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REDOX REACTION REDOX REACTION 
 
A redox reaction refers to the chemical reaction where one 
substance undergoes reduction, and another substance 
undergoes oxidation. Both processes always occur together. 
  
 
 
Oxidation occurs when a substance undergoes at least one of 
the following processes. 
  
- Gain of oxygen 
- Loss of hydrogen 
- Loss of electrons 
- Increase in oxidation state 
  
 
 
Reduction occurs when a substance undergoes at least one of 
the following processes. 
  
- Loss of oxygen 
- Gain of hydrogen 
- Gain of electrons 
- Decrease in oxidation state 
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In fact, the best way to check whether a substance has oxidised or been reduced 
is to check its oxidation state. 
 
Gain of oxygen, loss of hydrogen, loss of electrons will result in the increase in 
oxidation state. Hence, they can be considered a subset of increase in oxidation 
state. 
 
Loss of oxygen, gain in hydrogen, gain in electrons will result in the decrease in 
oxidation state. Once again, they can be considered a subset of decrease in 
oxidation state. 
 
Hence, checking oxidation state is the most accurate way of deducing 
whether the substance underwent oxidation or reduction. 
 
 
 
 
 
 
 
 
 
 
 
 

INCREASE 
OXIDATION STATE 

DECREASE 
OXIDATION STATE 

Gain of oxygen 
Loss of electrons 

Loss of hydrogen Gain of hydrogen 

Gain of electrons 
Loss of oxygen 



GAIN / LOSS OF 
OXYGEN 

GAIN OR LOSS OF OXYGEN 
  
When a substance gains oxygen, it undergoes oxidation.  
 
Common examples of oxidation reactions include combustion 
and the rusting of metals. 
  
Consider the reaction between carbon and copper(II) oxide as 
follows. 
  

C (s) + CuO (s)  CO (g) + Cu (s) 
  
Carbon undergoes oxidation as it has gained oxygen to form 
carbon monoxide, while copper(II) oxide has undergone 
reduction from the loss of oxygen to form copper metal.  
  
Since both oxidation and reduction occur together, the above 
reaction can be considered a redox reaction. 
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GAIN / LOSS OF 
HYDROGEN 

GAIN OR LOSS OF HYDROGEN 
  
When a substance loses hydrogen, it undergoes oxidation. 
Conversely, a substance is reduced if it gains hydrogen. 
  
For instance, hydrogen sulfide reacts with chlorine in a redox 
reaction.  
  

H2S (g) + Cl (g)  2HCl (g) + S (s) 
  
 
Chlorine has gained hydrogen to form hydrogen chloride gas, 
and is thus reduced.  
 
Hydrogen sulfide has lost hydrogen to form sulfur and has 
been oxidised. 
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GAIN / LOSS OF 
ELECTRONS 

GAIN OR LOSS OF ELECTRONS 
  
Redox reactions also involve the gain and loss of electrons.  
 
Examples of such reactions include acid-metal reactions and 
displacement reactions. 
  
A substance undergoes oxidation when it loses electrons. 
Conversely, a substance is reduced if it gains electrons.  
  
Consider the ionic equation for the reaction between 
magnesium and copper ions. 

  
Mg (s) + Cu2+ (aq)  Mg2+ (aq) + Cu (s) 

  
Magnesium is oxidised as the magnesium atom loses two 
electrons to form the Mg2+ ion.  
 
The Cu2+ ion is reduced as each Cu2+ ion gains two electrons to 
form copper metal. 
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CHANGE IN 
OXIDATION STATE 

CHANGE IN OXIDATION STATE 
  
Oxidation of a substance is defined as an increase in its 
oxidation state.  
 
Reduction occurs when there is a decrease in the oxidation 
state of an element. 
  
Pure elements have an oxidation state of zero. 
 
For simple ions, the oxidation state is equal to the charge on 
the ion.  
 
Transition metals have variable oxidation state. 
 
Consider the ionic equation for the reaction between 
magnesium and copper ions. 
  

Mg (s) + Cu2+ (aq)  Mg2+ (aq) + Cu (s) 
  
Magnesium oxidation state increase from 0 to +2. Hence, it got 
oxidised. 
 
Copper oxidation state decreased from +2 to 0. Hence, it got 
reduced. 
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IONIC HALF 
EQUATIONS 

IONIC HALF-EQUATIONS 
  
One half-equation represents the oxidation reaction while the 
other represents the reduction. 
 
Steps: 
  
1) Write out the balanced chemical equation for the reaction. 
  

Mg (s) + CuSO4 (aq)  MgSO4 (aq) + Cu (s) 
 
 

2) Convert the chemical equation to its ionic equation. 
  

Mg (s) + Cu2+ (aq)  Mg2+ (aq) + Cu (s) 
 
 

3) Identify the substance that undergoes oxidation and 
reduction respectively. 
  

Oxidation: Mg (s)  Mg2+ (aq) 
Reduction: Cu2+ (aq)  Cu (s) 

 
 

4) Balance the number of charges on both sides of each half-
equation using electrons. 
  

Oxidation: Mg (s)  Mg2+ (aq) + 2e- 
Reduction: Cu2+ (aq) + 2e-  Cu (s) 
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OXIDISING & REDUCING AGENTS 
 
 

KEY CONCEPT 
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OXIDISING  
AGENTS 

OXIDISING AGENTS 
  
An oxidising agent refers to a chemical that causes another 
substance to be oxidised.  
 
An oxidising agent itself undergoes reduction instead. 
  
 
1) Acidified potassium manganate (VII), KMnO4 is an oxidizing 
agent. It will undergo reduction. 
  

MnO4
– (aq) + 8 H+ (aq) + 5e–  Mn2+ (aq) + 4 H2O (l) 

  
  
The oxidation state of manganese decreases from +7 in the 
manganite (VII) ion to +2 in the manganese (II) ion.  
  
The solution will change from purple to colourless. 
  
  
  
2) Acidified potassium dichromate (VI), K2Cr2O7 is an oxidizing 
agent. It will undergo reduction. 
  

Cr2O7
2- (aq) + 14 H+ (aq) + 6e-  2 Cr3+ (aq) + 7 H2O (l) 

  
  
The oxidation state of chromium decreases from +6 in the 
dichromate (VI) ion to +3 in the chromium (III) ion.  
  
Potassium dichromate (VI) solution will change from orange to green. 
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The job of an oxidising agent is to oxidise 
somebody else. 
 
In the process, the agent itself will undergo 
reduction to make the process occur. 
 
The best way to check if a substance is an 
oxidising agent is to check whether the 
substance has undergone reduction.  



REDUCING  
AGENTS 

REDUCING AGENT 
  
A reducing agent refers to a chemical that causes another substance 
to be reduced. A reducing agent undergoes oxidation. 
  
1) Potassium iodide, KI is an reducing agent. It will undergo oxidation. 
 
  

2I– (aq)  I2 (aq) + 2e– 

 
  
The oxidation state of iodine has increased from -1 in iodide to 0 in 
iodine. 
  
The solution will change from colourless to brown. 
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The job of an reducing agent is to reduce 
somebody else. 
 
In the process, the agent itself will undergo 
oxidation to make the process occur. 
 
The best way to check if a substance is an 
reducing agent is to check whether the 
substance has undergone oxidation.  



Summary table 

SUMMARY  
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Name of compound Chemical 
Formula 

Application  

Oxidising Agents Acidified 
potassium 
manganate (VII) 

KMnO4 Test for reducing agent. 
(purple to colourless) 

Acidified 
potassium 
dichromate (VI) 

K2Cr2O7 Test for reducing agent. 
(orange to green) 
 

Chlorine Cl2 Oxidise halides to halogen. 
(Displacement reaction) 

Reducing Agents Potassium Iodide KI Test for oxidising agent. 
(colourless to brown) 

Carbon Monoxide CO Used to reduce iron ore to iron 
in blast furnace 

Hydrogen H2 Used to reduce copper (II) to 
copper metal 

Sulfur Dioxide SO2 Reducing agent 

Reactive metals Na, K etc Displace less reactive metals 
(Displacement reaction) 
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