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In Ionic equilibrium, the ionic substance 

dissociates into their ions in polar solvents.

Xa Yb ⇌ aXb+ + bYa-
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Ex. NaCl, CuSO4 
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Substances ionizing partially.

Strong acids H2SO4, HCl
Strong bases NaOH, KOH
Salts NaCl, KCl

Weak acids CH3COOH
Weak bases NH4OH
Salts  NH4Cl

In the case of the weak electrolyte, the 
equilibrium is established between the ions 
and the unionized molecules, which can be 
termed as ionic equilibrium. 

HCl(aq) → H+
(aq) +    Cl--

(aq)

CH3COOH(aq) CH3COO - (aq) +   H+
(aq)
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•Degree of dissociation (α)-

The degree of dissociation of an electrolyte is defined as 
a fraction of total number of moles of the electrolyte
dissociates into its ions when the equilibrium attained.

Degree of dissociation or ionization (α) =

% Degree of dissociation or ionization = α × 100

If ‘c’ is the molar concentration of an electrolyte,

then concentration of any ion = c x α mol/ dm3

α is always less than 1.(α ≤ 1)
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Bronsted -Lowry theory
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Lewis theory of Acid and Base

Acid- any species 
that accepts share 

in an electron 
pair.

For ex. AlCl3 molecule act as an acid because it can accept an electron pair.

E.C. of  13Al –1s2,2s2,2p6,3s2,3p1

17Cl- 1s2,2s2,2p6,3s2,3p5

Each Cl atom share 1 electron with Al atom and complete its 
octet but Al atom has 3+3 = 6 electrons in its valance shell and 
capable to provide a vacant orbital for electron pair.
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In AlCl3 molecule, 3 electrons 
from valence shell of Al and 3 
electrons from three Cl atoms 
are present. Therefore Al can 
accept an  electron pair to 
complete its octet and act as an 
acid.
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Lewis theory of Acid and Base

Base- any species 
that donates a share 
in an electron pair.

For ex. NH3 molecule act as base bcz N atom has one lone pair of electron to donate.

E.C. of  7N –1s2,2s2,2px
12py

12pz
1 G.S.

7N- 1s2,2s22px
12py

12pz
1 HYBRIDIZED STATE

1H- 1s1

In NH3 molecule N atom is sp3 hybridized and contains three sp3 hybridized 
orbitals with unpair electron and one sp3 hybridized orbital with a lone pair of 
electron. Therefore N atom can donate a share in electron pair and act as Lewis base.

↑↓ ↑ ↑ ↑
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H+ ion provide a vacant 1s orbital for share in electron pair of N atom 

and act as electron accepter i.e. Lewis acid.

H2O + H+ → H3O+
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According to Lewis concept, the following species can act as Lewis acids:

1.Molecules in which the central atom has incomplete octet: 
BF3, BCl3,AlCl3, BeCl2, etc.

2.Simple cations:
H+, Ag+,Fe2+, Co2+, Mn2+ etc. have greater tendency to accept electron pair.

3.Molecules in which the central atom has empty d-orbitals: 

The central atom of the halides such as SiX4, GeX4, TiCl4, SnX4, 
PX3, PF5, SF4, SeF4, TeCl4 etc.,

4.Molecules having a multiple bond between atoms of dissimilar electronegativity:

Typical examples of molecules falling in this class of Lewis acids are CO2,SO2 etc.
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The following species can act as Lewis bases

1.Neutral species having at least one lone pair of electrons:

Ex.-ammonia, amines, alcohols, etc., act as Lewis bases because they contain
a lone pair of electrons. NH3, RNH2, R2NH, R3N,H2O, ROH, ROR etc.,

2.Negatively charged species or anions: 
For example, chloride, cyanide, hydroxide ions, etc., act as Lewis bases.
CN−, Cl−, Br−, I−,OH- etc.

3.Molecles containing multiple bonds between atoms of same electronegativity:

Ex: CH2 = CH2
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Bronsted bases are those which can 
accept a proton(H+).
Lewis bases contain one or more lone 
pair of electrons. Therefore, they can 
accept proton and behave as Bronsted 
base. Hence, all Bronsted bases are 
also Lewis bases.

Lewis acid is a substance which can accept a share in electron pair.

Bronsted acids are those which can give a proton(H+). These acids are not capable of 
accepting a pair of electrons. Hence, all Bronsted acids are not Lewis acids.
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Conjugate Acid-Base pairs-
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Adding a 
proton(H+) to 
the base gives 
the conjugate 

acid.

KEY POINTS

Removing a 
proton (H+) 

from the acid 
gives the 

conjugate base

Acid Conjugate base

H
2

O ______ 1

_____ 2 CN-

HNO
2

________ 3

______ 4 H2PO4
-

1. OH-

2.HCN

3. NO2
-

4. H3PO4
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Acid1 + Base2 ⇌ Acid2 + Base`1

H2O + NH3   ⇌ NH4
+ + OH−

HCN + H2O ⇌ H3O+   + CN− 

HF + CH3COOH ⇌ CH3COOH2
+ +  F−

CH3COOH + NH3 ⇌ NH4
+ + CH3COO−

NH3 + NH3 ⇌ NH4
+ + NH2

−

H2O + H2O ⇌ H3O+ + OH− 

HCO3
− + H2O ⇌ H3O+ + CO3

2− 

NH4
+ + H2O ⇌ H3O+ + NH3     
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Amphoteric substance-

The substance has the  ability to act as an acid as well as a base is 

called as amphoteric substance.

Water acts as an acid as well as a base and is amphoteric in nature.

NH3 + H2O → NH4
+ +   OH-

HCl + H2O →  H3O
+ + Cl–

In first reaction water donate proton to ammonia and act as an acid.

In second reaction water accept proton from HCl and act as a base.
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Weak acids and bases are partially dissociate in water.

For examples-

Strong acids:           HCl, HBr, HI,  Nitric acid, Sulphuric acid etc.

Weak acid:              acetic acid, carbonic acid, HF,H2S etc.

Strong base:           NaOH, KOH, Ca(OH)2 etc.

Weak base- NH4OH, Fe(OH)3 etc.

Strong acid   HCl(aq) → H+
(aq) +    Cl--

(aq)

Strong base            NaOH(aq) → Na+
(aq)   +   OH--

(aq)

Weak base NH4OH(aq) ⇌ OH - (aq) +   NH4
+

(aq)

Ionization of Acids and Bases-

On the basis of extent of dissociation, acids and bases are classified as strong and weak.

Strong acids and bases are  almost completely dissociate in water.

Weak acid   CH3COOH(aq) ⇌ CH3COO - (aq) +   H+
(aq)
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Q1. According to which theory is an acid an electron pair acceptor?

Q2. According to which theory is a base a substance which produces OH- ions in 

water?

Q3. According to Bronsted-Lowry acid base theory, an acid is a.....
a. Proton donor                                                    b. Proton acceptor
C .Produces H+ when added to water                 d. Made of H+

Q4. According to Lewis acid-base theory, a Lewis base is.....
a. an electron pair acceptor                        b. an electron pair donor

c. an oxidising agent                                  d. a reducing agent

Q5. Which reactant in the following equation is a Bronsted acid?

a. H2CO3 b. H2O

c. HCO3- d. H3O+

TEST YOURSELF
Lewis 
theory

Arrhenius theory

a

b

a
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Q6. What is the conjugate base of HCO3
-?

a.HCO3
- b. H2CO3

-

c. H2CO3 d. CO3
2- d
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When a weak acid is dissolved in water, it dissociates to a slight extent. 

A proton from the acid is donated to a water molecule. 

HA(aq) + H2O(l) H3O
+(aq) + A-(aq)

But   H3O
+ = H+ Therefore reaction can be written as

HA(aq ) ⇌ H+
(aq) + A-

(aq) 

The equilibrium constant is called 

acid dissociation constant, given as

Ka = [A-][H+] / [HA]

Ka = acid dissociation constant.

Similarly a base dissociate to a slight extent.

BOH(aq) ⇌ OH--
(aq) + B+

(aq)

Kb = [B+][ OH--] / [BOH]

Kb = base dissociation constant.
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OSTWALD’S DILUTION LAW-

This law deals with the application of the law of mass action to the

equilibrium between the ions and unionized molecules in aqueous

solutions of weak binary electrolytes such as acetic acid, propionic 
acid, HCN, NH4OH, etc.



HSC         RKP                   SXC 26

At equilibrium (1 – α)              α              α

Concentration      (1 – α) / V        α/ V         α/ V

at equilibrium

The equilibrium constant called acid dissociation constant given as

Ka = [A-][H+] / [HA]

Ostwald’s dilution law for weak acids-

Suppose 1 mole of a weak acid HA present in volume V dm3 of solution.

At equilibrium the fraction dissociated would be α i.e. degree of dissociation.

Thus at equilibrium 
[HA] = (1 – α) / V  mol/dm3

[A-] = α/ V  mol/dm3 [H+] = α/ V mol/dm3
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put  1/V = C

Therefore,    Ka =

for weak acid 

Therefore,    Ka =

or   α = 

=

It is clear that degree of dissociation of weak 

acid is inversely proportional to square root 

of concentration and directly proportional to 

square root of the volume of solution.

Therefore,    Ka =

α2

=
(1-α)V
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Ostwald’s dilution law for weak base-

Suppose one mole of a weak base BOH present in volume V dm3 of solution. 

At equilibrium the fraction dissociated would be α i.e. degree of dissociation.

BOH(aq) ⇌ B+
(aq) + OH-

(aq)

At equilibrium       (1 – α)              α              α

Concentration      (1 – α) / V        α/ V         α/ V

at equilibrium

The equilibrium constant is called base dissociation constant given as

Kb = [OH-][B+] / [BOH]

Thus at equilibrium     [BOH] = (1 – α) / V mol/dm3

[OH-] = α/ V  mol/dm3 [B+] = α/ V mol/dm3

Kb =

put  1/V= C 

α2

(1-α)V
=
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Kb =

for weak base 

Therefore 

Therefore,    Kb =

or   α = 

α =

It is clear that degree of dissociation of weak 

BASE is inversely proportional to square 

root of concentration and directly 

proportional to square root of the volume of 

solution.
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Numerical problem from text book pg. no. 61

Q2

Data: Dissociation constant of acetic acid   Ka = 1.8 x 10-5

C = 0.01 M,     %α = ?

α = 

= 

= 

x 10-2 = 4.243 x 10-2

% α = 100 x α = 100 x 4.243 x 10-2   

= 4.243 %                     Ans.

=

Formula:        α = 
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Q3

Data:   For acetic acid        α = 5 %
C = Decimolar solution = 1/ 10 M

= 0.1 M

Now                       α = 5 / 100

= 0.05

Ka = x 0.1 

= 2.5 x 1 0-4

Formula,                  

Ka =

= 0.0025 x 0.1
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Ionic product of water (autoionisation of water)-

Pure water ionizes to a very small extent.

The equilibrium constant is given as   K = [H3O
+][OH-]   /  [H2O]2

But [H3O
+] =[H+]

Therefore  K = [H+][OH-]  / [H2O]2

Since excess of water is unionized, therefore [H2O]2 = K’



HSC         RKP                   SXC 33

K = [H+][OH-] / K’

K x K’ = [H+][OH-]

Kw = [H+][OH-]  

Kw = K x K’ is called ionic product of water.

The product of molar concentrations of hydrogen ion and hydroxyl ion at

equilibrium in pure water at the given temperature is called ionic product of water.

At 298 K,    [H+] = 1.0 x 10-7 mol/ L    

[OH-] = 1.0 x 10-7 mol/ L

Therefore,      Kw =(1.0 x 10-7) (1.0 x 10-7)

= 1.0 x 10-14

Kw =1.0 x 10-14 at 298 K
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pH and pH scale
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pH Scale- It is use to explain acidic or basic nature of a solution.

pH of a solution is defined as negative logarithm to the base 10, of  the

molar concentration of  hydrogen ion  in solution.

pH = - log10 [H+]

Similarly,  pOH of a solution is defined as negative logarithm to the base 10,

of  the molar concentration of  hydroxyl ion  in solution.

pOH = - log10 [OH-]
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Relationship between pH and pOH –

We know, ionic product of water is given as- Kw =1.0 x 10-14 at 298 K

And Kw = [H+][OH-] 

Therefore,       [H+][OH-] =1.0 x 10-14 at 298 K

Taking logarithm of both sides,     

log10 [H+] + log10 [OH-] = log10 (1.0 x 10-14 ) 

log10 [H+] + log10 [OH-] = log10 1.0 – 14 log1010             (log1.0=0)

Multiplied by – (minus) both side

- log10 [H+] - log10 [OH-] = -(- 14)

pH   +  pOH   = 14

-log10 [H+] =  pH and 

- log10 [OH-]=  pOH

pH = 14 – pOH             
Or

pOH = 14 – pH 
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It is, thus, concluded that every aqueous solution, whether acidic, neutral 
or alkaline contains both H+ and OH− ions. 

The product of their concentrations is always constant, equal to 1 × 10-14 at 
25°C. If one increases, the other decreases accordingly so that the product 
remains 1 × 10-14 at 25°C.

For pure water or neutral solution ,  [H+] = [OH-] =1.0 x 10-7 at 250 C 

Hence,     pH = -log (1.0 x 10-7)  = 7

For acidic solution,       [H+] > [OH-]  Hence,  [H+] >  -log (1.0 x 10-7)   and    pH< 7

For basic solution,       [H+] < [OH-]  Hence,  [H+] <  -log (1.0 x 10-7)   and      pH> 7
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Importance of pH value:
• pH has a great importance in agriculture. Soil is often tested to determine
whether acidic or basic fertilizers are required for a particular crop.

• Ph value plays important role in biological reactions such as digestion of food etc
• Human blood has pH value of 7.36 – 7.42. A change in pH by 0.2 units results in 
death.

• pH value plays an important role in qualitative analysis

• Food preservation also requires a definite pH value.
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Example-1: What is the pH of the following solutions?
(a)10-3 M HCl (b) 0.0001M NaOH        (c) 0.0001M H2SO4

a.HCl is a strong electrolyte and is completely ionised.
HCl ⇌ H+ + Cl-

So, [H+] = 10-3 M
pH = − log[H+]  

= − log(10-3 ) = 3

b. NaOH is a strong electrolyte and is completely ionized?
NaOH ⇌ Na+ + OH-

So, [OH--] = 0.0001M = 10-4 M
pOH = − log(10-4 ) = 4

As pH + pOH = 14 
So, pH + 4 = 14    or     pH = 10

c. H2SO4 is a strong electrolyte and is ionized completely?
H2SO4⇌ 2H + + SO4

2-

One molecule of H2SO4 furnishes 2H + ions.
So, [H +] = 2 × 10 -4M

pH = − log[H +]
= - log(2 × 10 -4) = 3.70
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Q1. A monoprotic acid in 1.00 M solution is 0.01% ionised. The dissociation constant       
of this acid is ______

A) 1×10−8 B) 1×10−4 C) 1×10−6 D) 1×10−2

Q2. If α is the degree of ionization, C the concentration of a weak electrolyte and Ka the acid  
ionization constant, then the correct relationship between α,C and Ka is _______

A) α2= √Ka/C        B) α2 = √C/Ka      C) α= √Ka/C D) α=√C/Ka

Q3. Theory of ionization was given by________

A) Rutherford B) Graham          C) Faraday D) Arrhenius

Q4. Acetic acid is a weak electrolyte because

A) Its molecular weight is high                                             B) It is covalent compound

C) It does not dissociate much or its ionization is very less D) It is highly unstable

Q5. The addition of a polar solvent to a solid electrolyte results in 

A) Polarization B) Association           C) Ionization D) Electron transfer

TEST YOURSELF
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Q2.

Data:                  pH= 6.06

[H+] = ? 

Formula            pH = - log10 [H+], 

log10 [H+] = - pH 

= - 6.06 = - 6 – 0.06 + 1 – 1

= -7+ (1-0.06) 

= -7 + 0.94

=  7.94   

[H+]   = A.L.( 7. 94)

= 8.71 x 10-7 M                 ANS
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Q2.

Data:  Concentration of H2SO4 = 0.01M

Since H2SO4 is dibasic acid.

Therefore  [H+] = 2 x 0.01 = 0.02 M = 2 x 10-2 M

Formula        pH = - log10 [H+] 

= - log10 [2 x 10-2]

= - log10 2 - log10 10-2

= - 0.3010 + 2

= 1.699                                                               ANS
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Q3.

Data:                     Concentration (c)  = 0.02M

pH = 3.2 Ka = ?

Formula        pH = - log10 [H+] 

log10 [H+] = - pH

= - 3.2 

[H+] = A.L. (- 3.2) 

= A.L.[-3 – 0.02 +1 -1] 

= A.L.[-4 +(1 – 0.2)]

[H+] = A.L. ( 4.8) = 6.310 x 10-4   M

Degree of dissociation of monobasic acid, 

α = [H+] / C 

α = 6.310 x 10-4/ 0.02

= 3.155 x 10-2

Dissociation constant   Ka =

Ka = (3.155 x 10-2)2x 0.02
= (3.155)2 x 2 x 10-6

= A.L. [2 log 3.155 + log 2) x 10-6

= A.L. [ 2x 0.4990 + 0.3010] x10-6 

= A.L. [ 0.9980 + 0.3010] x10-6       

= A.L. [1.299] 
= 1.991 x x101 x10-6 

=  2.0 x 10-5                              ANS.
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Data:  In NaOH soln [OH-]  = 2.87 x 10-4M

pH = ?

Formula        pOH = - log10 [OH-] 

= - log10 [2.87 x 10-4]

= - log10 2.87 - log1010-4

= -0.4579 +4

= 3.5421

pH =14- pOH = 14 - 3.5421

= 10.4579              ANS

Q3



HSC         RKP                   SXC 49

Concept of hydrolysis-

Hydrolysis of a salt is defined as the reaction in which cations or anions or both ions of a salt     

react with ions of water to produce acidity or alkalinity or neutrality.

On the basis of hydrolysis, there are four types of salts.

I. Salts of strong acid and strong base (SASB)-

NaCl, Na2SO4, NaNO3, KCl,  KNO3

II. Salts of strong acid and weak base (SAWB)-

FeCl3, CuCl2, AlCl3, NH4Cl, CuSO4, NH4NO3 etc

III. Salt of a strong base and a weak acid (SBWA)-

CH3COONa, NaCN, NaHCO3, Na2CO3, etc

IV. Salt of a weak acid and a weak base (WBWA)-

CH3COONH4, (NH4)2CO3, NH4HCO3, etc.
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Hydrolysis of Salts of strong acid and strong base:

They generally get hydrated but do not hydrolyze. 

Therefore, such salts are generally known as neutral salts.

For example: NaCl

NaCl (aq) → Na+
(aq)   + Cl-(aq)

and Na+
(aq)   + Cl-(aq)+ H2O (l) → NaOH (aq) + HCl (aq)

NaOH and HCl being strong electrolyte dissociate completely and produces H+ and 

OH-

NaOH (aq) + HCl (aq) + H2O (l) → Na+
(aq)   + Cl-(aq) + H3O

+ + OH-

This implies that neither cation nor anion of the salt reacts with water or there is no 
hydrolysis. 

Concentrations of H3O+ =  OH- produced by ionization of  water is not disturbed 
and solution is neutral. 
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Hydrolysis of salts of strong acid and weak base-

Salts formed by the neutralization of strong acid and weak base are acidic in nature.

For example: CuSO4

CuSO4 (aq) → Cu2+ 
(aq) + SO4

2-
(aq)

SO4
2- ions of salt have no tendency to react with water since possible product

of the reaction is H2SO4, a strong electrolyte.

The reaction of Cu2+ and OH- form unionized Cu(OH)2 

Cu2+
(aq) +  4H2O (l)⇋ Cu(OH)2 (aq) + 2H3O+ 

(aq)

Due to presence of excess of H3O+ ions, which makes the solution acidic. pH of such 
solutions is less than 7.

The formation of sparingly soluble salt Cu(OH)2 by hydrolysis makes the solution turbid.

If H2SO4 is added in solution the turbidity dissolves to give clear solution, 
due to shift of equilibrium to the left i.e. addition of H+ ion. 

Therefore H2SO4 would be required to get clear solution.
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Salts of weak acid and strong base:

Salts formed by the neutralization of weak acid and strong base are basic in nature.

For example: CH3COONa

CH3COONa (aq) → CH3COO−
(aq) + Na+

(aq)

Water dissociates as     2H2O   ⇋ H3O
+ + OH-

Na+ ions of salt have no tendency to react with OH- ions of water since possible product of the

reaction is NaOH, a strong electrolyte.

Acetate ion formed undergoes hydrolysis to form acetic acid and OH– ions.

CH3COO−
(aq) + H2O ⇋ CH3COOH(aq) + OH− 

(aq)

Thus hydrolysis reaction contains 

CH3COONa (aq) + H2O → CH3COOH (aq) + Na+
(aq) + OH-

As we know acetic acid is a weak acid, it remains unionized in the solution. 

This results in an increase in concentration of OH– ions which makes the solution alkaline. 

pH of the solution is greater than7.

https://byjus.com/chemistry/ph-of-acids-and-bases/
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1. When hydronium ions are produced by the conjugate acid of a salt, 

the solution becomes more

a). Basic and Acidic.        b).Neutral.           c).Basic.        d). Acidic.

2. Sodium acetate, or CH3COONa, comes from a weak acid and a strong 

base. When this salt dissociates, the solution becomes more,

a). Acidic.          b).Basic.            c). Basic and Acidic.                  d). Neutral.

3. The acidic nature and basic nature of some salt solutions can be explained 

on the basis of:

A. Splitting of a salt compound                    B. Hydrolysis of salts

C. Both A and B                                           D. Only B

4. Which salt is used as a raw material for making a large number of useful 

chemicals in industry?

A. Sodium Chloride                                              B. Ammonium Hydroxide

C. Ammonium Chloride                                        D. Sodium Nitrate

TEST YOURSELF
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5. Which of the following salts will give an aqueous solution having pH of 

almost 7?

A. Sodium Carbonate                                        B. Ammonium Nitrate

C. Potassium Chloride                                       D. Calcium Chloride

6. Name the salt whose aqueous solution will have no effect on either 

red litmus or blue litmus?

A. Potassium Sulphate                                      B. Calcium Chloride

C. Sodium Carbonate                                        D. Ammonium Sulphate

7. Name the salt when on dissolving in water give an acidic solution?

A. Potassium Chloride                                             B. Ammonium Chloride

C. Sodium Carbonate                                              D. Sodium Acetate


