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Chapter 5

Galvanic/Electrolytic Cells

Nernst Equation

Corrosion

Part 1

Part 2

Electrochemistry
 Deals with studying interchange of chemical and

electrical energy.

 Studies chemical reactions involving electron transfer in

solutions at the interface of an electron conductor (a

metal or a semiconductor) and an ionic conductor (the

electrolyte).

 Is primarily concerned with two opposite processes

involving oxidation–reduction reactions.

 The reactor in electrochemistry is called Cell.

 Applications

 Batteries , Corrosion, Electrolysis (aluminum, and

Cl2 production), Analysis (ion selective electrodes)
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Reversible electrochemical Cells
 Reversible cells are those whose cell reactions can be
get reversed when an external emf (Eext) greater than
its capacity (Ecell) is applied. E.g., Metal/metal ion
electrodes.

Irreversible electrochemical Cells
 Cells whose cell reactions can not be reversed when an
external emf (Eext) greater than its capacity (Ecell) is
applied.

Example The Zn/H+/Ag cell

࢔ࢆ ൅	૛ࡴା → ૛ା࢔ࢆ ൅ ૛ࡴ Anode
Cathode૛ࢍ࡭ା ൅ ૛ ିࢋ → ૛ࢍ࡭

H2 is escaped from the system

Reversible Cells/ Example

//ሻࢗࢇ૝ሺࡻࡿ࢔ࢆሺ࢙ሻ࢔ࢆ ሺ࢙ሻ࢛࡯ሻࢗࢇ૝ሺࡻࡿ࢛࡯

Daniel cell

ሺ࢙ሻ࢔ࢆ → ሻࢗࢇ૛ାሺ࢔ࢆ ൅ ૛	ିࢋ

Anode
Cathode

ሻࢗࢇ૛ାሺ࢛࡯ ൅ ૛	ିࢋ → ሺ࢙ሻ࢛࡯

Cell representation

࢔ࢆ ൅	࢛࡯૛ା ⟶ ૛ା࢔ࢆ ൅ ࢛࡯ ࢒࢒ࢋࢉࡱ			
૙ ൌ ૚. ૚	ࢂ	

Ionic 
conduction
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Daniel cell, E0= 1.1 V
 If an external emf less than 1.1 V is applied, current
will flow from the cell according to

 If an external emf of 1.1 V is applied, the cell reaction
stops and no current flows (I = 0).

 If an external emf higher than 1.1 V is applied, the cell
reaction will be reversed and current will flow in
opposite direction.

࢔ࢆ ൅	࢛࡯૛ା ⟶ ૛ା࢔ࢆ ൅ ࢛࡯ ࢒࢒ࢋࢉࡱ			
૙ ൌ ૚. ૚	ࢂ	

࢔ࢆ ൅	࢛࡯૛ା ⇌ ૛ା࢔ࢆ ൅ ࢛࡯ ࢒࢒ࢋࢉࡱ
૙ ൌ ૚. ૚	ࢂ	

૛ା࢔ࢆ ൅ ࢛࡯ ⟶ ࢔ࢆ ൅ ૛ା࢛࡯ ࢒࢒ࢋࢉࡱ
૙ ൌ െ૚. ૚	ࢂ	

Spontaneous/Galvanic

Non‐Spontaneous/Electrolytic

Galvanic/Electrolytic 
 A galvanic (voltaic) process: generation of an electric
current from a spontaneous chemical reaction.

 An electrolytic processes: uses a current to produce
chemical change.

Spontaneous/Galvanic

Non‐Spontaneous/Electrolytic

	࢙࢚࢔ࢇ࢚ࢉࢇࢋࡾ ⇌ ࢙࢚ࢉ࢛ࢊ࢕࢘ࡼ ൅ 	࢟ࢍ࢘ࢋ࢔ࡱ	࢒ࢇࢉ࢏࢚࢘ࢉࢋ࢒ࡱ
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G
a
lva

n
ic cells

Anolyte Catholyte

࢚ࡼ ࢙ 	૛ࡴ, ૚	࢓࢚ࢇ ࡴାሺࢗࢇሻ//ࢍ࡭ାሺࢗࢇሻࢍ࡭ሺ࢙ሻ

Energy released by spontaneous redox 
reaction is converted to electrical energy

Electrical energy is used to drive non‐
spontaneous redox reaction

Oxidation half‐reaction:
Y  Y+ + e

Oxidation half‐reaction:
Z  Z + e

Reduction half‐reaction:
Z+ + e Z

Reduction half‐reaction:
Y+ + e Y

Overall cell reaction
Y + Z+  Y+ + Z (G <0)

Overall cell reaction
Y+ + Z  Y + Z (G >0)

࢔ࢆ ൅	࢛࡯૛ା ⟶ ૛ା࢔ࢆ ൅ ࢛࡯

૛ିࡻ ⟶
૚
૛
૛ࡻ ൅ ૛	ିࢋ

૛ࡴା ൅ ૛	ିࢋ ⟶ ૛ࡴ

૛ࡴା ൅ ૛ିࡻ ⟶ ૛ࡴ ൅	
૚
૛
૛ࡻ

	ାࢅାࢆ	ିࢆ	ାࢅ

ࢅ ࢆ

Water splitting
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Galvanic Cell Electrolytic cell
converts chemical energy into 

electrical energy.
converts electrical energy into 

chemical energy.
Spontaneous redox reaction non‐spontaneous redox reaction

The two half‐cells are set up in 
different containers, being 
connected through the salt 
bridge or porous partition.

Both electrodes can be placed in 
the same container with the 

electrolyte.

The anode is negative and 
cathode is the positive 

electrode. The reaction at the 
anode is oxidation and that at 

the cathode is reduction.

The anode is positive and cathode 
is the negative electrode. The 

reaction at the anode is oxidation 
and that at the cathode is 

reduction.
Electrons are supplied by the 
species getting oxidized. They 

move from anode to the 
cathode in the external circuit.

The external battery supplies the 
electrons. They enter through the 
cathode and come out through the 

anode.

Electrodes/Electrolyte
 The electrode (Pole) at which oxidation occurs is
called the anode; the electrode at which reduction
occurs is called the cathode.

 The cathode and anode are usually made of metals
or carbon (i.e., first class conductors) and they may
be or may not be involved in the reactions.

 The solution between electrodes is composed of a
polar solvent (mostly water) and at least one
chemical (called Electrolyte) that ionizes to produce
ions in solution.
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Electricity

 Electricity is conducted through the cell by

 Electrons in the electrodes and wires, and

 Ions in solution.

 Species undergoing oxidation at the anode is 
called Anolyte

 Species undergoing reduction at the cathode 
is the Catholyte. 

Cell potential, Ecell
 The electromotive force (emf) pulling electrons
from the anodic to the cathodic compartments.

 The unit of electrical potential is the volt
(abbreviated V), which is defined as 1 joule of
work per coulomb of charge transferred.

Standard Cell potential, E0

 The emf of the cell if unit activities
(concentrations = 1 M, P= 1 atm) are employed
for the existing ions and gases in the cell.
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Reduction Half‐reaction E° (V)
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Ex
a
m
p
le

Potential when all 
solutes are at 1 M 

and all gases are at 1 
atm.

Standard electrode 
Potential

Example

Oxidation /Anode

Reduction/Cathode

૛ࡴା .ࢗࢇ ൅ ሺ࢙ሻ	࢔ࢆ 	⟶ ૛ା࢔ࢆ .ࢗࢇ ൅ ሻࢍሺ	૛ࡴ

ሺ࢙ሻ	࢔ࢆ 	⟶ ૛ା࢔ࢆ .ࢗࢇ ൅ ૛ିࢋ ૙ൌࡱ				 ૙. ૠ૟	ࢂ	

૛ࡴା .ࢗࢇ ൅ ૛ିࢋ ⟶ ሻࢍሺ	૛ࡴ ૙ൌࡱ								 ૙. ૙	ࢂ	

૛ା࢔ࢆ .ࢗࢇ ൅ ૛ିࢋ ⟶ 	࢔ࢆ		 ࢙ ૙ࡱ							 ൌ െ૙. ૠ૟	ࢂ	

૛ࡴା .ࢗࢇ ൅ ሺ࢙ሻ	࢔ࢆ ⟶ ૛ା࢔ࢆ .ࢗࢇ ൅ ሻࢍሺ	૛ࡴ ࢒࢒ࢋࢉࡱ
૙ ൌ ૙. ૠ૟	ࢂ	

࢒࢒ࢋࢉࡱ
૙ ൌ ૛ࡴ⟶శࡴࡱ

૙ ൅ ૛శ࢔ࢆ⟶		࢔ࢆࡱ
૙ 	

࢒࢒ࢋࢉࡱ
૙ ൌ ࢋࢊ࢕ࢎ࢚ࢇࢉࡱ

૙ െ ࢋࢊ࢕࢔ࢇࡱ
૙

Employing red. pot. 
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The Nernst Equation

It represents the dependence of the cell potential (ࡱ)
on concentration.
In fact, the potential of a single electrode or half‐cell
varies with the concentration of ions in the cell
according to Nernst equation

ࡱ ൌ ૙ࡱ ൅
ࢀࡾ
ࡲ࢔

࢔࢒ ା࢔ࡹ

ࡱ ൌ ૙ࡱ ൅
૛. ૜૙૜ࢀࡾ

ࡲ࢔
ࢍ࢕࢒ ା࢔ࡹ

ሻࢗࢇାሺ࢔ࡹ ൅ ିࢋ	࢔ → ሺ࢙ሻFor this half cell reactionࡹ

At 25oC ࡱ ൌ ૙ࡱ ൅
૙. ૙૞ૢ
࢔

ࢍ࢕࢒ ା࢔ࡹ

R = 8.314 J K1 mol1 F = 96500 C/mol e’s

Ex
a
m
p
le Calculate the electrode potential and the

electromotive force of the following cell knowing
that ࢔ࢆࡱ

૙ ൌ െ૙. ૠ૟	ࢂ, and ࢛࡯ࡱ
૙ ൌ ൅૙. ૜૝	ࢂ

Solution

.ሺ૙	૛ା࢔ࢆ࢔ࢆ ૚	ࡹሻ//࢛࡯૛ାሺ૙. ૚ࡹሻ࢛࡯

ࡱ ൌ ૙ࡱ ൅
૙. ૙૞ૢ
࢔

ࢍ࢕࢒ ା࢔ࡹ

૛ା࢔ࢆ ࢗࢇ ൅ ૛	ିࢋ → ࢔ࢆ ࢙ ࢔ࢆࡱ								,
૙ ൌ െ૙. ૠ૟	ࢂ

૛ା࢛࡯ ࢗࢇ ൅ ૛	ିࢋ → ࢛࡯ ࢙ ࢛࡯ࡱ								,
૙ ൌ ൅૙. ૜૝	ࢂ

Calculate E

࢔ࢆࡱ ൌ ࢔ࢆࡱ
૙ ൅

૙. ૙૞ૢ
૛

ࢍ࢕࢒ ૙. ૚ ൌ െ૙. ૠૡૢ૞

࢛࡯ࡱ ൌ ࢛࡯ࡱ
૙ ൅

૙. ૙૞ૢ
૛

ࢍ࢕࢒ ૙. ૚ ൌ ൅૙. ૜૚૙૞

Anode

Cathode

࢒࢒ࢋࢉࡱ ൌ ࢋࢊ࢕ࢎ࢚ࢇࢉࡱ െ ࢋࢊ࢕࢔ࢇࡱ ൌ ૙. ૜૚૙૞ ൅ ૙. ૠૡૢ૞ ൌ ૚. ૚	ࢂ
࢔ࢆ ൅	࢛࡯૛ା ⟶ ૛ା࢔ࢆ ൅ ࢛࡯ ࢒࢒ࢋࢉࡱ ൌ ૚. ૚ 	ࢂ
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Ex
a
m
p
le Calculate the electrode potential and the

electromotive force of the following cell knowing
that ࢔ࢆࡱ

૙ ൌ െ૙. ૠ૟	ࢂ, and ࢛࡯ࡱ
૙ ൌ ൅૙. ૜૝	ࢂ

Solution

.ሺ૙	૛ା࢔ࢆ࢔ࢆ ૚	ࡹሻ//࢛࡯૛ାሺ૙. ૚ࡹሻ࢛࡯

ࡱ ൌ ૙ࡱ ൅
૙. ૙૞ૢ
࢔

ࢍ࢕࢒ ା࢔ࡹ

૛ା࢔ࢆ ࢗࢇ ൅ ૛	ିࢋ → ࢔ࢆ ࢙ ࢔ࢆࡱ								,
૙ ൌ െ૙. ૠ૟	ࢂ

૛ା࢛࡯ ࢗࢇ ൅ ૛	ିࢋ → ࢛࡯ ࢙ ࢛࡯ࡱ								,
૙ ൌ ൅૙. ૜૝	ࢂ

࢔ࢆ ൅ ૛ା࢛࡯ ⟶ ૛ା࢔ࢆ ൅ ࢛࡯ ࢒࢒ࢋࢉࡱ
૙ ൌ ૚. ૚	ࢂ	

Calculate E

࢔ࢆࡱ ൌ ࢔ࢆࡱ
૙ ൅

૙. ૙૞ૢ
૛

ࢍ࢕࢒ ૙. ૚ ൌ െ૙. ૠૡૢ૞

࢔ࢆࡱ ൌ ࢔ࢆࡱ
૙ ൅

૙. ૙૞ૢ
૛

ࢍ࢕࢒ ૙. ૚ ൌ െ૙. ૠૡૢ૞
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