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UNIT-V  ELECTROCHEMISTRY - II 

 Applications of Conductometric Measurements - Determination of Degree of 

Dissociation of Weak Electrolytes, Ionic Product of water - Solubility Product of 

sparingly soluble salt - Conductometric Titrations - Concept of pH - Buffer solutions, 

Buffer action - Henderson equation - Applications of Buffer Solutions - Hydrolysis of 

Salts - Expressions for Hydrolysis Constant, Degree of Hydrolysis and pH of aqueous 

salt solutions. 

Learning Objective:To impart knowledge about variation of conductivity with dilution, 

measurement of conductivity and buffer solutions. 

Learning Outcome: To understand  Electrochemistry and its application.. 

 

 

 

   ELECTROCHEMISTRY: 

         Electrochemistry is the study of electron movement in an oxidation or reduction 

reaction at a polarized electrode surface. Each analyte is oxidized or reduced at a specific 

potential and the current measured is proportional to concentration. This technique is a 

powerful methodology towards bioanalysis.                               



 

 

 

 

UNIT- V 

 

Application of Conductometr ic measur ements 

 

1) Determination of degree of dissociation of weak electr olyte and 

dissociation constant 

2) Determination of ionic pr oduct of water 

 

3) Determination of solubility of sparingly soluble salts 

 

1) Deter mination of degr ee of dissociation of weak electr olyte and dissociation constant: 

o Degree of dissociation is defined as the fraction of molecules undergo 

dissociation. I t is given by 

λc 

α = 

∞ 

 

o Accor ding to Kohlr ausch’s law 

 

λ = λ0 + λ0 
∞ + - 

 

o Fr om the degree of dissociation, the dissociation constant is determined using the 

expression, 

 

2) Deter mination of ionic pr oduct of water : 

λ 

C α2 
k

a 
= 

(1- α) 



w 

w 

2 

    w  

o Water is consider ed to be weak electr olyte and dissociated as follows 

 

 

o For this the equilibrium constant is given as 

 

[H
+
]+[OH- ] 

H2O 

 

o Since water dissociates very slow, its concentr ation of undissociated water may be 

taken as constant. 

[H
+
] + [OH- ] = a constant k is a constant (or ionic pr oduct of water) k = 

[H
+
] + [OH- ] 

“The pr oduct of ionic concentr ation of H+ and OH- ions expressed in mol/lit is a 

constant at a given temperature, is known as ionic pr oduct of water .” 

kw (Specific conductivity) can be determined by conductivity measurements, 

 

 

= 548.3 ×10- 4 sm2mol- 1 

K ×10- 3 
∴ Equivalent conductance λc = 

c
 

 

 

(in SI) where c is in gram equivalents/litre 

 

Water may be consider ed as a dilute soln. of H+ and OH- in undissociated H O, 

therefor e, λc will be taken as λ∞ 

The specific conductivity of water is 5.51× 10
-
 
6
sm

-
 
1
 

The ionic conductance of H+ is 349.8 ×10
-
 
4
 sm

-
 
1
 

OH- is 198.5 ×10
-
 
4
 sm

-
 
1
 

For water, 

λ
c 

= 
K × 10- 3 

C 
(in SI) where c is in gram equivalents/litre 

5.51×10- 6×10- 3 
λ

c 
= 

c
 

λ = λ0 + 
∞ H

+ λ0 

OH
- 

= 349.8 ×10- 4+ 198.5 ×10- 4 

k = 



2 

2 

    w  

w 

K ×10- 3 
λ∞    = 

c
 

 

K ×10- 3 

c =
  w  

λ∞ 
where c = [H

+
] = [OH- ] 

 

K = [H
+
] [OH- ] 

 

 

 

3) Deter mination of solubility of spar ingly soluble salts: 

 

1. A saturated solution of the sparingly soluble salt is prepared and its specific 

conductance is determined (ksoln) 

2. Let kH O is specific conductance of pure water 

 

ksalt is specific conductance of salt 

∴ Specific conductance of salt is 

 

(ksalt) = (ksoln) - kH O 

3. The molar conductance of the salt is 

 

(λ ) = 
k

salt 
× c

  
m 103 

Where c is concentr ation or solubility in moles/litr e 

4. Since the solubility is very low, it is assumed that the salt is completely ionized at 

infinite dilution, therefor e λm is taken as λ∞ (molar conductance at infinite dilution). 

Thus, 

 
k
salt 

× c
 

λ∞    = 
103 

 

K ×10- 3 

c =      salt  [ ∵ λ = λ0 + λ0 (Kohlr ausch’s law)] 

λ∞ 
∞ + - 
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5. So the value of c (solubility) can be determined by knowing k and λ∞ values. 

 

 

CONDUCTOMETRI C TITRATI ONS 

 

o The determination of end- point of a titr ation using conductivity measurements is known as 

conductometr ic titr ation. 

o I ts basic pr inciple is that the equivalent conductivity of an electr olyte depends upon the 

number of ions and their mobility. 

Examples: 

1) Str ong acid Vs Str ong Base  2) Str ong acid  Vs Weak Base 

[HCl] [NaOH] [HCl] [NH4OH] 

  

 

 

i. At initial condu is high due to H+ ion in 

HCl 

ii. On gradual addition of NaOH, condu is 

decr ease due to removal of H+ 

iii. After  end- point  the  condu  is incr 

eased due to presence of OH- fr om 

NaOH 

i. At initial condu is high due to H+ ion fr 

om HCl 

ii. On gradual addition of NH4OH, condu is 

decr eased due to removal of H+ 

iii. After end- point the condu is study value since 

NH OH, gives less OH- ions. 

 

 

 

 

3) Weak acid Vs Str ong Base 

4) Mixtur e of acid Vs Str ong 

Base 

[CH3COOH] [NaOH] [HCl 



3 

3 

+CH3COOH] [NH4OH] 

 

 

 

i. At initial, condu is less sinc 

CH COOH gives less H+ 

ii. On gradual addition of NaOH, condu is 

slightly incr ease. 

iii. After  end- point  the  condu  is incr 

eased rapidly due to excess of OH- fr om 

NaOH 

 

 

Advantages of conductometr ic titr ations: 

i. At initial condu is high due to H+ion fr 

om HCl 

ii. On gradual addition of NH4OH, condu is 

decr eased due to removal of H+ and slightly 

incr ease in conductance since CH COOH 

gives less H+ 

iii. After two end- points the condu is rapidly 

incr eased due to excess of of OH- fr om 

NaOH 

 

1) Colour solns. can be titr ated which is not possible in or dinary titr ations, 

 

2) Very dilute solns. can be titr ated, 

 

3) Mixture of str ong and weak acids can be titr ated, 

 

4) Need not be very car eful near the end- point, 

 

5) The results are very accur ate. 

Pr ecipitation titr ations: 

In some conductometr ic titr ations the end- point is find out on precipitate for mation is 

known as pr ecipitation titr ation. 
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Eg: 1 KCl Vs AgNO3 Eg:2 MgSO4 Vs 

Ba(OH)2 (double 

pr ecipitation 

titr ation) 

 

 

 

 

 

 

 

 

 

 

i.  In this reaction, one salt is 

replaced by another salt in equal 

amount, therefor e conductivity 

remains constant. 

ii.  After the end- point, a sharp incr 

ease in condu due to excess addition 

of burette solution. 

i.  n this case, condu decr eases upto the end- 

point due to decr ease in the no. of ions. 

ii.  After  the end- point, condu incr eases 

because of excess addition of Ba(OH)2. 

 

 

 

 

 PH concept 

The PH scale was intr oduced by Sor enson. 

 

PH = - log [H
+
] 

 

∴ PH is defined as “the negative logar ithm of base 10 of the hydr ogen ion concentr 

ation” [moles lit- 1] 

For neutr al soln. [H
+
] = [OH- ] 

= 1× 10- 7 

 

∴ PH = - log [H
+
] 

 
= - log10  [1× 10 ] - 7 

 

 

For acidic soln. [H
+
] > [OH- ] 
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PH = 7 



i.e., [H
+
] > 1× 10- 7 

 

For basic soln. [H
+
] < [OH- ] 

i.e., [H
+
] < 1× 10- 7 

 

Buffer solution: 

 

o Solution that do not change their PH by the addition of small amount of acid or base ar e called 

buffer solutions. 

Ex: 

A mixture of weak acid and its salts (Acidic buffer) A 

mixture of weak base and its salts (Basic buffer) 

Buffer action (or ) activity 

 

1) Mixture of weak acid and its salt [Eg: CH3COOH and CH3COONa] 

i. Addition of HCl 

 

 

ii. Addition of NaOH 

 

 

2) Mixture of weak base and its salts [Eg: NH4OH and NH4Cl] 

 

i. Addn. of NaOH 

 

 

ii. Addn. of HCl 

 

Buffer capacity: 

PH < 7 

PH > 7 



o I t is defined as the no. of moles of acid or base added to one litr e of solution to change the PH 

by unity. 

o In mathematic we can write as 

da 
Buffer capacity = 

d
PH 

Where da is no. of moles of acid or base added. 

dPH is change in PH 

Hender son’s equation (Calculation of PH ) 

 

1) Consider a buffer mixture of a weak acid HA and its salts NaA , 

 

2) The dissociation of the acid HA is 

 

 

3) Apply the rate equation, we get the dissociation constant 

 
[H

+
][A

- ] 
ka = 

 + 
[HA] 

ka[HA] 

  H = 
[A- ] 

Take log10 on both sides, 

 

log10 
 

[H+] = 

log 

 

ka   + 

log 

  [HA] 

[A- ] 

Multiply by - 1 on both sides, 

 

 

- log10 

 

[H+] = - log 

 

ka - log 

 
[A- ] 

  [HA] 

[A- ] 

PH =   Pka       + log 
10 [HA] 

 

4) Since HA is a weak acid, the contr ibution of A- fr om HA is negligee, ∴ [A-] conc. can be 

taken as the conc. of salt itself. 

I I I ry [HA] is the conc. of the undissociated acid itself because it is weakly 

10 

10 

10 
10 



ionized,  

 

PH =   Pka       +   

log 

 

  [salt] 

[acid] 

 

 

 
 

5) The above equ. is known as Henderson’s equation, 

 

6) similarly we can derive for the POH of a mixture of weak base and its salt 

 

 

Application of Buffer solution: 

 

1. I t has great impor tant in biology, industries, resear ch and medicines, 

 

2. In Biology 

 

i. Many biological fluids (like blood, milk) have definite PH values, 

 

ii. The PH of the blood is 7.4 that maintained by amphoter ic substance (Ex: plasma pr 

oteins) and buffer systems. 

iii. There are two buffer system that maintained the blood PH 

 

3. In industr ial 

 

i. Manufactur e and refining of sugar , ii.

 Purification of water , 

iii. Tanning of leather , 

PH = P
k

a
 

  [salt] 
+ log 

10 

10 

POH =   Pka
 + log 

  [salt] 
10 



iv. Manufactur e of Milk pr oducts 

 

v. Electr oplating. 

 

4. In the elimination of phosphate [Buffer mixture (CH3COOH - CH3COONH4)] 

5. Buffer solutions are used in the deter mination of dissociation constant of weak acid or base in 

the mixture. 

 HYDROLYSI S OF SALTS Hydr 

olysis: 

I t is defined as a reaction in which the anion and cation of dissolved salt reacts with H+ 

and OH- (used fr om water) to give acidity or alkalinity is called hydr olysis. 

I t may be consider as reverse combination or neutralization to give water, 

 

 

 

Hydr olysis constant: 

 

The equilibrium constant of hydr olytic equilibrium is called hydr olysis constant. I t is 

denoted by Kh 

Degr ee of hydr olysis: 

 

The fraction of total dissolved salt which undergo hydr olysis and attain equilibrium in 

solution is called degr ee of hydr olysis. The hydrated salt exist as weak acid or weak base. 

Classification of Hydr olysis of Salt 

 

I t is classified into four types, 

 

1) Salts of str ong acid and str ong base 

 

2) Salts of weak acid and str ong base 

 

3) Salts of weak base and str ong acid 
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4) Salts of weak acid and weak base 

 

1) Salts of str ong acid and str ong base: 

 

 These salts do not undergo hydr olysis. 

 

 Consider KCl salt is dissolved in water, it gives K+ and Cl- have no tendency to react with 

H+and OH- of water. This is because the possible pr oducts are almost completely 

dissociated into ions. 

 

 

 Consequently there is no change in H+ and OH- 

 

 

2) Salts of weak acids and Str ong base 

 

Ex: CH3COONa or CH3COOK 

When these salts dissolved in water, result alkaline solution. 

Consider the hydr olysis of CH3COONa 

 
 

Thus, the solution of CH COONa consist of excess of OH- than H+ therefor e the 

solution becomes alkaline. 

 

Hydr olysis constant (Kh) 

Consider the hydr olysis of any salt BA of weak acid HA and str ong base BOH The 

hydr olysis is due to the anion A- of the weak acid. 

 
 

Apply the law of mass action (Oswald’s dilution law) to above reaction and concentr 

ation of H2O taken as constant. 



[H+][A- ] 

w 

 

Kh = 
[HA] [OH- ] 

[A
- ] 

 

………………………………🕔 

 

The other equilibrium involved in this hydr olysis are, 

 

 

Apply the law of mass action 

 

K = [H
+
] [OH- ]............................... ② 

 

Kw is the dissociation constant or ionic pr oduct of water 

[H
+
][A

- ] 

 
Ka = 

[HA] .................................... 
③

 

Ka is the dissociation constant of acid (HA) Dividing ② 

by ③ 

K w 
= 

Ka 

 

= 

[H
+
][OH- ][HA] 

 

[HA][OH- ] 

  

[A
- 

]......................................... 
④

 

 

Compar ing equation ④ with 🕔 

 

 

 Degr ee of hydr olysis: 

Consider hydr olysis of salt ‘BA’ here C is mole/litr e, x is degree of hydr olysis 

 

 

Kh = 
[HA] [OH- ] 

[A
- ] 

K 

= 

K

w
 



K
h 

C 

K
w

 

C 

+ 
K 

h 

h 

2 

= 
Cx . Cx 

C(1- x) 

Cx2 
K = 

1- x 
if x is very small (1- x) is taken as unit. 

 

K = Cx2 

 

 

x = But

 Kh 
= 

Kw 

Ka 

 

 
 

 

 

 

 

 

 PH of aqueous salt solutions (Hydr ogen ion concentr ation) 

 

∴ [OH- ] = Cx 

But 

Kw 

 
H

+ 

= [H
+
] [OH- ] 

= 
Kw 

  
[ ] 

[OH- ] 

Kw 

Cx 

 

 

But x = 

 

[H
+
] = 

Kw
 

 

 
1 

[H ] 2 = 

 

[H
+
] = 

w Ka  
C 

C
2 

 

Taking logar ithm on both sides 

∴ x = 

K 

K
w

 

K
a  

. 

C K
a  

C 
K

w
 

K
w 

. K
a 

C 

= 



2
log K

w
+ 

4 

log [H
+
] = 

1
 

1 

2
log Ka - 

1 

2
log C 

Multiple by ⊝ on both sides 

 

- log [H
+
] = - 

1 

2
log 

Kw- 

1 

2
log Ka 

+ 

1 

2
log C 

PH = 
1 Kw 1  Ka  1 

2
P +   

2
P + 

2
log C 

PH = 7 + 
1 Ka 1

 

2
P + 

2
log C 

Fr om the above equation shows that the solution PH > 7, Hence the solution will be 

alkaline. 

3) Salts of Weak Base and Str ong Acid 

 

Ex: NH4Cl 

When these salts dissolved in water, result acidic solution. Consider 

the hydr olysis of NH4Cl 

 
 

Thus, the solution of NH Cl contain excess of H+ and OH- consumed by NH+, Hence the 

solution becomes acidic. 

1. 3.1 Hydr olysis constant (Kh) 

Consider the hydr olysis of any salt BA of weak base BOH and str ong base HA The hydr 

olysis is due to cation B+ of the weak base. 

 
 

Apply the law of mass action (Oswald’s dilution law) to above reaction and H2O concentr 

ation is taken as constant. 

[BOH] [H
+
] 

 
Kh = 

[B
+

] 
………………………………🕔 



dr olysis: 

[B+][OH- ] 

w 

h 

The other equilibrium involved in this hydr olysis are, 

 

 

Applying law of mass action. 

 

K = [H
+
] [OH

- 
] ............................... ② 

[B
+
][OH- ] 

 
Kb = 

[BOH] ................................. 
③

 

Dividing ② by ③ 

 
K w 

= 
Ka 

 

= 

 

[H
+
][OH- ][BOH] 

 

[H
+
][BOH] 

[B
+
] 

 

Compar ing equation ④ with 🕔 

 

 

Degr ee of hy 

Consider hydr olysis of salt ‘BA’ here C is mole/litr e, x is degree of hydr olysis 

 

 

 

Kh = 
[BOH] [H

+
] 

[B
+
] 

= 
Cx . Cx 

C(1- x) 

Cx2 

K = 
1- x 

if x is very small (1- x) is taken as unit. 

K
h 

= 

K
 

K

w
 



K
h 

C 

+ 

+ 

2
log K

w
+ 

h 

1 

1 

K = Cx2 

 

 

x = But

 Kh 
= 

Kw 

Kb 

 

 
 

 PH of aqueous salt solutions (Hydr ogen ion concentr ation) 

 

 

[H
+
] = Cx 

Sub. The value of x 

[H
+
] = c 

Kw
 

Kb  . C 

 

 

 

∴ x = 

 

[H ] 2 = c 2× 
Kw

 

 

 

 
1 

[H ] 2 = 

 

[H
+
] = 

Kb  . C 

Kw . C 

Kb 

 

Taking logar ithm on both sides 

log [H
+
] = 

1
 

1 

2
log C- 2

log Kb 

Multiple by ⊝ on both sides 

 

- log [H
+
] = - 

1 

2
log 

Kw- 

1 

2
log C + 

1 

2
log Kb 

P
H  

=   
1  Kw  1 1  Kb 

2
P - 

2
log C- 

2
P 

PH = 7 - 
1 1 Kb 

2
log C- 

2
P 

Fr om the above equation shows that the solution PH < 7, Hence the 

∴ x = 

K 

K
w

 

K
b  

. 

C 

K
w 

. 

C 

K
b

 



[H+][A- ][B+][OH- ] 

+ - 

solution will be acidic in natur e. 

 

4) Salts of Weak acid and Weak bases: 

 

Ex: CH3COONH4 

 Hydr olysis constant 

This kind of salts BA both cation and anion will undergo hydr olysis. 

 

Applying the law of mass action and concentr ation of water is constant. 

K = 
[BOH] [HA] 

h [B
+
][A

- ] 

The other equilibrium involved in this hydr olysis are, 

 

 

     Kw         

= 
Ka .Kb 

[H
+
][OH- ][HA][BOH] 

  [HA][BOH] 

[A
- ][B

+
] 

∴ K = 
[BOH] [HA] 

[B ][A ] 

 

 
 

 Degr ee of hydr olysis 

Let ‘C’ moles/litr e be concentr ation of salt and x is the degree of hydr olysis 

then, 

 

K
w 

K
a
.K

b
 

= 

= h 



- 

a 

h 

h 

Cx . Cx 
K = 

C(1- x) C(1- x) 

x
2 

= 
(1- x)

2 Since x is small, it is negligible 

K = x2 

 

 

  PH of aqueous salt solutions (Hydr ogen ion concentr ation) Consider 

the hydr olysis of a salt of weak acid and weak base, 

 
 

H+ion concentr ation determined fr om ionization of HA, 

 

 

 

Ka  = 

 

[H
+
] = 

[H
+
][A

- ]  
[HA] 

Ka [HA] ................................... 
🕔

 

[A ] 

[HA] = Cx [A
- ] = C(1- x) 

Substituting in Equ. 🕔 

 

[H
+
] = K 

Cx 
.
C(1- x) 

= 
Ka . x 

1- x 

 

Since x is very small, it is negligible 

[H
+
] = K . x 

 

= Ka . K
w

 

K
a 
. 

K
b

 

a 

x = 
K

w 

K
a
.K

b
 

x = K
h

 



[H
+
]
2 

= K2. 
Kw

 

a Ka . Kb 

 

[H
+
] = 

 

Taking log and multiply by - 1 

 
1 1 1 

- log [H
+
] = - log K2 - log K2 - log K2 

w 

 
PH = 

1 
Kw 

a 

 
1  
Ka 

b 

1  Kb 

2
P + 

2
P - 

2
P 

PH = 7 + 
1 Ka 1 Kb 

2
P - 

2
P 

Thus,  the PH of the solution  depends on  PKa    and PKb    values. I f PKa    and 

PKb are equal, then the PH = 7. Hence the solution will be neutral. 

K
a 
. K

w 

K
b

 



 
 

       PRACTICE QUESTIONS: 

 

1. Evaluate the Applications of Conductometric Measurements 

2. Explain Degree of Dissociation of Weak Electrolytes 

3. Derive Henderson equation. 

4. Discuss about Applications of Buffer Solutions 

5. Give Expressions for Hydrolysis Constant 
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