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Electrochemical Cell

An electrochemical cell consists of two

electrodes or metallic conductors in

contact with an electrolyte, which is an

ionic conductor (a solution, liquid, or
solid).



Electrochemical Cell

An electrode and its electrolyte
comprise an electrode
compartment (half-cell).

I
I
I
I
A4

The two electrodes may share
the same compartment.



Galvanic Cell



Galvanic Cell

- )

Spontaneous redox
reaction is used here
to produce electricity.

[ Example] Daniel cell ]




Daniell Cell

i
/

built using two
electrodes
O

—

|

Zn rod dipped in
ZnS0O, solution.

Cu rod dipped in
CuSO0, solution.

|




Daniell Cell

Metallic wire

Salt bridge

| Copper rod
(Cathode)

ZnS0O, solution CuSO, solution

. —

Electron Current
flow



Daniel Cell

Zn atoms will move in the
solution to form Zn2* ions

|




Cu?* ions will get deposited
to form Cu atoms

|

Daniell Cell




Daniell Cell

An electrical double layer is
developed in the system and hence,

a potential difference is created
between the rod and the solution.

Known as electrode potential



O

Characteristics of Anode in Daniel Cell

Oxidation takes place at anode.
It acts as a source of electrons.

It has negative polarity.

The electrode potential

is represented by EZn
/Zn2+



O

Characteristics of Cathode in Daniel Cell

Reduction takes place at cathode.
It acts as a sink of electrons.

It has positive polarity.

The electrode potential =
is represented by Cu#*/Cu



Daniel Cell

On joining the metal strips through
a wire (of negligible resistance)

|
|
|
[
|
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The current flows as long as the
potential difference exists between

the metal phase and the liquid phase.



Why?

The current is
generated,
but it is not

sustainable.



Anode

Zn atoms will move in the
solution to form Zn2* ions

|
|
|
v
After some time, an

equilibrium will be
established

/n (s) = Zn?* (aq) + 2e-



Anode

/ Accumulation of extra
positive charge in the
solution

)
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to move in the solution

Will not allow extra Zn2* ions

J
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with Zn?* ions

The solution will be saturated

)




Cathode

Cu?* ions will get deposited on
the electrode to form Cu atoms

v
After some time, an
equilibrium is established

Cu?* (aq) + 2e= = Cu (s)



Cathode

Accumulation of sufficient

positive charge on the rod

J

|
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/

Will not allow extra Cu?*

jons to get deposited

v




l; ” 2 » Q@’
ﬂ ®How can we get

sustainable
current?




Salt Bridge

U-shaped inverted tube that contains
a gel permeated with an inert electrolyte
(E.g.: potassium chloride in agar jelly).
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Functions of Salt Bridge

It connects the solution
of two half-cells to
complete the circuit.

It maintains the electrical
neutrality of the solution in
order to give a continuous
flow or generation of current.

It ensures that the two electrolytic
solutions do not mix, but a slight
diffusion of ions from one
electrode to another is possible.



Functions of Salt Bridge

The simultaneous electrical neutrality
of the anodic oxidation chamber and
cathodic reduction chamber is due to:

I
|
|

\4

The same ionic mobility or velocity of
K+and NO; ions taken into the salt bridge



Note

Salt bridge is not
required for a galvanic
cell in which a common
electrolyte of anode half

and cathode half is present.

—

[ Example }:oncentration ceIIJ




@ In a galvanic cell, the salt bridge:

Does not participate chemically

d in the cell reaction
b Stops the diffusion of ions
from one electrode to another
Is necessary for the occurrence
C .
of the cell reaction
d Ensures mixing of the two

electrolytic solutions



Electrode Potential

p

Whenever a metal strip is
put in an electrolyte

J

/A potential difference is

developed between the metal
electrode and its ions in
solution.

4




Electrode Potential

Oxidation Potential (O.P.)

Zn (s)

—> | Zn?*(aq) |+ 2e"

Greater the O.P,, greater will
be the tendency to get oxidised.

= Zn/Zn?*



Electrode Potential

Reduction Potential (R.P.)

Cu2+

@ |T| * | —

Greater the R.P,, greater will
be the tendency to get
reduced.

Cu (s)

ECu2+/Cu



The potential difference
developed between the metal
electrodes and the solution of
its ions at 1 M concentration
and 1 bar pressure at a
particular temperature is known
as standard electrode

potential (E°).

S



Standard Electrode Potential

Electrode reaction in

standard conditions Representation

Reduction: Zn?* (aq) + 2e~ Zn 0

(s) o I:2n2+/Zn (SRP)
I 5

Oxidation: Zn(s) __ , Zn**(aq) + (SOP)

EO
2e” Zn [Zn2+



Cell Potential

The driving force that pushes the N

electrons away from the anode and
pulls them towards the cathode is an
electrical potential called electromotive

force, also known as cell potential
or the cell voltage.

Unit: Volt




Did You Know?

Electromotive force
of a cell is equal to the
potential difference
between its terminals
when no current is
passing through
the circuit.



Calculation of E,,

Electrode reaction A G
Anode: A (s Ant (aq) +
1 ( )n_et @A)+ pgG, = NFEy g
2 Cathode:B™*(aq) + me=—> B AG,= -mFEBme/B

(s)

Multiply eq. (1) by m, & eq. (2) by n,
and then add both the equations.



Calculation of E,,

Cell reaction

mA (s) + nB™* (aq)

—

S)

mA"™* (aq) + nB

AG; = mAG;+nAG,

AG

AG;



Calculation of E,,

A G; = mAG;+nAG,

-nmFE,,, = “NMFEy /an+ — NMFBms

Een = Bjan t e/



Calculation of E,,

When reduction potential of both
electrodes are taken into account:

Reduction Reduction
SR — potential - potential
of cathode of anode
— Ered
E — — E..4(anode)

e=l) (cathode)



Calculation of E,,

ArG3 — m ArGl + N Aer
'anEce” — -anEA/An+_ nmFE Bm+/B
et = Epjpnt Egmeg



Calculation of E,,

When reduction potential of both
electrodes are taken into account:

Reduction
potential
of cathode

cell

E — Ered
e=ll (cathode)

Reduction
potential
of anode

E. ., (anode)



cell

cell

E.., of Daniell Cell

4+ E

Cus*/Cu Zn/Zn?
+

Cu2*/Cu n%+/Zn



E.., of Daniell Cell



van- FO . 0 . -
@ Given:E, 0,2 0337 Vand B, o =—~0136 V. Which of the ~ [#5

following statements is correct?

a Cu?* can be reduced by H, (g)
b Cu can be oxidised by H*

C Sn?* can be reduced by H, (g)

d Cu can reduce Sn?+



@ Given:

(i) Cu?* + 26~ —> Cu; E°= 0337V
(ii) Cu?* + e~ — Cu;E°=0.153V

The electrode potential, E° for the reaction,

Cu* +e—— Cu, will be:

a 0.90V b 0.30 V

C 0.38V d 0.52V

(NEET 2009)



@ A button cell used in watches functions as following: %
In(s)+Ag,0(s)*H,0(9) = 2Ag(s)+In* (ag)+20H (aq)
If half cell potentials are:
In2(aq)+2e——— In(s);E°=-0.16 V
Ag,0 (s) + H,0 (9 + 26— 2Ag (s) + 20H™ (aq); E°= 0.34 V
The cell potential will be: (NEET 2013)

a 0.84V b 1.34V

C 1.10V d 042V
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