
 
 
 

 
 

 
 

ELECTROCHEMICAL CELLS     25 AUGUST 2015 

Section A: Summary Notes  

Important definitions: 
 
Oxidation: the loss of electrons by a substance during a chemical reaction 
Reduction: the gain of electrons by a substance during a chemical reaction 
 
Oxidising agent:  A substance which causes another substance to be oxidised and is 

itself reduced.  
Reducing agent:  A substance which causes another substance to be reduced and is 

itself oxidised.  
 
Direct transfer of electrons  
 
Example: Zn  + CuSO4 → ZnSO4    + Cu  

Blue    clear   brown  
 
Observations: a small Zn plate placed in a blue copper sulphate solutions gets 

covered with a brown precipitate of copper and eventually the 
solutions turns clear and the clear solution is zinc sulphate.  

 
Reaction in ionic form: 
Zn + Cu2+ + SO4

2- → Zn2+ + SO4
2-  + Cu  

 
Oxidation half reaction: 
Zn → Zn2+ + 2e-  
 
Reduction half reaction: 
Cu2+ + 2e- → Cu 
  
Nett equation: Zn + Cu2+ → Zn2+ + Cu 
 
  



 
 
 

 
 

 
 

Indirect transfer of electrons in electrochemical cells – Galvanic Cell 
  
Consider the Zn/Cu Cell  

 Oxidation and reduction half-reactions take place in separate beakers: these 
are half-cells.  

 Chemical energy is converted into electrical energy.  

 An indirect transfer of electrons occurs as the electrons flow through the wire 
from the anode to the cathode.  

 The salt bridge completes the circuit and ensures electrical neutrality of the 
electrochemical cell.  

 

 
 
Standard electrode potentials: The table  
 

 The Table gives standard Emf values and these values were all measured 
under standard conditions.  

 A reference electrode (standard hydrogen half-cell) was chosen and all values 
are measured relative to this.  

 Substances on the bottom left are most easily reduced and are the best 
oxidizing agents.  

 Strong reducing agents are on the top right of the table.  
 
  



 
 
 

 
 

 
 

Using the Redox Table to write balanced equations: Using Table 4B  
 

o From RIGHT to LEFT is OXIDATION and from LEFT to RIGHT is 
REDUCTION.  

o Consider the Zn/Cu cell.  

o The reactions appear as follows in the Redox Table:  
 

Half-reaction Eo/volt 

             -0,76 V 

             +0,34 V 

 

 The reactant i.e. Zn is a strong reducing agent i.e. gets oxidized.  

 The reactant i.e. Cu2+ is a strong oxidizing agent i.e. gets reduced.  
 
STEP 1: The Top Reaction is written in the oxidation format, i.e. from right to left:  

Oxidation Half: Zn (s) → Zn2+ (aq) + 2e-  
 
STEP 2: The Bottom Reaction is written in the reduction format, i.e., as it is, 

from left to right:  
Reduction Half: Cu2+ (aq) + 2e- → Cu (s)  

 
STEP 3: Balance the number of electrons by multiplying the whole concerned 

half-equation to make sure that the number of electrons are the same 
on both equations.  
In the Zn/Cu cell the number of electrons is the same, so no need to 
multiply. 

 
STEP 4: Cancel the electrons and then write the nett equation:  

Nett Equation: Zn (s) + Cu2+ (aq) → Cu (s) + Zn2+(aq) 
 
Salt Bridge 

 Connects the two half-cell electrolytes  

 Completes the circuit (allows current to flow) 

 Helps maintain the neutrality of the electrolytes 

Cell Notation 

The notation for any cell always follows the same pattern: 

Anode (s) / anode electrolyte (aq) // cathode electrolyte (aq) / cathode (s) 

For Zn – Cu Cell: Zn(s) / Zn2+(aq) 1 mol.dm-3 // Cu2+(aq) 1 mol.dm-3 / Cu(s) 

  



 
 
 

 
 

 
 

Standard Conditions 

 Electrolyte concentration must be 1 mol.dm-3 

 Temperature – 25oC 

 Pressure (if a gas is present) = 101,3 kPa (1 atmosphere) 

Cell Potential: 

The cell potential (V) is calculated using the following equation: 

     
           

        
  

            
            

  

                  
                 

  

Current and potential difference 

As the reaction in the cell proceeds a chemical equilibrium is eventually reached.  

The current in the cell is determined by the amount of charge passing a point per unit 

time.  Thus the reaction rate decreases as time passes and the current slowing 

decreases.  

As the cell reaction reaches equilibrium potential between the two electrodes 

decreases and the emf of the cell reduces.  When equilibrium is reached the emf = 

0,00 V (and the cell is ‘flat’) 

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 

 

Section B: Practice Questions
 



 
 
 

 
 

 
 

Question 1 (Taken from Gauteng Preparatory Examination 2013) 

The diagram below represents a galvanic cell. 

 

1.1. Write down the energy conversion that takes place in the cell.   (1) 

1.2. Name a suitable material that can be used as electrode A.    (1) 

1.3. Is electrode A positive or negative when the cell is working?   (1) 

1.4. Write down the formula of an ionic compound that can be used in the salt 

bridge.           (1) 

1.5. In which direction will electrons flow in the external circuit? Only down ‘from 

electrode A to Sn’ or ‘from Sn to electrode A’     (1) 

1.6. In which direction will each of the following ions present in the salt bridge 

flow?  Only write down ‘towards the Sn half-cell’ or ‘towards the Cl2 half-cell’. 

1.6.1. Anions and         (1) 

1.6.2. Cations         (1) 

1.7. From the above galvanic cell, write balanced equations for the: 

1.7.1. Oxidation half-reaction       (2) 

1.7.2. Reduction half-reaction       (2) 

1.7.3. Nett cell reaction        (3) 

1.8. Calculate the initial emf of the cell       (4) 

1.9. Write down the cell notation for this cell      (3) 

[21] 

  



 
 
 

 
 

 
 

Question 2 (Taken from Feb – March 2013) 

The electrochemical cell represented below consists of a hydrogen half-cell and a 

magnesium half-cell at standard conditions.  

 

The reading on the voltmeter is 2,36 V. 

2.1. Apart from concentration, write down TWO other conditions needed for the 

hydrogen half-cell to function at standard conditions.     (2) 

2.2. Write down the name of the item of apparatus labelled X.    (1) 

2.3.  Is magnesium the anode or cathode in the cell above?  Refer to the relative 

strengths of reducing agents to explain the answer.     (4) 

2.4. Write down the cell notation for this cell.      (3) 

2.5. Calculate the standard reduction potential of the magnesium half-cell.  Show 

all your working.          (4) 

2.6. Write down the balanced net cell reaction that takes place in this cell.  No 

spectator ions are required.        (3) 

[17] 

Question 3 (Taken from Feb – March Examination 2012) 

Learners conduct an investigation to determine which combination of two-half cells 

will provide the largest emf at standard conditions.  

Three half-cells, represented by A, B and C in the table below, are available.  

Half-cell A Half-cell B Half-cell C 

Mg | Mg2+ Pb | Pb2+ Al | Al3+ 

The learners set up galvanic cells using different combinations of the above half-

cells. 



 
 
 

 
 

 
 

3.1. Write down the standard conditions under which these cells operate. (2) 

3.2. Write down the dependent variable in this investigation.   (1) 

3.3. Use the Table of Standard Reduction Potentials to determine which ONE of 

the three half-cells (A, B or C) contain the 

3.3.1. Strongest reducing agent       (1) 

3.3.2. Strongest oxidising agent       (1) 

3.4. Without any calculation, write down the combination of two half-cells which will 

produce the highest emf.  Write down only AB, BC or AC.   (1) 

3.5. One group of learners set up a galvanic cell using half-cells A and B, as 

shown below.  X represents one of the components of the galvanic cell.  

 
3.5.1. Write down the NAME or SYMBOL of the substance that will act as 

the anode in this cell. Give a reason for the answer.    (2) 

3.5.2. Calculate the initial emf of this cell.      (4) 

3.5.3. How will an increase in the concentration of the electrolyte in half-cell 

B affect the initial emf of the cell? Write down only INCREASES, 

DECREASES or REMAINS THE SAME.    (2) 

3.5.4. Briefly explain how component X ensures electrical neutrality while 

the cell is functioning.        (2) 

[16] 

  



 
 
 

 
 

 
 

Question 4 (Taken from DoE November Examination 2012) 

4.1. 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.  

 
4.1.1. 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.     (2) 

4.1.2. Refer to the reducing ability of aluminium to explain why the solution 

becomes colourless.        (2) 

4.1.3. Write down the balanced net IONIC equation for the reaction that 

takes place.         (3) 

 

4.2. The electrochemical cell shown below functions at standard conditions.  

 
4.2.1. Which electrode (Cu or Al) is the anode?    (1) 

4.2.2. Write down the cell notation for this cell.    (3) 

4.2.3. Calculate the emf of this cell.      (4) 

The salt bridge is now removed.  

4.2.4. What will the reading on the voltmeter be?  Give a reason for your 

answer.          (2) 

[17] 

  



 
 
 

 
 

 
 

Section C: Solutions 

Question 1 

1.1. Chemical energy to electrical energy     (1) 

1.2. Graphite or platinum    (1) 

1.3. Positive   (1) 

1.4. Any electrolyte that does not react with either half cells e.g. KNO3;  

NH4NO3    (1) 

1.5. From Sn to electrode A    (1) 

1.6.1. Towards the Sn half-cell    (1) 

1.6.2. Towards the Cl2 half-cell    (1) 

1.7.1.                  (2) 

1.7.2.                    (2) 

1.7.3.                   
              (3) 

1.8.      
           

        
 

  

                   

        (4) 

1.9. Sn(s) / Sn2+(aq)(1 mol.dm-3)  // Pt, Cl2(g)(1 atm)  / Cl-(aq)(1 mol.dm-3)   (3) 

 

Question 2 

2.1. Pressure = 101,3 kPa   

Temperature = 25oC   (2) 

2.2. Salt bridge   (1) 

2.3. Anode   

Mg is a stronger reducing agent   than H2
 
  

And Mg will be oxidised   (4) 

2.4. Mg(s) | Mg2+(aq)(1 mol.dm-3)  ||  H+(aq) (1 mol.dm-3) | H2(g) | Pt(s)   (3) 

2.5.      
          

        
    

                  
    

        
             (4) 

2.6. Mg(s) + 2H+(aq)    Mg2+(aq) + H2(g)                      (3) 

 

Question 3 



 
 
 

 
 

 
 

3.1. Temperature = 25oC    

Concentration of electrolytes = 1 mol.dm-3    (2) 

3.2. Emf / potential difference    (1) 

3.3.1. A    (1) 

3.3.2. B   (1) 

3.4. AB    (1) 

3.5.1. Magnesium / Mg   

It is the stronger reducing agent   (2) 

3.5.2.      
          

        
 

  

                    

          (4) 

3.5.3. Increases    (2) 

3.5.4. Allows for the migration of positive ions to the cathode half-cell   

And the  migration of negative ions to the anode half-cell   (2) 

 

Question 4 

4.1.1. Increases   

The reaction is exothermic   (2) 

4.1.2. Aluminium is a stronger reducing agent than copper   

And will reduce the copper (II) ions to copper   (2) 

4.1.3. 2Al(s) + 3Cu2+ (aq)   2Al3+(aq) + 3Cu(s)                 (3) 

4.2.1. Al / Aluminium   (1) 

4.2.2. Al(s) | Al3+(aq) (1 mol.dm-3)   ||  Cu2+(aq)(1 mol.dm-3) | Cu(s)   (3) 

4.2.3.      
          

        
 

  

                   

          (4) 

4.2.4. 0 V   

The circuit is open   (2) 

 


