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Preface

Engineering has stretched into different frontiers of our lives promising ever increasing
bundles of opportunities and challenges. Engineering Chemistry plays an inevitable role in
providing a fundamental as well as broad knowledge of theoretical, applied and experimental
chemistry to the budding engineers to enable them to embark on professional careers of their
choice.

It gives us immense pleasure in bringing forward this book entitled “A Concise
Textbook on Engineering Chemistry” which comprises of five modules as per the latest
Visvesvaraya Technological University (VTU) Choice Based Credit System (CBCS)
Syllabus 2015. This book is intended to cater to the needs and aspirations of both Ist and IInd

semester engineering students, and the faculty concerned.

The distinct features of the book are:

 Attractive pictures or cartoons which help students to learn with fun

 Simple and lucid style of writing

 Linking of topics and sizing according to the scheme of evaluation followed by VTU

 Highlights of latest developments on relevant topics in appendix

 Solved and unsolved problems to enhance problem solving skills

 Points to remember at the end of each chapter

 Review questions based on recent VTU question papers

All these discrete characteristics will enable students to achieve higher levels of
learning.

We highly appreciate constructive comments and suggestions for improvement.

Authors
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hydride batteries. Lithium batteries: Introduction, construction, working and applications of
Li-MnO2 and Li-ion batteries.

Fuel Cells: Introduction, difference between conventional cell and fuel cell, limitations and
advantages. Construction, working and applications of methanol-oxygen fuel cell with H2SO4

electrolyte.

MODULE 2: CORROSION AND METAL FINISHING

Corrosion: Introduction, electrochemical theory of corrosion, galvanic series. Factors
affecting the rate of corrosion: ratio of anodic to cathodic areas, nature of metal, nature of
corrosion product, nature of medium – pH, conductivity, and temperature. Types of corrosion
– Differential metal, differential aeration (pitting and water line) and stress. Corrosion control:
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Tinning. Cathodic protection (sacrificial anodic and impressed current methods).

Metal Finishing: Introduction, Technological importance. Electroplating: Introduction,
principles governing – polarization, decomposition potential and overvoltage. Factors
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levellers, structure modifiers and wetting agents. Electroplating of Nickel (Watt’s Bath) and
Chromium (decorative and hard). Electroless plating: Introduction, distinction between
electroplating and electroless plating, electroless plating of copper and manufacture of
double-sided Printed Circuit Board with copper.
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mechanism, anti-knocking agents, power alcohol and biodiesel.

Solar Energy: Introduction, utilization and conversion, photovoltaic cells – construction and
working. Design of PV cells: modules, panels and arrays. Advantages and disadvantages of
PV cells. Production of solar grade silicon: Union carbide process, purification of silicon (zone
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MODULE 4: POLYMERS

Introduction, types of polymerization: Addition and condensation, mechanism of
polymerization – free radical mechanism taking vinyl chloride as an example. Molecular
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Module 1

Electrochemistry and Battery
Technology

Module Objectives:
 It is essential to understand existing energy technologies and next generation solutions, to

become successful engineers. This module is designed to give the fundamental concepts of
electrochemistry, construction, working and applications of batteries and fuel cells that find
wide applications in automobiles and electronic gadgets.

 The students also understand the role of electrodes in qualitative and quantitative
measurement of analytes.

1.1 ELECTROCHEMISTRY
1.1.1 Introduction

Electrochemistry is the study of chemical processes that cause electrons to move. This movement
of electrons is called electricity, which is generated by movement of electrons from one electrode to
another in a reaction known as an oxidation-reduction (redox) reaction.

Oxidation is the lose of electrons whereas reduction refers to the gain of electrons. (OIL RIG:
Oxidation Is Lose of electrons; Reduction Is Gain of electrons).

Oxidation takes place at anode whereas reduction takes place at cathode. (An Ox Red Cat:
Anode Oxidation; Reduction Cathode).

Electrochemical cells are broadly divided into two types;
1. Galvanic cells
2. Electrolytic cells
A galvanic cell is a device where chemical energy is spontaneously converted to electrical energy.

Example: discharging of a battery.
Electrolytic cell is a device where electrical energy is applied to drive a non spontaneous

chemical reaction. Example: charging of a battery, and electroplating processes.
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Construction and Working of Galvanic Cell
It consists of two dissimilar electrodes dipped in their respective electrolyte solutions which are

connected internally by means of salt bridge or porous membrane. A voltmeter may be used to
measure the cell potential. The salt bridge maintains ionic balance while preventing the mixing of
anodic and cathodic solutions (see Figure 1.1).

Figure 1.1: Galvanic Cell

Example for galvanic cell is Daniel cell:
Zn | ZnSO4(1M) || CuSO4(1M) | Cu
i.e., Anode | Anode solution || Cathode solution | Cathode
where single line is used to indicate different phases and double line to indicate salt bridge.



Electrochemistry and Battery Technology 3

At anode: Zinc electrode undergoes oxidation
Zn  Zn2+ + 2e−

At cathode: Copper ions undergo reduction
Cu2+ + 2e−  Cu

Net cell reaction is obtained by adding anode and cathode reactions as given below:
Zn + Cu2+  Zn2+ + Cu

Electromotive force (EMF) of the cell at standard conditions or 
cellE is calculated using the

equation:

cellE = 

anodecathode E–  E

where E° is standard electrode potential measured at standard conditions, i.e., 298K, 1M
concentration and 1 atm.

Electrode E° (in volts)
Zn2+/Zn –0.76
Fe2+/Fe –0.44
Cu2+/Cu 0.34
Ag+/Ag 0.80

In a galvanic cell, the electrode with lower E° value act as anode and the electrode with higher E°
value act as cathode. For example, in a Daniel cell, Zn electrode (E° = –0.76V) acts as anode, whereas
the Cu electrode (E° = 0.34V) acts as cathode.

1.1.2 Nernst Equation for Single Electrode Potential
Nernst equation relates single electrode potential (E) with nature of the metal, concentration of

metal ions and temperature. Consider a reversible redox reaction
Mn+ + ne–  M

A thermodynamic relationship known as Van’t Hoff’s isotherm equation represented below, can
be applied to the above equilibrium to derive Nernst equation,

∆G = ∆G° + RT ln Kc ... (1.1)
Decrease in free energy is related to maximum work done,

−∆G = Wmax = nFE ... (1.2)
−∆G° = nFE° ... (1.3)

Kc =
][M

[M]  
[reactant]
[product]

n ... (1.4)

Substitute equations 1.2, 1.3 and 1.4 in 1.1,

−nFE = −nFE° + RT ln
][M

[M]
n
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Divide by –nF; substitute ln = 2.303 log and
substitute [M] = 1 (since concentration of pure metal is taken as unity)

E = E° − 2.303
][M

1log 
nF
RT

n

By rearranging the above equation, the Nernst equation for single electrode potential is obtained;

E = E° +
nF

RT 2.303 log [Mn+]

or

E = E° +
n

0.0591 log [Mn+] at 298K

Nernst equation clearly indicates that the potential of a single electrode varies with concentration
of metal ions in the solution. Single electrode potential is determined by using a reference electrode.

1.1.3 Reference Electrodes
Reference electrodes are electrodes of fixed potential with which potential of other electrodes can

be determined. There are two types of reference electrodes;
 Primary reference electrode [Example: Standard Hydrogen Electrode (SHE), E° = 0]. Due to

difficulty in handling hydrogen gas, secondary reference electrodes are preferred.
 Secondary reference electrode (Examples: Calomel electrode and Ag-AgCl electrode).

Construction, working and applications of secondary reference electrodes are discussed in the
following section.

1.1.3.1 Calomel Electrode

Construction:
Calomel electrode is constructed by filling a

paste of Hg and Hg2Cl2 at the bottom of a narrow
glass tube having a porous plug at the bottom end.
Liquid mercury is then filled above the paste. To
measure the potential of the electrode a platinum
wire is dipped in liquid mercury. This narrow
glass tube is placed inside an outer glass tube
filled with KCl solution. The porous plug at the
bottom of outer tube acts as salt bridge.

The electrode can be represented as:
Hg(l) | Hg2Cl2(s) | KCl(aq)

Working:
The net reversible electrode reaction is;

Hg2Cl2 + 2e−  2Hg + 2Cl–Figure 1.2: Calomel Electrode
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Nernst equation for calomel electrode is found to be;
E = E° − 0.0591 log[Cl–] at 298K

Its electrode potential is decided by the concentration of chloride ions and the electrode is
reversible with respect to chloride ions.

Concentration of KCl E (in volts)
Saturated (4M) 0.242

1M 0.280
0.1M 0.334

Applications:
 It is used as a secondary reference electrode in the measurement of single electrode potentials.
 It is used in potentiometric quantitative analysis.

1.1.3.2 Ag-AgCl Electrode

Construction:
It consists of a Ag wire coated with its

sparingly soluble salt AgCl, and is immersed in a
solution containing Cl– ions. Porous plug at the
bottom of the glass tube acts as salt bridge.

The electrode can be represented as:
Ag(s) | AgCl(s) | KCl(aq)

Working:
The net reversible electrode reaction is;

AgCl + e–  Ag + Cl–

Nernst equation for Ag-AgCl electrode is
found to be;

E = E° − 0.0591 log[Cl–] at 298K
Its electrode potential is decided by the concentration of chloride ions and the electrode is

reversible with respect to chloride ions.
Concentration of KCl E (in volts)

Saturated (4M) 0.199
1M 0.222

0.1M 0.291

Applications:
 It is used as a secondary reference electrode in the measurement of single electrode potentials.
 It is used as internal reference electrode in glass electrode.

Figure 1.3: Ag-AgCl Electrode
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1.1.4 Measurement of Electrode Potential using
Calomel Electrode

Potential of any electrode can be measured by combining
with a calomel reference electrode. For example, the following
cell is constructed to measure the potential of Zn electrode.

Cell representation:
Zn | Zn2+ || KCl | Hg2Cl2 | Hg


cellE = 

anodecathode E–  E


cellE = 

ZnSCE E–  E


ZnE = 

cellSCE E–  E


cellE is read from the voltmeter as 1.0V,


ZnE = 0.2422V − 1.0V


ZnE = −0.76V

1.1.5 Electrolyte Concentration Cells
Electrolyte concentration cell is a type of

galvanic cell that generates electricity when two
electrodes of same metal are in contact with solutions
of its ions of different concentration. Potential
difference arises due to difference in electrolyte
concentrations.

Example of concentration cell:

Cu | Cu || Cu|Cu M1.0  C
2

0.001M  C
2

21 





Metal immersed in dilute solution act as anode
(C1 = 0.001M) whereas the metal immersed in
concentrated solution act as cathode (C2 = 0.1M).

Cell reactions:

At anode: Cu  


2
0.001M  C1Cu + 2e–

At cathode: 


2
0.1M  C2Cu + 2e–  Cu

Derivation of an Expression for EMF of Concentration Cell
Consider the concentration cell shown in the figure. Its EMF is given by,

Ecell = Ecathode − Eanode

Nernst equation for anode:

Eanode =
nF

2.303RT  Eanode 
 log C1

Figure 1.4: Measurement of
electrode potential using calomel

electrode

Figure 1.5: Concentration Cell
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Nernst equation for cathode:

Ecathode =
nF

2.303RT  Ecathode 
 log C2

Substitute Nernst equation for anode and cathode in Ecell equation:

Ecell =
nF

2.303RT  )E–  (E anodecathode  log
1

2

C
C

In concentration cell, anode and cathode electrodes are same, hence

anodecathode E–  E = 0

Therefore the Nernst equation for concentration cell can be written as;

Ecell =
nF

2.303RT log
1

2

C
C

or

Ecell =
n

0.0591 log
1

2

C
C at 298K

Numerical Problem
EMF of the cell Cu | CuSO4 (0.001M) || CuSO4 (X) | Cu is 0.0595V at 25°C. Find X value.
It is clear that C1 = 0.001M, C2 = X and n = 2;
Apply Nernst equation for concentration cell

Ecell =
n

0.0591 log
1

2

C
C at 298K

0.0591
n  Ecell  = log

1C
X

Antilog 





 

0.0591
n  Ecell =

1C
X

0.001 × Antilog 





 

0.0591
2  0.0595 = X

0.001 × 103 = X
X = 0.103M
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1.1.6 Ion Selective Electrode

Introduction
 Ion selective electrode is very selective towards particular type of ions and develop a potential

proportional to the concentration of that ions.
 The sensitive part of the electrode is its membrane which allows the exchange of selective

ions at the interface.
There are generally three types of ion selective membranes.
1. Glass membrane: It is selective to H+ ions and hence is used in pH measurements. It is a

three dimensional network of silicate with Na+ ions. H+ ions in solution is selectively
exchanged with Na+ ions of the silicate network.

2. Solid state membrane: LaF3 doped EuF2 crystal is used for the detection of fluoride ions.
3. Liquid membrane on porous polymer: Polymer membrane containing large organic

molecules capable of interacting with particular ions.

1.1.6.1 Glass Electrode

Construction:
Glass electrode is constructed by immersing Ag-AgCl internal

reference electrode in a glass bulb containing 0.1M HCl solution.
The glass bulb is made up of a long glass tube with a thin highly
conducting glass membrane at the bottom. The glass membrane is
selective to H+ ions in the solution, and is made up of silicate glass
having composition of 72% SiO2, 22% Na2O and 6% CaO.

The electrode can be represented as;
Ag | AgCl | 0.1M HCl | Glass membrane

Working:
When a glass bulb containing 0.1M HCl solution is immersed in

an acidic solution of different concentration, a boundary potential (Eb)
is developed across the gel layers of the glass membrane.Figure 1.6: Glass Electrode

Ag/AgCl
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This boundary potential (Eb) arises due to the difference in concentration of H+ ions inside and
outside of the glass bulb.

Eb = 0.0591 log
1

2

C
C

C1 = Concentration of H+ inside the bulb, is a constant; C2 = Concentration of H+ ouside the bulb.
Eb = 0.0591 log [C2] − 0.0591 log [C1]

Substitute –0.0591 log [C1] = K, a constant
Then the equation becomes:

Eb = K + 0.0591 log [C2] = K + 0.0591 log [H+]
Substitute log [H+] = –pH
The final equation for Eb is obtained as,

Eb = K − 0.0591 pH
The potential of glass electrode (EG) includes contribution from 3 factors,
1. Boundary potential (Eb)
2. Potential of Ag-AgCl reference electrode dipped inside the bulb, EAg/AgCl

3. Assymetric potential due to slight inhomogeneity of the inner and outer surfaces of the glass
membrane, EAsy

EG = Eb + EAg/AgCl + EAsy

Substitute Eb value;
EG = K − 0.0591pH + EAg/AgCl + EAsy

EG = L − 0.0591pH

where constant, L = K + EAg/AgCl + EAsy

1.1.7 Determination of pH using Glass Electrode
To measure pH of an unknown solution, a glass electrode is coupled with calomel electrode and

connected to a potentiometer (or pH meter for reading pH directly), see Figure 1.7.
The cell formed is represented as,
Hg | Hg2Cl2 | KCl || Solution of unknown pH | Glass electrode
The potential established at the glass electrode is higher than that of the calomel electrode, hence

glass electrode is taken as cathode.
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Figure 1.7: Determination of pH

Ecell = Ecathode − Eanode

Ecell = EG − ESCE

Substituting for EG value,
Ecell = [L − 0.0591pH] − ESCE

The above equation is rearranged to obtain the expression for pH,

pH =
0.0591

E–  E–  L cellSCE

1.2 BATTERY TECHNOLOGY
1.2.1 Introduction

Battery is a device consisting of one or more galvanic cells connected in series or parallel or
both. It converts chemical energy into electricity through redox reactions.

Basic Components of Battery
 Anode (–ve): It undergoes oxidation and release electrons to the external circuit.
 Cathode (+ve): Active species at cathode undergoes reduction by accepting electrons from

external circuit.
 Electrolyte: It is a solution of salt or alkali or acid. It allows the movement of ions inside the

cell between anode and cathode. Example: NaCl, KOH, H2SO4, etc.
 Separator: It separates anode and cathode to prevent internal short circuiting, but allows

transport of ions between anode and cathode and maintain electrical neutrality. Example:
cellulose, nafion membranes, etc.

 Cathode current collector, anode current collector, rubber seal and container are the minor
components of battery.

Solution of
unknown pH
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1.2.2 Classification of Batteries
 Primary battery: This battery cannot be recharged, because cell reaction is irreversible.

Example: Zn-MnO2 battery, Li-MnO2 battery.
 Secondary battery: This battery can be recharged by passing electric current, because cell

reactions are reversible. Example: Lead acid battery, Ni-MH battery.
 Reserve battery: In this battery, one of the component is stored separately, and is

incorporated into battery when required. Example: Mg-AgCl and Mg-CuCl battery. They are
activated by adding sea water. These batteries have high reliability and long shelf life, hence
they find applications in missiles and submarines.

1.2.3 Battery Characteristics
 Cell potential: Cell potential (or voltage) is the electrical force that drive electric current

between electrodes. Voltage of a cell is given by the equation;
Ecell = (EC − EA) − ηA − ηC − iRcell

where, ηA and ηC are overpotential at anode and cathode respectively. Overpotentials should
be less to derive maximum voltage. Rcell is internal resistance of the cell. Internal resistance
should also be less to derive maximum voltage.

 Current: “Current is the rate at which electric charge flows in a circuit and is expressed in
Ampere”. High current can flow if there is rapid electron transfer reaction.

 Capacity: “It is the charge in Ampere-hours (Ah) that can be withdrawn from fully charged
cell or battery under specified conditions”. It is determined by Faraday’s relation:

C =
M

WnF

(where, W = weight of active material; F = Faraday’s constant; M = Molar mass of active
material; n = number of electrons involved in cell reaction).

 Electricity storage density: “It is the measure of charge per unit mass stored in the battery
(Ah/Kg)”. The mass of the battery includes electrolyte, electrodes, terminals, case, etc.
Lighter elements lead to higher electricity storage density. For example, Li anode lead to
higher electricity storage density when compared with the same amount of Zn.

 Energy Efficiency: Energy efficiency for a secondary battery is given by:

Energy efficiency =
charge  torequiredEnergy 

dischargeon  releasedEnergy × 100

 Cycle life: “The number of charge/discharge cycles that are possible before failure occurs in
the case of secondary batteries is called as cycle life”. The cycle life of a battery is affected by
corrosion in contacts and shedding of active materials from electrodes.

 Shelf life: It is essential for most batteries to be stored, sometimes for many years, without
self discharge or corrosion of electrodes. Shelf life is defined as “duration of storage under
specific conditions without any loss in performance”.
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1.2.4 Nickel-Metalhydride (Ni-MH) Battery
Construction:

Figure 1.8: Ni-MH Battery

In Ni-MH batterries, a highly porous nickel substrate pasted with NiO(OH) function as cathode.
A highly porous nickel grid pasted with metal hydrides (VH2, ZrH2) and hydrogen storage alloy
(LaNi5) function as anode. Polypropylene is used as separator and an aqueous solution of KOH serves
as electrolyte.

Cell representation: MH | KOH(5.35M) | Ni(OH)2, NiO(OH)

Working:

Anode reaction: MH + OH– discharging

charging
 M + H2O + e–

Cathode reaction: NiOOH + H2O + e– discharging

charging
 Ni(OH)2 + OH–

Overall reaction: MH + NiOOH discharging

charging
 M + Ni(OH)2

Applications:
 These are high energy density batteries used in phones, cameras and electric vehicles.
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1.2.5 Zinc-Air Battery
Construction:

Figure 1.9: Zn-Air battery

In a zinc-air battery, anode reactant is granulated powder of zinc mixed with electrolyte KOH.
The cathode reactant is oxygen which diffuse into porous carbon cathode through a layer of gas (air)
permeable membrane.

Cell representation: Zn | KOH(6M) | Air,C

Working:

Anode reaction: 2Zn + 4OH– discharging

charging
 2ZnO + 2H2O + 4e–

Cathode reaction: O2 + 2H2O + 4e– discharging

charging
 4OH–

Overall reaction: 2Zn + O2
discharging

charging
 2ZnO

Applications:
 These high energy density batteries are used in hearing aids, medical devices, etc.

Zinc powder/KOH
(Anode)
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1.2.6 Li-MnO2 battery
Construction:

Figure 1.10: Li-MnO2 Battery

In Li-MnO2 battery, lithium metal is used as anode and heat treated MnO2 is used as cathode.
Lithium salt (LiCl or LiClO4) in mixed organic solvent (propylene carbonate and 1-2-dimethoxyethane)
is used as electrolyte. Non-woven polypropylene is used as separator.

Cell representation: Li|LiCl in organic solvent|Mn(IV)O2|Mn(III)O2Li+

Working:
During cell reaction, lithium metal loses an electron to form lithium ions. The electron reduces

cathode active material Mn(IV) as Li+ enters into crystal lattice.

Anode reaction: Li   ingargdisch Li+ + e–

Cathode reaction: Mn(IV)O2 + Li+ + e–   ingargdisch Mn(III)O2Li+

Overall reaction: Li + Mn(IV)O2   ingargdisch Mn(III)O2Li+

Applications:
 These high energy density primary batteries are used in electronic watches, toys, etc.
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1.2.7 Li-ion battery
Construction:

Figure 1.11: Li-ion Battery

In Li-ion battery, the anode is made up of layered graphite intercalated with lithium atoms. The
cathode is a lithium metal oxide such as LiCoO2. Lithium salt (LiPF6) in mixed organic solvent
(ethylene carbonate-dimethyl carbonate) is used as electrolyte and non-woven polypropylene is used
as separator.

Cell representation: Li|Li+, C|LiPF6 in ethylene carbonate|LiCoO2

Working:
During cell discharge, lithium atoms present in between graphite layers lose electrons to form

lithium ions. The electrons flow through external circuit to cathode and lithium ions flow through
electrolyte to cathode. At cathode, Co4+ is reduced to Co3+ and lithium ions are inserted into the
layered structure of metal oxide.

Anode reaction: LixC
discharging

charging
 xLi+ + xe– + C

Cathode reaction: Li1 – xCoO2 + xLi+ + xe– discharging

charging
 LiCoO2

Overall reaction: LixC + Li1 – xCoO2
discharging

charging
 LiCoO2 + C

During charging, Co3+ is oxidized to Co4+ liberating lithium ions and electrons. The electrons
flow through external circuit to anode and lithium ions flow through the electrolyte to anode. At anode,
lithium ions are reduced to lithium atom and inserted back into layered structure of graphite.

Applications:
 These high energy density secondary batteries are used in electronic devices such as mobile

phones, laptops, electric vehicles, and also in defence and aerospace applications.
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1.3 FUEL CELLS
1.3.1 Introduction to Fuel Cells

Fuel cell is “a galvanic cell that converts the chemical energy of a fuel (hydrogen, methanol, etc.,)
and an oxidant into electricity”.

Fuel cell has two electrodes (anode and cathode) and electrolyte, similar to a battery. However
the major difference is reactants (fuel and oxidant) are continuously supplied and products are
continuously removed, whereas in a battery reactants are stored inside and the products are not
removed.

Fuel cell is represented as; Fuel | anode | electrolyte | cathode | oxidant.

1.3.2 Advantages and Limitations of Fuel Cells
Advantages

 High power efficiency and can produce direct current for long time.
 Eco-friendly as the products of overall reaction is not toxic.

Limitations
 Fuel cells produce electricity only until fuel and oxidants are supplied.
 Fuels in the form of gases (such as H2) need to be stored in tanks at high pressure.
 It requires expensive catalysts.

1.3.3 Difference between Conventional Cells and Fuel Cells
S.No. Conventional cells (batteries) Fuel cells

1 Reactants are stored inside the cell Reactants are supplied from outside
2 Reaction products are toxic Eco-friendly
3 Secondary cells can be charged It cannot be charged
4 Expensive catalysts not required Expensive catalysts required

1.3.4 Methanol-oxygen Fuel Cell with H2SO4 as Electrolyte
Construction:

In this type of fuel cell, methanol is used as fuel and oxygen is used as oxidant. The anode and
cathode are porous nickel sheets coated with electrocatalysts. Pt/Ru catalyst on anode and Pt alone on
cathode. Methanol mixed with sulphuric acid is passed through anode chamber. Pure oxygen is passed
through cathode chamber. Electrolyte sulphuric acid is placed in the central chamber. To prevent the
diffusion of anode reactant methanol into cathode chamber, a proton conducting membrane is placed
near cathode. The membrane allows only protons to cathode.
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Figure 1.12: Methanol-oxygen Fuel Cell

Working:
Anode reaction: CH3OH + H2O  CO2 + 6H+ + 6e–

Cathode reaction: 1
2
1 O2 + 6H+ + 6e–  3H2O

Overall reaction: CH3OH + 1
2
1 O2  CO2 + H2O

Applications:
 It is used in military applications and in large scale power productions.
 It is also used in fuel cell vehicles and space shuttles.

1.4 POINTS TO REMEMBER
 Single electrode potential (E) is a potential developed when a metal (electrode) is dipped in a

solution of its own ions.
 Standard electrode potential (E°) is an electrode potential measured at standard conditions

(i.e., 298K, 1M concentration and 1 atm).
 Galvanic cell is a cell where chemical energy is spontaneously converted to electric energy.
 Electrolytic cell is a cell where electric energy is applied to drive a non spontaneous chemical

reaction.
 EMF or Ecell is the potential difference between cathode and anode,

Ecell = Ecathode − Eanode

 Nernst equation relates electrode potential with concentration of metal ions.
 Reference electrodes are electrodes of fixed potential with which potential of other electrodes

can be determined. Examples: SHE, calomel electrode and Ag-AgCl electrode.
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 The electrode potential of calomel and Ag-AgCl reference electrodes are decided by the
concentration of chloride ions and are reversible with respect to chloride ions.

 Concentration cell is a type of galvanic cell that generates electricity when two electrodes of
same metal are in contact with solution of its ions of different concentration.

 Ion selective electrode is very selective towards a particular type of ion and develop a
potential proportional to the concentration of that ions. Example: glass electrode is an ion
selective electrode selective to H+ ions and is used in pH measurements.

 Glass electrode is constructed by immersing Ag-AgCl internal reference electrode in glass
bulb containing 0.1M HCl. The glass bulb is made of a glass membrane which is selective to
H+ ions.

 pH of a solution is determined by coupling glass electrode with calomel electrode.
 Battery is a device consisting of one or more cells connected in series or parallel or both.
 Capacity of a battery is defined as the charge in ampere-hours (Ah) that can be withdrawn

from fully charged battery under specified conditions,

C =
M

WnF

Table 1.1: Summary of Construction and Working of Various Batteries and Fuel Cell
Battery

components
and

reactions

Ni-MH battery Zn-Air battery Li-MnO2 battery Li-ion battery Methanol-O2

Fuel Cell

Anode Ni grid coated
with MH and H2

storage alloy
LaNi5

Zn powder Li metal Li atoms
intercalated in
layered graphite

Ni sheet coated
with Pt

Cathode Ni grid coated
with NiO(OH)

Porous carbon MnO2 LiCoO2 Ni sheet coating
with Pt/Ru

Electrolyte KOH solution KOH (6M) LiCl in organic
solvent
(propylene
carbonate + 1,2-
dimethoxyethane)

LiPF6 in mixed
organic solvent
(ethylene
carbonate and
dimethyl
carbonate

H2SO4

Anode
reaction

MH + OH
dis

char
 M +

H2O + e

2Zn + 4OH–

dis

ch arg

2ZnO + 2H2O +
4e–

Li dis Li+ +
e–

LixC dis

char


XLi+ + xe– + C

CH3OH + 6H2O
 CO2 + 6H+ +
6e–

Cathode
Reaction

NiOOH + H2O +
e– dis

char


Ni(OH)2 + OH–

O2 + 2H2O +
4e– dis

char


4OH–

Mn(IV)O2 + Li+ +
e– dis

Mn(III)O2Li+

Li1 – x CoO2 +
XLi+ + xe–

dis

char
 LiCoO2

1
2
1 O2 + 6H+ +

6e–  3H2O

Overall
Reaction

MH + NiOOH
d

c
 M +

Ni(OH)2

2Zn + O2
dis

ch arg

2ZnO

Li + Mn(IV)O2

  gdischargin

Mn(III)O2Li+

LixC + Li1 – X

CoO2
dis

char


LiCoO2 + C

CH3OH +
1

2
1 O2  CO2 +

H2O
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1.5 REVIEW QUESTIONS FROM RECENT VTU PAPERS
1. Derive Nernst equation for single electrode potential. [Jun. 2016, Dec. 2015, Dec. 2014]
2. Define reference electrode. Discuss the construction and working of calomel electrode.

[Dec. 2015, Jun. 2015, Dec. 2014]
3. Explain the construction and working of silver-silver chloride electrode. [Jun. 2016]
4. What are concentration cells? Derive an expression for EMF of a concentration cell.
5. The emf of the cell Cu | CuSO4 (0.001M) || CuSO4 (XM) | Cu is 0.0595V at 25°C. Find the value of

X. [Dec. 2015]
6. What are concentration cells. The emf of the cell Ag | AgNO3 (0.0083M) || AgNO3 (XM) | Ag was

found to be 0.074V at 298K. Calculate the value of X and write cell reactions. [Dec. 2014]
7. A cell is obtained by combining two Cd electrodes immersed in cadmium sulphate solutions

of 0.1M and 0.5M at 25°C. Give the cell representation, cell reactions and calculate EMF of
the cell. [Jun. 2015]

8. What are ion selective electrodes. Discuss the construction and working of glass electrode.
[Jun. 2016, Jun. 2015]

9. What are batteries. Explain the following battery characteristics.
(a) Cell potential [Dec. 2015]
(b) Current
(c) Capacity [Dec. 2015, Dec. 2014]
(d) Energy efficiency [Jun. 2016]
(e) Shelf life [Jun. 2016, Dec. 2015]
(f) Electricity storage density
(g) Cycle life [Jun. 2016, Dec. 2014]

10. Describe the construction and working of Zn-Air battery. [Jun. 2016, Jun. 2015]
11. Describe the construction and working of Ni-MH battery. Mention its applications.

[Jun. 2016, Dec. 2014]
12. Discuss the construction and working of Li-MnO2 battery. [Jun. 2015]
13. Describe the construction and working of Li-ion battery. [Dec. 2014]
14. What is fuel cell. Mention its advantages. Distinguish between conventional cell and fuel cell.

[Jun. 2015, Dec. 2015]
15. Discuss the construction and working of methanol-oxygen fuel cell. [Jun. 2016, Jun. 2015,

Dec. 2014]
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