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“Electrolytic Conductance ”
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es and non-electrolytes, depending upon

Substance be classifi
their ability to conduct the electricity. If the substance conducts electricity either in
solution or in fused state then it is called as an electrolyte, and if the substance is a
non-conductor of electricity then it is called as an insulator or non-electrolyte.
Substances such as metals and common salts in their agueous solution
allow an electric current to flow through them and hence are called as conductors.
Conductors are of two types: -
Metallic conductors: - Those substances which conducts the electricity without
producing a chemical change are called as Metallic conductors. The movement of
electrons is responsible for their conduction.
Electrolytic conductors: - Those substances which conducts the electricity by
producing a chemical change are called as Electrolytic conductors. The migration of

lons is responsible for their conduction.




All conductors obey Ohm’s ——_
: m’s law: - “The strength of current (1) flowing through any conductor is directly

proportional to the applied emf (E) across the conductor and inversely proportional

to the resistance (R) of the conductor.

E

l.e. l a R

If emf (E) Is constant, then | :[—1{
Where, R Is the resistance which is defined as the “Obstruction or oppose present in
the system to the flow of current.” The unit of resistance is Ohm (Q).
Conductance (L): - The reciprocal of resistance is called as Conductance.
I.e. Conductance = :

— Resistance

L=
R

Unit of conductance = or Ohm-tor mho ( 2 or O).




Specific Resistance(p): - Theresistance (R) of any material is directhyproportional
—11o its length (I) and inversely proportional to its area of cross-section (A).

[
By
A

[
R—pA

Where p Is the specific resistance or specific resistivity (Proportionality constant).
A
and p=R 7
The specific resistance is the resistance of the material having area of cross-section
A cm? and length | cm.
If =1 cm, and A= 1 cm?, then

p=R




Definition Resistance Is the resi

onductor having one cm length and one cm? area of cross-section.”
or The specific resistance Is the resistance of a cubic material of unit length.
Unit of sp. Resistance = p =R %

cm?

= Ohm. x 777 = Ohm. cm

Specific Conductance (L,): - “It is the reciprocal of specific resistance.”

1
Specific Conductance = Specific resistance

1 el
Ls:E: A e
5 RT R A
But, %:Conductance:L
Ls=L x -
s




The specific conductance is the conductance of the material having area of
| cross section A cm? and length | cm.

IfI=1cm,and A=1cm? then Ly=L

Definition of Specific conductance: - “Sp. conductance is the conductance of the
conductor having one cm length and one cm? area of cross-section.”

or The specific conductance is the conductance of a cubic material of unit length.

Unit of specific Conductance: - Ls = L x i

cm

= mho.x — =mho.cm™
Equivalent Conductance (a): - It is defined as “The conductance of a volume of
solution containing one gm equivalent of dissolved substance when placed between
two large parallel electrodes one cm apart”.
Eqg. conductance never be determined directly, but it is calculated from the specific

conductance as follows: 8

L\
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Equivalent Conductance (a): - It is defined as “The conductance of a volume of

| solution containing one gm equivalent of dissolved substance when placed between

two large parallel electrodes one cm apart”.

Eqg. conductance never be determined directly, but it is calculated from the specific

conductance as follows:

10

L\




1000 X Sp. conductance
Eq. conductance = A =

e T
“Where, C is concentration of solution

1 ——
BUt, C =\

A = 1000 X Sp. Conductance x V
Where, V is in litres.

[f volume is expressed in ml, then

A = Sp. Conductance xV

Unit of equivalent conductance: - A = Sp. Conductance x V

= mho.cm™ x cm3.equivalent! = mhos.cm?.equivalent?

11



Determination of Conductance: - /

/

I

’F -3
le ERRER ] |

Figure 1. Wheatstone bridge for measurement of conductance
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Determination of _Qonductance: -

& ance of the solution cannot be measure

irectly. First, the resistance is

determined and the reciprocal of measured resistance gives the conductance. The

measurement of resistance is based

=

I
I
E

Figure 1: Wheatstone bridge for
measurement of conductance

upon the Wheatstone bridge principle.

AB is the metal wire of uniform thickness
having some resistance, which is stretched over
a meter rule and a sliding contact C moves
across the wire. E is the source of alternating
current. R, is the unknown resistance which is
to be determined. It is placed in one arm of the
bridge, while variable known resistance R, is
placed at another arm. When current is flowing
a known resistance R, Is introduced. To
balance the current of the bridge, the sliding
contact is moved along the wire till no current
flows through the galvanometer G.

When current | is supplied from the
battery E and reaches to point B , it devides
Into two parallel paths with current I, and L.

13



Due to the flow of these currents I, and I, through the resistance R, and R,
respectively, there is potential drops across these resistances.

The purpose of balancing the bridge is to find a point C along the wire AB, such that
the potential drop from B to C is exactly equal (balance) to that from B to D. When

such a condition is obtained, then D and C are at the same potential.

At null point, R, I, = R, l,--=-=-------- (1)
and similarly, R, I, = R; l,=-=-=-=------ (2)
Deviding equation (2) by (1),
Rx[1  RI1IZ
Rsl1 = R2I2
Rx _ Rl
Rs ~ R2
R, = Ryx o

Where, R, —Resistance from A to C = Length of wire AC

and R, —Resistance from C to B = Length of wire BC.

14




W tead of alternating™ —if_direct current is used,then following

complications arises:
Direct current may cause electrolysis, which alters the resistance of the solution.

Due to electrolysis, the conc. Of the solution changes at the electrode.

L5



ell: - Conductance of an electrol nis
measured by using a special type of cell called as conductivity
cell.
Conductivity cell consists of two identical electrodes made up of
either Pt or gold. These electrodes are fitted in a outer glass
jacket. These electrodes are coated with Pt black. The Pt black
coating iIs obtained electrolytically from a solution of
Chloroplatinic acid. During such electroplating, a thin layer of
finely divided Pt is get deposited on electrodes.

Advantages of Pt black coating are:

1) It overcomes imperfections in current and other effects
(polarization) at the electrodes.
2) Cell can be used in presence of strong inorganic acids, bases,

oxidising and reducing agents.
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Conductivity Cell

ell: - Conductance of an electrol on 1S
measured by using a special type of cell called as conductivity
cell.

Conductivity cell consists of two identical electrodes made
up of either Pt or gold. These electrodes are fitted in a outer glass
jacket. These electrodes are coated with Pt black. The Pt black
coating is obtained electrolytically from a solution of
Chloroplatinic acid. During such electroplating, a thin layer of
finely divided Pt is get deposited on electrodes.

Advantages of Pt black coating are:
1) It overcomes imperfections in current and other effects
(polarization) at the electrodes.
2) Cell can be used in presence of strong inorganic acids, bases,

oxidising and reducing agents.
18




l
A
To obtain specific conductance, the measured conductance will have to be multiplied

We know, specific Conductance: - Ls = L x

by a certain factor depending upon the area of cross-section and the distance between
two electrodes. This factor is called as a cell constant.
It is defined as the ratio of distance between two electrodes and the area of cross-

section of one of the electrode.

Distance between two electrodes

Cell constant =

Area of cross — section of one of the electrode

l
Cell constant = k = -

Unit of cell constant: -

cm

I
Cellconstant:E = = tm?
CIm

=
&

19
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Cell constant is-characteristic o d it is always constant. nothing to

o with any solution. It cannot be determined directly, because it is difficult to
measure the distance | and area A.
For its determination, the aqueous solution of KCI of known conc. and known sp.
Conductance is used. The conductance of this solution is measured and from which
the cell constant is determined as,
Sp. Conductance = conductance x Cell constant
Ls = L x Cell constant

Sp.conductance of KCl solution _  Ls

Ce“ constant = Conductance of KCl solution L

Or Cell constant = Sp. Conductance of KCI solution x Resistance of KCI

20



and 3.78 cm? in area was found to offer a resistance of 45 Ohm. Calculate

equivalence conductance of the solution?
Answer: - Given: Conc. = C = 0.5N

Distance between two electrodes =1 = 2.2 cm.
Area of cross-section = A= 3.78 cm?.
Resistance = R = 45 Ohms

Equi. Conductance = A =7
l 2ol

we know, Cell constant = k = 2= 375 = 0.5820 cm-!

Now, sp. Conductance = Conductance x Cell constant

Cell constant 5820
Or Sp. Conductance = "Resistance = g5

trodes 2.2.cm apart

=0.01293 Ohmt.cm.

21




1000 x 0.01293
0.5

= 25.86 mhos.cm?.equit.

22



jon at 25%is»0.00276

constant?
Answer: - Cell constant = Sp. Conductance of KCI x Resistance of KCI

=0.002765 x 200 = 0.5530 cm-.

esistance of the cell containing this solution is 200 Ohms, then calculate cell

3) Conductance of 0.5N solution of a salt surrounding two Pt electrodes 2.10 cm

apart and 4.2 cm2 in area was found to be 0.04 mhos. Calculate a) Resistance of the

solution b) Eq. conductance of the solution.

2.10
Ans: - Cell constant = k = é = 23 =05cml

a) Conductance of 0.5 N soln. of a salt = 0.04mhos
1 1
Resistance = conducance = 0.04 = 25 Ohm.

23




T000 X Sp. conductance
b) Eq. conductance =x= 5 C\/

Cell constant 0.5

But, Sp. Conductance = Sime s pa2 Ohml cmyl,

Resistance

1000 X Sp.conductance 1000 X 0.02

Now, eq. conductance = - = 0E = 40 mhos.cm?.equi.

Problem (4): - A particular cell measure resistance of 150 Ohms at 25°c of 0.01M soln. of KCI.
While, HCI of the same conc. gave resistance of 51.40 Ohms at the same temperature.
Calculate cell constant, sp. Conductance and eq. conductance of HCI. (Given: Sp. Conductance
at 25°c of 0.01M soln. of KCI = 0.001408).

Ans: - Given: Resistance of 0.01M KCI = 150 Ohmes.

Ls of 0.01M KCI = 0.001408

Resistance of 0.01M HCI = 51.40 Ohms

Cell constant = Sp. Conductance of KCI x Resistance of KCI

24




Now, to calculate Sp. Conductance of HCI, we know that

Cell constant = Sp. Conductance of HCI x Resistance of HCI

: Cell constant 0.2112

I.e. Sp. Conductance of HCl = Resismanceofiicl = = 0.004108 Ohmt.cm™.
1000 X Sp.conducta 1000 x 0.004108

Now, Eg. conductance = > E““ == —

= 410.8 mhos.cm?.equi-L.

25




Problem 5): - The resist P ~was
/ 62 and 362.65 Ohm resply at 25%. The sp. Conductance of 0.1N KCI is 0.01286

Ohm-t.cm at 25%. Calculate a) Cell constant, b) Eq. conductivity of AgNO;.

Ans: - Given: Resistance of KCI solution = 307.62 Ohm

Resistance of AgNO, solution = 362.65 Ohm

Sp. Conductance of KCI = 0.01286 Ohm-t.cm. Conc. =C = 0.1N

Cell constant = ?

Eq. conductivity of AQNO, =?

a) We know, Cell constant = Sp. Conductance of KCI solution x Resistance of KCI
= 0.01286 x 307.62 = 3.9559 cm-.

Cell 3.9559
b) Now, Sp. Conductance of AgNO, = ;E::::t =

= 0.01090 Ohm.cmi.

1000 X Sp.conductance 1000 x 0.01090
We know, the Eq. conductance of AgQNO, = =

C 0.1
= 109.086 Ohm-.cm2.equi.™.

26




.. i

PHYSICAL CHEMISTRY

ONLINE LECTURE NO. 4
TOPIC: - ELECTROLYTIC CONDUCTANCE

DATE: -6, NOVEMBER, 2020
TIME;: 3.00 P.M.




Variation of conductance wﬂhmngmmlon - Voo =

(Effectﬁ?lutlon on conductance): -

As dilution of solution increases, conc. decreases. Hence, both the specific
conductance and equivalent conductance of a solution changes with change in its
conc.

«Effect of Conc. on sp. Conductance: -

The sp. Conductance depends on the number of ions per unit volume of the solution.
When the conc. of the solution increases, the number of ions per unit volume
Increases and hence, sp. Conductance increases.

In case of strong electrolytes, the sp. Conductance increases sharply (rapidly)
with increase in conc. because, strong electrolyte undergoes complete ionization and
hence the number of ions per unit volume increases in proportion with conc. (i.e.
directly proportional).

In weak electrolytes, the sp. Conductance has initially a low value due to its
iIncomplete ionization. But, as its conc. increases, the sp. Conductance increases
gradually (slowly) because, increase in conc., increases the number of ions per unit
volume but this increase cannot be quite so large.

Thus, in both cases (for strong and weak electrolytes) the sp. Conductance
Increases with increase in conc. At higher conc. the increase in sp. Conductance
becomes relatively less due to electrostatic and viscosity effects.

28



gm +100ml = 10% (Definite concentration)

10gm + 1000ml = 1% (Increase in solvent quantity, Conc. decreases i.e. soln. is diluted

20gm +100ml = 20% (Increase in solute quantity, Conc. increases)
As dilution increases, concentration decreases. i.e. Conc. & Volume of solution are
Inversely proportional.

e~ =

Volume

Variation of conductance with concentration:-

(Effect of dilution on conductance): - Both the specific conductance and equivalent
conductance of a solution changes with change in its conc.

Effect of Conc. on sp. Conductance: - Concentration o No. of ions per unit volume
Conductance o No. of ions per unit volume

& Sp. Conductance o Conductance

(Since, sp. Conductance = Cond.x Cell constant ) -




Electrolytes

|

! !

Strong electrolytes Weak electrolytes
Complete ionization Partial ionization
Produces large no. of ions Produces less no. of ions
Sp. Conductance increases sharply (rapidly) sp. Conductance increases

with increase in conc. gradually (slowly)

30



In"case of the sp. Conductance increases sh

Increase in conc. because, strong electrolyte undergoes complete ionization and

hence the number of ions per unit volume increases in proportion with conc. (i.e.

directly proportional).

In weak electrolytes, the sp. Conductance has initially a low value due to its

Incomplete ionization. But, as its conc. increases, the sp. Conductance increases

gradually (slowly) because, increase in conc., increases the number of ions per unit

volume but this increase cannot be quite so large.

Thus, in both cases (for strong and weak electrolytes) the sp. Conductance

Increases with increase in conc. At higher conc. the increase in sp. Conductance

becomes relatively less due to electrostatic and viscosity effects.

31




2) Effect of conc. on Eg. conductance: -The eqg. conductance of both strong and
weak electrolytes increases by decreasing the conc. or by increasing the volume of
solution (i.e. on dilution).

On dilution, number of ions per unit volume decreases and hence sp.
Conductance decreases. But, the decrease in sp. Conductance IS more than
compensated by an increase in 1/C factor. i.e. On dilution, the same amount of an
electrolyte is capable to provide large number of ions. (i.e. On dilution, more and
more of the electrolyte ionizes). The increase in eg. conductance with dilution is due
to the increase in the degree of ionization of the electrolyte. But, the increase in
number of ions is less as compared to the increase in volume of the solution.

For strong electrolytes, on dilution the eq. conductance increases slowly
while, for weak electrolytes it increases rapidly.

32



2) Effectof con ce: - We know,

1000 X Sp. conductanc ‘
ot EDH s Sp. Coductance x V

. conductance = A =

The eq. conductance of both strong and weak electrolytes increases by decreasing

the conc. or by increasing the volume of solution (i.e. on dilution).

On dilution, number of ions per unit volume decreases and hence sp.

Conductance decreases. But, the decrease in sp. Conductance is not more and it is

compensated by an increase in 1/C factor. i.e. On dilution, the same amount of an

electrolyte is capable to provide large number of ions. (i.e. On dilution, more and

more of the electrolyte ionizes). The increase in eq. conductance with dilution is due

to the increase in the degree of ionization of the electrolyte. But, the increase in

number of ions Is less as compared to the increase in volume of the solution.

For strong electrolytes, on dilution the eq. conductance increases slowly

while, for weak electrolytes it increases rapidly.
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and conductance = 10, and conductance = 5,

with cell constant = 1 with cell constant = 1

Sp. Conductance =10 x 1 =10 Sp. Conductance =5x1=5

1000 X Sp.conductance

Eg. conductance = Eg. conductance =

1000 x Sp.conductance

C
Hence, sp. Conductance decreases from 10to 5 = % =0.5

While, : factor is, — factor is

e g
¢ = 55 =0.05 = E—O.l

1l | e

1
l.e. E Increased from 0.05 to 0.1 (i.e. Twice = 2)

Net increase in eg. conductance = 2-0.5=1.5

C

34




shows a tendency to approach a limiting value when the concentration approaches

to zero. This quantity is called the equivalent conductance at infinite dilution or at

Zero concentration.
The equivalent conductance at infinite dilution means a solution is so dilute

that further dilution has no effect on the value of equivalent conductance.

35



‘ - Kohlrausc ' e equivalent
Ao q

conductance for strong electrolytes is related with the
conc. by the equation,
A=A,-bVC

Where, A = Equivalent conductance at Conc. C

5

A, = Equivalent conductance at zero Conc.(i.e.
Figure 2: Variation of Equi. cond. i v
with Conc. Infinite dilution)

b is constant and C Is concentration
To obtain A, for strong electrolytes, the straight line is

extrapolated to = 0.

36



T
cthod of-ebtainine et

/

vvvvvvvvv =

“The graph of weak electrolyte is not linear and extrapolation to zero conc. is not

nnnnnn

possible.
Practically it is not possible to measure the equivalent conductance at infinite

dilution below 10* N conc. Because at this stage, the equivalent conductance of

H,O becomes appreciable.

37
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‘ - Kohlrausc ' e equivalent
Ao q

conductance for strong electrolytes is related with the
conc. by the equation,
A=A,-bVC

Where, A = Equivalent conductance at Conc. C

5

A, = Equivalent conductance at zero Conc.(i.e.
Figure 2: Variation of Equi. cond. i v
with Conc. Infinite dilution)

b is constant and C Is concentration
To obtain A, for strong electrolytes, the straight line is

extrapolated to = 0.
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T
cthod of-ebtainine et

/

vvvvvvvvv =

“The graph of weak electrolyte is not linear and extrapolation to zero conc. is not

nnnnnn

possible.
Practically it is not possible to measure the equivalent conductance at infinite

dilution below 10* N conc. Because at this stage, the equivalent conductance of

H,O becomes appreciable.
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IS complete and
all the Inter ionic effects dlsappear then each ion migrates independently of its co-
ion and makes a definite contribution to the total equivalent conductance which
depends only on its nature and does not depend on the ion with which it is
associated.”

According to this law, difference between A, of electrolytes containing a
common ion 1s constant. This difference is equal to difference between the
equivalent conductances of ions that are not common.

Electrolyte |A,at 25% Difference | Electrolyte | A, at 25% Difference
KCI 149.8 34.8 HCI 426.1 4.8

LiCl 115.0 HNO, 421.3

KNQO, 145.0 34.8 KCI 149.8 4.8
LINO, 110.2 KNO, 145.0

KOH 2115 34.8 LiCl 1150 4.8

LiOH a0 LINO, SHAA

41



The replacem 5 the same

2 /
difference of 34.8.
Hence, irrespective of nature of the co-ion, the difference between the conductance
of K* and Li* is constant. It is true for Cl- and NO; ions.

Hence, the total equivalent conductance at infinite dilution of an electrolyte is

the sum of equivalent conductances of the ions comprising it.

A e i
AO_IO +IO

Where, |,* — Eq. ionic conductance of cation at infinite dilution

And |, ~— Eqg. ionic conductance of anion at infinite dilution
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ications of Kohlrausch’s laws: - 1) Calculation of A, for weak electrolytes: -
On the basis of Kohlrausch’s law, by direct addition and subtraction of I, values of
suitable salts, we are able to determine A, for weak electrolytes.
e.g. A, (CH,COOH) = ?
If we know, A, (HCI), A, (NaCl) and A, (CH,COONa) then, from Kohlrausch’s law,
e e e
A, (HCI) =1, H* + 1,CI
A, (NaCl) = I,Na* + 1, CI
A, (CH,COONa) = 1,CH,COO" + I,Na*
Now, A, (CH,COONa) + A, (HCI) - A, (NaCl)
= |,CH,COO" + I,Na* + I, H* + |,CI-- |,Na* - I, CI
= LCH.COO + | H*
= A, (CH,COOH)
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_ '7./.‘-“ A
e.g. AgHNO;=?

If AgHCI, Ay KNO; and A, KCI are known, then
AyHNO; = A HCI + A;KNO; - A, KCI

=loH* +1,ClI-* |, K* + |,NO; - I, K* - |, CI-
=y H* + |;NO; = AjHNO,

44




wion of TranspoM

— “Transport number of an ion is the fraction of the total current carried by that ion.”
y+

i.e. Transport number of cation = t; = =
AD -
s

AD

Similarly, Transport number of anion = t; =

Hence, [~ ¢t A and Iy - & A

Where, %5 and t7 are tranference number of cation and anion respectively at

infinite dilution.

Similarly, t5 + t5 =1
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equivalent conductance at infinite dilution for CH,COOH?
Ans:- Given: A, (CH,COONa) = |,CH,COO" + |,Na* = 91.0 mhos
A, (HCI) =1, H* + |, Cl-= 426.16 mhos
A, (NaCl) = I,Na* + 1, Cl- = 126.45 mhos
A, (CH,COOH) = ?
With the help of Kohlrausch’s law,
A, (CH,COOH) =1,CH,COO" + I, H*
= A, (CH,COONa) + A, (HCI) - A, (NaCl)
= |,CH,COO" + I;Na* +1,H* +1,CI - I,Na* - |, CI
|,CH,COO" + |, H* =91.0 + 426.16 — 126.45
= 390.71 mhos.
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ionic conductance of OH and CI- ions are 198 and 76.3 mhos respectively.
Calculate the equivalent conductance of NH,OH at infinite dilution?
Ans: - Given: A;NH,Cl = 149.7 mhos

|, OH =198 mhos and |, Cl-=76.3 mhos

AyNH,OH =?
From Kohlrausch’s law, A;NH,Cl =1, NH,* + 1, Cl- = 149.7

I, NH,* = A,NH,CI - I, CI- = 149.7 — 76.3 = 73.4 mhos.
Now, A,NH,OH =1, NH,* +1,OH- = 73.4 + 198 = 271.4 mhos.
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g .
/ sport number of H* and CH,COO- ions in these electrolytes are 0.83 and 0.56

resply. Calculate the equivalent conductance of CH,COOH at infinite dilution?
Ans: - Given: Ay HCI = 380 mhos and A, CH;COONa = 80 mhos.
t,H* = 0.83 and t, CH,COO- = 0.56
Ay CH,COOH =?
From Kohlrausch’s law, A, CH,COOH = |,CH,COO" + |, H* -------- eq. (1)
[q : Lan+

We know, tg; = = e phr s

= t,H+.a0 = 0.83 x 380 =315.4 mhos

II}H"'

Similarly, [jcyscoo- = -t, CH,COO a0 =0.56 x 80 =44.8 mhos
Substitute in eq". (1), A, CH,COOH = [, CH,COO" + [, H*
= 44.8 + 315.4 = 360.2 mhos
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4) The equivalent-conductivity-ef-a_very difute solution.of NaNO, at18%¢=15"105.2
hos. cm2. lonic conductance of NO," ions in the same solution at 18°% is 61.7 mhos
cm?. Calculate the transport number of Na* ions?
Ans: - Given: A; NaNO, = 105.2 mhos.cm?
[,NO; = 61.7 mhos cm?
t. Nat=t
j NO3—  ¢1.7p

We know, (N03- = 2 = e
AD e

=0.5865

We know, t;Na* +t, NO, =1
t,Na" = 1-t, NO, =1- 0.5865 = 0.4135.
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Applications of conductance measurement:- e

Solubitity of sparingly soluble salts:- Salts Tike AgCl, BaS0O4, PHSO4 are sparingly
soluble in water. Their solubility is very low and hence cannat be measured directly.
But by measurement of conductance it is easily determined.

To determine the solubility, a saturated solution of sparingly soluble salt is
prepared by using water of known specific conductance. Then, the specific
conductance of a saturated solution is measured, which is the sum of specific
conductance of water and specific conductance of dissolved salt (Solute).

l.e. L(Sat’d soln.) = L, (Salt) + L, (H,O)
L (Salt) = L (Sat’d soln.) - L, (H,0)
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3) Conductometric Titrations Mon “The determination of the equivalence
point—ef-titration by measurement of conductance is called as ‘conductometric
titration.”

These titrations are based on the principle that, the conductance of a solution
depends upon number of ions present and their velocity. In such titrations, either
the number of ions in the solution changes or one of the ion is replaced by another
lon having different velocity. Hence, the conductance of a solution changes before
and after the end point.
A) Titration of a strong acid with strong base: -
Consider, the titration between HCI and NaOH.
HCI + NaOH — NaCl + H,0
Initially, before without addition of any base, the titration flask contains only acid,
which possess fast moving H+ ions. Therefore, the conductance of solution initially
Is very high. But, when NaOH is added, the highly conducting fast moving H+ ions
are replaced by slow moving Na+ ions, which have low conductance. Therefore, the
conductance of the solution decreases. This process is continued till the acid is
completely neutralized. After complete neutralization of acid, further addition of
base introduce an excess of fast moving OH- ions, due to which conductance
Increases.
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/
c If the graph-ef conductance against volume of NaOH

added is plotted, then the lines AB and BC are obtained.
Along the line AB, the conductance of mixture of acid and
salt is shown while, along the line BC, the conductance of
& mixture of salt and excess base is shown. But, at point B,
; equivalence| there are neither excess of H+ ions nor OH- ions and

: point o : _ : :
’/dd ——! hence, it Is an equivalence point of the titration.
Figure 3 Graﬁﬁlo?%%ﬁﬁﬁc?ancﬁs. ml of

NaOH added

Conductance —

B) Titration of weak acid with strong base: - Consider the titration between
CH,COOH with NaOH.

CH,COOH + NaOH — CH,COONa + H20

Initally, when base is not added, the titration flask contains weak acid(CH,COOH)
whose conductance is low. But, when NaOH is added, there is formation of highly
lonized CH,COONa salt and thus conductance gradually (slowly) increases. When
the acid is completely neutralized, then further addition of base introduces excess of
fast moving OH- ions and hence, conductance increases more sharply (rapidly) than
before.

52



o | f thwaance against ml of ﬁOHﬁ/cﬁed IS
1 plotted then the point of intersection between two lines

g gives the equivalence point of the titration.
g ) |- Problem:-1) Equivalence conductance of 1M solution of
5 {B NaCl is 98.2 at 25%, calculate the degree of ionization of
E equivalence] N@CI @t this dilution. (Given: Equi. conductance at

2 + ~point | infinite dilution of NaCl at 25% is 131).

ml of base added— __ Ans:- Given:- Eq. Conductance = A = 98.2

S e e e ! And Eg. Conductance at infinite dilution = A, = 131

NaOH added

23



Advantages of conductometric titrations: - e
1)Coloured-solutions can not be titrated volumetrically, but they can be carried out

“conductometrically.
2) The titration between very weak acids and bases are not possible volumetrically,
because, there 1Is no suitable indicator available. But, it is carried out
conductometrically.
3) Mixture of strong and weak acids can be readily titrated by this technique, which is
very difficult by usual methods.
4) Conductometric titrations are useful in case of very dilute solutions.
5) Accurate results are obtained graphically.
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equivalent conductance at infinite dilution for CH,COOH?
Ans:- Given: A, (CH,COONa) = |,CH,COO" + |,Na* = 91.0 mhos
A, (HCI) =1, H* + |, Cl-= 426.16 mhos
A, (NaCl) = I,Na* + 1, Cl- = 126.45 mhos
A, (CH,COOH) = ?
With the help of Kohlrausch’s law,
A, (CH,COOH) =1,CH,COO" + I, H*
= A, (CH,COONa) + A, (HCI) - A, (NaCl)
= |,CH,COO" + I;Na* +1,H* +1,CI - I,Na* - |, CI
|,CH,COO" + |, H* =91.0 + 426.16 — 126.45
= 390.71 mhos.
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_—

ionic conductance of OH and CI- ions are 198 and 76.3 mhos respectively.
Calculate the equivalent conductance of NH,OH at infinite dilution?
Ans: - Given: A;NH,Cl = 149.7 mhos

|, OH =198 mhos and |, Cl-=76.3 mhos

AyNH,OH =?
From Kohlrausch’s law, A;NH,Cl =1, NH,* + 1, Cl- = 149.7

I, NH,* = A,NH,CI - I, CI- = 149.7 — 76.3 = 73.4 mhos.
Now, A,NH,OH =1, NH,* +1,OH- = 73.4 + 198 = 271.4 mhos.
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g .
/ sport number of H* and CH,COO- ions in these electrolytes are 0.83 and 0.56

resply. Calculate the equivalent conductance of CH,COOH at infinite dilution?
Ans: - Given: Ay HCI = 380 mhos and A, CH;COONa = 80 mhos.
t,H* = 0.83 and t, CH,COO- = 0.56
Ay CH,COOH =?
From Kohlrausch’s law, A, CH,COOH = |,CH,COO" + |, H* -------- eq. (1)
it e

We know, rE—E Le. t H+ = —5
= t,H*. a0 = 0.83 x 380 =315.4 mhos

II}H"'

Similarly, [jcyscoo- = -t, CH,COO a0 =0.56 x 80 =44.8 mhos
Substitute in eq". (1), A, CH,COOH = [, CH,COO" + [, H*
= 44.8 + 315.4 = 360.2 mhos
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4) The equivalent-conductivity-ef-a_very difute solution.of NaNO, at18%¢=15"105.2
hos. cm2. lonic conductance of NO," ions in the same solution at 18°% is 61.7 mhos
cm?. Calculate the transport number of Na* ions?
Ans: - Given: A; NaNO, = 105.2 mhos.cm?
I, NO,; = 61.7 mhos cm?
t, Na* =7

,_rc;“"’-""ﬂ‘ 61.70

=0.5865

We know, EE';WE- = -
AD i

We know, t;Na* +t, NO, =1
t,Na" = 1-t, NO, =1- 0.5865 = 0.4135.
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_— : /
_FApplications of conductance measurement:-

Solubility of sparingly soluble salts:- Salts like AgCl, BaSO,, PbSO, are sparingly
soluble in water. Their solubility is very low and hence cannot be measured directly.
But by measurement of conductance it is easily determined.

To determine the solubility, a saturated solution of sparingly soluble salt iIs
prepared by using water of known specific conductance. Then, the specific
conductance of a saturated solution is measured, which is the sum of specific
conductance of water and specific conductance of dissolved salt (Solute).

Le. L (Satd solny = L_(Salt) + L. (H.0)
L, (Salt) = L (Sat’d soln.) - L, (H,O)

61



100 0aepn.conductance af salt =

We know, Equi. Conductance =-A =
Conc.

1000 x Ls{salt)

G
i3 )

Where C is the conc. of salt in gm equivalent per litre and hence it is called as the
solubility (S). i.e.C =S

1000 = Ls(salt)

e e

A

As the sparingly soluble salt solutions are very very dilute, their equivalent

conductance is called as equivalent conductance at infinite dilution (A,).
g = 1000 = Ls({=salt)

Ag

62



2) Determination of degree of [onization“(a): =

| Ihemionization ‘o’ Is given by the equation
A

o —
J.E.EI

Where, A — Iseq.cond. at any dilution

Ay — IS eq. cond. At infinite dilution.



3) Condueton ition—-The determination-of eeuivalence
pint of titration by measurement of conductance is called as conductometric
titration.”

These titrations are based on the principle that, the conductance of a solution
depends upon number of ions present and their velocity. In such titrations, either
the number of ions in the solution changes or one of the ion is replaced by another
lon having different velocity. Hence, the conductance of a solution changes before
and after the end point.
A) Titration of a strong acid with strong base: -
Consider, the titration between HCI and NaOH.
HCI + NaOH — NaCl + H,0




—1

Initially, before-without addition- se, the titration flask contains only acid,

which Possess fast moving H+ ions. Therefore, the conductance of solution initially
Is very high. But, when NaOH is added, the highly conducting fast moving H+ ions
are replaced by slow moving Na+ ions, which have low conductance.

Therefore, the conductance of the solution decreases. This process is continued till
the acid is completely neutralized. After complete neutralization of acid, further
addition of base introduce an excess of fast moving OH- ions, due to which

conductance increases.




T

il

6 B
E equivalence
: e point

ml of base added —

Figure 3 Graph of Conductance Vs. ml of NaOH added

If the graph of conductance against volume of NaOH added is plotted, then the
lines AB and BC are obtained. Along the line AB, the conductance of mixture of acid
and salt is shown while, along the line BC, the conductance of mixture of salt and
excess base is shown. But, at point B, there are neither excess of H+ ions nor OH-

lons and hence, it is an equivalence point of the titration.
66



B) Titration of weak acid with strong base: =mConsider the titrati etween

| CH,COOH with NaOH.

CH,COOH + NaOH — CH.,COONa + H20

Initally, when base is not added, the titration flask contains weak acid(CH,COOH)
whose conductance is low. But, when NaOH is added, there is formation of highly
lonized CH,COONa salt and thus conductance gradually (slowly) increases. When
the acid is completely neutralized, then further addition of base introduces excess of

fast moving OH- ions and hence, conductance increases more sharply (rapidly) than

before.




o | f thwaance against ml of ﬁOHﬁ/cﬁed IS
1 plotted then the point of intersection between two lines

g gives the equivalence point of the titration.
g ) |- Problem:-1) Equivalence conductance of 1M solution of
5 {B NaCl is 98.2 at 25%, calculate the degree of ionization of
E equivalence] N@CI @t this dilution. (Given: Equi. conductance at

2 + ~point | infinite dilution of NaCl at 25% is 131).

ml of base added— __ Ans:- Given:- Eq. Conductance = A = 98.2

S e e e ! And Eg. Conductance at infinite dilution = A, = 131

NaOH added

68
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ges of conductometric titrations: -

1)Coloured solutions can not be titrated volumetrically, but they can be carried out
conductometrically.

2) The titration between very weak acids and bases are not possible volumetrically,
because, there is no suitable indicator available. But, it is carried out
conductometrically.

3) Mixture of strong and weak acids can be readily titrated by this technique, which is
very difficult by usual methods.

4) Conductometric titrations are useful in case of very dilute solutions.

5) Accurate results are obtained graphically.




Problem:-1)y-Equivalence conductance-of-1M_soluti aCl-i

—

calculate the degree of ionization of NaCl at this dilution. (Given: Equi. conductance
at infinite dilution of NaCl at 25%% is 131).

Ans:- Given:- Eq. Conductance = A =98.2

And Eq. Conductance at infinite dilutign = A= 131

We know, the degree of ionization = o = Ag

= ooy

131

Hence, in 1M solution, NaCl ionized = 74.9%
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2) Fo&aturated solution of AgQLaLZ&Lspionductance was 3.41x10-5 cﬂﬁ.cm'l,
the sp. conductance of water used to prepare the solution was 1.60x10-° ohm1.cm-L.

Determine solubility of AgCl in water in moles/lit. at 25%. (Given: Aq for AgCl =
= 138.3 ohm-t.cm).
Ans:- Given: L, AgCI (Sat’'d soln.) = 3.41x10° ohmt.cm™?
L, (H,0) = 1.60x10° ohm.cm?
Solubility=S=Conc. =C
L, AgClI (Salt) = L, AgCl (Sat’d soln.) - L, (H,O)
= 3.41x10° - 1.60X10°

=1.81x10%hm1.cm?t

1000 x sp.conductance of Ag(Cl salt

Now, we know, Equi. Conductance = A =

Conc.

1000 x Ls{AgCl salt)
N

Ci=

71



1000 » Lai AgCl salt) 1000 x 1.81 x 107° R

S= =
— SRS i

— 1.308x 105 moles/lit.

3) At 18, the equi. conductance at infinite dilution of NH,CI, NaOH and NaCl are
129.8, 217.4 and 108.9 ohm1.cm?. Calculate equi. conductance at infinite dilution of
NH,OH. If equi. conductance of 0.01 N solution of NH,OH at 18% is 9.33, then
calculate the degree of ionization of NH,OH at this conc.?

Ans: - Given: &0 (NH,CI) = 129.8, 4 ¢(NaOH) =217.4, “0o =(NaCl) =108.9

Ay (NH,OH)=? A =933, 0=?
From Kohlrausch’s law,
A o (NH,0H) = A o (NH,CI) + & o NaOH) - A ¢ NaCl

=129.8 +217.4 - 108.9 = 238.3 . 313
Now, degree of ionization of NH,OH = = a = E 9203

= 0.0322.
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4) TWonductivities of -a-saturated solution of AgCl and water-at 25° are
3.41x10° and 1.60x10° ohm1.cm™ respectively. If equivalent ionic conductances at
infinite dilution of Ag* and CI- ions are 61.92 and 76.34 ohm.cm? at 25°%, calculate
the solubility of AgCI.
Ans: - Given: L, AgCl (Sat’d soln.) = 3.41x10° ohmt.cm

L, (H,0) =1.60%x10° ohm*.cm™

|, Ag*=61.92, |, Cl-= 76.34 ohmt.cm?

S=?

L. AgCl (Salt) = L, AgClI (Sat’d soln.) - L, (H,O)
= 3.41x10% - 1.60x10°

=1.81x10°% ohmt.cm?
Now, calculate A, AgCl =I;Ag" + 1, CI-

=61.92 + 76.34 = 138.26 ohm.cm?

To, calculate, Solubility, we know, C
78



1000 = La{AgCl salt) e

(G e G
e S
7 1000 x Ls(AgCl salt) 1000 x 1.81x 107° . Yo
= = = 1.308x 10~ gmequi./lit.
= 138.3

5) The sp. Conductance of saturated solution of AgBr and water are 4.1x10° and
1.60x10-° mhos.cm respectively at 25%. If the ionic conductivities of Ag* and Br
ions are 56.90 and 68.90 mhos.cm?.equi. resply then, calculate the solubility of
AgBr in water.
Ans: - Given: L, AgBr (Sat’d soln.) = 4.1x10% ohm.cm-!

L, (H,0) = 1.60x10° ohm.cm

|, Ag* =56.90, I, Br = 68.90 ohm.cm?
S =7
L, AgBr (Salt) = L, AgBr (Sat’d soln.) - L, (H,O)
= 4.1x10° - 1.60x10°

= 2.5x10°% ohm-t.cmt
74



Now, calculate A, AgBr =1,Ag* + 1, Br

To, calculate, Solubility, we know, C =

i

e R
=56.90 + 68.90 = 125.80 ohm-t.cm?

1000 x Ls{ AgBr salt)

A

1000 = Ls{ AgBr salt)

Ag of salt

1000 x25x 10°°
125.80

= 19.87x 10° gmequi./lit.
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_— : /
_FApplications of conductance measurement:-

Solubility of sparingly soluble salts:- Salts like AgCl, BaSO,, PbSO, are sparingly
soluble in water. Their solubility is very low and hence cannot be measured directly.
But by measurement of conductance it is easily determined.

To determine the solubility, a saturated solution of sparingly soluble salt iIs
prepared by using water of known specific conductance. Then, the specific
conductance of a saturated solution is measured, which is the sum of specific
conductance of water and specific conductance of dissolved salt (Solute).

Le. L (Satd solny = L_(Salt) + L. (H.0)
L, (Salt) = L (Sat’d soln.) - L, (H,O)

At



100 0aepn.conductance af salt =

We know, Equi. Conductance =-A =
Conc.

1000 x Ls{salt)

G
i3 )

Where C is the conc. of salt in gm equivalent per litre and hence it is called as the
solubility (S). i.e.C =S

1000 = Ls(salt)

e e

A

As the sparingly soluble salt solutions are very very dilute, their equivalent

conductance is called as equivalent conductance at infinite dilution (A,).
g = 1000 = Ls({=salt)

Ag

78



2) Determination of degree of [onization“(a): =

| Ihemionization ‘o’ Is given by the equation
A

o —
J.E.EI

Where, A — Iseq.cond. at any dilution

Ay — IS eq. cond. At infinite dilution.
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3) Condueton ition—-The determination-of eeuivalence
pint of titration by measurement of conductance is called as conductometric
titration.”

These titrations are based on the principle that, the conductance of a solution
depends upon number of ions present and their velocity. In such titrations, either
the number of ions in the solution changes or one of the ion is replaced by another
lon having different velocity. Hence, the conductance of a solution changes before
and after the end point.
A) Titration of a strong acid with strong base: -
Consider, the titration between HCI and NaOH.
HCI + NaOH — NaCl + H,0

8o




—1

Initially, before-without addition- se, the titration flask contains only acid,

which Possess fast moving H* ions. Therefore, the conductance of solution initially
Is very high. But, when NaOH is added, the highly conducting fast moving H* ions
are replaced by slow moving Na* ions, which have low conductance.

Therefore, the conductance of the solution decreases. This process is continued till
the acid is completely neutralized. After complete neutralization of acid, further
addition of base introduce an excess of fast moving OH- ions, due to which

conductance increases.

81
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Figure 3 Graph of Conductance Vs. ml of NaOH added

If the graph of conductance against volume of NaOH added is plotted, then the
lines AB and BC are obtained. Along the line AB, the conductance of mixture of acid
and salt is shown while, along the line BC, the conductance of mixture of salt and
excess base is shown. But, at point B, there are neither excess of H+ ions nor OH-

lons and hence, it is an equivalence point of the titration.
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3) Condueton ition—-The determination-of eeuivalence
pint of titration by measurement of conductance is called as conductometric
titration.”

These titrations are based on the principle that, the conductance of a solution
depends upon number of ions present and their velocity. In such titrations, either
the number of ions in the solution changes or one of the ion is replaced by another
lon having different velocity. Hence, the conductance of a solution changes before
and after the end point.
A) Titration of a strong acid with strong base: -
Consider, the titration between HCI and NaOH.
HCI + NaOH — NaCl + H,0




—1

Initially, before-without addition- se, the titration flask contains only acid,

which Possess fast moving H* ions. Therefore, the conductance of solution initially
Is very high. But, when NaOH is added, the highly conducting fast moving H* ions
are replaced by slow moving Na* ions, which have low conductance.

Therefore, the conductance of the solution decreases. This process is continued till
the acid is completely neutralized. After complete neutralization of acid, further
addition of base introduce an excess of fast moving OH- ions, due to which

conductance increases.
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Figure 3 Graph of Conductance Vs. ml of NaOH added

If the graph of conductance against volume of NaOH added is plotted, then the
lines AB and BC are obtained. Along the line AB, the conductance of mixture of acid
and salt is shown while, along the line BC, the conductance of mixture of salt and
excess base is shown. But, at point B, there are neither excess of H+ ions nor OH-

lons and hence, it is an equivalence point of the titration.
86



B) Titration of weak acid with strong base: =mConsider the titrati etween

| CH,COOH with NaOH.

CH,COOH + NaOH — CH.,COONa + H20

Initially, when base is not added, the titration flask contains weak acid(CH,COOH)
whose conductance is low. But, when NaOH is added, there is formation of highly
lonized CH,COONa salt and thus conductance gradually (slowly) increases. When
the acid is completely neutralized, then further addition of base introduces excess of

fast moving OH- ions and hence, conductance increases more sharply (rapidly) than

before.
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Figure 4.Graph of conductance Vs. ml of NaOH added
If the graph of conductance against ml of NaOH added is plotted then

the point of intersection between two lines gives the equivalence point

of the titration.
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ges of conductometric titrations: -

1)Coloured solutions can not be titrated volumetrically, but they can be carried out
conductometrically.

2) The titration between very weak acids and bases are not possible volumetrically,
because, there is no suitable indicator available. But, it is carried out
conductometrically.

3) Mixture of strong and weak acids can be readily titrated by this technique, which is
very difficult by usual methods.

4) Conductometric titrations are useful in case of very dilute solutions.

5) Accurate results are obtained graphically.




Problem:-1)y-Equivalence conductance-of-1M_soluti aCl-i

—

calculate the degree of ionization of NaCl at this dilution. (Given: Equi. conductance
at infinite dilution of NaCl at 25%% is 131).

Ans:- Given:- Eq. Conductance = A =98.2

And Eq. Conductance at infinite dilutign = A= 131

We know, the degree of ionization = o = Ag

= ooy

131

Hence, in 1M solution, NaCl ionized = 74.9%

90



2) For a'saturate ton-of-AgCl
he sp. conductance of water used to prepare the solution was 1.60x106 ohm-1.cm-L.
Determine solubility of AgCI in water in moles/lit. at 25%. (Given: & for AgCl =

= 138.3 ohm-t.cm).

Ans:- Given: L, AgCl (Sat’'d soln.) = 3.41x10° ohmt.cm™

L, (H,0) = 1.60x10° ohm.cm?

Solubility=S=Conc. =C
L, AgCl (Salt) = L, AgCl (Sat’d soln.) - L, (H,O)
= 3.41x10° - 1.60X10°

= 1.81x10°%hm1.cm

1000 x sp.conductance of Ag(Cl salt
Conc.

Now, we know, Equi. Conductance = A =

1000 x Ls{AgCl salt)
N

Ci=

o1



1000 « Le{AgCl salty 1000 x LBIU
g .

~ =1.308x 10 moles/lit.

e

3) At 18, the equi. conductance at infinite dilution of NH,CI, NaOH and NaCl are
129.8, 217.4 and 108.9 ohm-1.cm?. Calculate equi. conductance at infinite dilution of
NH,OH. If equi. conductance of 0.01 N solution of NH,OH at 18% is 9.33, then
calculate the degree of ionization of NH,OH at this conc.?

Ans: - Given: Ao (NH,CI) = 129.8, 4 o(NaOH) =217.4, %0 =(NaCl) = 108.9

Ay (NH OH)=? A =933, a=?
From Kohlrausch’s law,
Ao (NH,OH) = Ao NH,CI) + 4 o (NaOH) - A, NaCl

=129.8 +217.4 —108.9 = 238.3 . 313
Now, degree of ionization of NH,OH = = a = E 9203

= 0.0322.
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4) The sp. Conductivities ed solutiontofyAgC!l and water=at~25% are

Miﬁoxm'ﬁ ohm-t.cm respectively. If equivalent ionic conductances at
infinite dilution of Ag* and CI- ions are 61.92 and 76.34 ohm1.cm? at 25°, calculate
the solubility of AgCI.

Ans: - Given: L, AgCI (Sat’d soln.) = 3.41x10° ohmt.cm
L. (H,0) = 1.60x10° ohm.cm?
|, Ag*=61.92, |, Cl- = 76.34 ohmt.cm?
S=?
L, AgCl (Salt) = L, AgCI (Sat’d soln.) - L, (H,O)
= 3.41x10° - 1.60x10°

=1.81x10°% ohmt.cm?
Now, calculate A, AgCl =1,Ag* + |, CI-

=61.92 + 76.34 = 138.26 ohm-t.cm?

To, calculate, Solubility, we know, C
93



10D = Lat AgCl salt)

s
1000 x Ls(AgCl salt) 1000 x 1.81x 107°

S= : = e = 1.308x 10~ gmequi./lit.

5) The sp. Conductance of saturated solution of AgBr and water are 4.1x10° and

=

1.60x10-° mhos.cm respectively at 25%. If the ionic conductivities of Ag* and Br
ions are 56.90 and 68.90 mhos.cm?.equi. resply then, calculate the solubility of
AgBr in water.
Ans: - Given: L, AgBr (Sat’d soln.) = 4.1x10° ohmt.cm™!

L, (H,0) = 1.60x10° ohm.cm?

|, Ag* =56.90, I, Br = 68.90 ohm.cm?
S =?
L, AgBr (Salt) = L, AgBr (Sat’d soln.) - L, (H,O)
= 4.1x10° - 1.60x10°

= 2.5x10°% ohm-1.cmt
94



Now, calculate A, AgBr =1,Ag* + 1, Br

To, calculate, Solubility, we know, C =

i

e R
=56.90 + 68.90 = 125.80 ohm-t.cm?

1000 x Ls{ AgBr salt)

A

1000 = Ls{ AgBr salt)

Ag of salt

1000 x25x 10°°
125.80

= 19.87x 10° gmequi./lit.

9



Thank You
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