
 

 
 

REDOX REACTIONS                02 SEPTEMBER 2014 

 
Lesson Description 

In this lesson we: 

 Discuss the applications of redox reactions 

 
Summary 

Refining of Copper 

The copper that is first obtained from its ores, is lumps of impure copper 
which also contain other metals 

The impure ingots are used as anodes in an electrolytic cell.  An acid 
solution of copper (II) sulfate is used as electrolyte. Pure thin copper 
sheets are used as the cathode.  

Copper from the anodes goes into solution as Cu
2+ 

ions, leaving the 
impurities usually silver, gold and platinum, as an anode slime which 
sinks to the bottom of the cell.  

The anode takes part in the process. The reaction at the anode is:   
Cu(s)   Cu

2+
(aq)  + 2e

-
 

At the cathode the copper (II) ions receive electrons and are deposited on the cathode as pure copper 
atoms. 

The reaction at the cathode is:  Cu
2+

(aq)  + 2e
-
  Cu(s) 

During this process the impure copper is ionized and dissolved at the one electrode and deposited at 
the other electrode as pure copper atoms. 

Extraction of Aluminium from Bauxite 

 

Image from: http://lgfl.skoool.co.uk 

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

At the cathode: A 
3+

  +  3e
-
   →  A  (l) 

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

At the anode:   2O
2-

  →  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. 



 

 
 

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 Production of Chlorine 

Chlorine is manufactured by the electrolysis of brine (NaCl dissolved in water).   

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. 

Membrane cell electrolysis 

 

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

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

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

A portion of the concentrated sodium hydroxide solution leaving the cell, is diverted as product, while 
the remainder is diluted with deionized water and passed through the electrolyzer again. 

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. 

 
Test Yourself 

Select the most correct answer from the options given. Write down only the correct letter 

Question 1 

Which one of the following solutions can be stored in an aluminium container? 

A. CuSO4 
B. ZnSO4 
C. NaC  
D. Pb(NO3)2 

  



 

 
 

Question 2 

The diagram below shows a cell used to prepare chlorine gas and sodium hydroxide 

 

Which ONE of the following is applicable to the cell while it is functioning? 

 Reaction at positive electrode Gas A Gas B 

A. Oxidation  Hydrogen Chlorine 

B. Reduction Chlorine Hydrogen 

C. Oxidation Chlorine Hydrogen 

D. Oxidation Chlorine Oxygen  

Question 3 

Which ONE of the following half-reactions occurs at the cathode during the electrolysis of an aqueous 
      solution 

A. C 2 + 2e-   2C - 
B. Cu+ + 2e-   Cu 
C. 2C -   C 2 + 2e-+ 
D. Cu2+ + 2e-   Cu 

Question 4 

The diagram below represents a cell that may be used for refining copper.  The impure copper 
contains silver metal and zinc metal. 

 

Which ONE of the following half-reactions will take place at electrode X? 

A. Ag
+
 + e

-
   Ag 

B. Cu   Cu
2+

 + 2e
-
 

C. Cu
2+

 + 2e
-
   Cu 

D. Zn
2+

 + 2e
-
  Zn 

  



 

 
 

Question 5 

Which ONE of the following statements about the extraction of aluminium is TRUE? 

A. The ore of aluminium oxide is called cryolite 

B. When the cell is in operation, aluminium forms at the anode 

C. Aluminium oxide is dissolved in cryolite 

D. When the cell is in operation, carbon dioxide gas forms at the cathode.  

 
Improve your skills 

Question 1  

(Adapted from DBE November Examination 2012) 

A strip of aluminium is placed in a beaker containing a blue solution of a copper (II) salt.  After a while 
the solution becomes colourless.  

 
1.1. How would the reading on the thermometer change as the reaction proceeds?  Write down 

INCREASES, DECREASES or REMAINS THE SAME.  Give a reason for the answer.   

1.2. Refer to the reducing ability of aluminium to explain why the solution becomes colourless.  

1.3. Write down the balanced net IONIC equation for the reaction that takes place.    

Question 2  

(Adapted from DBE 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 1 000

o
C. 

 

2.1. State the energy conversion that takes place in this electrolytic cell.     

2.2. Is aluminium formed at the positive or negative electrode?  Write down POSITIVE or 
NEGATIVE only.            

2.3. Use the Table of Standard Reductions Potentials to write down the half-reaction for the 
formation of aluminium.          

2.4. Explain why carbon dioxide gas is formed at one of the electrodes.    



 

 
 

2.5. Why should the carbon electrodes be replaced regularly?     

2.6. Write down TWO negative effects that the extraction of aluminium can have on the 
environment.   

Question 3  

(Adapted from DBE 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.  

 

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

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

3.3. State TWO functions of the membrane in the above cell.       

3.4. 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.      

3.5. 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.      


