Dﬁmoet' peloieo
Contents DODElOIE

chapter 1 Electrochemistry and Battery Chemistry 1-30

IR Eleorrochemistry: vviv v« v g s isiedeE At s e Raeln 2 I
T I trOaUBHON iy v L v s LT T AR S I

1.1.2 Electrolytic Conductance . « « « i« s s sivo o o0 o e 2 3

18153 . Redog ReactionSi-auit, ariasi iz a4 wiserisl. s da s 5
514 Electrode Potential ..., . .«. 2901%a40 10 BWINE OEaR R85 5

1.1.5 Single Electrode Potential . . . . . ... ... ... .- 8
1.1.6  Electrochemical Cells (or) Galvanic Cells . . . . . . . .. 9

o mdie hpa G B i Baailendeatnie s o0 b G g £ e Gt 11

IR EEElectrochemical Series .5 o St E in i R S TR Res o - 13
[HORENernst Equation’, < . o R - SRS
1.1.10 TypesofElectrodes . . . . . ... .........%w.... 16

PR Rattery Chemistry . .. .. 0. L i TN 21
[RPMERRATerics (0r) Cells b i . Ao e e 21
Chapter 2  Corrosion and Water Chemistry 31-68
1 USTOR s A T  RIR ARRR  N  nda e e 31
DM B I N T OALICTION 7otk oot s s s 5 oSl & u o (e A S 31
2.1.2 Dry (or) Chemical corrosion . . . . . . .. ...... .. 32
DT heoties Of (COTTOSION &t i s TRt i S 36

N A nes Of (COITOSION T, ¥ i B, L i R T 39
2.1.5 Factors influencing corrosion . . . . . . . . .. ... ... 40
2.1.6 Corrosion control methods (Protective coatings) . . . . . . 42
2.1.7 Methods of application of metal'coatings SR . 5 s 44

R ater Chemistry 20 0 v ein v rse bon e s bl by, 45
DIOR ST trodiction s, o elabr ks i ke et o8 45

D00 MY A vAness O WALEE Wbt d il s b g 49
223  Alkalinity of Water and Its Determination . . .. . . . . 56
DTS Dftenin o DIwWALCT A a0 R RS 58

2.2.5 Purification of water for domestic use (or) Treatment of
water for municipal supply . . - - - - oo 64



*

Cﬁapter 3 Engihééring Materials

3.1

3.3

3.4

35

3.6

4.1

4.2
4.3
4.4
4.5

69 . 95
POlYMETS .« o o« v oocoot ottt T - 69
311 Iroduction . o« « « o v s .69
312 Classification of polymers . . ... .o oo 7]
3.1.3 Typesof Polymerization . . . . .« .o 7s
Plastics . « « « v v s oo e e e R 79
32.1 General Properties of Plastics . . . ................ 7
322 Plastics as Engineering materials . . . . ... ... 80
323 Typesofplastics . . . . .« o« oo %0
324 Differences between Thermo Settings and Thermo
Plastics . . ... ... .. ... .. o & T e Y 8)
Preparation, Properties & Uses of the Following Polymers )
3.3.1 Poly vinyl chloride (PVC) . . . . ... ... ..... .. 82
3.3.2 Bakelite (Phenol-formaldehyde Resin) . . . . . ... ... &
333 Nylon-6,6 . . . ... .. .. .. ... ..., 85
Elastomers. ... . . . ... .. ... ... ... .. ... .. ... 86
3.4.1 SBR (Buna-S or Styrene-Butadiene Rubber) 86
342 Buna-Nor Nitrile Rubber (NBR) . . . .. ... ..... 87
Conducting Polymers . . . . . ... ... ... ... .. .. ... 88
3.5.1 Intrinsically Conducting Polymer (ICP) . .. ....... %
3.5.2  Extrinsically Conducting Polymers (ECP) . . . . . .. 91
3.5.3 Coordination conducting polymer (inorganic polymer) . - 9
3.54 Engineering applications of Conducting Polymers . . . - - 2
Biomaterials . . ... ... .. .. . 9
3.6.1 Introduction. . . K . Ce e ............. 93
3.6.2 Preparation, properties and applications of polylactic acid 9
Chapter 4  Chemical Fuels g7 - 119
Introduction . . . . . 97
Classification of Fuels . | _ ............. 97
Comparison Between Solid. [ iauid o T 08
Requirements of a Good F‘l;*l‘ql.lld and Gaseous Fuels 98
Calorific Value R R ..98
4.5.1  Higher or Gross calorific vat... e =7 )
452 Loiver or Net calozr’ll(f)i:f:/(;lv sue: (HCV or Gev) . 39
ue (Lcv or NCV) :



4.5.3  Problems on Calorific value . . . . ... ... ... 100
46 SolidFuels . ...~~~ 101
46.1  Coal . ... 101
46.2 RankofCoal ... . . o ,,,,,,,,, 101
4.6.3 Analysisofcoal . . . . . . | ........... 102
4.6.4  Problems based on analysis . . . ... ... ...« 106
4.6.5 Selectionofcoal . . ... ... . ... ... ... 106
4.7 Pewroleum (or) Crude Oil . . . . ... ... ... ... ... 107
4.7.1 Introduction . . . . . ... ... ... ... ... 107
4.7.2  Classification of petroleum . . . . . . . ... ... ... 107
473 Originofpetroleum . . . . .. ... ... ... ... 107
4.7.4 Mining of petroleum . . . . . ... ... ..o 108
4.7.5 Refiningofcrudeoil . ... .. ... ... ... 108
48 Knocking . . . . . . ... 111
49 Anti Knocking Agents . . . . . .. ... 112
4.10 Gaseous Fuels . . . . . . . . .« i o e 112
4.10.1 Natural as . . . .« « o o o e 114
4.11 Biodiesel . . . .« v e e e e e 116
4.11.1 Production of Bio-diesel . . . . . .. .. ... ... ... 116
4.11.2 Advantages of Biodiesel . . . . . . . . . .. ... . ... 117
4.11.3 Disadvantages of Biodiesel . . . . . . . . . ... ... .. 118
4.12 Carbon Neutrality (or) Net zero catbon. . . . . . ... ... ... 118

Chapter 5 Spectroscopy and Green Chemistry 121 -142

B Bnectroscopy - - - - oottt tttTttiistaaaa 121
5§11 Introduction . . . . - -+« + oo oL 121
512 Electromagnetic SPECtrum . . . . ... ... 121
513 Lawsof AbsOrption. . . ... .« oo 122
5.1.4 Absorption and Intensity Shifts . . . . G5 (T 124
515 Concept of Chromophore and Auxochrome . . . 125
B UV SpectroscOoPY » 1o+ + vttt it tasa . B 126
5.17 Infrared (IR) [OR] Vibrational Rotational Spectroscopy . 130
§51.8 NMR Spectroscopy - « -« « « o+ttt 132
519 MRI (Magnetic Resonance Imaging) Scan . . . . = = 135




e %

Chapter 1

e

_ Electrochemistry and Battery Chemistry —/

i o

1.1 Electrochemistry
1.1.1 Introduction

Electrochemistry is the branch of chemistry which deals with the transformation
of electrical energy into Chemical energy and vice-versa. It is the study of
phenomena at electrode solution interfaces. Electrochemistry deals with the
relationship between electrical, chemical phenomena and the laws of interaction
of these phenomena. The branch of electrochemistry is of major technical
importance.

The passage of electricity through a substance is called electrical conductance.
Electrical conductance involves movement of electrons or ions. A substance
which allows electric current to pass through it, is called a conductor.

Ex: all metals, fused salts, acids, alkalis.

The electrical conductors are of two types,

1. Metallic or Electronic conductors

2. Electrolytic conductors

1. Metallic or Electronic conductors:

Metallic conductors conduct electricity due to the movement of electrong
from one end to another end. In a solid, the electrical conduction involveg
the free movement of electrons in the metallic lattice, without any movement
of the lattice atom; this type of conduction is called metallic conduction, [p
metallic conductors, the electricity is carried by the electrons, the atomje
nuclei remaining stationary. These conductors are further syp classified ip
to three types.
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1. Good conductors
1. Semi-conductors

iii. Non-conductors or Insulators

i. Good conductors:
It is a substance. which conduct electricity fully and freely.

Ex: Metals like Cu, Al and Fe

ii. Semi-conductors:
A substance, which partially conducts electricity.

Ex: Silicon, Germanium.

iii. Non-conductors or Insulators:

It is a substance, which does not conduct electric current i.e., which
does not allow the passage of current through it.

Ex: Wood

2. Electrolytic conductors:

It is a substance, which in aqueous solution of in molten state liberates
ions and allows electric current 10 pass through. Electrolytic umdm'vl
are further sub classified in to three types depending upon the extent ¢
dissociation at ordinary dilutions.

. 2 . . |
e Strong electrolytes: These are completely dissociated into ions 4t &
concentrations.

Ex: NaCl, HC], NaOH, etc.

o Weak electrolytes: Weak electrolytes dissociate only to a small exte™
even at very high dilutions.
Ex: CH;COOH, NH4OH, etc.

4 ” L p an Al
« Non-electrolytes: Non-electrolytes do not dissociate into ions €v¢"*
low dilutions.

Ex: Glucose, Sugar.
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Table 1.1 Differences between Metallic and Electrolytic conductors

3

S.No. | Metallic conductors Electrolytic conductors

1. It involves the flow of electrons | It involves the movement of jons
in a conductor. in a solution.

2. It does not involve any transfer | It involves transfer of electrolyte
of matter. in the forms of ions.

3 Generally metallic conduction | But the resistance of an
shows an increase in resistance electrolytic solution decreases
as the temperature is raised. | as the temperature is raised.

4. No net chemical change takes | Chemical reaction takes place at
place. the two electrodes.

1.1.2 Electrolytic Conductance

Electrolytic conductance is the flow of electricity through a conductor. Electrolytic
conductance is due to the existence of free ions. Electrolytic solutions are made
by dissolving certain salt. When a neutral electrolyte is dissolved in water, the
molecules split, forming two different charged ions. The positively charged ions
are the cations, and the negatively charged ions are known as the anions.

Types of Electrolytic Conductance

Conductance:-
Reciprocal of the resistance is known as conductance(C).

1
=R
Units:- ohm~".
Specific conductivity or Specific conductance:-
Reciprocal of the specific resistance of an electrolyte solution is known as
specific conductivity (or) specific conductance(K).

1

1
“=p AR

Units:- ohm~! em™!.
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Equivalent conductivity (or) Equivalent conductance:-

The conductance of all the ions present in 1gm equivalent of the clectrolyte
in the solution at given dilution. If Igm equivalent of electrolyte is contained in

“v'mlthen;

Aeg = VX K

If normality of electrolytic solution is N, then;

= l L—loooml
"SA\N) TN

Units:- ohm~! cm? eq™!.

Molar conductivity (or) Molar conductance:-

The conductance of all the ions present in 1 mole of the electrolyte in the
solution is known as molar conductivity (4,,). If M is the molar conductance in

mole/L, then;
1000k

-)\'m . M

Units:- ohm™! ¢cm? mol~!,

Factors affecting Electrolytic Conductance

The following are the factors affecting electrolytic conductance:

I. The nature of the electrolyte: The nature of the electrolyte affects the

electrolytic conductance. For example, a strong electrolyte will have &
higher electrolytic conductance than a weak electrolyte.

. The concentration of the electrolytc: The concentration of the electrolyte
also' affects the electrolytic conductance. A higher concentration of
electrolyte will result in a higher clectrolytic conductance.

- The temperature of the electrolyte: The temperature of the electrolyte als¢
affects the electrolytic conductance. A higher temperature will result in &
higher electrolytic conductance.

- The size of the electrolyte: The size of the electrolyte also affects the

electrolytic conductance. A smaller size will result in a higher electrolytic
conductance.
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1.1.3 Redox Reactions

| reactions in which both oxidation and reduction reactions takes place are
u"r 108¢C . ‘

known as redox reacfions™,

Oxidation:

Oxidation 1s a process which involves loss of electrons by a substance.

Zn(S) ; Zn”(aq) + 2e” (oxidation)

Reduction:
Reduction is a process which involves gain of electrons by a substance.
Cu+2(aq) +2e7 —— Cu(S) (reduction)

Itis quite apparent that if a substance loses electrons, some other substance must
be involved in the reaction to accept these electrons. On the other hand, if a
substance accepts electrons, some other substance must be involved in the reaction
to supply these electrons. In other words, oxidation and reduction must always

g0 side-by side. Thus if we place Zn metal in a solution of CuS0O4, immediate
preparation of Cu takes place.

Zn(S) +CuSO4(aq) —, ZnS0O4(aq) + Cu(S)
Zn(S) + Cu**(ag) —, Zn"2(aq) + Cu(S)

In this change, the Zn atom js oxidized to Zn ion

(Zn2), since it loses electrons,
while the copper jon (

7\ . . . .
Cu™?) is reduced to copper atom, since it gains electrons.

1) Zn(S) —, Zn+2(aq)+2c" (oxidation)

if) Cu'?(aq) +2¢~ —, Cu(S) (reduction)
Zn(S) +Cut?(aq) —, Zn*2(aq)+Cu(S)  (redox)

The overall reactjop obtained by

adding the i) & i) is called redox or oxidation-
reduction reaction

1.1.4 Electrode Potential

“The tendenc

_ Y of an electrode (0 Jose or gain e
IS own jong j

lectrons, when it is in contact with
s known ag Electrode potential
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A metal (M) consists of metal ions (M""), wifh the val;ncy cl.ectrons that
bind them together. Now, if a metal is in conlact.wnh a solution _of its owln s:.alt,
the positive ions in the metal come into equilibrium with those in the ;o ution,
leaving behind an equivalent number of clcclrons.on the metal. Thus,f t ]e metal
acquires a negative charge, since it is now left w.1th excess numtfer of e ectror‘ls
and a number of positive metallic ions are formed in sol'utlon .€. g.. 1r? case of Zn in
ZnSO, solution (figure 1.1(a)). Conversely, if the positive metz.ll'llc ions, from tl?e
solution. enter the metallic lattices, then metal acquires a positive charge, e.g.in
case of Cu in CuSQOy4 solution. figure 1.1(b).

o feo o fe

—— Znrod—+ L +«Curod+——— Ccuion entering in
Zn“ion moving F===Z{- @ -|==== F=== |+ +| ---| the copper metal, leaving

e 4 === F-oo- e : .
form Zn meta_l to F----1- «(::__ d=== 222 behind free nsgatlyely
solution, leaving f-Z=*| Jeoi: s +Cuz. charged SO,* ion in
behind free ~ —F®--, 3= et M *|-zzz1 solution
electronsonZn }F----{5 “l---- F--- |+ + ---

et ; E Jab oo ---:

::::_E . - ;::: 22 _ |+ +_zzZ

I -@\.-::; cu —» $—cu”
ZnSQO, Solution E:::Jf- _ oo - F--- ’ ===

—_— 3--- mpmpupu o H_--- )

Btk s N - -~ <4— CuSO, Solution

F-oo-oZnlions === F---=:Cu”iong --=-

kel e iy e i

(a) De-electronation (b) Electronation

Figure. 1.1 Electrode potential

Thus, following two chemical reactions takes place, when a metal is in contact
with its salt solution.

1. Positive metallic ions passing into solution

M —— M 4 ne (oxidation)

When ‘n’ electrons are left behind on the metal, and it acquires a negative
charge. The rate of this reaction depends on i) the nature of the metal ii) the
temperature and iii) the concentration of metal ions in solution.

. Positive ions depositing on the metal electrode
_*~ J— .
M +nem —— M (reduction)

When metal acquires a positive charge. The rate of this reaction depends 0P
the above three factors,
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When a metal is placed in the solution of its own salt. the chemical reaction 1)
and 2) as the case may be, takes place and ultimately a dynamic equilibrium
is established. because —ve or +ve charge developed on the metal attracts the
positively or negatively charged free ions in the solution. Due to this attraction,
the positive or negative ions remain quite close to the metal. Thus, a short of layer
of —ve ions in fig 1.1(a) or —ve ions in fig 1.1(b) is formed all around the metal.
This layer is called Helm holtz Electrical double layer.

A difference of potential is, consequently set up between the metal and the
solution. This potential difference will persist as long as the charge is allowed
to remain on the metal, and this will prevent any further passing of the +ve ions
from or to the metal.

At equilibrium, the potential difference between the metal and the solution
becomes a constant value. The equilibrium, potential difference so established is
called the “Electrode potential” of the metal. Thus,

o The measure of tendency of a metallic electrode to lose or gain of electrons,
when it is in contact with a solution of its own salt of unit molar concentration
at 25°C.

 Consequently, the tendency of an electrode to lose electrons is a direct measure

of its tendency to get oxidized and this tendency is called “oxidation potential”.

* Similarly, the tendency of an electrode to gain electrons is a direct measure
of its tendency to get reduced, and this tendency is known as “reduction
potential”.

[t is quite obvious that the value of reduction potential is negative of its oxidation
potential and vice versa. Thus if the oxidation potential of an electrode is +X
volts, then its reduction potential will have a value of —X volt.

Importance of an electrode potential:

When elements are arranged in increasing order of their standard electrode
potential in a series is called electrochemical series. The electrochemical series

providing valuable information’s.

1. Relative ease of oxidation or reduction:- A system with high reduction
potential has a great tendency to undergo reduction, so we can easily
interpret the behavior of different elements. For example, the standard
reduction potential of F>/F system is highest (i.e +2.87 volts), so F~ jons
are very easily reduced to F> or conversely, F> is oxidised with great
difficulty to F~ ions. On the other hand, standard reduction potentia] of
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i i / it is reduced with great difficulty
Li' /Li system is least (i.e-3.05 u?lls). 50 .II e
Li is very casily oxidised to Li .

Replacement tendency:- Higher value of reduction potential shows a gre.at
ssume the reduced form, so knowledge of electrode potential
acement tendency. For example, we can
solution or vice-versa. We know

to Li or conversely,

v

ro

tendency 1o a
gives an indication of relative repl
know whether Cu will displace Zn from
that standard clectrode potentials,

1-;( ut?/Cu = ()34 volts ﬂnd ]52’1‘2/211 = ‘_0-76 \’Olt
/ i +2
So. Cu*? has a greater tendency to acquire Cu form than Zn™= has for

acquiring Zn form. In other words, zinc will displace copper from the
solution of latter, or the reaction will occur in the direction.

Zn+Cut? — Znt? +Cu

Predicting spontaneity of redox reactions:- Spontaneity of a redox
reaction can be predicted from the e.m.f (E) value of the complete cell
reaction. Positive value of E of a cell reaction indicates that the reaction
is spontaneous. It value of E is negative, the reaction is not feasible. In
general, an element having lower reduction potential can displace another
melal having higher reduction potential from its salt solution spontaneously.

4. Calculation of Equilibrium constant:- The standard electrode potential

W

RT 2.303RT

E®=—| o = ——— log
nF ”Kq nF 10cKeq
nFXE® nEY

log Koy (at 25°C)

T 2303RT _ 0.0592V
So from the value of standard electrode potential (E®) for a cell reaction, its
equilibrium constant (K,,) can be calculated.

1.1.5 Single Electrode Potential

The metal rod dipped in the aqueous solution of its salt or a gaseous non-metal in
contact with a solution containing its anion in the form of salt (or acid or alkali)
functions as single electrode. The metal electrodes like Zn electrode Zn/Zn"*(aq),
copper electrode Cu'?(aq)/Cu etc and non-metal electrodes like Hydrogen
electrode, H" (aq)/H,(g), Pt, Chlorine electrode, Pt;Cla(g)/Cl (aq), Pt ete.

These single electrodes, exhibit its characteristic electrode potential. This
potential is called “single electrode potential’. (E). The value of this polt‘"li“l_
depends on the chemical identity of the metal or non metal, the concentration of
the concerned ion in the aqueous solution and lemperature.
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{ concentration of the

“The potential exhibited by a single electrode at uni
‘standard single

concerned metal ion or non-metal ion solution at 25°C is called *

clectrode potential” ( E”)

1.1.6 Electrochemical Cells (or) Galvanic Cells

‘The devices in which redox reaction is utilized to get electrical energy from
chemical energy are called Electrochemical cells”.
(or)

“The devices are used to convert the chemical energy produced in a redox
reaction into electrical energy are known as an Electrochemical cells”.

An Electrochemical cell is also commonly referred to as voltaic or galvanic
cell. The Electrode where oxidation occurs is called Anode, while the electrode
where reduction occurs is called cathode.

Ex: Daniel cell

Daniel cell

The practical application of an electrochemical or galvanic cell is Daniel cell. It
consists of Zn electrode, dipping in ZnSO4 solution (where oxidation takes place)
and a copper electrode, dipping in CuSO4 solution (where reaction takes place).
In other words, each electrode may be regarded as a half- cell. The two solutions
are separated by a salt bridge the two solutions can seep through the salt bridge,

and so come in contact with each other automatically.

Voltmeter

e
Cathode
Anod @
oo 1O Salt bridge
N
N [ r
Zine __f=s R szezil £
plate = = === plate
ZnS0, : 22| cuso,
solution E)‘ ZZZ|  solution
Zn-—)Zn.2+Ze' é_____éééggg_i; :::::555555553 CU’2+2e'-)Cu
(Reduction)

(Oxdation)

Figure. 1.2 Daniel cell
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The electrode reactions in Daniel cell are

At Anode . Zn — Zntt42e”
At Cathode : Cu*t?42¢- — Cu
Cell reaction : Zn+Cut® — Znt? +Cu

The tendency of Zn to form Znt? is greater than the tendency Zn™? to get
deposited as Zn and hence, Zn metal acquires a negative charge. On the other
hand. tendency of copper to go into solution is less than the tendency of Cut? to

get deposited as Cu and hence, copper electrode becomes positively charged. The
e.m.f of the cell is 1.1 volts.

Representation of a Galvanic cell

According to present conventions, a galvanic cell is represented by keeping in
view the following points,

1. Anode is written on the left-hand side, while cathode is written on the
right-hand side.

The electrode on the left (i.e Anode) is written by writing the metal (or solid
phase) first and then the electrolyte. The two are separated by a vertical line
or a semicolon. The electrolyte may be represented by the formula of the
whole compound or by ionic species. Additional information regarding
concentration may also be mentioned in bracket. These points will be made
clear by following examples of representing anode half-cell as,

Zn/Zn*? or Zn : Zn*? or Zn,ZnSO4(1M); Pt,H, (latm); HT (1M)

The cathode of the cell is written on the right-hand side. In this case, the
electrolyte is represented first and the metal (or solid phase) thereafter. The

two are separated by a vertical line or a semicolon. A few examples of
representing cathode half- cell are cited below, '

Cu*?/Cu or Cut?;Cu or Cut?(1M); Cu or CuSO4(1M)/Cu
A salt bridge is indicated by two vertical lines, separating the two half-cells.
Thus, applying above consideration to Daniel cell, we may represented as

Zn;Zn**(IM)/ /Cu**(IM);Cu

EMF of an electrochemical cell

An electrochemical (or galvanic) cell is obtained by coupling two half-cells (of

electrodes). For example, Daniel cell is obtained by coupling Zn half-cell and Ct
half-cell, through a salt bridge.

Zn/ZnS04(aq)//CuSO4(aq)/Cu
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Mathematically, the e.m.f of an electrochemical cell is the algebric sum of the
single electrode potential, provided proper signs are given according to the actual
reaction taking place on the electrodes. Cell is generally written the negative
clectrode to the left. Based on this, the e.m.f of galvanic cell can readily be
calculated from the reduction half-cell potentials, using the following relationship.

Where
Ecen = Eright — Eleft
Ecenl = E.M.F of the cell
Esign = reduction potential of right-hand side electrode
E.r; = reduction potential of left -hand side electrode

It should be remember that a positive value of E¢ indicates that the cell
reaction is feasible. If however, it comes out to be negative, the cell reaction is not
feasible and in actual operation of the cell, the electrodes will have to be reversed
in order to bring about cell reaction.

Nernst equation a cell reaction

Zn(s)/Zn**(aq)//Cu**(aq)/Cu(s)

Reactionis Zn(s) +Cut2(aq) ——— Zn**(ag)+Cu(s)

2.303RT [Zn*?]
_ g0 _ : —
Ecell — ECC” - nF = logQ |:. . Q B [Cll+2]:|
At 298K or 25, the Nernst equation can be written as,
0.0592V . [Zn™?]
0 {

Ecen = [Egathode — Eanode] - = ]0g [Cll+2]

0.0592V  [Cu™?]
0 0

. [ECu*‘z/Cu o EZn*-’-/Z:J =s - log [Zn“]

1.1.7 Electrolytic Cell

An electrolytic cell can be defined as an electrochemical device that uses electrical
energy to facilitate a non-spontancous redox reaction. Electrolytic cells are
electrochemical cells that can be used for the electrolysis of certain compounds.
For example, water can be subjected to electrolysis (with the help of an electrolytic

cell) to form gaseous oxygen and gaseous hydrogen. This is done by using the

flow of electrons (into the reaction environment) to overcome the activation energy

barrier of the non-spontaneous redox reaction.
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The three primary components of electrolytic cells are:
e Cathode (which is negatively charged for electrolytic cells)
e Anode (which is positively charged for electrolytic cells)
e Electrolyte

The electrolyte provides the medium for the exchange of electrons between the
cathode and the anode. Commonly used clectrolytes in clectrolytic cells include
water (containing dissolved ions) and molten sodium chloride.

Diagram and Working of an Electrolytic Cell

Molten sodium chloride (NaCl) can be subjected to electrolysis with the help of
an electrolytic cell, as illustrated below.

a-
I —> | [ =
nert | |
Electrode Battery l Inert
_ " . _1_, Electrode
Fla - i
S 20) ; EL
:" .’.' E ': e ;
wi Lo
T F Molten | NaCl| T, T
-:. "..a 4
o ‘e §
* BRI AT v
vl i G— Cl ' Na"—p o
:.'_..‘:.',3::“ A O by
Anode : . Cathode

Figure. 1.3

Here, two inert electrodes are dipped into molten sodium chloride (which
contains dissociated Nat cations and CI~ anions). When an electric current
1s passed into the circuit, the cathode becomes rich in electrons and develops a
negative charge. The positively charged sodium cations are now attracted towards
the negatively charged cathode. This results in the formation of metallic sodium
at the cathode.

Simulluncously, the chlorine atoms are attracted to the positively charged
cathode. This results in the formation of chlorine gas (Cl») at the anode (which is
accompanied by the liberation of 2 clectrons, finishing the circuit). The associated
chemical equations and the overall cell reaction are provided below.

* Reaction at Cathode: [Na* ¢~ — Nalx2
e Reaction at Anode: 2C1~ — Cly +2¢~
e Cell Reaction: 2NaCl — 2Na+Cl,
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Thus, molten sodium chloride can be subjected to electrolysis in an electrolytic
cell to generate metallic sodium and chlorine gas as the products.

Applications of Electrolytic Cells

e The primary application of electrolytic cells is for the production of oxygen
gas and hydrogen gas from water.

e They are also used for the extraction of aluminium from bauxite.

e Another notable application of electrolytic cells is in electroplating, which

is the process of forming a thin protective layer of a specific metal on the
surface of another metal.

The electrorefining of many non-ferrous metals is done with the help of
electrolytic cells.

e Such electrochemical cells are also used in electrowinning processes.

e It can be noted that the industrial production of high-purity copper,

high-purity zinc, and high-purity aluminium is almost always done through
electrolytic cells.

1.1.8 Electrochemical Series

The electrochemical series is built up by arranging various redox equilibria in
order of their standard electrode potentials (redox potentials). The most negative

E values are placed at the top of the electrochemical series, and the most positive
at the bottom.

The electrochemical series

Lif te s Li -3.03

Ktote = Ky -2.92

Call +2e” =—— Cay) | -287
+ - -

Mgl +2¢” =—— Mgy | -2.37
A[?{j{})+30— — Al(s) -1.66

le?;:]) +2¢e” == Zng | -0.76
2 —= Ty | 03
p[,m‘” +2¢- = Pby -0.13
2H]  +2” = Hyg |0
C“'(l;” +2¢- = Cuyy +0.34
Agite = Agy | +080
— 37 o | +1.50
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Importance of Electrochemical Series

L.

rJ

The metal which is higher in electrochemical series acts as reducing agent
(or) anode and undergoes corrosion first.

Metals above hydrogen are called active metals, which can displace hydrogen
from dilute acids or water.

Eg:- Zn+ 2HCI — ZnCl,+H,

. The metals below hydrogen are less reactive. They do not liberate H; from

dilute acids and water.

. The metal with higher negative potential displaces a metal with lower

negative potential or positive potential (i.e., all metals below it in the series)
from the salt solution of the metal.

Eg:- Zn displaces all metals underneath it in the electrochemical series.
Zn+CuSOs(aq) — ZnSO4(aq)+Cu

. The reactivity (or) reducing character decreases from top to bottom of

electrochemical series. So, Li is the strongest reducing agent and fluorine
1s the strongest oxidizing agent.

Application of Electrochemical Series

1.

Oxidizing and Reducing Strengths: Electrochemical series helps us to
identify a good oxidizing agent or reducing agent.

Used for Calculation of Standard emf (E°) of Electrochemical Cell.
Useful for Predicting the Feasibility of Redox Reaction.

4. Useful for Predicting the Product of Electrolysis

Differences between Electrochemical series and Galvanic series

S.No Electrochemical series Galvanic series

It is based on the electrode | Itisbased on the corrosion potential
potential values measured in | in sea water.
standard condition.

2 Standard electrode potential is a | Corrosion potential varies from

constant value. environment to environment.

3 Metals and non-metals are included | Metals and alloys are included
but not alloys. L
4 It indicates the relative oxidizing/ | It indicates the relative corrosion
reducing tendency. tendency. e
5 The position of the metal or | The position of the metal or alloy
non-metal is fixed. varies with the environment.




Electrochemistry and Battery Chemistry 15

1.1.9 Nernst Equation

The Nernst Equation is

0.0592 2.303RT
E=E%+ ——log[M™"] (OR) E =E° + 3—1%_— log[M"*]
n

E — Electrode potential

R— Gas constant

E®— Standard electrode potential
T — Temperature

n— Number of valency electrons
F — Faraday (96,500 coulombs)

Derivation of Nernst equation

Consider a general reversible reaction

M""(aq) +ne” = M(S)

Now for a reversible reaction, the free energy change (AG) and its equilibrium
constant (K') are inter-related as

d
AG = RTInK + RT1nPr0%ucU
[reactant]

[product]

= AG® +RTI
AG &S n[reactant] (1)

Where AG? is known as the standard free energy change (i.e., the
free energy, when the concentrations of the reactants and the products are unity
each).The above equation, is known popularly as Van’t Hoff reaction j

sotherm.
In a reversible reaction, the electrical energy is produced at the expanse of the
free energy decrease, i.e '

change in

—AG = nEF and AG® = —nE°F

Substitute AG&AG? values in equation (1)

0 [M]
—nEF = —nE"F +RTIn [M"+]

1
0
_nEF‘:_—nE F'*‘RTI"W
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ol electrolytic cells are:
The three primary components of electrolytic cells
! ar . ' L] wrlrp H » e s
o Cathode (which is negatively charged for electrolytic cells)
‘ 1]
e Anode (which is positively charged for electrolytic cells)
e Lilectrolyte
The electrolyte provides the medium for the exchange of clcctm{ls hctwgcn the
cathode and the anode. Commonly used electrolytes in electrolytic cells include
water (containing dissolved ions) and molten sodium chloride.

Diagram and Working of an Electrolytic Cell

Molten sodium chloride (NaCl) can be subjected to electrolysis with the help of
an electrolytic cell, as illustrated below,

, -

Inert |||““ ll
!

!

Electrodo Inert

|
|
Battery Electrode

l r
T . |
A . ; |
’ NaCl 1
Na'-——b? ;
Cathode

kA Z e T

e
(@)

Figure. 1.3

Here, two inert electrodes are dipped into molten sodium chloride (which
contains dissociated Ng* cations and C/~ anions). When an electric current
is passed into the circuit, the cathode becomes rich in electrons and develops a
negative charge, The positively charged sodium cations are now attracted towards
the negatively charged cathode. This results in the formation of metallic sodium
at the cathode,

.Snmllluncmlsly, the chlorine atoms are attracted (o the positively charged
cathode. This resul(s

In the formation of chlorine gas (Cly) at the anode (which is
accompanied by the liberation of 2 clectrons, finishing the circuit). The associated
chemical equations and (he overall cell reaction are provided below.

e Reaction at Cathode: (Nat 4= _, Na)x2

e Reaction at Anode: 21~ _, Cly 4 2¢~

o Cell Reaction: 2NaCl —, 2Na+Cl,



N

Llectrochemistry and Battery Chemistry 13

Jren sodinm ehloride can be subjected (o electrolysis in an vlvrlmly(ic
IRLLSLLRAR . . " o ' ne tha e :
”;‘l (O peneTate metallic sodivmy and ehlorine gas as products,

»A \
X .

Applications of Electrolytic Cells

o The primary application of electrolytic cells is for the production of oxygen
pas and hydrogen pas from water,

o They are also used for the extraction of aluminium from bauxite,

Another notable application of electrolytic cells is in clectroplating, which
is the process of forming a thin protective |

ayer of a specific metal on the
surface of another metal,

e The electrorefining of many non-fe

rrous metals is done with the help of
clectrolytic cells,

e Such electrochemical cells are also used in clectrowinning processes.
e It can be noted that the industrial production of high-purity copper,

high-purity zine, and high-purity aluminium is almost always done through
clectrolytic cells,

1.1.8 Electrochemical Series
The electrochemical series is built up by arranging various redox equilibria in

order of their standard electrode potentials (redox potentials). The most negative

E values are placed at the top ol the electrochemical series, and the most positive
at the bottom,

The electrochemical series

lli{“‘ni}f - =—— Li -3.03
l\_&‘_'.;lg_l & \‘“”“—\: '(\\.) -2.92
(‘u(m',) 2" =— Cayy -2.87
”(if,“l) - =—— Na(.\.) -2.71
l:(”“"l) F2e” = Mg | -2.37

/\7127‘17)-»31' T Al -1.66

| '/.nﬁ(iu'qll-gw T Zn(y) _—i).?()

Cay V20 S Feyy | 044
Phlg +267 S Pby | -0.13
My H2 S My |0
Cllfgy 120 = Cugy | +0.34
"“ééu) e S g | 080
EH“I‘D ™ S Ay +1.50
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A The reactivity (or) redueing charaeter decrennes from top (o bottom of
clectrochemtcal serles. So, L s the strongest reducing agent and fluorine
is (the strongest oxidizing agent,

Application of Electrochemical Serles

1. Oxidizing and Reducing Strenpths: Electrochemical series helps us (o
identity n pood oxidizing agent or reducing agent,

2. Used for Caleulation of Standard em! (£9) of Electrochemical Cell,

Usetul for Predicting the Feasibility of Redox Reaction,

4. Uselul for Predicting the Product of Electrolysis

Differences between Electrochemlcal serles and Galvanic series

S.No Electrochemienl series Galvanie serles

I It ds bused on the electrode | 108 based on the corrosion potential
potentinl - values  measured in | in sea waler,
stundard condition,

9 ‘. . ' ] 1 ‘ H Iy

y Standard electrode potential is o | Corrosion  potential - varies from
constant value, environment (o environment,

3 Metals and non-metals are included | Metals and alloys are included
but not alloys,

4 It indicates the relative oxidizing/ | 1t indicates the relative Ccorrosion
reducing tendency, lendency.

5 e position of the metal or | ‘The position of the metal or .1lluy
non-metal is lixed, varies with the environment.




Electrochemistry and Battery Chemistry 15

1.1.8 Nernst Equation

The Nernst Equation is
0.0592
E = EO 4

n
E— Electrode potential

2.303RT
log[M"*] (OR) E = EO 4 S0 oo 1pn]

nkF

R— Gas constant

E°— Standard electrode potential
T — Temperature

n— Number of valency electrons
F— Faraday (96,500 coulombs)

Derivation of Nernst equation

Consider a general reversible reaction

M""(ag) + ne~ = M(S)

Now for a reversible reaction, the free ene

rgy change (AG) and its equilibrium
constant (K) are inter-related as :

duct
AG = RTInK + RT 1 [Product]
[reactant]

t
AG = AG® + RT 1, 1P0%uct] (1)
[reactant]

Where AGY is known as the standard free energy change (i.e., the change in
free energy, when the concentrations of the reactants and the products are unity
each).The above equation, is known popularly as Van’t Hoff reaction isotherm.

In a reversible reaction, the electrical energy is produced at the eXpanse of the
free energy decrease, i.e |

—AG = nEF and AG® = —hECF

Substitute AG&AG® values in equation (1)

] 0 (M)
—nEF = —nE"F + RTIn [Mn-l—]

—nEF = —]'1E0F+RTIH

1
M
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|Since concentration of metal (M] = 1]

—nEF = —nE°F — RTIn[M""]
RT
= E0 4 —In[M"*
s i nk [ ]

2.303RT

This is known as Nernst equation of electrode potential at 25°C.

2.303RT _ 0.0592

nk n
0.0592
E=E"+ L log[M"*]
n ,

1.1.10 Types of Electrodes
Reference Electrodes:

The electrode of standard potential, with which we can compare the potentials of
an other electrodes, is called a reference electrode. The best reference electrode
used is “standard hydrogen electrode”, whose electrode potential at all
temperatures 1s taken as zero. Important reference electrodes are:

e Calomel Electrode
¢ Quinhydrone Electrode

e Glass Electrode

Calomel Electrode:

It is the most commonly used mercury - mercurous chloride electrode. The
potential of the calomel electrode, on the hydrogen scale, has been found to vary
with the concentration of the potassium chloride solution used. The potential of
this electrode is equal to the e.m.f. of the cell.

Construction: It consists of tube in the bottom of which is a layer of mercury.
over which is placed a paste of Hg + Hg>Cl>. The remaining portion of cell 1S
filled with a solution of normal or decinormal or saturated solution of KCl. A
platinum wire dipping into the mercury layer is used for making electrical contact
The side-tube is used for electrode is formulated as:

KCl(sat.)|Hg,Cly(s)|Hg(1)
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({E

N

Saturated —_]
KCI

Hg+Hg,Cl~_|

Hg

Figure. 1.4 Saturated Calomel Electrode

The calomel electrode can acts as anode or cath

ode depending on the nature of
the other electrode of the cell.

The net cell reversible electrode reactions,

HgyChy(s) +2e™ = 2Hg(I) +2CI~

. v 4
E=E"— ZERT log[CI™)?
nkF
E=E%— @IE log[CI™], where n =2

E =E"—0.0591log[CI™] at 298K

Therefore electrode potential of calomel electrode is depending upon the
concentration of KCI, The electrode is reversible with chloride ions.

The electrode can be coupled with hydrogen electrode containing solution of
unknown pH.

The potential of the calomel electrode depends upon the concentration of KC]
solution used. Following table gives the values of std. oxidation potentials for
different concentrations of KCI solution used. (measured at 298K).

Concentration of KCI | Saturated KCI | IM KCI | 0.1M KCI |
}z"[v] 0.241 0281 |0334 |
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Applications

L. Ttis used as secondary reference clectrode in the measurement of sing
clectrode.

rJ

Itis used as reference electrode in all potentiometer determinations and
measure pH of the given solution.

Quinhydrone Electrode

Itis a redox electrode where oxidation and reduction happens on organic substry
quinone and hydroquinone. An equimolar solution of quinone and hydroquinos
is used here and the platinum wire of the calomel elctrode is attached to it.

o O-H
¢ +2H "+ 2" = @
o) O-H
Quinone Hydroquinone

CoH4O2 +2HY +2¢~ = CeH4(OH),
Quinone (Q) Hydroquinone (QH>)
Q+2H Y +2¢ — H2Q

The Nernst equation for this half cell reaction will be like Q+2H* +2¢~ — H>

0.0591  [H:0)
15 = F 0 -
Q|H,Q Q|H2Q 7 ]()g [Q] [[’I+]2

0.591 1
0
EQIHZQ = EQ[IIzQ - ) lOg [H+]2

0.591
0 +12

Eopino = Egji,p+0.0591 log[H™]
0
Egiino = EQju,e — 00591 pH

o :
EéluzQ —Eoimne
0.0591

pH =

Thus pH can be determined by using quinhydron electrode.
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construction

Quinhydrone electrode can very easily be set up by adding a.pinCh. of QEJ”“hydron_i
powder (a sparingly soluble solid) to the experimental solution Wth stirring, unti
the solution is saturated and a slight excess of its remains undlssolv?d‘. The
indicator electrode usually of bright platinum is inserted it. For determining the
pH values, this half-cell is combined with any other reference electrode, usu.ally.
sawrated calomel electrode and the EMF of cell so formed is determined
potentiometrically. The cell may be represented as

Pt/H,Q,Q,H" (unknown) // KCl(sat), Hg,Cly(s)/Hg"
Ecen = Ecalomel — EQuinhydrone
Ecen = 0.2422V — (0.6994V — 0.0591V pH)
0.6994V —0.2422V + Eca
0.0591V

pH =

Advantages and limitations of Qdinhydrone

1. The electrode is very easy to set up.

2. The pH values obtained are very accurate.

3. Very small quantities of the solution are sufficient for themeasurement. The
electrode cannot be used for more alkaline (pH > 8.5) solutions and the
solutions which react with quinhydrone or quinone. (E.g.: Fe** Mno>).

Glass Electrode

When two solutions of different pH values are separated by a thin glass membrane,
there develops a difference of potential between the two surfaces of the membrane.
The potential difference developed is proportional to the difference in pH value.
The glass membrane functions as an ion-exchange resin, and an equilibrium is set
up between the Nat ions of glass and H* ions in solution. For a particul

glass, the potential difference varies with the H" ion concentration,
by the expression

ar type of
and 1s given

2.303RT
F

= E{ —0.0592log[H™]

= Eg +0.0592V pH

Eg=E¢ - log[H™]

Over a range of pH of the rest-solution from 0 to 10.
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Construction

of thin walled glass bulb containing AgCl™ coated Ap

A glass clectrode consists
Cl. The glass electrode may be

clectrode or simply a Pt electrode in 0.1 M H
shown schematically as

—Ag|AgCI(S),HCI(0.1M)||glass or Pt,(0.1M)HCl|glass ™

HCl in the bulb furnishes a constant 7+ jon concentration. Thus; itis an Ag-AgCl

electrode, reversible with respect to chloride ions.

Potentiometer‘—\ﬂ

L
.

-

Saturated
Pt wire or calomel electrode
|__—silver chloride '
ol coated silver Glass
wire ' electrode~_|
0.1 M HCI
/ Solution of

unknown pH

Then-walled
glass bulb

Determination of pH by Glass Electrode.

Glass Electrode

Figure. 1.5

Glass electrode is used as the “Internal reference electrode” for determining
the PH of solutions, especially coloured solutions containing oxidizing or reducing
agents. Usually, Calomel electrode is used as the second electrode. In order
to determine the pH of a solution, the glass electrode is placed in the solution
under-rest and this half-cell is coupled with saturated calomel electrode. The
E.m.f of the cell is measured. Since the resistance is very high, so special electron
tube voltammelers are used to measure the E.m.f of the above cell. The E.m.f of
the complete cell is given by
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Ecen = Et‘:\lunu-l - [':",Inw I I‘,:’; 0.0592 l’”

4‘ " l“) a‘
 Ee—Eg — Ecan

0.0592

Advantages of glass electrode

—_—

. Itis simple and can casily be used,

9

. Equilibrium is rapidly achieved.
. The results are accurate.

3
4. Itis easily poisoned.

Limitations of glass electrode

I. Glass clectrode can be used in solutions with pH range 0-10, because
electrodes are composed of special glass that can be used up to pH 12.

The resistance is extremely high in the order of 10 to 100 million ohms,
which cannot be measured by ordinary potentiometers and special electronic
potentiometers have to be used.

N

1.2 Battery Chemistry
1.2.1 Batteries (or) Cells

“A device that stores chemical energy for later release as electricity is known as
Battery.”

(or)
An electrochemical cell or often, several electrochemical cells connected in
series that can be used as source of direct electric current at a constant voltage.

Batteries or cells can be divided into three types

1. Primary cells
2. Secondary cells
3. Fuel cells

Primary Cells

Those cells in which the cell reaction is not reversible are known as Primary cells.
Thus, when the reactants have for the most part been converted to products, no
more electricity is produced and the battery or cell becomes “dead™.

Ex: Zn - Carbon battery or Dry cell (or) Laclache cell
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Zn-Carbon battery (or) Dry cell (or) Laclanche cell

A cell without fluid component is perhaps the most familiar of all battcrlxcs'-,, The
anode of the cell is zinc (or container) containing an elcctro]y}c consnsu’ng of
NH:Cl,ZnCl, and MnO; to which starch is added to make it thick paste-like s,
that it is Iess likely to leak. A carbon (graphite) rod serves as the cathode, which
is immersed in the electrolyte in the centre as the cell.

Metal cap —— Insulating washer
Collar support to the rod

|_— Carbon rod

Electrolyte paste ——
/ Zinc can

Cardboard covering ——»
Metal cover (-)
Figure. 1.6

The anode (oxidation) half-cell reaction is
Oxidation: Zn(s) — Zn*?(aq) +2e~ (at anode)

The cathode reaction is quite complex. Essentially, it involves the reaction of

MnO; to a series of compounds having Mn in +3 oxidation state. For example,
Mn203.

Reduction: 2Mn0;(s) +H,0+2e~ — Mny05(s)+20H ~(aq) (at cathode)

However an acid-base reaction between OH ~ and NH j (derived from NH3Cl)
evolves NH3(g), which disrupts the current flow.

2NH;Cl(aq) +20H ™ (aq) — 2NH3(g) +2H,0+2CI~

This is prevented by a reaction of NH3(g) with Znt? (from ZnCl,) to form th¢
complex ion [Zn(NH3);]Cl,. Hence, the reaction at two electrodes are,

Zn*2+2NH3+2Cl~ — [Zn(NH3),|Cl,
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Anode: Zn(s) — Zn "'z(nq) +2e-

Cathode: 2MnO; (s) +- 2NH4Cl + Zn+2 490~ __, Mn, 03+ [Zn(NH3)3|Cl + H,0

Overall reaction: Zn(s) 4 2Mno, + 2NH,Cl — Mny 04 + [Zn(NHz)2]C12 +H,0

The dry cell is a primary cell,
reversed by passing clectricity
and gives a voltage of about |

since various reactions involved cannot be
back through the cell. Dry cell is cheap to make,
V. But it has two significant disadvantages.

e When current is drawn rapidly from it, products build up on the electrodes
there by causing drop in voltage,
e Since the electrolytic medium is ac

idic, so zinc metal dissolves slowly,
thereby the cell run down slowly,

even if it is not in use.

Uses

—

- Dry cell is used in flash- lights

. Used in transistor radios

[ ]

D

. Used in calculators etc.

Secondary Cells

Secondary cells in which the cell reaction can
current in opposite direction. Thus, a
number of cycles of discharging and

be reversed by passing direct electric

secondary cell may be used through a large
charging.

Lead-acid storage cell

A storage cell is one that can operate both as a voltaic cell and as an electrolytic
cell.  When operating as a voltaic cell, it supplies electrical energy and
fesult eventually becomes “rundown”. It must then be recharged. Whep being
recharged, the cel] operates as an electrolytic cell, Thus, st

orage cell has the gregt
advantage of jts ability to work both ways, (o receive electrical energy and also to
supply it.

as a

The common example of a storage cell is the lead -acjd storage cell, QOpe
of its electrodes is made of lead. The other electrode is made of lead dioxide
(Pb0,) or rather a paste of PbO; is pressed into a grid, made of lead. A number
of lead plates (- ve plates) are connected in parallel and a number of lead dioxide
Plates (4 ye plates) are also connected in parallel. The lead plates fit in-between
the lead dioxide plates. Various plates are separated from the adjacent oneg by
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rubber or glass fiber. The entire combination js

s dil. H,SO4 corresponding to a density

then immersed in approximately 20 to 21%

of 1.2 10 1.3.

e ol @ Cathode

. 1 - - -.--.'.‘J

ORI A | T4 PbO, plates
Pb plates ",—.Th: 3 SN FOLTD
E::::::::_ = :::- £ .:::'.".':'. et TR Aqueous
R w sy I KETO)
Lead storage cell
Figure. 1.7 Lead-Acid storage cell
Discharging

When a storage cell is operating as a voltaic cell, it is said to be discharging.
The lead electrode loses electrons, which flow through the wire. In this reaction,
oxidation of lead takes place at the anode.

Pb — Pb*? 4 2¢” (at lead anode)
The Pb*? ions then combine with sulphate (SO;?) ions.
Pb*t? +S0;* — PbSO,

The electrons released from the anode (lead plate) flows to the dioxide electrode.
Here PbO; gains electrons to form Pb*2 ions. In other words, lead undergoes

reduction at the cathode from oxidation state +4 to +2. The Pb*? ions then
combine with SO; 2 ions.

PbOZJ.r4H++2e‘ — Pb*2 +2H,0 (at PbO, cathode)
Pb**+5072 — PbSO,

So the net reaction during use (or discharging) is,

Pb+PbO; +4H™ 4+-2507% — 2PbSO, +2H,0 + Energy
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it may be noted that lead sulphate is precipitated at both the electrodes. lhb
voltage of each cell is about 2.0 volts at a concentration of 21.4% HyS04 at 25 'F-
Lead cell, commonly used in automobiles, is a combination of six such cells in
series to form a battery with an e.m.f of 12 volts,

Charging

When both anode and cathode become covered with PbS0y4, the cell ceases to
function as a voltaic cell. To re-charge a lead storage cell, the reactions taking
place during discharging are reversed by passing an external e.m.f greater than 2
volts from a generator. The +ve pole of the generator is attached to the —ve pole
the cell and the following reactions take place.

Reaction at the —ve terminal (cathode)
PbSO4+2¢~ —s Pb+50;2
Reaction at +ve terminal (anode) |

PbSO4+2H,0 — PbOy +4H +50;2 +2¢~

Hence, the net reaction during charging is
PbSO4+2H,0 + Energy — Pb+Pb0; +4H* +250;2

During the process the charging, the electrodes of cell are restored to their original

conditions (i.e Pb and PbhO, respectively). It may also be noted that during
discharging operation, the concentration of acid (H,50,) decreases, while the

concentration of acid increases during the charging operation.
Uses: Lead acid storage cells are used for many purposes such as to supply

current for electrical vehicles, gas engine ignition, in telephone exchanges,
railways, mines, laboratories, hospitals, broadcasting stations, automobiles, power

stations and distribution works.

Notes

I. The lead storage cell is both a voltaic cell and an electrolytic cell. When
electricity is being drawn from the cell to start the car, it acts as a voltage
cell. The alternator forces electrical energy (generated by it due its motion)
into the cell, thereby causing electrolysis reactions to take place that restore

the original reactants of the cell.
2. The lead storage battery (of 12v) commonly used in automobiles consists

of six identical cell joined together in series.
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Lithium ion batteries

Lithium ion batteries are among the .most popular fechairli;:able batteries and are
used in many portable electronic devices. The r-iactlon_s

Anode: LiCoO; =— Lij_,CoO +xLi™ +xe

Cathode: xLiT +xe~ +xCs = xLiCg |

Overall: LiCoO; +xCs =—— Lij_xCo0, +xLiCg

With the coefficients representing moles, x is no more than about 0.5 mcz:]es,'
The battery voltage is about 3.7 V. Lithium batteries are popular because they

can provide a large amount current, are lighter than comparable batteries of other

types, produce a nearly constant voltage as they discharge, and only slowly lose
their charge when stored.

Discharging Charging

charger =
electrons

electrolyte a

T
5 W . el 5
£ ° 8 ~—® &g
4 58 g5 i ==
© [ = o, =
6o 28 - o8
£ 5e 5% EG hy
l > TR i ®
¢ 2
A0 B
separator separator
(e.g. polymer film) (e.g. polymer film)
b
e

= Cathodic current collector
Alumina

Cathodic electrode
LiCo02

——— Separator
e, % PE /PP
Anodic current collector

Anodic electrode
Copper graphite

Figure. 1.8 - Lithium-ion Battery
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applications of Li-ion battery to electrical vehicles (EVs)

Electric vehicle (EVs) needs an energy storage system to power the vehicle
propulsion system. At present, many batteries have been explored for the electric
vehicles applications like Nickel-cadmium, Nickel-Metal Hydride, and Lead-acid
but Li-ion battery is found more useful in the EVs application.

1.

!JI

Eco-friendly: They have relatively low levels of toxic heavy metals such
as Cd, Pb, Hg etc compared to other types of batteries such as Lead-acid
and Ni-Cd batteries.

Cell voltage: Li-ion Battery has cell voltage of 3.7 V which is high compared
to other batteries like Ni-MH(1.2 V).

Light weight and compact: Electrodes commonly used in Lithium ion
batteries, Lithium and carbon, are light weight on their own and this makes
them light weight and compact compared to other batteries.

High energy density: Li element has the ability to release and store large
amounts of energy. This allows Li-ion batteries to pack high energy in small
size. Because of high energy efficiency Li-ion batteries last much longer
between charges than other rechargeable batteries - a parameter which is
very important for electric car batteries. Performance at high temperatures

is also good.
Low maintenance: Ni-Cd or Ni-MH batteries have “memory effect” or
“lazy battery effect” which causes them to hold less charge. They should be

maintained by completely discharging or recharging them. Li-ion batteries
don?t suffer from memory effect and they give up their last bit of power.

Hence maintenance is less.

Low self-discharge rate: Self discharge rate of Li-ion batteries increases
about 5% within first 24 hrs after charging and then tapers off to 1-2% per
month.

More charge cycles: Quality Li-ion batteries last about 1000 full charge

cycles.

Flow Batteries

Fuel cells:

Fuel cel] is an electrochemical cell which converts energy of a fuel directly into

electricity through redox reaction.
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When a fuel is burned, the electron exchange takes plzfcc only when the aton;
of the oxidizing agent (oxygen or air) come in direct contact with the atoms of th,
substance being oxidized (the fuel).

In fuel cell, the electrons from the anode side of the cell cannot pass througp
the membrane to the positively charged cathode; they must travel around it via p
electrical circuit to reach the other side of the cell. This movement of electrons i
an clectrical current.

The energy is released as heat. In a fuel cell, electric energy is obtaine(
without combustion from oxygen and a gas that can be oxidized.

Hence, a fuel cell converts chemical energy of the fuel cells directly tg
electricity. The process in fuel cell is,

Fuel + Oxygen —— Oxidation products + Electricity

Ex: - Hydrogen-Oxygen fuel cell, Methanol-oxygen fuel cell etc.

Methyl Alcohol - Oxygen Alkaline Fuel Cell

In this fuel cell, CH3OH is used as fuel and O, as oxidant to generate electrical
energy. The figure shows a typical CH3OH — O, fuel cell.

Methyl Electrical current
alcohol —_—
vapours e-

T

Anode Electrolyte Cathode

Figure. 1.9

: The mellllyl alcohol - oxygen fuel cell has two electrodes. The anode consist®
Ol porous nickel electrode impregnated with Pt/Pd catalyst. Porous pickel
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sJectrode coated with silver catalyst constitutes a cathode of the cell. The
glectroly[e, KOH, is taken in between the two electrodes. CH3OH and O; are s.ent
continuously into their respective electrodes as shown in figure and the electrical
energy 18 produced with the continuous replenishment of the fuel, CH3 OH at the
anode.
In neutral medium the half cell reactions are:

Anode: CH30H +H,0O — CO;+6H™ +6e~

Cathode: 3/20,+6H" +6e~ — 3H,0

Cell reaction: CH30H +3/20, — CO,+2H,0
whereas in alkaline conditions the half reactions are:

Anode: CH30H +60H~ — S5H,0O+6e~ +CO>

Cathode: 3/20,+6e~ +3H,0 — 60H™

Cell reaction: CH30H +3/20, — CO,+2H,0

Advantages of methyl alcohol - oxygen fuel cell

Methanol fuel cells are reasonably stable at all environmental conditions.
Easy to transport.

Do not require complex steam reforming operations.
These fuel cells are targeted to portable applications.

Because of high hydrogen concentration in methanol it is an excellent fuel.

B & & B

Methanol poses less risk to aquatic plants, animals and human beings than
gasoline.

7. Because methanol possess lower inflammability limit than gasoline it poses
less fire risk than gasoline.

8. There is zero emission by the cells hence the fuel cells are eco friendly.

Applications of alcohol - oxygen fuel cells

The major application of methyl alcohol - oxygen fuel cells is a fuel for fuel cel]
motor vehicles like NECAR - 5 in Japan, USA etc.
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Differences between Primary, Secondary & Fuel cells

S.No, Primarycells ~Secondarycells
o Itonly acts as galvanic | It acts  as  galvanic
or voltaic cell, i, | or voltaic cell while
produces electricity discharging  (produces
electricity) and  acty
as  electrolytic  cell
(consumes electricity)

2 | Cell reaction is not | Cell  reaction  is
reversible, reversible,

3| Can't be recharped. Can be recharged,

4 Can be used as long as | Can be used again and
the active materials are | again by recharging,
present,

5 “: Leclanche cell or | Ex: Lead  storage
Dry cell, Lithium cell. | battery, NiCd battery,

Lithium ion cell.

6 Uses: In Pacc makers | Uses: In  clectronic
watches, ‘Transistors, | equipments,
radios cct, automobile

cquipments, digital
cameras, laptops, flash
light,

Fuel celly
At ds a simple galyan,
or voltaic cel],
produces,

£

’

clcf,frir,iry

el reaction gy
reversible,

B _Hﬁcrér o
he withdrawn
continuously,

Reactamts —— shoyld
be replenished
continuously, it

does not store energy,
Ex: 1,40, Fuel cell.

Great  use
space  vehicles

to light
of

 Uses:

n
due
weight

is
(product
this  source is fresh
water for  astronauts)

CHyOH &5 Fuel cell |



