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Oxidation  

Oxidation may be defined in any of the following terms 

i. Addition of oxygen. 

2 𝑀𝑔 + 𝑂2 ⟶ 2𝑀𝑔𝑂  

ii. Removal of hydrogen 

3𝑂2 + 4𝑁𝐻3 ⟶ 2𝑁2 + 6𝐻2𝑂  

iii. Addition of electronegative element 

𝐶𝑢 + 𝐶𝑙2 ⟶ 𝐶𝑢𝐶𝑙2  

iv. Removal or decrease in the electropositive element 

𝐻2𝑆 + 𝐶𝑙2 ⟶ 2𝐻𝐶𝑙 + 𝑆  

v. De-electronation 𝑀 ⟶ 𝑀𝑛+ + 𝑛𝑒− 

 

Reduction 

Reduction may be defined in any of the following terms 

i. Addition of hydrogen  

𝑁2 + 3𝐻2 ⟶ 2𝑁𝐻3  

ii. Addition of electropositive element 

𝐶𝑢𝐶𝑙2 + 𝐶𝑢 ⟶ 𝐶𝑢2𝐶𝑙2  

iii. Removal of oxygen 

𝐶𝑢𝑂 + 𝐻2 ⟶ 𝐶𝑢 + 𝐻2𝑂  

iv. Removal or decrease in the electronegative element 

2𝐻𝑔𝐶𝑙2 + 𝑆𝑛𝐶𝑙2 ⟶ 𝐻𝑔2𝐶𝑙2 + 𝑆𝑛𝐶𝑙4  

v. Electronation 𝑀 + 𝑛𝑒− ⟶ 𝑀𝑛− 

 

Oxidant or Oxidising Agent 

As stated above the oxidising agent may be defined as a substance supplying oxygen or 

electronegative element, removing hydrogen or electropositive element and can accept electrons. 

They show decrease in oxidation number examples. 

𝐾2𝐶𝑟2𝑂7, 𝐾𝑀𝑛𝑂4 ,  𝐻2𝑂2, 𝐶𝑙2, 𝐵𝑟2, 𝐾𝐶𝑙𝑂3, 𝐹𝑒𝐶𝑙3 etc. 

 



 

 

Reductant or Reducing Agent 

A substance supplying hydrogen or electropositive element, removing oxygen or electro negative 

element and can donate electrons. They show increase in oxidation number. 

Examples 𝑆𝑛𝐶𝑙2 , 𝐻2 , 𝐻2𝑆, 𝑀𝑔,  𝐹𝑒𝑆𝑂4, 𝐻2𝐶2𝑂4  𝐻2𝑆𝑂3. 

 

Oxidation number 

It is  the number of electrons lost or gained by an element during its change from free state in a 

particular compounds. 

Or 

It is defined as the formal charge present on an atom in a particular compound determined by certain 

arbitrary rules. 

 

Rules for Determining Oxidation Number 

i. O.N. of elements in free state is zero eg. 𝐶𝑙2𝑁2𝑀𝑔, 𝐶𝑎 

ii. O.N. of hydrogen is always +1 except in ionic metal hydrides where it is -1. 

iii. O.N. of oxygen is – 2 except in 𝑂𝐹2 where it is + 2 and in peroxides where it is  - 1. 

iv. O.N. of metals is always + 𝑣𝑒. For IA group elements it is  + 1 and for IIA group elements 

it is  + 2 

v. O.N. of halogens is – 1 in metal halides 

vi. O.N  of ion or radical is the number of electrons it must gain or lose to acquire neutrality 

i.e it is equal to the electric charge for 𝑆𝑂4
2− 𝑂. 𝑁. 𝑖𝑠 − 2. 

vii. O.N of an atom withing compound can be  +𝑣𝑒, −𝑣𝑒 integer, zero or fraction  

viii. The algebraic sum of all the O.N. of elements is equal to zero. 

ix. The algebraic sun of all the O.N of elements in an ions to equal to net charge on the ion. 

x. Maximum O.N/ of an elements equal to number of valence electrons i.e. group number. 

xi. Minimum O.N. of an element (except metals) = (8 − 𝑔𝑟𝑜𝑢𝑝 𝑚𝑒𝑚𝑏𝑒𝑟). 

xii. In metal carbonyl, and amalgams, O.N. of metals is zero. 

 

COVALENCY AND OXIDATION STATE 

i. Covalency : it is the number if hydrogen atoms which can combine with a given atom 

Or 

It is the number of single bonds which an atom can form. 

Or 

It is the number of electrons an atom can share. Valency is always a whole number. 

ii. Oxidation state : it is  defined as the O.N. per atom. 

 

 

 



 

 

Calculation / Determination of Oxidation Number of Underlined Element in Some Compounds 

i. 𝑲𝟐𝑪𝒓𝟐 𝑶𝟕 

Let the O.N. of Cr be x then  

2 × (+1) + 2 × (𝑥) + 7 × (−2) = 0  

2 + 2𝑥 − 14 = 0    ∴ 𝑥 = +6 

ii. 𝑲𝑴𝒏𝑶𝟒 

Let the O.N. of Mn be 𝑥 then  

1 × (+1) + 1 × (𝑥) + 4 × (−2) = 0  

1 + 1𝑥 − 8 = 0   ∴ 𝑥 =  +7 

 

 

 

iii. 𝑯𝟐𝑺𝑶𝟒 

Let the O.N. of S be  𝑥 then 

2 × (+1) + 1 × (𝑥) + 4 × (−2) = 0  

2 + 𝑥 − 8 = 0   ∴ 𝑥 = +6 

 

Types of redox reactions 

1. Combination reactions:  

A combination reaction may be denoted in the manner:  

All combustion reactions, which make use of elemental dioxygen, as well as other reactions involving 

elements other than dioxygen, are redox reactions. 

 

2. Decomposition reactions 

 Decomposition reactions are the opposite of combination reactions. A decomposition reaction leads 

to the breakdown of a compound into two or more components at least one of which must be in the 

elemental state 

 

 



 

 

3. Displacement reactions 

In a displacement reaction, an ion (or an atom) in a compound is replaced by an ion (or an atom) of 

another element. It may be denoted as:  

4. Disproportionation reactions: 

In a disproportionation reaction an element in one oxidation state is simultaneously oxidised and 

reduced. 

 

BALANCING OF REDOX REACTIONS 

For balancing a chemical equation the two important methods are 

Oxidation Number Method – The certain rules are as follows 

(i) Assign oxidation number to the atoms showing a change in oxidation state. 

(ii) Balance the total number of atoms undergoing change in oxidation state. 

(iii) Balance the number of electrons gained and lost. 

(iv) Balance [O] on both sides by adding 𝐻2𝑂. 

(v) Balance H atoms by adding 𝐻+ ions 

(vi) If the reaction proceeds in basic solution and sufficient number of 𝑂𝐻− ions on both sides. 

Example 1 : 

Balance the equation involving oxidation of ammonia by copper oxide to give 𝐶𝑢, 𝑁2 and 

𝐻2𝑂 

Solution : 
+2

𝐶𝑢𝑂
↑

   +             
−3

2𝑁𝐻3

↓

   ⟶  𝐶𝑢0 + 𝑁2
0 + 𝐻2𝑂 

  3 × 2 = 6𝑒−         6𝑒−               

  ∴ 3𝐶𝑢𝑂 + 2𝑁𝐻3 ⟶ 3𝐶𝑢 + 𝑁2 + 𝐻2𝑂 

  Balance O by adding 𝐻2𝑂 𝑡𝑜 𝑅𝐻𝑆 

  3𝐶𝑢𝑂 + 2𝑁𝐻3 ⟶ 3𝐶𝑢 + 𝑁2 + 3𝐻2𝑂 

 

Example 2 : 

The reduction of permanganate ion by ferrous ion in presence of a dilute acid 

𝑀𝑛𝑂4
− + 𝐹𝑒2+ + 𝐻+ ⟶ 𝑀𝑛2 + 𝐹𝑒3+ + 𝐻2𝑂  

Solution : 

  
+7

𝑀𝑛𝑂4
−

↑

   +    𝐹𝑒2+

↓
  + 𝐻+ ⟶  𝑀𝑛2 + 𝐹𝑒3+ + 𝐻2𝑂 

    5�̅�                  5 × 1�̅�               

 

𝑀𝑛𝑂4
− + 5𝐹𝑒2+ + 𝐻+ ⟶ 𝑀𝑛2+ + 5𝐹𝑒3+ + 𝐻2𝑂  

Balance O and H by adding 𝐻2𝑂 and 𝐻+ ; 3𝐻2𝑂 on RHS and 7𝐻+ on LHS 

 𝑀𝑛𝑂4
− + 5𝐹𝑒2+ + 8𝐻+ ⟶ 𝑀𝑛2+ + 5𝐹𝑒3+ + 4𝐻2𝑂 

 

 

 

 



 

 

ION ELECTRON METHOD – The rules are as follows : 

i. Split up the reaction into two half reactions showing oxidation and reduction 

separately. 

ii. Balance number of atoms undergoing the change oxidation state. 

iii. Balance O on both sides by adding 𝐻2𝑂. 

iv. Balance H atoms by adding 𝐻+ ions. 

v. Balance charge by adding required number if electrons 

vi. Make the number of electrons equal in two half reactions by multiplying with suitable 

coefficient. 

vii. Add the two half reactions 

 

Example 1  

Oxidation of ferrous salt by potassium dichromate in acid solution. 

𝐶𝑟2𝑂7
2− + 𝐹𝑒2+ + 𝐻+ ⟶ 𝐶𝑟3+ + 𝐹𝑒3+ + 𝐻2  

Solution – (i) Reduction half reactions 

𝐶𝑟2𝑂7
2− + 𝐻+ ⟶ 𝐶𝑟3+ + 𝐻2𝑂  

Equalize Cr atoms 

𝐶𝑟2𝑂7
2− + 𝐻+ ⟶ 2𝐶𝑟3+ + 𝐻2  

Balance O and H atoms on both sides by adding 𝐻2𝑂 and 𝐻+ ions. 

𝐶𝑟2𝑂7
2− + 𝐻+ ⟶ 2𝐶𝑟3+ + 𝐻2𝑂  

    +13𝐻+                  6𝐻2𝑂  

Balance charge on both sides by adding electrons. 

𝐶𝑟2𝑂7
2− + 14𝐻+ + 6𝑒− ⟶ 2𝐶𝑟3+ + 7𝐻2𝑂  

 

(ii) Oxidation half-reaction 

 𝐹𝑒2+ − 𝑒− ⟶ 𝐹𝑒3+ 

 Balance electrons of two half reactions 

 6𝐹𝑒2+ − 6𝑒− ⟶ 6𝐹𝑒3+ 

 Adding two half reaction (electrons are cancelled) 

 𝐶𝑟2𝑂7
2− + 6𝐹𝑒2+ + 14𝐻+ ⟶ 2𝐶𝑟3+ + 6𝐹𝑒3+ + 7𝐻2𝑂    

 

 

 

 



 

 

Electrochemical Series 

When elements are arranged in increasing order of standard electrode reduction potential (or 

decreasing order of standard electrode oxidation potential) as compared to that of standard hydrogen 

electrode, it is called electrochemical series (or electromotive force series) 

 

 A negative 𝐸° means that the redox couple is a stronger reducing agent than the 𝐻+/𝐻2 couple. A 

positive 𝐸° means that the redox couple is a weaker reducing agent than the 𝐻+/𝐻2 couple. 

  

 


