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15

ELECTROCHEMISTRY

lectrochemistry deals with the conversion of electrical energy into chemical energy
and vice versa. When electric current is passed through an aqueous solution of certain
substances or through molten salts, it causes a chemical reaction to occur. On the other
hand, in dry cells, button cells or lead acid batteries chemical reactions occur which produce
electrical energy. In this lesson you will study some aspects of these processes.

Objective

After reading this lesson you will be able to:

 understand oxidation and reduction in terms of electron transfer concept;

 calculate oxidation number (ON) of an atom in a molecule or ion;

 balance the chemical equation for redox reaction;

 explain electrolytic conduction, conductance and molar conductivity;

 describe the effect of dilution on conductivity and molar conductivity of an
electrolyte;

 differentiate between electrolytic and Galvanic cell;

 state standard electrode potential and use it for calculation of standard
electrode potential of a cell;

 explain standard Hydrogen electrode;

 describe electrochemical series and its application;

 state effect of concentration on electrode potential (Nernst equation);

 solve numericals based on Nernst equation and

 find relationship between emf and Gibbs energy change.

E



280

MODULE - 5 Chemistry

Notes

Chemical Dynamics
15.1 Oxidation and Reduction as Electron Transfer Process

Oxidation and reduction reactions constitute a very important class of chemical reaction.
The electronic concept looks at oxidation and reduction in terms of electron transfer :
process in which an atom or ion looses one or more electron to the other is called oxidation
and the process in which an atom or ion gains one or more electron is termed as reduction.
In the formation of NaCl from Na and Cl

Na  Na+ + e– (loss of e– by Na; oxidation)

Cl + e– Cl– (gain of e– by Cl; reduction)

Sodium undergoes oxidation and chlorine undergoes reduction. Here, sodium helps chlorine
to undergo reduction and therefore it is called a reducing agent or reductant.

A reductant is a species in a chemical reaction which looses its electron to another reactant.
Chlorine, on the other hand accepts electron, therefore it is an oxidising agent or oxidant.
An oxidant is a species which accepts electrons in a chemical reaction.

It may be noted that oxidation and reduction processes do not take place independently but
occur simultaneously and are thus called oxidation-reduction reaction or redox reactions.
A redox reaction is a sum of oxidation and reduction half reactions in a chemical reaction.

15.2 Oxidation Number

It is easy to identify species undergoing oxidation or reduction in simple molecules. However,
in polyatomic molecules, it is  difficult to do the same. In the example of NaCl taken earlier
it was easy to identify as sodium undergoing oxidation and chlorine undergoing reduction
but in the reaction involving ferrous sulphate with potassium permanganate (KMnO

4
) it is

difficult. Therefore, a new term called Oxidation number has been introduced, Oxidation
number is the apparent charge which an atom appears to have when each pair of electrons
is counted with more elecronegative atom. Oxidation number is always assigned to an
atom. It is a number written with +ve or – ve sign.  The number indicates the number of
electrons that has been shifted from an atom towards a more electro-negative atom, in a
hetronuclear covalent bond. The +ve sign for the atom shifting its electron away from
itself and –ve is given to more electro –ve atom. The concept of Oxidation Number
is based on the assumption that in a polyatomic covalent bonding, shared pair of
electrons belongs to more electro–ve atom. Oxidation state (OS) is also used for Oxidation
Number.

15.2.1 Rules for Assigning Oxidation Number

There are certain rules that are followed for computing the oxidation number of an atom in
a molecule or ion.

1. Oxidation number is taken as zero if atoms are present in elemental form. For example,
O

2
, Na, P

4
 are elemental forms. They have oxidation number zero.

2. The oxidation number of a monatomic ion is the same as the charge present on it.
For example, Na+, Mg2+, Al3+, Cl–, S2– will have oxidation no +1, +2, +3, –1, –2
respectively.

3. The oxidation number of oxygen is –2 in almost all the compounds except (a) in
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peroxides e.g. Na

2
O

2
, H

2
O

2
 where oxidation number is –1 and (b) super oxides

(KO
2
) where it is –

1

2
.

4. The oxidation number of H is +1 when combined with non-metal and is –1 when
combined with metal e.g. in HCl the O.N. of H is +1 but in Ca H

2
 it is –1.

5. The Oxidation Number of alkali metal is +1 in its compounds.

6. In a compound made up of different elements the more electro negative element will
have negative oxidation number and less electro negative atoms will have positive
oxidation number e.g. in N Cl

3
 , N has +3 oxidation number and Cl has –1 oxidation

number.

7. The sum of the oxidation numbers of all the atoms in a neutral compound is zero.

8. In a polyatomic ion, the sum of the oxidation numbers of all the atoms is equal to the

charge on the ion. e.g. in 2
3CO  , the sum of oxidation Number of carbon and oxygen

is –2.

Let us illustrate the above rules taking few examples. The oxidation number of S, N and Cl
atoms in : (a) H

2
SO

4
(b)NO–

3
(c) ClO–

4
 respectively will be calculated as

(a) 1. Let the oxidation number of sulphur be x.

2. Since the oxidation number of O is –2. Therefore the sum of four O atoms is equal
to  –8.

3. The oxidation number of each H is +1 as bonded to a non-metal so two H atoms
have total oxidation number of +2.

4. H
2
SO

4
 is a neutral molecule. Therefore the sum of all the oxidation numbers is equal

to zero. Thus

+2 + x – 8 = 0

x = + 6

Therefore oxidation number of sulphur in H
2
SO

4
 is + 6.

(b) NO
3

– first assign –2 oxidation number to each O atom. Here the sum of the
oxidation number of all the atoms will equal to charge present on the
ion.

 x – 6 = –1

x = +5

oxidation number of N is +5.

(c) In –
4ClO x – 8 = –1

x = +7
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15.3  Balancing Redox Reaction

The redox reaction can be balanced by any of the following methods :

(a) Oxidation number method.

(b) Ion electron method.

15.3.1 Balancing by Oxidation Number method.

The steps involved in balancing redox reactions by this method are as follows:

(1) Write the skeletal equation of reaction i.e. chemical equation without the stoichiometric
coefficient.

(2) Write the oxidation number of each atom above its symbol in the equation.

(3) Identify the atoms undergoing change in oxidation number.

(4) Calculate the increase or decrease in oxidation number per atom for the atom
undergoing a change in oxidation number. If more than one atom is involved, multiply
the increase or decrease in number with the number of atoms undergoing the change
to determine the total change in oxidation number.

(5) Equate the increase and decrease in oxidation number on the reactant side by
multiplying the formulae of the oxidising and reducing agents suitably.

(6) Balance the equation with respect to all the atoms except hydrogen and oxygen.

(7) Finally balance H and O also.

(8) If the reaction is taking place in acidic medium balance the O atoms by adding
required number of H

2
O molecule  on the side where O atoms are less in number.

Balance the H atoms by adding H+ to the side deficient in H atoms.

(9) In the basic medium by add required number of negative charges by adding required
number of OH– ions to the side deficient in the magnitude of charges, then add H

2
O

molecules to balance OH– ions.

For example : When Phosphorus is treated with nitric acid, nitric oxide is formed.

1. The skeletal equation is

P + HNO
3

 HPO
3
 + NO + H

2
O

2. Write the oxidation number of each atom on the given skeletal equation

1 5 –2 1 5 –2 2 –2 1 –20

3 3 2P HNO HPO NO H O
     

   

3. P and N are undergoing change in Oxidation Number.

0 +5 +2
increase in ON = 5

decrease in ON = 3

HPO3 + NO + H2OP + HNO3

+5
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4. Equating the increase and decrease in Oxidation Number of P and N on the reactant

side

3P + 5HNO
3

 HPO
3
 + NO + H

2
O

5. Balance the P and N atoms on both sides of the equation

3P + 5HNO
3

 3HPO
3
 + 5NO + H

2
O

6. O and H are already balanced in the equation.

15.3.2 Balancing by Ion Electron Method

This method is based on the principle that electrons lost during oxidation half reaction is
equal to the electrons gained in the reduction half reaction. The steps involved are

1. Write the skeleton equation.

2. Write the oxidation number of all the atoms above their symbols in the skeletal equation.

3. Find the atoms undergoing change in Oxidation Number. Thus find out the species
getting oxidised and reduced respectively.

4. Split the whole (net) equation into two half reactions i.e. oxidation half reaction and
reduction half reaction.

5. Balance the atoms, undergoing change in oxidation number in each half reaction.

6. Calculate the total change in oxidation number in each half reaction which is equal to
total number of electron transfer.

7. Add total number of electron transfer as calculated above on the reactant side in
reduction half and on the right hand side on the oxidation half reaction.

8. Balance the charges by adding H+ (for reactions in acidic medium) or OH– (reactions
basic medium) either on left or right of equation.

9. Finally balance H and O by adding H
2
O on the required side of the reaction.

10. Add the two half reactions such that total number of electrons cancel out on both
sides. To do so half reactions may be required to multiplied by some numbers to
make the number of electrons equal on both sides.

15.3.3  Example of Balancing

Example 15.1 : Balance the following skeletal reaction by ion electron method

2–
2 7C Or  + Fe2+  Cr3+ + Fe3+   in acid medium

Refering to the rules given :

Step I and II

Write the oxidation number of the atoms above their symbol in the skeletal equation

2 3 36
2 2 3 3

2 7Cr O Fe Cr Fe
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oxidation number of Cr is decreasing so it is undergoing reduction.

Step IV : Split the reactions in two half reactions

(a) Reduction half reaction

2–
2 7C Or  Cr3+

(b) Oxidation half reaction

Fe2+  Fe3+

Balance the first reduction half reaction

2–
2 7C Or Cr3+

Step V : Balance the atoms undergoing change in Oxidation Number.

2–
2 7C Or 2Cr3+

Step VI & VII : Write the total number of electron transfer taking place. Here each atom
undergoes change in ON by 3 therefore two Cr atoms undergoes change in
Oxidation Number by 6.

2–
2 7C Or   + 6e  2Cr3+

Step VIII : Balance the charge by adding H+ on the left side

2–
2 7C Or   + 6e + 14H+  2Cr3+

Step IX : Balance the H and O by adding H
2
O on either side

2–
2 7C Or   + 6e + 14H+  2Cr3+  + 7H

2
O

Balancing the oxidation half reaction

According the steps as followed for reduction half reaction

Fe2+ Fe3+

(i) Atoms are balanced on both side so we go to next step, that is number of
electron  transfer taking place

Fe2+  Fe3+  + e.

(iii) Balance the charge and it is balanced.

Step X : Add the two half reactions

Fe2+ [Fe3+  + e]  6
2–

2 7C Or  + 14H+ + 6e–  2Ca3+  + 7H
2
O

2–
2 7C Or + 6Fe2+ + 14H+ 2Cr3+  + 6Fe3+ + 7H

2
O
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Intext Questions 15.1

1. Determine the Oxidation number of element in the bold letter in the following :

SiH
4

BH
3

BF
3

2
2 4OS

BrO
4

2
4H OP SH

12
O HNO

3

....................................................................................................................................................................................................................................

2. How does oxidation number change in oxidation and reduction?

................................................................................................................................

3. Mention the oxidising agent and reducing agent in the following.

H
2
S + HNO

3   NO + S + H
2
O

................................................................................................................................

4. Write the half reaction for the following

3 2
( ) ( ) 22I 2F I ( ) 2F ( )aq aqe s e aq    

2 2M ( ) CI ( ) M CI ( ) g s g g s

I
2
 + HNO

3
  HIO

3
 + NO

2
 + H

2
O

................................................................................................................................

5. Balance the equation by oxidation number method

CuO + NH
3
  Cu + N

2
 + H

2
O

MnO
4
 + HCl  MnCl

2
 + C

2
 + H

2
O

................................................................................................................................

6. Balance the following by ion eelctro half reaction method

N 3O  + Bi  Bi3+ + NO
2

acidic medium

M

n
O

4
 + Fe2+   Mn2+ + Fe3+ acidic medium

Cr
2

2
7O   + Fe2+  Fe3 + Cr3+ acidic medium

3 4 3 Al + NO  Al (OH) NH   basic medium

................................................................................................................................

15.4 Electrolytic Conduction

When electricity is passed through an aqueous solution, it may or may not conduct current.
The chemical substances whose aqueous solutions conduct electricity are called electrolytes


