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Electrolytic Cell
and Electrolysis



Electrolytic Cell

An electrolytic cell is an electrochemical
cell in which a non-spontaneous reaction
is driven by an external source of current.

I
I
I
v

It converts electrical energy
into chemical energy.

Vo



Cell reaction:

2H,0 (¢)

Electrolytic Cell

— | 2H,(9) + | 0,(9) ' E=-1.23V

The spontaneous process is actually
the reverse reaction (i.e,,
formation of H,O from H, and O,).
v
For thisatpH =7, E_, = 1.23 V.

£



Electrolytic Cell

In order to drive the electrolysis
of H,0, the electrical power
source must be able to supply
a minimum of 1.23 V.

£



Electrolysis

L J
Electrolysis is a process of oxidation
and reduction due to current in
the electrolytic solution.

An electrolyte is a combination

of cations and anions, which

can conduct electricity in fused
state or in aqueous solution.

£



Construction of
Electrolytic Cell



Construction of Electrolytic Cell

Source of current

\Z

External battery

£



Construction of Electrolytic Cell

Cathode is attached to the
negative terminal of the battery.

\4

Reduction occurs at the cathode.

So, the cathode acts as a
negative electrode.

£



Construction of Electrolytic Cell

Anode is attached to the positive
terminal of the battery.

\4

Oxidation occurs at the anode.

So, the anode acts as a
positive electrode.

£



Construction of Electrolytic Cell

£



Electrolysis of
Molten NaCl



1 N

-

Current

Electrolysis of Molten NaCl

— Yj\Molten NaCl
| /| o / Electrons

Battery
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Electrolysis of Molten NaCl
Electrode Half-Reaction
Cathode Na* (¢) + e —> Na (¢
Anode 2CI~ (¢) — Cl, (g) + 2e-

Overall reaction:

2Na* (¢) + 2CI~ (&) |— 2Na () + Cl,(q)

Eeqy < 0V

£



Electrolysis of Molten NaCl

Sodium metal and
chlorine gas are knowns as
product of electrolysis
of molten NaCl.

£



Factors Affecting
Product of Electrolysis



Product obtained during electrolysis
depends on following factors:

Amount of charge passed
into the electrolyte
I

Nature of the electrolyte
[

Concentration of the electrolyte
[

Nature of the electrode

Vo



Faraday’'s Laws
of Electrolysis



Faraday’s Laws of Electrolysis

=

These laws are about the amount
of product of electrolysis (or the
mass of substance produced
or deposited on electrodes).

£



Faraday’s Laws of Electrolysis

Faraday’s
first law

Vo



Faraday’s First Law

The mass deposited/
released/produced of any
substance during electrolysis

\ 4
4 )
Is proportional to the
amount of charge passed

into the electrolyte
N\ J




Faraday’s First Law

W o« Q

W = ZQ

W: Mass deposited or liberated

Q: Amount of charge passed

/: Electrochemical equivalent
of the substance

£



Electrochemical Equivalent of the Substance (Z)

If Q 1C

Mass deposited or liberated
y 4 when 1 C of charge is
passed into the solution

Unit: kg/C or g/C



Equivalent Mass (E)

It is mass of any
substance produced when
1 mole of electrons are

passed through the
solution during
electrolysis.

£



Equivalent Mass (E)

Molar mass

No. of e~ involved in oxidation/reduction

\
n-factor

Vo



1

Calculating Equivalent Mass (E)

Ag*(aq) 4+ | e | —— Ag(s)

£



3

Calculating Equivalent Mass (E)

AB* (ag) +4 3= —  Al(S)

£



Faraday’s First Law

We know,
1 moleofe = 1 F of Charge
1F — 96500 C
E gram metal
96500 C —  deposited or
charge flow

liberated

£



Faraday’s First Law

1 Ccharge _ g metal deposited
flow 96500
B _ -
>0, — 96500

Z is the mass deposited or
liberated when 1 C of charge
is passed into the solution.

Vo



Faraday’s First Law

From Faraday’s first law,

W — ZQ

Substituting the value of Z,

=
96500

W

X Q

£



Faraday’s First Law

EQ
96500

W

E i | X t
~ n-factor A=

Molar mass 9 i X t

=
I

n-factor 96500



Ve
@ Find the number of electrons involved in the electro-deposition of Y

63.5 g of copper from a solution of copper sulphate.

a 12.04 x 1023
b 13.04 x 1021
C 10.04 x 1020

d 12.04 x 1022



4
@ Find the total charge required for the oxidation of 2 moles of Mn,0;’ Y

to MnO, in presence of an alkaline medium.

a 15 F
b 20 F
C 22 F

d 25 F



Faraday’s Laws of Electrolysis

Faraday's
Second
Law

Vo



Faraday’s Second Law

If equal charge (Q) is passed
through two electrolytic cells and
cells are connected in series,

l
l
|

\4

The mass deposited at the electrode will
be in the ratio of their electrochemical
equivalents or equivalents masses.

£



Faraday’s Second Law

Considering two
electrolytic cells 1 and
2 connected in series

Applying the first law,

Wy, = Z;xQ W, = 4,xQ,

--> Fortwo cells <--



Faraday’s Second Law

Since charge passed is
same for both the cells,

Q Q

Vo



Faraday’s Second Law

=
As, 7 —
96500
= =
— 1 and 7, = :
96500 96500
W, E,

£



Faraday’s Second Law

£



_ o
@ Four moles of electrons were transferred from anode to cathode in an

experiment on electrolysis of water. Find the approximate total volume
of the two gases (dry and at STP) produced (in litres).

a 22.4
b 44 .8
C 67.2

d 89.4
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Molten form }

Aqueous form }




Molten Electrolyte

Electrolysis of molten NaF solution

Electrode Half-reaction EV

Nat (¢) + e~ Na E°=-2.71
Cathode (Z)—> v

EY = -2.87

Anode AT = |5y o 2Er v

Product of electrolysis:

Anode F, Cathode @ Na

Vo



Aqueous Electrolyte

When electrolysis of an aqueous
solution of electrolyte is carried out,

v
There may be two or more
species present in the solution
which may compete for reduction
at cathode
or oxidation at anode.

Vo



Aqueous Electrolyte

For the species competing
for reduction at cathode,

|
|
|
\ 2

Higher is the SRP, greater
will be its ease to undergo
reduction at cathode.

Vo



Aqueous Electrolyte

For the species competing

for oxidation at anode,

v

|
|
|
v

/Lower is the SRP (or higher in
SOP), greater will be its ease to

undergo oxidation at anode./

Vo



Aqueous Electrolyte

Electrolysis of aq. NaF solution

Possibilities at cathode:

Na* (ag) + e ——> Na (s) E0=-271V
2H,0 (¢) + 2e- H, (g) + 20H™ F0= 083V
(aq) '
Product of electrolysis
H,

at cathode

Vo



Aqueous Electrolyte

Electrolysis of aq. NaF solution

Possibilities at anode:
2F- (aq) — F,(Q) + 2e- E. =-2.87V

2H,0 (¢) —> O, + 4H* + 4e- E0 =-1.23V

Product of electrolysis
at anode

Vo



Aqueous Electrolyte
Electrolysis of aq. NaCl solution

Possibilities at cathode:

Nat+ (agq) + e= —> Na (s) E0=-2.71V
2H,0 () + 2e- H, (g) + 20H" 0 .83V
Cle) '
Product of electrolysis
HZ

at cathode

Vo



Aqueous Electrolyte

Electrolysis of aq. NaCl solution

Possibilities at anode:

2CI~ (aq) — Cl, (g) + 2e- EQ =-136V
Z +
2H,0 () (ize_(g)+4H (aq) + 0 =123V
Product of electrolysis Cl
p

at anode

Vo



If the oxidation potential of
H,O is more than that of CI,
then why Cl, is liberated?

According to thermodynamics,
the oxidation of H,O to produce

O, should take place at the anode.

However experimentally, the
rate of oxidation of water is
found to be very slow.

£



To increase its rate, a greater
potential difference is applied known
as overvoltage or overpotential.

\Z

However, because of this, the
oxidation of Cl” ions also becomes
feasible and it takes place at the
anode.

£
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Dilute 1

Concentrated }
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Dilute Electrolyte

Electrolysis of aq. H,SO, solution

Possibilities at cathode:

2H* (aq) + 2= —> H, (@) E°=0.00V

2H,0 (¢) + 2e- H, (g) + 20H" EY = -0.83
" (aq) V

Product of electrolysis

at cathode H,

Vo



Dilute Electrolyte

Electrolysis of aq. H,SO, solution

Possibilities at anode:

250%,(aq) — S,0% (ag) + 2e=  EY =

2H,0 () 0O,(9) +4H" (aq) +

4e- E o=

Product of electrolysis

at anode 0,

-2.05V

-1.23 V

Vo



Concentrated Electrolyte
Electrolysis of highly conc. aq H,SO, solution

Possibilities at cathode:

2H* (aq) + 2= —> H, () E°=0.00V
2H,0 () +2e~__ H,(g) + 20H" E°=-0.83
(aq) V

Product of electrolysis

at cathode H,

Vo



Concentrated Electrolyte
Electrolysis of highly conc. aq H,SO, solution

Possibilities at anode:

2507, (aq) —> S,0% (aq) + 2e- Ej=-2.05V

2H,0 () __ 0,(g) +4H* (aq) +

Ao E°,.=-1.23V

Product of electrolysis

2_
at anode 5,03

Vo
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