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(“)mmcmrs and Insulators:

~ All substance are classified into types based on (e} b
Y Cir a ility to
allow

- e ¥
“-.‘ C 'Q

L-.fnt to pass through thcn( Fhose
current 19 Feas i, "W

—"
(0 pass through them are known

ples of conductors

Q"hose substances which do not allow current to pass through the
m

. called as non- conductors( or i . .
are callcg_;_‘/,_,, ka________ “Fxamples of insulators are
olass, rubber and organic compounds h as benzene and carbon

- e e

s
Types of conductors:

Conductors of electricity are further classified into four types depending

on their mode of conducting current and the effects of current produced

in them.
Conductors
Metallic Electrolytic Mixed el
conductors conductors conductors | -

1. Metallic cogductors.

These are metals and their allo
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"3, Electrolytic conductors:

These are ionic compounds which conduct current enher in Qoln
or in fused state. They consist of char ge particles called iong These ; o
migrate in the presence of an applied electric field. This mobility of j fonsi,
responsible for electrolytic conduction. Passage of curren lhrouor
electrolytes is accompained by chemical chancres Ex. NaCl, K. NaOy

HCZ.. .
{4

Difference bctween conductors and electrolytlc conductors.

:. NG {i‘/a; ’

No| Metallic conductors ‘ Electrolytic conductors

I. | These are metallic These are ionic compounds
i!e;nepts and their solid which conduct current either |
‘ olutions (alloys) which " in solution or in molten state. |
|| conduct current, :
2. | Free ¥
: electr ' '
for ol OIIIS are sponslble lon conduct current in
e el ‘cal conductance in | électrolytes. A
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3 There is no chemical change | Electrolysis accours when
when current is passed current us passed through

through metals, though there electrolytes,
may be physical change.
4. There is only flow if energy Passage of electric current
" but there is no transfer of through electrolytes results
matter . - In the actual transfer of
matter.

5. The conductivity of metal The conduetivity of
decreases with increase in electrolytes increases with
temperature .This is due to the | increase in temperature. This

~enhanced vibration of metaliond . is due to increase in the ionic

which distrupts the flow of | mobility.
electrons |

3. Mixed conductors.

Those substance which conduct electric current partly electronically
and partly ionically are called mixed conductors Certain solids like Zn0O
and Cu 0 eXhlblt mixed conduct1v1ty due to crystal defects.

Similar mixed conductmty is also seen in ‘solutions of alkah and

alkalme earth metals in liquid ammonia.

4. Semiconductors.

These consist of covalent crystal which are poor conductor in pure
state and at normal temperatures, but they become good conductors either
at high temperature or in the presence»_‘o’f small quantity of impurities. Ex.,

Silicon, Germanium.
OHM'SLAW .
“The strength of the current (1) ﬂowmg through a conductor is directly

'propomonal to the potential difference (E) apphed across the conductor B
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4 is inversely proportional to the resistance (R) of the o,
a

: ey
It can be mathematlcally expressed as Or,

[ = R |
he current strength in amperes. E-is the Potentia g ffen ;
e

o the two ends of the conductor and R - s the fesis; Sy, |
ance

T
]

Of 1

[ist
petwee

conductor in ohms.

Mechanism of electrolytic conduction ‘_
' ;
The mechanism by which an electric current passes thrOUgh . .'
’ . e . T
can be understood by taking example, Let us consider 3 cell (fig) UWigy
) : . 0 :

of two platinum electrodes which are connected to the St n
e

electrodes are dipping in an aqueous solution of sodjym chlorig el
electrode ‘C’ connected to the negative side of the battery g ]
¢

R
. : Alleq
cathode. This is the electrode through which electrons flow from e

he bﬁﬂe .

ide Of[he

into the solution. The electrode ‘A’ connected to the positive s
battery is called the anode. This is the electrode through Whiéh :

. lectrgp.
leave the solution and reach the battery. 5

Battery

Positive Negative
electrode @/ electrode

z N N

- '353S?

- .::\\ .

- ..thIf

Electrolytic—] 1N INEE

solution . : ; :_.;ﬁ

Rt e 2o B S S iE T Rt

Electrolytic solution

When the circuit i
unt -
found that Cllloril » closed and a cury ent passes through the solution, itis
1€ gas escapes at the anode and hy'drogen gas at the
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cathode. Sodium hydroxide is formed near the cathode, Itmay be explained
as follows. Electrons enter the solution at the cathode C. The clectrons

combines with hydrogen ions (H') (of water) to form hydrogen atoms.
2H" +2¢7 —— 2H

Two atoms of hydrogen combine to give a molecule of hydrogen
which escape at the cathode.

2H ——p H2(u)

The chloride ‘ions go to the anode and leave electrons and become
chloride atoms.

2C6 — 4 2CL+ 2"

Two atoms of chlorine combine to give a molecule of chlorine which
escape at the anode.

2C8 —— ClZ()

Thus we find that two electrons are removed fi‘om the cathode and
are given upto the anode. In this manner the electrons flow from cathode
to anode in an electrolyte. : |

The formation of sodium hydroxide may be explained as follows. Since
hydrogen ions are removed from the solution, hydroxide ions are left in
excess. Since they have no existance, they combine with positive sodium’
ions. The positive sodium ions are found near the cathode and 50 sodium

hydroxide is formed near the cathode.

4

From the above discussion, the mechanism of electrolytic conduction

may be summerised as follows:

I.  Electron enter and leave the solution through chemical changes at

the electrons.
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where W Welght ol the subatance
| Carrent strength s = Thine of passage of current and
7~ Plectrochemicdl equivalent

Second law: “Ihe amount of different substances deposited of eyt s
(he clectrodes by the same quantity of electricity are propostionst w tes
chemical equivalent™,
One equivalent of a substance is liberated by the passage of one farada,
of electricity. One fardday = 96,500 coulombs, The second law way be

expressed by the equation,

Equivalent weight of A Weight of A deposited
quivalentweight of B Welgh of B depostd
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SPECIFIC CONDUCTANCE AND EQUIVALENT CONDUCT

I ANCE
Ohm's law is applicable to metallic as well electro)

£ ytic conductors,

Accordion to Ohm’s law [ =
conductor.

Speciﬁc Resistance (p)

— Here R ref, i
. | €rs to the resistance of the

The resistance of a conductor is directly Proportional to its length (/)
: and

inversely proportional t0 its area of cross-section ( a) It can be mathematica]
atically

expressed as

V4 V4
'R‘x\' =

Where r'is the proportionality consfant. It is ca]ledv the spec'f‘
ific

resistance.
Ra

SpE—

: £
Specific resistance is the resistance of a conductor of unit length énd |
i =

unit area of cross-section. The unit specific resistance is ohm.cm. .

Conductance (C)

The reciprocal of resistance is called conductance or conductivity,

1
R : ,
: o s
The unit for conductance is mho or Ohm?', ST 2
Specific conductance (k)

The reciprocal of specific resistance is called specific constance or

specific ductanctivity.
o £ 12
=5 KSR TR T
In the case of metallic conductors the length I and the area of cross-
section ‘a’ of the conductor can be directly measur'ed and substituted in .
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the equation to get the value of «. But in the case of conductivity e
. ' ¢ cellg th
shape of electrolytic column may not be regular i
gular, In such cages
7 | | cases the valye of

a 1s determine indirectly by measuring the rcsiélance of a solution v
} o . : wit
known conductivity. Usually potassium h
2 | < —
This—
.‘ a is called the cell constant since iis constant for a given cell
Therefore now, the specific conductance can be calculated as, -

1 7
K = = S Conductarce x Cell constant,

cblglﬂe is used for this purpose

The unit for specific conductance is ohm ', ¢m™.
Equivalent conductivity :(A)

@cnoﬂ\ qgivalent conductance is defined as the speciﬁ:‘c conductance multiplied

by the volume in cc of the soluti aining one gram equiv

electrolyte. In otherwords equi v tivity i ! ity i
‘A ) ot equivalent conductivity is the con\du_cwzy if

one equivalent of the electrolyte were present in evéry cubic centimeter of
the electrolyte. '

A=xV
Where V is the volume in cc containing one gram equivalent of the
electrolyte ' '

- 1000
tther A =K —=—
urther : C

where C is the normality of the solution .

Molar conductance of molecular conductance (L)

Molar conductance is defined as the specific-conductance multiplied

by volume in cc of the solution containing one gram mole of the electrolyte.
1000 3

L=KV =K 31 e

Where M is the molarity of the solution.
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MEASUREMENT OF EQUIVALENT CONDUCTANCE USING
HLRAUSCH BRIDGE |
. The Wheatstone bridge method is generally employed for the

determination of conductance. A meter bridge, also called Kohlrausch brid
eterming bridge,

s

el e . . 4 2 I
d as described in the experiment. The experiment is carried out in two
‘IS use {:N-.. :_«--—"“'""'" - D S -
es: 1. the determination of cell constant ™
stages; 1. b O — - '

—————h

. the "d'ctc‘rm‘iﬁatgon of
conductance.
Experimént:

1. Determination of cell constant:

A schematic diagram of the apparatus

5 is shown in figure,
C ,

C-Cell
R — Known resistance
' AB — Meter bridge wire
| A . j B j_ Jockey
5 K S ~ Source of electric
- l| % () Current
. K -Key

G- Galvanometer -

Connections are given as shown is figure. A solution of known specific

conductance is taken is the cell C, Usually potassium chloride solution is
taken. A known resistance R is introduced in the circuit, The joékey is

touched at the end A. The deflection in the galvanometer will be in one

direction. The jockey is touched at the other end. B, Now the deflection in
the galvanometer will be in the opposite direction.

The jockey moved along
the wire AB until no deflection is noticed in the galvanometer. The length of
the wire AJ and JB are measured. ) :

R Al
KCl  _ :
, Now R ; B °
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Al

VR R- B

- KC/ solution is determined. We ky,, I
0w !

'Liﬁc condudnncc |

So K = x cell constant

(or) cell constant = K.R
Thus the cell constant is determined.
:on of conductance

2. Determinati .. | | ‘
s washed and then filled with the solution whog, |

The cell 1 . '
o be determined. The above experiment Is repeated anq ,

conductance is t
. determined.

new balancing pomtJ IS e | AJ,_
SOIH _ . “ — NS
Now — = =73 o Rx——

Thus the resistance of thie solution is calculated. Knowing the ce|]

constant, the specific is calculated-as

1
K ‘—}i x cell constant.
lue of specific conductance and knowing the concentration

F rom the va
n, the equivalent conductance can be cakuldted

1000
__“VARIATION OF EQUIVALENT CONDUCTANCE WITH.

CONCENTRATION
Kohlrausch found that the equnvalent conductance depends on the

of ‘the sqlutlo

vV =K

concentration of the electrolyte and conductance increase as dilution -
increases. It may be represented as
A=A -bVc

% ‘where A is the conductance at the concentration ¢ and his a constant.
e plot of equivalent concentance of strong and weak electrolytes ag,amst

t
he square root of concentration is shown in fi 1gure.
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From the graph we understand

that the equivalent conductance of

KCE weak electrolytes decrease much
rapidly  with increasing

concentration. But the equivalent

conductance of strong electrolytes
CH,COOH

does not change much with

| ' concentration.
‘\/ C . Yo

From such a graph, it is possible to find the equivalent conductance at
infinite dilution A" for strong electrolytes by the extrapolation of the curve.

Further it is not possible to find the A for weak electrolytes from the

graph because the extrapolation of the curve doesnot cut the axis.
=]
MIGRATION OF IONS AND KOHLRAUSH’S LAW «”)

Examination. of equivalent condutance at infinite dilution of solutions
¢ ' i .
of two salts having an ion in common reveals certain regularities. For
example, in the case of pairs of potassium and sodium salts with a common
AC )

ion. a constant difference of 21.1 in the conductance is noted, More example

are also given in table.

Table
Electrolyte A° ; Difference
KCL, 1300
NaCl 108.9 210 |
KNO, 126.3 B =3 3 S
NaNoO, 1052 -~ 211,
NaBr 110.9
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It ¢
an be Computed ag

0

A
HAC

0
0 (4]

— /\ ’
Nﬂ/\L‘ A Het /\ NaCl

Itis becayse

)“N“{ ¥ )\'ol\c' + )C vt )\.0 - }\" e 7\.0 /

1 cr Na Cl
]
S N
H' ;\'}\L

A HAc

I -
onic Conductances:

. nt
| equivale

The individual ions of an electrolyte contribute ©© the tota
conductance,
arice of an

According to Kohlrausch law the equivalent CondUCt .
ntribution

eleCtml)’te is the sum of the jonic conductances and that the O
of an fon is independent of the other ion of the electrolyte.
Therefore at infinite dilution.
N=2N N
Where A, and A _are the equivalent ionic conductances at infinite
dilution. Smce the transport number is the fraction of the total current

carried by each ion, we can write.

[+]

A, =t ,Aandd - Ft_A
Where t, and t_are the transport number at infinite dilution.

~ One can use the values of equivalent conductance and the transport
numbers at concentrations other than that infinite dilution to obtain values
A, and A_of at these higher concentrations. However at these
concentrations the law of independent migration of ions fails. Therefore

the concept of ionic conductances is valuable only at mﬁmte dllutlon
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£NIUS THEORY OF ELECTROLYTIC DISSOCy ATy g
RRHENIUS .

p/:,\d for the theory ‘
L day was able to give the mostimportant lay, Of elegyry
aday

Though Fara
xplain the_mechanism of conduction. The s

2l fc
he could not €
> t Hoff found that electrolytic g
was also not explained. Van’ YUe solutiong S sh

h deviation from ideal behaviour. They have high values of 0
muc ¢

pressure elevation of boiling point, depression of ﬁeeerlg point el
indicates that they have abnormally large number of solyte Particles, |
molecules of an electrolyte must have been split into large numper i
particles. The molecules of an electrolyte must have been Spl.ll into
number of smaller particles. These observations could be explamed\}

&s?.rl henius theorY!

f\\\ ﬂ
(k  POSTULATES OF ARRHENIUS THEORY:
f q |

When an acid. or base or a salt is dissolved in vat

dissociates into charged particles is called ions. The (

A
Ity

ions are called cations (as they move towards the

negatively charged ions are called anions (as they
anode). . ;{_

H,0
NaCl——)Na ¥ LR

Salt Anion Cation

The total number of positive charges is equal

egative charges. It means that ap electrolyfe

An equilibrium is established between the
undissociated molecules. Thys when sodiu
water it dissociates i into sodium ions and
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S U
T

75 Wi
| €N an : L towar
? " then elecrric Potential is applied the positive 1013 move {0 ‘-’lr ¢
€ at]\/ . ’ . ' " ve t 1€
gative electrode, namely, cathode and the negative jons MO '

Positive
Ve electrode, namely, anode.

;' ; At the e . i
. ]ec‘.‘ odes the ions lose their charge and becom® vnellﬂ“]
Or molecuyles, |

ﬂtom

0 Of the
alled the

]di]llﬁon

7. |

+ The : v o wati

" electrolyte may not be completely. ionised. The ratt
1Ss0ci " i

d lated molecules 1o the total number of molecules 2 ¢
eor 3 . e ' 1
gree of dissociation, The degree of dissociation increases witl

of th ' i
€ solution. It tends to unity at infinite dilution.

LN

The Arrhor: . ‘
@ he Arrheniug theory explains not only the mechanism of con

but : ; ,
also Faraday’s laws of electrolysis.

Ev' . 7y N\ « .,
duction

g This theory explains the observed deviation in osmotic_pressure,
in the case

elevation of boiling point. depression.of freezing point €tC.

of solutions of electrolytes.

@ The variation of equivalent conductance with dilution is also explained.

We have seen that there is an equilibrium between the dissociated ions

in the undissociated n]oleculewwﬂcs
issociation

to the total number of molecules is called the (
(00). JThe degree of dissociation increases with dilution. Therefore the

qufnber of ions increases with dilution. This is the reason why the

equivalent conductance increases with dilution.

The degree of dissociation can be calculated from"f’_(hc'"conductance

measurements, The degree of dissociation, e

)

,/
A
o= :
AO
f 5/ The observed value of heat of neutralisation is €3
theory. 2
‘__.,-’—‘"-'——_A
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We known that the heat of neutralisation of Strong aeig
5 . S

bases is about 13.7 k.cals. This fact can alsq he Xplaineg ang strong
. S A On
of electrolytic dissociation. As strong acids and hgseg = the baSig
G- o e dre ¢
jonised, neutralisation can be represented as, Ompletely
A +B +OH — A 4 B4y ¢ '
H A f ———r ~é-..._,- E_. & llz(‘) t l37 k..Ca]S
Acid Base Salt '

Thus the heat of neutralisation is simply the heat of formatj

: T : On of
from its jons. This reaction is involved in all Neutralisatiop Wa

[er

3 Proce
Therefore the heat evolved is always the same. Sse

‘Limitations

Arrhenius theory fails when'appl iidwmﬂes

The degree of dissociation (o) calculated from Cconduct i
livity

measurements as was found to be different from the calculated vy
. dlue

based on the colligative properties.

The values of equilibrium constants of strong electrffytes were found

to vgry with concentration of the electrolyte \ This raised the

fundamental question whether ionic equilibrium assumed by arrheniys

existed or not in these solutions.

—

4/ When solution of different electrolytes are mixed. heat changes oceur,

This cannot be explained with the Arrhenius theory. _

~

5. /Arrhenius theory could not explain the variation of transport number
. ‘_’*—_\ 3

with concentration)

Bragg showed that NaC# exists as ions (Na” and C£:) even in the solid
state. So Arrhenius statement that there is an equilibrium between ionised

and unionised molecules in an electrolyte is ambiguous. >

- f“-

2
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We knn\v
dilug on,

Cl(?(fll‘nly

cases W

" that equiy,
. Wcak

alent condictance of electrolytes incr

¢ casc of
jch arc fully
ductanc®

Thig |

» INCrenses | &
(ew nereases is understandable 1n 2
5 because

4 N lh' MU * oty sl ty u“/h
onised ey ¢ degree of strong electrolytes

nin the goli -~ ‘vale
Vthe solid, state, this increase in equivalen! cor

on dilut
fution Cannot be obtained

AK STRC
-\ CAND STRONG ELECTROLYTES
Strong elec

trolytes

Stron and
Srong electrolytes are s : ; \ ature @
b Clectrolytes are substances which at ordinary temper

concentration,
1onise completely,

have high ¢
ave high conductance values.

have no association,

have the degree of dissociation (degree of jonisation) as unity.

alent conductance due to

do not show considerably increase in eqiiv
nce during difution

dilution. (However there is some increase in conducta

in the case of strong electrolytes also).
I'he following are some examples for strong electrolytes

- (T HCI, NaOH, KCI.

Weak clectrolytes

| SO I

)

Weak electrolytes are substances which at ordinary temperature and
concentration. ' :

do not jonises complete}y. There exists an equilibrium between ions
and unionised moleculgs. ARk,

have low conductance values.

have association in some Cases.
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4. have the degree of dissociation less than unity.

5 show an increase in equivalent conductance due 1 ), i
' 1 '()n

The following are some example for weak clcctmlyles:
oy {q}:j:;\'f’ CH, COOH;NH, OH, oxalic acid.

//\ OSTWALD’S DILUTION LAW (@ NNE 2,
\\_,,' “-" Accordmn to Arrhenius theory of cleq;m_%o”

& 4
U’E dynamlC equnhbrlum between ions and unionised molecules, Ostws

of mass action to such systems.

h(,r
ld pm]g

'\

the law i

ider an electrolyte AB. Let ¢’ moles of the cleuml}qe be g; ,
Isg
the degree of dissociation. The equilibrium gop; S0l
1(

Consl
in | litre and “o be

AB == A"' B
c(‘l—a) co O

The equilibrium constant K, is given by the formula

[A'][B] co * coL c’u’ co
K= TaB] S ca-o  c{l-0) T ()
K =c o’ (1 — o is negligible in comparison with 1)
(or) o = : g-f‘s‘E |
¢ C

) X I
o, is proportional to =
prop o

l
o o< —— . !
Vo : |
“As the concentranon of the elec’zrolyte
] mcreases

~ This is the Ostwald dilution law.
decreases or the dilution increases, the degree of dmsoc:atlo

This law is applicable to weak electrolytes only
o :
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Application @ | o
| Determ; 1ons of 05“\'al(l’s dilution law
mnatj ‘ ’
\%‘issociation constant K of and Acid- h
Ve h constant Ih = jume of t

ave g
€en that Ostwalg’s dilution law relates Vs the VQ

V (1 -0)

The equiline - ibri
quilibrium constant K, for a dissociation equmbrlu

- Withthe electrolyt®
be known

m such as @

+ -— K .
A"+ B is qalled dissociation constant or dissociat
elp of the above equation, the dissociation constant of an
can - ‘

. be determined provided o, is known. The value of 2 carl

from c -
conductance measurements, The degree of dissociation
, .
o0 = .

. ) -ation and
A Where A is the conductance at the reqmred congentl ati

‘et " the -
A\.. 1s the conductance at infinite dilution. The determination of K on

basis of Ostwalds dilution law was found-to hold good in the vcaSe of W

electrolytes such as acetic acid ammonium hydroxide.

eak

Limitations

eeg” :

N

This, law fails when applied to strong electrolytes. This i because for,
strong electrolytes o = 1. There is no possibility of the existance of an .

equilibrium between the ionised and unionised molecules in their solutions,
o : ~

since their molecules are completely ionised in solutions. Y/ € ¢ -5 [ (€

{ R

_ ‘ / ' '
‘DEBYE HUCKEL - ONSAGER CONCERP-OF STRONG
— - R
ELECTROLYTES A AR
= ,

Need for the Debye — Huckel Theo :

The conductance of a given electrolyte solution depend upon two factors -

| @ “The number of ions. In the Arrhenius theory, it 1sassumedthatthe :
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e ions does notwith concentration, and g, ;
- 8
to the difference i ang,
" 1 the degree ; %,

|

con

henlus theOT)
he behaviour of strong electrolytes the Deby €Ny lneq

ck@]‘ S

ductance is du

ulvalent . .
eq fails in the case of strong electrolyieg ¥

only. The ArT
oexplaint
ation were proposed.

Huckel Theory

Wﬁulwes of Debye — |
’ Every strong electrolyte is completely ionised at all dilugjong } t
v nise 3

2/ Two forces actonm

resistance force due t0 th

tween the ions are electrostatic forces venyg

earlier. SOt
theory and equ

obile ions. They are (i) electrical force and

e viscosity of the medium. (") t

£
' .i
3,/ The forces acting be |
by Coulomb’s law.

e speed of the ions is the reason for Vd“atlon

;t
i
,z

y,~ The change in th
equxvalent conductance with dilution. The attraction betwe

oppositely charged ions, called the interionic forces, depends “POn ]
various factors like dielectric constant and concentration of yy,
solution. If the dielectric constant of the solvent is more, the interionj, Z
forces will be less. On the other hand if the dielectric constant of te,
solvent, is less, the interionic, force will be more. [f the concentratnon"
f the solution is high the interionic forced will be more. Under these
conditions some of the ions will not separate out completely from one

another and then remain in pairs such as A" B~. These are known s

ionic doubles or ion pa@

Each ion is surrounded by a number of oppositely charged ions. Such
and atmosphere is known as ionic atmosphere. The ionic atmosphere ':;
plays an important role in the conductance of the electrolyte_;and,l} :
leads to the following effects (1) Relaxation effect aﬁd (2) .::.f'{:?'

Electrophoretic

5
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| 4
' Asymmetry effect or Relaxation effect ;———Jﬂﬂ;‘

Consider a cation surrounded by an ionic atmosphere of anions as

shown in figure — a. i | 'ﬁ
; Under the influence of electric field the @ @ @
cation will move towards the cathode, leaving }

behind the i atposphere of amgns. As he - © - @ )
cation moves, a new ionic atmospﬁ_ere will be @ | @
formed. But the new ionic atmosphere is not ‘ @
formed at the salTWW ‘ @q’.

decays. This time lag is known as relaxation
~~ '

time, Due to this time lag there will always be @ @ @
an excess of negative ions on the left of the cation @

- and they will exert a retarding effect on the © @ )
movement of the central cation Figure — b. This @ @ @b

- retarding effect is called asymmetry effect or
' relaxation effect. I

/ ,
The asymmetry effect can also be explained by taking an anion as the
central ion and cations as ionic atmosphere. In anycase the speed of the
ions is decreased by the 1e1axat10n effect. When the solution is diluted the
relaxation effect becomes less and less significant with the result that

- conductivity increase with dilution in the case of strong electrolytes also.

Electrophoretic effect:

MK
Each ion is assocxated with some molecules of the solvent. That i 1s, the
central ion is solvated. Under the influence of the electric field, the ions
meve towards the oppositely charged electrodes. When the solvated central

ion moves in one direction, the oppositely charged ions whu,h are also

solvated move in opposite dlrectlon Suppose that the centr is and, ey
anion. The anion is solvated and the solvated anion moves towards he ‘

. anode. Similarly (positive ions) cations which are also solvated
» ~N~—

i
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\\\H!'h mo ”
ignaie th

(8 0 |
se countl ””“'"‘”“"“ It more (lllluull for ity
divection, Ihese col iy X |

VU ) ()'. :
hrough the solution. Thus the veloeity of the jon (luw'm- '”lix' f "o
S \ Cellect nls Ol
KNOWIN A8 clectrophoretic effect. This effect also decregge With dil '
\ ' i
nd so conductanee increases with dilution even in the case o t.Qh
an hy
* Ong, -
clectrolytes. (o
BYLE-HUC l\l‘l. ONSAGER EQUATION
l?l e e s crmmm————
Debye: ‘md Hue }\cl showed that the relaxation cllul iand electrq Ophoy
Orgy;
ofTect on :m\mn produce a decrease in equivalent conducet; lc

lance, Ag (”ut, 5_

Clance incre rease,
A mathematical treatment was later extended by Onsage

nereases 1hcw offects become less and less ; and so condy

age lnClUdmg th ¢
above two effects and also the Brownian movement of 1005, The gg, Clig :
Cal
force acting on ancion is Zel! where Ze is the char ge and E the POfentia] it K
the motion of the ion is given by Stoke’s law. : [ (
| f=6nnrv .
¢ » t

Where 0 is thé viscosity of the medium and v the velouty of the jop, »
When the frictional foree is equal to the electrical force

ZeE=6nnrv : ' -

The mobility of the ion

v o Ze
T e il
The equivalent conductance of an éleétx't)lyte is given by the equation] -
A= F( +1) .

AC F[ Z'e N ~Z_C_
omnrt 6

iz 2y,
GT(T] rt -

©) A* M = constant
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L ] ' ' ‘, ’l” ”": Vi“_l:l)' ”)‘/ f,1 !;]tj ,)(],‘,.,"-:!;‘,,,.'
l ' 1 i '”lf" ’l( pl”{’

e ’ 5 e i r‘vl [:i‘!g,? ur ,"
- ideration the asymmetric effect, electraphoretic effers 4
Taking into consideration the asy

’

. Y 1o 14740 at anie ,} (1 :,,:,,';,

TRy
L

piven below

AR AAN

tiney

. o ArB AT

A and B are constants and ¢ is the concentration of the electrolyte,
Significance of Debye- Huckel Onsager equation:

A is always less than A”.This is partly due to electrophoretic effecs
and partly due to asymmetric effect. The first term *A® s 4 measure of
clectrophoretic effect and the second term ‘B £ is 4 e, sure of the
asymmetric effect. The values of A and B for water 4t 25% Care 60.2 end
0.229 respectively. '

If this equation is correct, by plotting equivalent conductance ,,

agzinst
the square roots of concentrations, V¢ a straight line of slop 60.22

+0.229

~’ should be obtained. This has been found to be correct in the case of uni-

univalent electrolytes.

The conductance at high fields and high frequencie§

The concept of the ion atmosphere s further‘!substantiated by th:}“;
Wien cffect and Debye- Falkenhagen effect; n every high field
E > 10°v/ cm, an increase in conductivity

is observed. This is known W
effect. We known that a finite time (name]

ein
for the formation of an jonic atmosphere.,

y the relaxation time) is required

When very high fields are applied
the ion moves so quickly that it loses its atmosphere
to form a new atmosphere. So the ion cannot be slowed down. The
asymmetry effect disappears and the conductance increases. 3 '

Similarly the conductivity increases at high freqheﬁéi;eswff
Ve ™ X“.—.—‘_«
(3%10° cym. This is call

ed Debye- Falkenhagen effect.\The
lon changes jts direction so quickly that its atmosphere cannot adjust and:

and does not haye time

G T L Lt
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o, The ion moves as if it had no atmosph

f the
ises. Al high frequencies both aSymimey nd
d”d

;lectl'OPhOrCﬁC ot R 20lbhord
T / ot the different ions of an electrolyte d ot

V) th
e been ShOWN
It has b€ herefore i i evident that the quantities of electyi

S
(he same SPEC e not the Same: The quantity of electricity Carrig d b

cations @
d by u dled under transference number.

cat ne
erent fons 15 st

£

Defmltlon YW
Cro nt camed by each kin
2 [y fraction of the total curre y d of ion is Callgg

\¢ s {ransport number Of transference numbe)
l ' -

Explanation

The quantity of positive el
ortional to the speed of the cations and their concentration in eq“Walems

f negative electr icity carried by the anions must
¢

ectricity carried by the cation myg be

prop
Similarly the quantity 0

proportional to the speed of the anions and their concentration in equxvalems .

Letc, and c_be the concentration of cations and anions respectively

Letu, and u. be their speeds. Then the transport number of ions are

.

¢
transport number of cation = { = s
: c,u, +cu
: : . e
transport number of anion =t = ——
g cutcu

In the case of electrolytes of the type KCZ, ZnSO A£BO etc., the

conc
entration (in equivalents) of cations and anions are the same So in
such cases e
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t = u‘ u /
g mee—— and t =
= 2 l P N

l l‘l "1 "W ‘ ’
| n"lORFbR_[_JLE C) nd

ﬁ\ it
'~ cha aresult of passage of current through a solution, €0 -« ectly
) nges Wﬂ\)du The WUM% [t is
A S
e\pl;ltl | to the velocities of jons. This is callec
ined with the followmg illustration.

L g into thre®
ima et an ¢lectrg te be contained in a vessal divide
gm'uy Compartments as shown in figure . ) r
jve ions 2

he posﬂi

By passi L
passing a current through the electrolyte rds the anode a7

attracted towards the cathode and negative ions tawe
are discharged at the electrcdes. |

| _ cathod
®) ' o cTe

Comp-’all’fment
M = Mldd]e

Compaﬂment
A= Anode

Compartment
_ (+j = Anaion

()= Cation

1 . wu em w ws G G E Wm BN W E

So concentration changes take place at the cathode and anode
compartments If the electrolysis is not carrled out for a long time, no
change takes place in the middle compartment. -

Since the solution must always be electrically netural. The cations and
anions must always be equal in' number. This is the condmon at the begm— ‘
ning of electrolysis as shown in the figure . '
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N

OIQQ |

ons only are able to move under &
"

~ . ‘
at two of these 10n move from i nf
o t t

Suppos€ that the catl

: :
“the applied potentml and tl ion
- ectrode the two unpaired ions are dischy

Tge
rons are given up at the anode and two electrop arg ; ]\
takes

sa change inthe concentration of the "'ectroly

' sach el
shown 1N I1. at each ~

tegg 1

*quy,
ode compartment. vy

is. two elect

at the cathode. Thu

lent to tWO is noted in the an

a similar manner the anion alone may be assumeq 0 be

In

. -1 ~ § 0v-
Suppose that three of the anions Move from left to right a5 Showy u,&
uppose :

. ln 1
There will be concentration change 1n the cathode COmpartmen; "l

If we consider that both ions are moving as showp IV
s b
3 « > ~ £ B e |
concentration change at both the compartments. The Change- W
g
iy
Vg |

|

will be

anode compartment (equal to two) is proportional to the speed of the

ion. Similarly the change in cathode compartment (equal to three)

«

i§
portional to the speed of the anions. The total is equal to the sum
changes in the two compartments. S0 the transport number o_f&,ﬁ

No .of. gm. equivalents of the el

from anode
t . . -
1 Total no. of .gm. equi
both comé

Similarly the transprt number of anion

No .of. gm.

both cor
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(DR TERMINATION OF lR/\NSl’(?RI NUMBL R BY HY TTFS

STHOD I |
METH VR “\ AmmL_Lu
L:*m ible

resistance

AENOy \ (

\olulmn .
" v B Silver-
voltmeter
Anode

Compartment Cathode
b Compartment

Middle
Compartment

The Hittorf apparatus is shown in figure-. It consists of two verti-
cal glass tubes connected together through a U tube in the middle. The end
tubes contain anode and cathode and consitute anodic and cathodic com-

partments. The U tube constitutes the mid_dlé compartment.

To find the ti'ansport number of silver and nitrate ions in a solution .
of AgNO, (about 50 to 70 volts) is applied to the silver electrodes dipping
in the SOI:lliOIl to send a steady current of about 10 milli‘amperes through
~ the cell. Higher strengths of current are avoided in ordgr to préven"t heating
up of electrolyte and a subsequent setting iup of 'conCentrat-iOn currents.
After passing the current for about 2 hours, the major ‘bulk of the solutions k

d and
in the anode and cathode compaltments are separately vcollectre an
weighed.
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\ Y“ \a ::f-i as ’fi‘ ~“‘, \‘* ’&t‘ %?\‘SJ:N &1 :he Qath\‘(*e 7-2!-

When ¢ gram equivalents of Ag> is deposited at the \-‘iﬂ\\k ]
TR Aqu valees of \O - WL (the anode and ¢ gram W“*‘&kmsw
AGNQ, wil be produced. So if there is no transport, the number of ¢
aguivalients of AgNQ, that will be present at the anode = p +¢,

Bur actually present after electrolysis = q

So, loss im the anode compartments = (p+1) -

Tone! loss of electrolyte from both compartments = r

Transport number Loss in the anode compartmen {

s b - VT Tihswmbon compartments

(p*rh-q |
L = . 1
"
Tramsport aumber of anion NO;” =t =1-1t (since t*(*
Limitations

Alhough the Hittorf method is simple, accurate result are difficet ¥
odtzin especially with dilute solutions. The small concentration dﬂ@“
Tan 20t be measured accurately.

2. DETERMINATION OF TRANSPORT NUMBER BY m"“ﬁ
SOUNDARY METHOD PRINCIPLE

By measuring the absolute speed of ons the transpert

&&smmea&m The shsolute velocity of fons may be

pumber W‘ﬁ
Wtd!ﬁ
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Experiment { / /
i \ / -
e VN AT o ten

The arrangements used for the m'gwmz boundary method is shovn
figure |

The transport number of H*
and C£" can be determined as fol-
lows: The cell, which is a tube, is

mounted vertically and filled with

cadmium chloride solution and

HCZ solution is such a way that
' there is definite (sharp) boundary
- visible at the junction of the two
solutions (g, a"). The cathode *C
is a platinum wire while the anode

‘A’ is a cadmium rod.

As the current is passed, cad-

mium dissolves at the anode as

Cd* ions. The H™ ions migrate C = Czthode
towards the cathode through the A=Anode
cell. Their place is taken by Cd*™ - B =Battery
ions. K =Key

Hence the boundary between the two. solutions moves upwards to
bb’". By determining the volume “V* swept out by the moving bmﬁxiary the
transport number H+ ion is calculated from the formula
VxC T;:'ormw!‘; —\Je vo|ume !
Loe— f C » lonenbymse
1000 xQ Q- € uenat "':,-
V—is the volume between 2a” and bb', Q is the quantity of electricity *

passed in faradays. ¢ is the concentration in gram equivalents per litre.
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_APPL [CATIONS OF CONDUCTANCE MEASUREMp: INTS

1. Determination of A of a strong electrolytc

As described under heating measurement of conduycyy,
e

number 7 the s peui;g condutance of the given xnon& ol u‘ In [dﬁk
G Iy
determined. \,g/ Olyte, i
¢ \V T
: X K . 1€ same €Xperimeny | is
A P @ different "heatg
N . n concentratig, of 1 fo,
e .
electrolyte. From the Speci ‘“rOng
IC ¢
A tance values the €Quivae, p donduc\
n
for the various ¢qp Centragig uctanCe
G strong electrolyte i ciley ons o the
the formula “ Aed ’\lng
Equivalent conductance 1000 |
\/@Equwalent condutance RN \é‘\ '
at infinite dilution A
» graph is plog
/ Concentration ti e bet Ween Conceng
10n of the eleCtrolytea d equivy I
a
ductance e

The shape of the curve obtamed 1S shown i in

figure, pyg
€. Extrapglagi. .
the curve meets the axis at A S <P Olat_“’" of

which gives the value of the equlvalent conduc

tance at inﬁﬁite d; e
the electrolyte. Hlution of

2, Determmatlon of dissociation constant Ka of Acnds
To determine the dissociation constant of an organic acig we have.
to first find the degree of dissociation of the weak organic acid. From the

degree of d155001at10n we can calculate the dlssocxatlon constant.

‘ s
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To find the degree of dissociation (@) AFP\\ C_,;kaf\ )

The equivalent conductivity (A) of the solutign of weak orga.nic acid
is determined at a given concentration. Using the wheatstone bridge the
resistance is measured and from that the equivalent vconductance is como-
puted as explained earlier. The equivalent conductance infinite dilution (A )
of the organic acid cannot be found by the extrapolatlon of the graph since
it is a weak electr olyte. The A is calculated from ionic conductances as

described under Kohlrausch’s law. Knowing A and A values, the degree
of dissociation.

0. is calculated using the relation o =

R -

R

3 To find the dissociation constant K_

Let HA be organic acid which dlssocmlcs as H" andA~

HA === .

If ¢ moles per litre of HA are takenand if ju is the degree of dissociation

then the active masses of the different species at equilibrium will be

[HA] = c(l —a)
H] = Ca
AT = co
— [H}{A7]
S0 the equilibrium constant K, = HAT
X 2.2
R CC((XI- gz()x R (lea)

Chis equilibrium constant is called the dissociation constant of the weak

rganic acid. Knowj Ing value of q, the value of K, can be calculated
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3. Determination of Salublllt
"o

ke BaSO,. AvCl Pb‘a()
{ = —
ts. Since the are sparmgiy (slightty ) Sy

'l
4 hl “gw -«1'{) /f‘ &

a-l/'

Substance i

vafy
Wi

'1

s

for sparingly soluble sal
solutions may be considered as solutions 4 infinite dilution, The »
conductance measured for this solution may De taken a5 ¢,

conductance at infinite dilution.

the sparingly soluble salt in water i

i
“w:%

A Saturated solution of
and its equivalent conductance measu

i/\sKV i. F—Tgfm,«dm :

specific conductance and V is the volume incc copy...
i,

red. Now

Where K is the

| gram equivalent of the electrolyte. Knowing A and K, the v
2 0 4_5‘»"»';

containing-one gram equivalent V is calculated From V the amoup o
- of th,
i

calculated. This gives the solubilit, of
- !j"!e

solute present in one litre can be
substance.

From the solubility (S) of the sparingly soluble substance, the sofyh
» I 0N ubiligy

product (Ksp) may b
sparingly soluble salt, it ionises as

e calculated. Suppose we consider AgCE 5 g,
> the

AgCls==— = Ag ‘L

and the equilibrium constant
a "&Cf

Ag
K=—

Aot

Since the salt is sparingly soluble a, o MY be taken as 1.

Then, K_=a,, = acl”




-
2

Since the solution is dilute the concentration of the
' considered instead of activity, .

.f — - “
Then K_=C, +C=Ss=§ | @
f—— A -

CONDUCTOMETRIC TITRATIONS V- Vi

Significance of conductometric titration”/ \ O M
Tladis

10ns may be

These titrations have the following advantages:

1. The titrations which cannot be carried out by ordinary methods can be

carried out successfully under conductometric method.

2. Even titrations with turbid and coloured solutions where indicators
cannot be used can be done.
3.

Reactions in which precipitates are formed can also be titrated.
4. A weak acid can be titrated against 2 weak base.
5. Very dilute solutions can also titrated.

Procedure:

In the conductometric titrations, the variation of electrical conductivity

" of a solution during the course of the titration is measured. It is necessary

" to measure the actual specific conductivity; and quantity proportional to
conductivity can measured and used. An electrolyte is taken in a small
beaker and a conductivity cell is immersed in the electrolyte. The titrant is
added from the burette and the corresponding conductance reading are
taken. The conductance readings are plotted against the volume of titrant
added. The brezk in the cure gives the end point. The nmmﬁwuldbc |
atleast 10 times stronger than the solution being titrated in ordertokeepthe -

- volume change small (negligible).

____———-————‘/’/"’/
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@ strong, acid against Strong base:
The titration of FICE against NaOT can be taken as an ¢ — h
fal

the acid is taken in the beaker and the base is added from bt J
start with we take a strong y acid namely HClin the beaker, |y Will 1y,
value of conductance. During the titration the following rumtmnnlv K

»{.
!

We find that H' ions are lcplawd

e A B e i -
———— o -
s,

\H + L »Ndon ——-—->||0qu '(z

——

by Na' ions during the titration. 1he

speed of the Na“ fons is less than that of

Therefore conductance

K

H* ions.

——

decreases when more and more of NaOH
T INaU

is added . When all of H" ions are replaced

by Na* ions the conductance reaches a

minium value. At this poi lv the = specific Conductapng,

end point we have Na' and C2” ions only, V volume of NaGyjy
X = End point,

If we add any more amount of NaOH the conductance increases rapid]
_ i i

It is because NaOH is a strong electrolyte and the addition of it cayses »
. ~——— : aq

increase of Na* and OH™ ions. The OH-- ions have high mobility ang %

conductance Increases lgplcil_y;llhgcurve obtained in a titration is shown

figure . The break in the curve gives.thie neutralisation (end) point.
Strono acld aoamst wcak base '
7 ‘
The titration of HCZ against NH,OH can be taken as an example. T

start with we taken strong acid HCK in the beaker. [t will have a high valte
owing reaction takes p“:&e :

of conductance. During the titration the foll
b e+ NHOH > N OE RO

Scanned with CamScanner



35
- . ] ; . gttt The
We find the M+ jons are replaced by NH," ions during the titration. T
speed of the NH," ions is less than ' ions. Thercfore conductance decreas

when more and more of NH“OH is added.

When all the H* ioﬁs are replaced by

NHJ“ ions the conductance reaches a

A K
Minimum value. If we add any more amount \k"
of NH 4Ol-l there is no considerable change '
in the conductance.

It is because NH4OH is a weak

|
i
. \Y
electrolyte. It ionises to a very small extent.
1S
So addition of NH,OH does not cause addition of any more ions. Thu

1he condUCtance remains almost constant.

The curve obtained in such a titration is shown in ﬂgure . The break in
" the cutve ‘X’ gives the neutralisation point.
3. Weak acid against strong base:

'\ ¢ B

The titration of CH,COOH against NaOH can be faken as an example.
To start with, we take the weak acid namely CHBCOOH in the beaker. The

. weak acid has a low ionisation.

CH,COOH === CH,CO0" +H"

So it will have a low conductance. During the titration the following
reaction take place

CH COOH+Na + OH™ — > Na* +CH COO'+HO

Addition of NaOH produces sodium acetate salt which totally ionises
to give Na* and CH. ;COO" ions. So during the course of the reaction more

|
. of Na' and CH’COQ™ are produced and hence conductance mcreaw
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( the conductance 1s due to Na™ and CH (- "
14 A p

 end poi L - ) ;
Atthe ¢ ¢ amount of NaOH the conductane, .
any more al -

vo add any | .

{
"

"
only. 103

apidly. B
’ qOH is a strong electrolyte

» N
It 1s hecause N .
auses an 1l

jon of it ¢ y
ons. The OH “ions have high

\crease |
and the addit 3
of Na“and OH"1

, ‘ncrca’.“e,‘ ~
('l’ [¢ ‘ - |
ral)] B .

X s the neutralisation potnt.

4. Weak acid against weak base:

SN o
—

The titration of CH.COOH against NH,OH can be taken as an exanpj,
ith we take the weak acid namely CH,COOH in the beake,. Th

To start W
weak acid has low ionisation.

CH,COOH === CH,C00 +H"

So it will have a low conductance. During the titration the f()“()wing

reaction takes place.
CH;COOH +NH,0H — NH,"+ CH,C00" + HO |

Addition of NH,OH produces
ammonium acetate salt which totally
inoises to give NH , and CH,COO" ions.
Soduring the course of the reaction more

and more ‘of NH 4+ and CH?COO~ are
produced ang hence. ¢
increase,

K

>

onductance

< - -
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in the conductance, It is because NH ,OH is a weak electrolyte. It ionises
to a very low extent, So addition of NH ,OH does not cause addition of any

more ions. Thus the conductance remain almost constant. The curve
obtained in such 4 titration is shown in figure .

3. Mixture of strong acid and weak acid against strong base:

~—————

—

The titration of a mixture of HCZ and CH,COOH against NaOH can

be taken as an example. In the beaker we take the mixture of acids. The
Strong acid namely HCZ ionises totally to give H* and C¢~ ions. So it will
;have high value of conductance. During the titratio

n the strong acid (HCX)
%ﬁrst reacts with NaOH. The following reaction ta

kes place.

|

|
|

HY +C +Na"+ OH — Na* + p- + H,0
H" ions are replaced by

'H7 ions. Therefore conducta

id has completely reached we a have Na* and

C2-ions and CH,COOH. This point is the end point for strong acid noted

So during the additiop of NaOH more .
and more of Na+ and CH3CO Q- are produced o i oo
and hence conductance increases. Attheend | | S
point ‘Y’ tile conductance is dye to Na*+ i . 7' ’
Ce™ and CH,CO0" ions only. The end point | \)\(/y 5 _
Y gives the volume of alkali required by : iR
both acids, v

b o o we o
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Knowing X the volume. of alkali required by weak acid alone (y \
| 3

can be found. After thc end point Y 1f we add any more amoun, of Na()

the conductance increase rapidly. 1t is because NaOH 1s a Strong elecyy ol
and addition of it causes an increase of Na' and OH ' ions, This Cuny
Ve

tained in such a titration 1s shown in figure.

Prccxpnatmn titrations:

Y
R Eih ot et semms ot A 1 31

The titration of l&l"” against NaC{ can be taken as an example, |

we take AgNO, solution in the u.! i totally inoises as Au'and NO)
j .

—
s o AR DS - MBS St

The less mobile Ag™ 1ons are replaced by

iy -s—-« -

—

-

more mobile Na+ jons. When more and more of

NaCZL is added more Na' is introduced and so

the conductance increases regulariy. At the end

pomnt we have Na* and N NO, only. If we add

4.--,«»—

any more amount of U: zi ¢ conductance

S P e et e AR

increases rapidly.

.

It is because \1C£ IS @ strong electrolyte and !hn addition of it cal.tses an

increases of N )
s of Na™ and CZ ions. The curve obwmed in such amratmn 15
—
stmilar to the curve as shown in figure . The break in the curve X‘g!"f’s

the end point .

e
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