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Electrochemical Reactions 
Key Concepts 

Electrochemistry is the study of chemical reactions that involve the transfer of 
electrons. In this type of chemical reaction, one chemical substance loses electrons 
while another receives them. The processes of losing and receiving electrons happen 
at the same time. The focus of the lesson will be on: 

• Oxidation and reduction 

• Electrochemical cells (galvanic and electrolytic) 

• Standard hydrogen electrode and the table of standard electrode potentials 

• Equilibrium in a galvanic cell 
 
Terminology & definitions 

• Oxidation – losing of electrons.  

• Reduction – receiving (gaining) of electrons.  

• Oxidising agent – the chemical substance that receives electrons 

• Reducing agent – the chemical substance that loses electrons 

• Cathode – an electrode to which the cations (positively charged ions) are attracted 

• Anode – an electrode to which the anions (negatively charged ions) are attracted 

• Galvanic cell – an electrochemical chemical cell that converts chemical energy into 
electrical energy 

• Electrolytic cell – an electrochemical cell that converts electrical energy into 
chemical energy 

• Standard hydrogen electrode – an electrode used as a reference point for finding 
the electrode potentials of all other chemical electrodes. The standard conditions 

are; (a) 250C/ 298K (b) 101.3 kPa (c) concentration of 1 mol·dm-3. 

• Electrolyte – a chemical solution that is able to conduct electricity 
 
X-planation of key concepts and terminologies 
 
When a zinc plate is placed in a copper solution, the zinc atoms lose electrons. The 
oxidation process that occurs, is represented as follows; Zn(s) → Zn2+(aq) + 2e-. On 
the other hand, the copper ions in solution are receiving (gaining) the electrons from 
the zinc atoms. This reduction process is represented as follows: 
 Cu2+(aq) + 2e- → Cu(s). If this oxidation-reduction process between zinc and copper 
ions is allowed to continue for a longer time, loss of mass in the zinc plate will be 
observed while the blue colour of the solution, due to the presence of Cu2+ ions, will 
lose its colour. 
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The Zinc-Copper Galvanic Cell  

1. A zinc solution with a zinc plate/rod placed in it, will represent an oxidation half cell 
in the zinc-copper electrochemical cell. Similarly, a copper solution with a copper 
plate/rod will represent a reduction half reaction. 
 

2. When complete, a galvanic cell consists of two solutions with relevant electrodes in 
them. It has a salt bridge that connects the two solutions together. The function of 
the salt bridge is to (a) complete the circuit, (b) separate the two electrolytes 
ensuring that they don’t mix and (c) to ensure electrical neutrality of the two 
solutions. There is an external circuit connected to a galvanometer. The 
galvanometer is used instead of a voltmeter since the electricity produced by a 
galvanic cell is very small. 
 

3. The cell notation represents a galvanic cell in a short version and is always written 
starting with oxidation and ending with reduction, for example,  

 
Zn(s)/Zn2+(aq) // Cu2+(aq)/Cu(s).  

 
The // sign in the cell notation represents the salt bridge. The phases of all 
substances involved are indicated. 

 
The Standard Hydrogen Half – cell  

1. The standard conditions for a galvanic cell are: (a) 250C/ 298K (b) 101.3 kPa (c) 

concentration of 1 mol·dm-3. Condition (b) only applies if some or all of the 
substances are in a gaseous form. 

 

2. The standard hydrogen half cell is the reference point for assigning standard 
reducing potentials (values) for the rest of the substances. For that reason; 
H2(g) ↔ 2H+(aq) + 2e- is assigned an emf value of 0.00 volts.  

 

The Standard Electrode Potentials Table 

The different substances are arranged according to their reducing ability/oxidising 
ability into a table of standard electrode potentials as compared to the standard 
hydrogen half cell. For any two substances, the table can be used to compare and 
identify both the oxidising and reducing agents. The table is also used to calculate for 
the emf of a given galvanic cell under standard conditions according to the formula: 
Eºcell = Eºcathode - Eºanode. For a positive value of emf, the reaction is said to be 
spontaneous. A negative emf value, therefore, indicates a non-spontaneous 
reaction. 
 

Equilibrium in a galvanic cell 

1. When a galvanic cell starts operating, the cation concentration in both the oxidation 
and reduction half cells changes. The ion concentration in the oxidation half cell 
increases while the ion concentration in the reduction half cell decreases. 
 

2. The increase in ion concentration in the oxidation half cell leads to the decrease in 
mass of the anode electrode. Similarly the decrease in ion concentration leads to 
the increase in mass of the cathode electrode. 
 

3. The emf of the cell decreases as the changes in ion concentration in both half cells 
occur as explained above. At some point, the rate at which the cations are formed 
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in the oxidation half cell will equal the rate at which cations are removed from the 
reduction half cell. A state of chemical equilibrium is then reached. The emf of the 
cell at this state is zero.  

 

X-ample Questions 

1. Two pair of half cells are used to set up  galvanic cells, A and B: 

   A: calcium and lead half cells 

   B: aluminium and magnesium half cells 

Use the table of standard reduction potentials to answer the following questions about 
the A and B: 

  1.1 identify the cathode and anode 

 1.2 What are the oxidising and reducing agents? 

 1.3 Write down the oxidation and reduction half reactions 

 1.4 Write down the overall cell  reactions 

 1.5 Write down the cell notation.  

1.6 Calculate the emf of the cells 

 

2. An attractive silver appearance can be created by electroplating artifacts made 
from cheaper metals, such as nickel, with silver. The simplified diagram below 
represents an arrangement that can be used to electroplate a nickel artifact with 
silver. 

 
 
 
 
 
 
 
 
 

 

2.1 Which electrode (cathode/anode) will the artifact represent? 

2.2 Name the metal represented by electrode Y. 

2.3 Write down the half reaction responsible for the change that occurs at the 
surface of the artifact. 

2.4 Give a reason why the concentration of the electrolyte remains constant 
during electroplating. 

2.5 In industry some plastic articles are sometimes electroplated. Explain why 
plastic must be coated with graphite before electroplating. 

2.6 Give a reason why, from a business point of view, it is not advisable to plate 
platinum with silver. 

 

Electrode X 
Nickel artifact 

Electrolyte containing 
Ag+ ions 

Electrode Y 
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X-ercise 
 
1.   An electrochemical cell is set up using magnesium and calcium half cells.  

1.1 Write down equations for the oxidation and reduction half reactions. 
1.2 Represent this cell using cell notation 
1.3 What are the functions of a salt bridge 

1.4 Why is a galvanometer used to measure the potential difference in an 
electrochemical cell instead of a voltmeter? 

 
2 The emf of a particular galvanic cell in standard conditions is 2.81 V.  

2.1 If one of the electrodes for the cell is calcium, what will the other electrode be? 
2.2 Write down the applicable standard conditions for this galvanic cell. 
2.3 Identify the anode and cathode for this galvanic cell. 
2.4 Write down the equations of the two half reactions occurring at the anode and 

cathode of the cell. 
2.5 Which electrode will lose mass over time, and which one will gain mass. 

 
Answers 
 
1.  
1.1  Oxidation: Ca(s) → Ca2+(aq) + 2e- 
 Reduction: Mg2+(aq) + 2e- → Mg(s) 
 
1.2 Ca(s)│Ca2+(aq)││ Mg2+(aq)│ Mg(s) 
1.3 – maintains the electrical neutrality between the two half cells 
      - completes the electrical circuit  
1.4 A galvanic cell generates very small voltage which could be easily detected by a 
 galvanometer instead of a voltmeter. 
 
2. 
2.1 For the E0 of the cell to be 2,81 V, the calcium electrode has to be the anode. 
 E0

cell = E0
cathode - E

0
anode 

 2,81 = E0
cathode – (-2,87) 

 2,81 = E0
cathode + 2,87 

 E0
cathode = 2,81 – 2,87 

 E0
cathode = - 0,06 V 

 Thus the other electrode (cathode) is Iron (Fe). 
 
2.2 Concentration of 1 mol.dm-3 
  Temperature of 250C / 298 K 
 
2.3 Anode: calcium electrode 

Cathode: Iron electrode 
 
2.4 Ca(s) → Ca2+(aq) + 2e- (anode) 

Fe3+(aq) + 3e- → Fe(s) 
 
2.5 Calcium electrode loses mass; Iron electrode gains mass. 
           


