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UNIT-V ELECTROCHEMISTRY - Il

Applications of Conductometric Measurements - Determination of Degree of

Dissociation of Weak Electrolytes, lonic 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 Conductometric measurements

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

2 Determination of ionic product of water
3 Determination of solubility of sparingly soluble salts
) Deter mination of degr ee of dissociation of weak electr olyte and dissociationconstant:

0 Degree of dissociation is defined as the fraction of molecules undergo
dissociation. It is given by

A

C
a= .
;\'OO

0 According to Kohlrausch’s law

A= 20+ A0

0 + -

0 From the degree of dissociation, the dissociation constant is determined usingthe

expression,

Ca?
(1-a)

k, =

2 Determination of ionic product of water:




0 Water is considered to be weak electrolyte and dissociated as follows
H,0 =~=— [H"] + [0DH

0 For this the equilibrium constant is given as

[HT+[OH]
k =
HZO

0 Since water dissociates very slow, its concentr ation of undissociated watermay be
taken as constant.
[H] + [OH] = a constant k is a constant (or ionic product of water)k =
[H']+ [OH]

“The product of ionic concentration of H* and OH™ ions expressed in mol/lit isa
constant at a given temperature, is known as ionic product of water.”

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

The specific conductivity of water is 5.51x 10°sm'*
The ionic conductance of H* is 349.8 x10™* sm™*

OHis 198.5 x10™* sm™*

For water,
Kx103 . . .
A = T (in SI) where c is in gram equivalents/litre
551x10°°x10°3
A = c

— 0
)‘m - }‘OH*+ ;\'OH

= 349.8 x10'*+ 198.5 x10°*

= 548.3 x10™* sm’mol?

Ivs x10% (in SI) where c is in gram equivalents/litre

- Equivalent conductance A; = c

Water may be considered as a dilute soln. of H* and OH" in undissociated H O,

therefore, A; will be taken as A,




Moo =
K x10®
c —W  wherec=[H"]=[OH]
}\'OO

K = [H7] [OH]

3 Determination of solubility of sparingly soluble salts:
1 A saturated solution of the sparingly soluble salt is prepared and its specific

conductance is determined (kg)
2 Let ky o is specific conductance of pure water

Kgqit 1S specific conductance of salt

sal

=~ Specific conductance of salt is

(Ksatt) = (Ksoln) - k"! 0
3 The molar conductance of the salt is

ksalt xC

()=
m 103

Where c is concentration or solubility in moles/litre

4 Since the solubility is very low, it is assumed that the salt is completely ionized at
infinite dilution, therefor e Ay, is taken as A, (molar conductance at infinite dilution).

Thus,

ksalt x¢

Moo = 103

K x10°
salt

Ao 0

[«A = A%+ A% (Kohlrausch’s law)]

c =
+ -




5 So the value of ¢ (solubility) can be determined by knowing k and A, values.

CONDUCTOMETRIC TITRATIONS

conductometr ic titr ation.

0 The determination of end- point of a titr ation using conductivity measurements isknown as

I'ts basic principle is that the equivalent conductivity of an electrolyte depends uponthe

number of ions and their mobility.

Examples:

1) Strong acid Vs Strong Base

Condu.

3)

[HCI] [NaOH]

H*(HCI) OH'(NaOH]

Vol of NaOH

HC1 + NalH —= Na[Cl + H.D

At initial condu is high due to H* ion in
HCI

On gradual addition of NaOH, condu is
decrease due to removal of H*

After end- point the condu s incr
eased due to presence of OH fr om
NaOH

Weak acid Vs Strong Base

4) Mixture of acid Vs  Strong

Base

[CH3COOH] [NaOH]

2) Strong acid Vs Weak Base
[HCI] [NH,OH]
H*(HCl)
Condu.
OH (NH+OH)

Vol of NH:OH

HCl + NH,0 H—3= NH,C1 + H,0O

i. At initial condu is high due to H* ionfr
om HCI

ii.  On gradual addition of NH4OH, condu is
decreased due to removal of H*

iii.  After end- point the condu is study valuesince
NH OH, gi4ves less OH" ions.

H*(HCI) OH (NaOH)

Condu.
H*(CH3COOH)

| ! [HCI

Vol of NaOH




+CH4COOH] [NH,4OH]

OH-(NaOH)

Condu.

H*(CH3COOH)

Vol of NaOH

CHyCODH + NaDH —3 CH,COONa + H,O

i. At initial, condu is less sinc| .
CH,COOH gives less H*

ii.  On gradual addition of NaOH, condu is | ii.
slightly increase.

iil. After end- point the condu is incr
eased rapidly due to excess of OH from
NaOH iii.

Advantages of conductometric titrations:

Very dilute solns. can be titrated,
Mixture of strong and weak acids can be titrated,

Need not be very careful near the end- point,

NS> N “C BENAS TN

The results are very accur ate.

HCIl + NaDH ——== NaCl + H.D

CHCODH + NaDH —3= CH,CO0Na + H,O

At initial condu is high due to Hion fr
om HCI

On gradual addition of NH,OH, condu is

decr eased due to removal of H" and slightly
incr ease in conductance since CH COOH
givses less H*

After two end- points the condu is rapidly
incr eased due to excess of of OH  fr om
NaOH

Colour solns. can be titrated which is not possible in ordinary titrations,

Precipitation titrations:

In some conductometr ic titrations the end- point is find out on precipitate for mationis

known as precipitation titration.




Eg: 1 KCI Vs AgNO3 Eg:2 MgSO4 Vs
Ba(OH)2 (double

Kcl precipitation
Condu. '[I'[I’ atlon)

Condu

Vol of KCI Vol of Ba{OH):z

KC1+ AgND, —= AgCl + KNO, MgS0, + ha[0H), —= Mg [0H], + BaSO

i In this reaction, one salt is of burette solution.

replaced by another salt in equal i. n this case, condu decr eases upto the end-

amount, therefor e conductivity point due to decr ease in the no. of ions.

remains constant. . . .
il After  the end- point, condu incr eases

il. After the end- point, a sharp incr because of excess addition of Ba(OH)2.
ease in condu due to excess addition

PH concept

The P scale was introduced by Sorenson.
PH = -log, [H']

P" s defined as “the negative logarithm of base 10 of the hydrogen ionconcentr
ation” [moles lit"}]

For neutral soln. [H]= [OH]

= 1x 107

. PH= - log  [H]

= - |Oglo [1X 1Q7]

PH=7

For acidicsoln.  [H]> [OH]




ie, [H]> 1x 107

PH<7

For basic soln. [H] < [OH]

ie, [H] < 1x107

PH>7

Buffer solution:

o Solution that do not change their P by the addition of small amount of acid or baseare 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

) Mixture of weak acid and its salt [Eg: CH3COOH and CH3COONza]

i. Addition of HCI

CH;COO + HCl] —> CH,COOH + CI

ii. Addition of NaOH

CH;COOH + NaDH ——> [CH.COD + H,0 + Na’

2 Mixture of weak base and its salts [Eg: NH4OH and NH4CI]

i. Addn.of NaOH

®

+
NH, + NaOH — NH,DH + Na

ii. Addn. of HCI

® -
NH,0H + HCl1—2 NH, + Hi0D + CI

Buffer capacity:




0 |tisdefined as the no. of moles of acid or base added to one litre of solution tochange the P"

by unity.

o In mathematic we can write as

d
Buffer capacity = ﬁ_'
P

Where dj is no. of moles of acid or base added.
dpH is change in P"
Hender son’s equation (Calculation of PH)

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

2 Thedissociation of the acid HA is

HA =——= H  + &

3 Apply the rate equation, we get the dissociation constant

HIA
. 1Ml

[HA]

ky[HA]
A=A

Take logqy on both sides,

log1g [H']= 0 kg + i—l[i'a]‘
log log o0

Multiply by -1on both sides,
. [HA]
-logyg [H]=-log  Kq- logo A]

[A]
pH = pka + ﬁ[ ]
HA

4 Since HA is a weak acid, the contribution of A" from HA is negligee, - [A7] conc. canbe

taken as the conc. of salt itself.

I11Y [HA] is the conc. of the undissociated acid itself because it is weakly




ionized,

PH - Pka + Salt
log . [acid]

[salt]

PH= P“ + log,,

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

§ similarly we can derive for the P°H of a mixture of weak base and its salt

[salt]

OH — pke
P = P* + log

Application of Buffer solution:
1 It has great important in biology, industries, research and medicines,
2 In Biology
i.  Many biological fluids (like blood, milk) have definite P values,

ii.  The P 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 P"

= =
l1lH,co,-HCOD,; 2] HyFD, - HFD,
® =
1) H,0 + HCOD, —= H,CD, + H,O
H,O0 +CO,
= =
0DH + H,CO4 —_— H,0 + HC D 4

3 In industrial
i.  Manufactur e and refining of sugar ,ii.
Purification of water,

ili.  Tanning of leather,




iv.  Manufacture of Milk products
v.  Electroplating.

In the elimination of phosphate [Buffer mixture (CH3COOH - CH3COONH,)]

5 Buffer solutions are used in the deter mination of dissociation constant of weak acidor base in

the mixture.

HYDROLYSI S OF SALTSHyadr

olysis:

I tis defined as a reaction in which the anion and cation of dissolved salt reacts with H*
and OH" (used from water) to give acidity or alkalinity is called hydrolysis.

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

K, . _

Hydrolysis constant:

The equilibrium constant of hydr olytic equilibrium is called hydr olysis constant. It is
denoted by K,

Degree of hydrolysis:

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 Hydrolysis of Salt

It is classified into four types,
D) Salts of strong acid and strong base
9 Salts of weak acid and strong base

3 Salts of weak base and strong acid




4 Salts of weak acid and weak base
) Salts of strong acid and strong base:
e These salts do not undergo hydrolysis.

e Consider KCl salt is dissolved in water, it gives K* and CI- have no tendency to react with
H*and OH" of water. This is because the possible pr oducts are almost completely
dissociated into ions.

KCl + Hz0 —> KOH + HCI

e Consequently there is no change in H" and OH"

2 Salts of weak acids and Strong base

Ex: CchOONa or CH3COOK

When these salts dissolved in water, result alkaline solution.

Consider the hydrolysis of CH3COONa

. -
CH.COODWNa + HOH [H,0) —= CH;COOH + Na + OH

(salt) [weat acid] [strong base]
Thus, the solution of CH CCB)ONa consist of excess of OH  than H* therefore the
solution becomes alkaline.

Hydrolysis constant (Ky,)

Consider the hydrolysis of any salt BA of weak acid HA and strong base BOHThe
hydrolysis is due to the anion A~ of the weak acid.

- l':I' -
A + H,0 === H4A + [0H

anion acid Free hasze

Apply the law of mass action (Oswald’s dilution law) to above reaction andconcentr
ation of H,O taken as constant.




Kh

_ [HA] [OH]

[A]

The other equilibrium involved in this hydrolysis are,

K

w . -
H.O = H + 0OH

:{L + -
BODH —— B + DH

Apply the law of mass action

KW = [H] [OH]

Kyy is the dissociation constant or ionic product of water

[HAT]

Ky is the dissociation constant of acid (HA)Dividing ©)

by (3

Kw

Ka

b
_ HisHig

[HA][OH]

Compar ing equation (4) with

K

K

Degree of hydrolysis:

Consider hydrolysis of salt ‘BA” here C is mole/litre, x is degree of hydrolysis

Initial concentration

A tequilibrium

Ky =

A + H,0 = Ha + 0H

A Ha 0 H

C 0 0

C(1-x Cx C x
[HA] [OH]

[A]




_Cx.Cx

C(L-x)
Cx?
K Ix iIf X is very small (1- x) is taken as unit.
K =Cx?
f K K
X= [t But S
C K, a
SX =
K

PH of aqueous salt solutions (Hydrogen ion concentration)

A+ H,0 == Ha + 0H
[Equillibrium
concentration] Cl-x Cx Cx
~ [OHT]=Cx
But = [H+] [OH]
K
W _ KW
+ =
H -
[ ] _
[OH]
_ Ky But x = ”
Cx
Ka
Kw |K
[H+]:_W a
C C
kv Ka
H12 =TT R

) K,. K,
I

Taking logarithm on both sides




1 1 1
log [H'] = olog K+ 5l0g Ky - ,log C

Multiple by © on both sides

-log [H] = - lIog lIog K lIog C
2 2 a 2
Kw~ +
pri= LKwooq g
P+ P+ ,logC
o1, lKe 1
2P + 2Iog C

Fr om the above equation shows that the solution P™ > 7, Hence the solutionwill be
alkaline.

3 Salts of Weak Base and Strong Acid
Ex: NH 4CI
When these salts dissolved in water, result acidic solution.Consider

the hydrolysis of NH,Cl

+ -
NH,Ll +H,0 == NH,OH + H + [l

[salt] [weak hase] [straong acid)

Thus, the solution of NH CI4 contain excess of H* and OH" consumed by NH*,Hence the

solution becomes acidic.

1. 3.1Hydrolysis constant (Kp,)

Consider the hydrolysis of any salt BA of weak base BOH and strong base HAThe hydr
olysis is due to cation B* of the weak base.

K

+* ™ h +*
B + H.O - + H
[cation] [weakhase] [Free acid]

Apply the law of mass action (Oswald’s dilution law) to above reaction and HoOconcentr
ation is taken as constant.

[BOH] [H']

Kh = [B+] ....................................




The other equilibrium involved in this hydrolysis are,

:{.r.' + _
H.0 =—— H + 0H

:{L -+ -
BDH =— & + DOH

Applying law of mass action.

Ko = [H] [OH T @
[B[OH]
Kb = [BOH] e ®
Dividing @) by 3) -~

«,  HiBiRod

Ky~ [H][BOH]

Y

Comparing equation (4) with

Degree of hy ( K _K

h

Consider hydroly&is of salt ‘BA” here C is mole/litre, x is degree of hydrolysis

+ +*
B + H,0 == BOH + H

Initial concentration C 0 0

At equilibrium Conc, C[] -x] Cx Cx

_ [BOH] [HY
Kh = [B]
_ Cx. Cx
Y

Cx?

hK :E if x is very small (1- X) is taken as unit.




K
X= [+ But =W
C Ky b
S X =
| K
PH of aqueous salt solutions (Hydrogen ion concentration)
B + H,0 =— BOH + H
Equilibrium Conc, C[1 -x| Cx Cx
[H]=Cx
Sub. The value of x
. X =
K
H] =c| Y K
Ky - C K
b
K
H}2 = cx "
Ky - o
Ky . C
[H %2 = Kp
W = K, .
H1 = |7 &

Taking logarithm on both sides

1 1 1
log [H] = SlogK,+ log C- 5109 Ky,

Multiple by © on both sides

-log [H] = - lIog lIog C+ lIog K
2 2 2 b
Kw
pH %) KW llo 1 «kp
2P - plogC- P
PH= 7. 1 1 Kp
2Iog C- 2P

From the above equation shows that the solution P" <7, Hence the




solution will be acidic in nature.
4 Saltsof Weak acid and Weak bases:

Ex: CH3COONH,

Hydr olysis constant
This kind of salts BA both cation and anion will undergo hydrolysis.

+ - Ky
B+ A + H,0 === bOH
weak base weak acid

+ HA

Applying the law of mass action and concentration of water is constant.

_ [BOH] [HA]
7 BA

The other equilibrium involved in this hydrolysis are,

" . . _[H'Aa]
H + A ; K, = LHA]

_[BNeH]

£y + -
BOH <=— & + OH ; K, =
fB‘{}H]
:{ﬂ
wtowT . M — [HY][0H7]

_ Ky qHgoH:
Ka Kj [F]IA]B][OH]
_ IHAJBOH] ,  _ [BOH][HA]
[A[B] " [B][A]
K, _
KK =

Degree of hydrolysis
Let ‘C’ moles/litre be concentration of salt and x is the degree of hydrolysis

then,
+ -
B + A + H,0 == BOH + HA
Initial conc. C C 0 0
X Cll-x Cx Cx

Equilibrium conc. [ [1 -x]




) Cx . CX
K = é(l— X) C(l— X)

2
X
:W_ Since x is small, it is negligible
K= x2
h
—_ KW
* = KK

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

the hydrolysis of a salt of weak acid and weak base,

K, N _
HA = H + A
Ky = [HIA]
[HA]
HT =
[H] Ka[HA] ...................................
[A]

[HA]=Cx [A]=C(l-x)
Substituting in Equ.

[H] = K TO%
@ C(1-%)
_ a Since x is very small, it is negligible
1-x
[H]= KX
=Ky.| K

K

a*




K
[ |+]2: K2/ W
a K.

K,. K,

[H]=

Taking log and multiply by -1

-log [H] = -log Kzl- log K21 -log KéL

wW a b
RH _ 1 1 «kp
W - -
Ka
2P + 2P - 2P
2P - 2P

Thus the P" of the solution depends on P& and PKD  values If P<@ and

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




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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