl-(aq)    2OH-(aq) + H2(g) + Cl2(g)                  (3) 

2.3. Allows the migration of positive ions from anode to cathode    

Prevents the mixing of products    (2) 

2.4. H2O is a stronger oxidising agent than Na+
  and will be reduced   (2) 

2.5. Any one of the following  

 Chlorine gas is poisonous – causes health problems 
 Chlorine gas is used to make drugs that can be dangerous when 

overdosing 
 Chlorine used as nerve gas (1) 

 

  



 

 

Question 3 

3.1. The chemical process in which electrical energy is converted to chemical 

energy    (2) 

3.2.1. Cr3+ + 3e-   Cr(s)    (2) 

3.2.2. Cr / chromium   (1) 

3.2.3. Chromium (II) ions / Cr3+   (1) 

3.3. 
           

 

 
   

          

m = nM   

=(0,01)(52)   

= 0,52 g    (1) 

 

Question 4 

4.1. A     (1) 

4.2. Endothermic    (1) 

4.3. A gas (chlorine) forms at electrode A    

A solid (copper) forms at electrode B   

The intensity of the blue solution decreases / the solution becomes 

colourless.    (3) 

4.4. CuCl2    Cu(s) + Cl2(g)                           (3) 

4.5. Ions of salt must be free to move / to conduct electricity   (1) 

 


