Chapter # 12

-

12.1 Oxidation-Reduction Concepts
L 122 Electrode ‘

- Stand: d Cell Potential and Standard Electrode Potential
.5 Modem Batteries
126 Corrosion

The students will be able to:

® Givethe characteristics of a Redox reaction. (Understanding)

® Determine the oxidation number of an atom of any element in a pure substance.
(Applying)

® Define oxidation and reduction in terms of a change in oxidation number
(Applying)

* Use the oxidation-number change method to identify atoms being oxidized or
reduced in redox reactions. (Applying)

*  Usethe oxidation-number change method to balance redox equations. Applying)

* Balance redox reactions that take place in acid solutions. (Applying)

* Breakaredox reaction into oxidation and reduction half reactions. (Applying)

: When given an unbalanced redox equation, use the half reaction method to balance
the equation. (Applyin

& Demﬁéd:pm, electrode potential and S.H.E. (Standard Hydrogen

. mam@&?mmgmm the substance reduced in adrycell. (Applying)

* Use the actiyity series of metals to predict the products of single replacement
Tactions. (Analysis) : :

L9 Dtﬁnecel(lpotenﬁal), and describe how it is determined. (Understanding)

1 ?&cn‘be the reaction that occurs when a lead storage battery is recharged.

o+ ‘Applying) | .

. :

o Explainhow s uces electrical energy. (Applying)
Define the standar ﬁw:::!lml prod potential of anelectrode. (Remembering)
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s called reduction. Reduction is the reverse of oxidation.

| reactionis called oxidation.

A

Introduction

Electrochemistry is the branch of chemistry which deals with the conversioy .
electrical energy into chemical energy in clectrolytic cells and chemical energy ine
clectrical energy in galvanic or voltaic cells. Electrochemistry has lots of IMPortgpy
applications but we are going to discuss few of them.

A cell consists of two electrodes that are dipped into an electrolyte ugey g,
interconversion of chemical and clectrical energy. Battery 1s a device that congig,
of one or more cells and is used to produce electric current by converting chemigg] 5
energy to electrical energy. Some examples of batteries are dry cell, silver batterieg
NiCad battery, lead storage battery, and fuel cells. These batteries are usedto pmj
radios, digital watches, calculators, cell phones, laptops, CD players, flashlights

toysand hybrid cars.
Furthermore many essential industrial chemicals and materials such &

caustic soda (NaOH), chlorine, aluminum, hydrogen, oxygen, and hydroge

peroxide are manufactured by electrolytic processes.
Electrochemical processes are not always advantageous; that is, there are some

electrochemical processes that damage the materials such as corrosion of iron. T
main target of electrochemistry is to prevent the corrosion to reduce the loss®

materials.

12.1 Oxidation-reduction Concepts '
12.1.1 Oxidation and Reduction

Oxidation and reduction can be defined in three different ways:
i) The addition of oxygen to a substance during a chemical reaction 1S “M |
oxidation while the removal of oxygen from a substance during a chemical rea¢™™

PO + C ——— Pb + CO | ;

In this reaction, lead oxide is reduced to lead by losing oxygen while carto®

oxidized to carbon monoxide by gaining OXygen. : cﬂl“
ii) The addition of hydrogen to a substance during a chemical reaction ™
reduction while the removal of hydrogen from a substance during 3 ©

H. S (Gl ——nmd 8- 29 HOJ o
In this example, hydrogen sulphide gas is oxidized to sulphur
hydrogen while chlorine is reduced to HC| by gaining hydrogen.

(412)
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i) Loss ofane or more electrons by a substance is called oxidation while the gain

afone or more electrons from a substance is called reduetion.
INa + Cl, » 2INaCl
In this reaction, sodium is oxidized to sodium ion by losing electrons and
chlorine is reduced to chloride ion by gaining electrons. The element that loses
the electrons during the reaction is said to be oxidized. Its oxidation number

* increases. The element that gains electrons during the reaction is said to be
reduced. Its oxidation number decreases.

E 12.1.2 Oxidation Numbers

r The apparent charge, positive or negative, which an atom would have in a
- compound, is called oxidation number. It is also known as the oxidation state. It
enables us to identify the elements that are oxidized or reduced. The elements that
show an increase in the oxidation state are oxidized while the elements that show
decrease in the oxidation state are reduced.

Rules for Assigning Oxidation Numbers
i) The oxidation number of an atom of a frec element is zero. Hence, each atom
in H3, N3, 0%, Brj, Na’, Mg’, F¢’ and Zrd' haszero oxidation numbers.
i) In compounds, the oxidation number of hydrogen is +1 except in metal
hydrides where it is - 1. Hence, the oxidation number of hydrogenis -1 in LiH, NaH,
' adCaH,.
ili) The oxidation number of oxygen is -2 in all its compounds (¢.g. CO, and Ca0)
&Xcept in peroxides and superoxides. In peroxides, it is -1 (e.g. H,0, and Na,0,)
Lfd in supéroxides, it is =1/2 (e.g. KO,). The oxidation number of oxygen in oxygen
Aiflvoride, OF, is +2. e
.;iv) The oxidation numbers of alkali metals, alkaline earth metals (Group I1A) and
oup [11A elements are +1, +2 and +3 respectively.
Y The oxidation number of halogens (Group VIIA elements) is -1 in their binary

““mMpounds (NaCl. KBr. and AICL,). The halogens except fluorine show positive
“Hda o ith oxygen.

-’ The oxidation number of a monoatomic ion is equal to the charge on it. Hence,
| Mg AP and O* have +1, +2, +3 and -2 oxidation states respectively.

) In polyatomic jons such as C0y% SO +> and PO, the sum of oxidation
(413)
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~ atoms of different elements 1s equal to the net ¢

of : s '.q’ . net charge o the |

carbonate ion (COY), the oxidation number of carky, 00, Fop
et ' "

he sum of oxidation numbers is 1(+4)+3( e %;4 e

number
example, in the
of oxygen is-2. Hence, t
viii) The sum of oxidation numbers of all the elements in a neutry| ¢
equal to zero. For example, in potassium permanganate (KMnO,), m::)m‘md. i
qumber of potassium is +1, manganesc is +7 and that of oxygen is -2 H;’dtm.
sum of the oxidation numbers is 1(+1)+ 1T +4(=2)=0. - FICTCS, g
ix) In any substa

nce, the more electronegative atom has the negative i,
“umber while the less electronegative atom has the positive oxidation number
. X) The same element

may show different oxidation numbers in diffey
ompounds. For example,
p‘g!g, sulphur dioxide (SO,), sulphuric acid (H,SO,), and hydrogen sulgh
o 2 )

the oxidation numbers of sulphur in disulphur dicklong
+4,+6, and -2 respectively.

e N

Calculate the oxidation number of nitrogen in HNO,.

op ;
The oxidation number of hydrogen is +1 and that of oxygen iss -2, The oxidsti®

number of nitrogen in HNO is calculated as:

1 (+)+1(N) +3(2) =0
S1 N =

Ni =5 = '
[ Example 12.2
Fmé OHf :hc oxidation number of chromium in K,Cr,05.
The Oxldﬂt}on number of potassium is +1 and that of oxygen is -2
2““""’“ erofchromium in K, Cr,0, is calculated as:
CHeCihi-2).= 0
Ll =10
2(;]'
“ Cr
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[ Example 12.3 7 e

Find out the oxidation number of nitrogen in NH'L

Solution:

as.
IN) + 4(+1) = +]

The oxidation number of hydrogen is +1 and that of nitrogen inNH}' is calculated

What is the oxidation number of carbon in HCO;'?
Solution:

number of carbon in HCO3! is calculated as:
I(+1) +1(C) + 3(=2) = -

il € = 6 =1
Col= 8 ==
C =-1+35
C = 44

o o At L el VLS

12.1.3 Recognizing Oxidation-Reduction k&cfi&ns

R

The reactiong that involve oxidation and reduction are
called oxidation-reduction reactions. They are also
h‘-‘“\_'n as redox reactions. Oxidation-reduction
feactions can be considered as electron transfer
feactions, In the process, the electrons may either be
ransferred from one substance to another to form ionic
bonds or shared to form covalent bonds, The process of
PNidation and reduction occur simultaneously during a

N + 4 = 4]

N = +]1-4
\TN = -3 )
E e —————————
~ Example 12.4

The oxidation number of hydrogen is +1 and that of oxygen is 2. The oxidation h

s -

The number of electrons
shared, gained or lost by an
atom of an element is called
valency whereas the
apparent charge, positive or
negative which ap atom
would have in g compound

'-°-"°fnical reaction. Both of these processes oceur in
“ivalentamounts,

(415)
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To ldcn"fy the oxidation-reduction reactions, one should know that the

change in oxidation number occurs during the oxidation-reduction reaction,
Consider the reaction in which zinc metal reacts with a solution of aqueg,,

copper sulphate containing copper ions:
Zng CuSOyng — ZnSO4 g ™ Cugg
This reaction can also be shown as:
0 ~ 42 g t2 1 an2 P
figy + Cugly + S04y — Iy T S04q T Cuy :
This is a redox reaction in which zin¢ metal is oxidized; that is, the zep T
oxidation number of zinc is converted to +2. The copper ion is reduced; that i, the

+2 oxidation number of coppet ion is converted to Zero.
A redox reaction is the sum of two half- reactions;

reaction and a reduction half-reaction.
Redox reaction = Oxidation half reaction + Reduction half reaction

An equation which shows either loss or gain of electrons is called hif
reaction. A half-reaction which shows the reactant that loses electrons is called
oxidation half-reaction whereas a half-reaction which shows the reactant that gains
electrons is called reduction half-reaction. In oxidation half-reaction, the electrons
appear on the product side of the equation whereas in reduction half-reaction, the
electrons appear on the reactant side of the equation. The above reaction canbe
separated into two halfreactions as:

Oxidation half-reaction: Znj,, —— Zn_, + 2¢

0

Reduction half-reaction: Cu‘fj;, +2¢ — ' Cul,

that is, an oxidation half-

,_i-]é’, ¢ LgWEw

Applications of Redox Reactions in a:l{;' Life
- Applications of redox reactions are numerous but we are going to discuss few‘Ir

them.
e The burning of wood, paper, coal, and gasoline in the presence of air is call¥®|
combustion, which is rapid redox reaction. (einis 40
o Many biological redox reactions provide energy that is required bY '
organismstosuminlife.l‘hemoatfmﬁﬁ"ismem ; E’w bolism.
complex process. The oxdaion o atboyrte s ancxampleaf meBbOICC
pmso ‘ sprocess,acarbohy dmluchas l " “mg ‘
pmduccCO,andwawrwilhtheevoluﬁonofw,s' e
i Rl 00, — 6001 hy 6H20 +w il == /

(416)
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b W PTOCess 15 also résponsih)w

wnety 0‘ bﬂltel‘l('\ 'huﬂ dres psed 4 Mower |nnny ubc‘ul deVlces M o | P
e “dios, laptap computers, v atches, and portable music e 15 el o

aching agents are oxidizing agens that are used to decoloutize or hgbten tha

W‘_‘?f ‘;‘:;c"‘*'s such as paper, fabrics and human hair. By redox reactions, |
orne 1s used (o bleach wood pulp to make white paper, SOd' mﬁ'

hype hlome (NOCI) is used to remave stains from elothes, and
HETOXIC ",lsusedtoconvert redheads into blondes of SOrt. o
@gcﬁonsm notalways beneficial. The decay of'merals by oxidation such as
qustin mmm the mmst airis called corrosion. Corrosion is a spontaneous redox.
feactionand damages especially those materials which are made ofiron.

| 1s tedox process that 15 used to improve the hardness, stability and

lor the operation ofbatfeﬁcs. al

nﬁnemls (objects) and to protect them from c COrTosion; v,

12.1.4 Balancing Oxidation-Reduction Equations by Oxidation
‘Number Method:

- The following rules are used for balancing of redox equations by oxidation number
method.

{}  Writedown the skeleton equation for the reaction under consideration.

i)  Write down the oxidation number of each atom ahove it.

f-’ﬁi) Identify those atoms whose oxidation numbers are changed during redox
eaction.

) Record the oxidation numbers above the atoms whose oxidation numbers have
'." nged.

¥) Indicate the change in oxidation number by arrows joining the atoms on both
ides of the equation. Arrows show the number of electrons gained or lost by single
.' m Only

1) Equate (to make balance) the number of elecrons gamed or lost by

Wltiplying with a suitable number.

i) Balance rest of the equation by inspection method.

— ~
sy v _')—'/4";:‘"\

™ Tw B T
- Vel

i .‘."'-—'fGHMg equati ions by oxidation number method:
- ~,HN@, — 5 Cu(NO,), +NO,+H,0

'\' Yo

P K @ +ﬁq — 3 KCl+CrCl, +CL+H,0

- -

= S — - —

(417)
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solution: (a)

1)

i)

i)

1v)

vi)

Solution: (b)

1)

Write down the skeleton equation for the reaction.

Cu+HNOy, — Cu(NO,), + NO, TH,0
Write down the oxidation number of each atom above it.

' 2) 2(=5)6(-2) [(+4)2(=2) 2A+=D=2)
Skl “:1) i\u) 12 MG el

W3 :
(OT\H-}i N Oy —> Cu(N Oy )+ N 0,+H, O
[dentify those atoms whose oxidation numbers have changed during e

reaction, ‘ 4

0 +3 #2- _

Cut HNO;— Cu(NO;y); +NO;+ H.O .
In this equation, the oxidation number of copper has changed‘fmm 2
+3 and that of nitrogen has changed from +5 to +4. We shouldmg
HNO, twice on the left hand side because the oxidation nuberd

nitrogen remains same (+3) in Cu(NO5), and changes (+4) in NO-.
¢ £5 1 4
HNO, + Cus HNO; —> Cu(NOy), + NO,+ H;0 I

Draw arrows between the same atoms whose oxidation numbm bae
changed, and show the number of electrons lost, or gained by anatom-

No, of 88 Jost IOxdatiom)=2x'1 =2

v .
0 +5 +2 :

No. of &s giined (Reduction) =1 2 2= 2

One copper atom lost 2 electrons and two nitrogen atoms 555
electrons. .

Multiply HNO; and NO, by 2 o balance the number of electo®™
gained during the reaction.

HNO;+Cu+2HNO; —— Cu(NO,), +2NO, +H,0
Thisequation canalso be writtenas: At
Cu"f 3HNQ3 - Cu(NO,), + 2NO, + H,0

Now balance rest of the equation by inspecﬁo;i method.
Cut4HNO, —— Cu(NO,),+2N0, +2H,0

Write down the skeleton

‘ equation for the reacts
K,Cr0, +HCl ——5 k) +CrCly 4+ Crl‘:ic;flo,?)

(418)
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M
o Write down oxidation numbers ol each atomabove it, 1

" :““_‘(-OIT( -:' - 31 2(:¢1)
[ o F I d. O R 3 Ll S
L (. Cn O, +HCI » KCl+ Cr Cli+ K, + K, O
i |d¢..nlif§.' those atoms whose oxidation numbers have changed during the
B
I x,Cr:0;+HCl —— KCI+CrCl, + Cla+ H,0

[n this equation. oxidation number of chromium has changed from +6 to +3
qnd that of chlorine has changed from -1 to zero. The oxidation numbers of
¢hlorine in KCl and CrCl; remain same (- 1). We should, therefore, write
HCI twice on the left hand side. One HCI for those chlorine atoms whose
oxidation numbers have changed and one HCI for those chlorine atoms |
whose oxidation numbers have not changed.

+ | 13

W) Draw arrows between the same atoms whose oxidation numbers have

~ changed and show the number of electrons lost or gained by an atom.
No. of & lost (Oxidation) = 1 x2=2

e +6 -1 +3 1
 HCI+K,Cr, 0, + HCl —— KC1+CrCl, +CL, 4 H,0
: - 1

. No. of & gained (Reduction) = 3 x 2 = 6

Here, two chlorine atoms have lost 2 clectrons while two chromium atoms

 have gained 6 electrons.

I Multiply HCI by 6, Cl, by 3 and CrCl, by 2 to balance the number of

ctectrons lost or gained.

lifz"@rz()y*.é-HCl — KCl+2CrCl, +3CL+H,0

alance rest of the equation by inspection method.

_HROHAHCI — 2K C142CiCl, +3CL, + TH,0

Re. g of Oxidation Reduction Equations by the Half

‘I-.'?h‘is;fhn"" Method:
Teloetro Odofbalancing the oxidation-reduction equations is also known as

Method. The followixig rules are used for balancing of redox

(413)
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'cqualions by the half reaction method:

i) Write down the skeleton equation which
actually myolved in the reaction.

i) Split up the equation into two half r
reactions.

i) Those atoms, molecules or
all unnecessary species.

iv) Balance all atoms on either side of !
oxygen.

v) Balance oxygenatoms by

vi) Balance hydrogen atoms by adding H ions 1
basic solution.

vii) Balance the charges by adding clectrons.
viii) Balance the number of electrons lost or gained during reaction by multiplymg

each halfreactionwith a suitable number.
ix) Add both halfreactions in such a way that

final equation.
x) Cancelout substances w

shows only those species fy
Bl

cactions 1.€. oxidation and reductin M{

ions should be written which really exist. Remoye

he equation other than hydmgcnﬁ

adding H,0 molecules.
n acidic solution or OH jons !

the electrons must not appear inf

hich are present on both sides of the equation.

Balance the following equation by halfreaction method:
KMnO, + HCl — H,O0 + MnCl,+ Cl,

Solution: X %

(i) Writedownthe skeleton equation.
KMnO, + HCl —— H,0+MnCl, + Cl,

(ii) Now write the species which are actually involved in the reaction ¥
remove all un-necessary species. .
MDO; + CIT —— Mn+2 + Cl,

(iii) Splitup the equation into two halfreactions -

M?O; —— Mn™ (Reduction half reaction)
Cl — Cl (Oxidation half reaction)

(iv) Balancechlorineatoms by multiplying 2 on lefthand side.
2 ——5cl; f e

(v) Palance the charge by adding 2 electrons on right hand side.
2l — Cl, + 26 S A
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7 o |
(vi) Balance oxygen atoms by adding 4H,0 molecules on R.H.S.

MOy — Mn " g H,0
(vii) Balance hydrogen atoms by adding eight H' ionson L. H.S.

MnO; + 8H’ — Mn™? + 4 H,0
(vii) Balance the charge by adding 5 electrons on L.H.S.

MnO; +8H +5¢ —— Mn™?+ 4 H,0 oveoveeenin (B)
(x) Multiply equation (A) by S and equation (B) by 2 to balance the number
of electrons lost or gained.

Ui (O =S
[ ]

-

[MnO; + 8H' + S¢ ——— Mn? + 4H,0] x 2

{x) Addbothequations and cancel out the common species on both sides. ;
10CIT —— 5Cl, + 10¢
2MnO; +16 H® +10¢ ——— 2Mn ™ + §H,0

10CI- +2MnO; +16H' — 5 5CL, + 2Mn™ + 8H,0 b
ce the following equation by halfreaction (ion-electron) method: |
Ag —— AgtCu® ;

~

Chemistry of Some Important Reducing and Oxidizing

‘substance that loses electrons during a chemical reaction is called reducing agent
B }‘-"Mm where as a substance that gains electrons during a chemical reaction is
p* edmudizzing agent or oxidant. The oxidizing agent oxidizes other substances
~‘ tases the oxidation state of other substances) and is reduced itself. The
A .‘,. g agent reduces other substances (decreases the oxidation state of other
. 08)and is oxidized itself. The total number of electrons gained by oxidizing
e Aways equal 1o the rotal number of electrons lost by the reducing agent.

ngj ey
3 :‘;ﬂhe followin g reaction in which sulphurous acid (H,S0O;) reacts with nitric
Oto Produce sulphuric acid and nitrous oxide (N,0).

o 1 Teaction, sulphurous acid is oxidizing agent because it (sulphur) loses
il nitric oxide is reducing agent because 1t gains (nitrogen) electrons.

S are transferred from sulphur to nitrogen.
(421)
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Among ¢lements, the metals are good reduc ing agents while non- netals 5

_ : ; e
pood oxidizing agents. In the periodic fablc. the alkali metals are strong redugi
agents because they form positive ions readily and halogens are strong oxidipy,
agents because they have strong attractions for electrons and form negatjy
readily. '

Among compounds, the potassium dichromate GK;({Y:_OT} and potassiu, |
permanganate (KMnQO,) are the mos important strong oxidizing agents wheres |
hydrogen sulphide (H,S), sulphur dioxide (505) andrff:rgous SU‘E\NC (FeSO,) g '
some important reducing agents, Some of the reactions of oxidizing and reducing 1

agents are:

Ciom

i) Magnesium reacts with cold dilute nitric acid to form hydrogen gas. i

Tn this reaction, nitric acid acts as oxidizing agent and Magnesium atom &5

as reducing agent.
ii) Hydrogen sulphide reacts with chlorine to form hydrogen chloride and sulphiz

In this reaction, hydrogen sulphide acts as reducing agent and chlorin¢ 8

oxidizing agent.
iii) Potassium dichromate reacts with sulphur dioxide in acidic medium 10 produst

chromic sulphate, Cry(80,);.
K,Cr,0; * H,S0, + 380, —. K;SO, + Cry(SOy), + H,0
In this reaction potassium dichromate acts as an oxidizing agent whil
dioxide acts as areducing agent.

iv) KMnO,reacts with concentrated HCl to produce chlorine gas. ‘
2KMnO, + 16HCl —— 2KCl + 2MnCl, + 8H,0 + 5Cl, |
[n this reaction, potassium permanganate acts as an oxidizing agent.

12.2 Electrode

The surfaces, in a cell, at which reactions (oxidation or reduction halfr
(ake place, are called electrodes. An electrode, ina cell, is a metal plate: wm»w"‘

a piece of graphite through which the electric current enters into Of lea¥®” §
olectrolyte. The electrodes may or may not involve in the reactions: The €™ i
that do not involve in the reactions are called inert electrodes. Elcctrod"'sarf
¢ anode and cathode. The positive electrode is called anode becaus® li"“

aliractcd to it while negative electrode is called cathode because
(422)
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attracted to 1t Oxidation takes place at anode and reduction takes place at cathode.
Electrons move from anode to cathode through an external cirouit.

12.3 Electrochemical Cellg

A cell consisting of two electrodes dipped into an electrolyte in which a chemical
reaction either produces or utilizes an clectric current is called electrochemical cell.
' Electro¢hemical cells are of two types:
1) Eleetrolytic cell
1) Galvanic or Voltaic cel|

i 12.3.1 Electrolytic Cells
? The electrochemical cell which utilizes an electric current to produce chemical

reaction is called electrolytic cell. 1t may also be defined as: the cell in which non-
spontancous redox reaction takes place by the passage of electricity is called
eleetrolytic cell. Examples are Down's cell. Nelson's cell.

Working of Electrolytic Cell
Consider an electrolytic cell which is used to determine the conductivity of solution.

An electrolytic cell consists of a
beaker with two electrodes which are
dipped in electrolyte and connected to a
direct current (DC) source. When an
tlectric current is passed through an
clectrolyte, the positively charged ions
(Cations) move towards cathode and
Megative chafged ions (anions) move
0Wards anode. The solution of the ions

Tesults in the passage of a current and the

. trolyte and glow dimly in Figure 12.1: Electrolytic Cell
1 '&kelcctrolytes

o This movement of jonic charges through the solution due to the passage of
Clectric Current is called Electrolytic Conduction (Conduction of electricity).

2'33 Ele'ctrolysis of Aqueous Solution of NaCl '
o ololysis of aqueous NaCl is carried out mn an electrolytic cell. Thig
SIS of a beaker with two electrodes which are connected to a direct current

- (423)
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(DC) source. When solution of TS

e solution gl — —fum\\\
concentrated NaCl s placed in the cell [ —OG0000—
and . the electrodes are connected to

DC. As a result of this H, gas is

produced at cathode and Cl, gas at
anode,

Explanation
When NaCl is dissolved in water. it

dissociates into ions as:
o -_—b ~ - T
NaCIw == Nag C l(w

When electric current is passed through the solution, the following reactions
take place at electrodes.

Figure 12.2:
Electrolysis of sodium chloride in water |

Reaction at Anode .
At anode chloride ions (negative ions) losc ¢lectrons and are oxidized. Ast
shows only half ofthe net reaction soitis called oxidation half reaction.

2Clf —— Cl, +2¢

Reaction at Cathode |
At cathode sodium ions are not undergoing reduction. Actually water moléfﬂlb
pick up electrons and are reduced to H, and OH 1ons._ It is reduction half reaction

L 2HiOv+ 268 ——— Hj + 20H
( The H' ions of water act as stronger oxidizing agents as compared oM
ions., '

NetCellReaction, 3
The net cell reaction which involves the oxidation and reduction half reac®™ "
called redox reactions.

ZNaCl + Hzo — HZ + CI2 + NaOH

The net cell reaction produces hydrogen gas, chlorine £as and m@"
solution of NaOH. Pure NaOH is then obtained by evaporation of the solutio™ |

In the above reactions, it is clear that HIO 15 more sasiiy rcduccd thi!
The reduction potential of water is -0.828 V while that of Ni"is -2 714V

(424) J
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12.3.3 Difference Between Coulomb, Ampere, and -’v* R
The flow ofclectrons through an external eircuit is called the electrical ¢ urrent, The
S1 unit of ¢lectric current is ampere (A) that is defined as a charge of one coulom
flowing through a conductor in one second.

[Ampere = | coulomb / second or 1A= 1C/sec

The quantity of electric current is known as electric charge. The SI unit of
electric charge is coulomb (C) that is defined as the product of the current in
amperes (A)and time in seconds ( ). e

Icoulomb = | ampere x 1second or 1C = 1A xsec

For example. 75 coulomb current is passed in the wire when SA current

7y flowsthrougha wire for 15 seconds.

|

/

Charge incoulomb = currentin amperes X time i seconds
= A X 15sec
- 75C
An electrical potential difference is called voltage. The SI unit of potential
difference (voltage) is the volt (V) that is ¢qual to one joule (J) of energy per
coulomb of charge (C). :

1 joule

lvolt = ———— or
1 coulomb
Thus, a 1.5V cell produces 1.5 Joule of 2 revery | coulomb of charge
flowing through the cell.

12.3.4 Voltaic (or Galvanic) Cells

The electrochemical cell in which electric current is produced by spontaneous
redox reaction is called galvanic cell or voltaic cells. They are commonly known as
batteries. The names “galvanic™ and “voltaic™ honor the Italian scientists Luigi

- Galvani (1737-1798) and Alessandro Volta (1745-1827). who assembled the first

version of the cells. Examples of galvanic cells are Daniel cell, Dry cell, Ni-Cd cell,

- Fuelcell.
; N A ‘
Construction of Galvanic Cell _
This ¢e]] consists of two half cells (half reactions) and placed in
Wo beakers A and B containing solution of ZnSO, and CuSO, respectively. Zn
tlectrode i dipped in solution of beaker A and Cu electrode in solution of beaker B.
| Each beaker makes a half cell and two beakers together make a complete cell. These
i‘-!WO: half cells are separate from each other and connected electrically by a salt

bridge

L (475)
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Working of Galvanic Cell h

s
When these two electrodes are

connected externally by a wire,

~ -
< AR Sall Bridge S==b
? K1 in gelatin

¢lectrons flow from Zn-

electrode to Cu-clectrode.
Coppel

Hence Zn acts as an anode. The  Fecrod

Cu ions, from the solution,

-y
i

pick up the electrons at Cu-

| M CuSCy M ZndSOy |
electrode and get reduced 1o Cult, + 26 —>Cug, Zn,— Inga 42§
copper atoms, Hence Cu acts as Figure 12.3: Galvanic Cell
a cathode.

Due to flow of electrons from Zn to Cu, the cell produce an eleetric curent

and it serves as a source of electricity. Following react ions take place in the cell:

> 0 24 ) L
Reaction atanode:  Zn —— Znj,, * 2¢ (Oxidation)

4 = L ‘ .
Reaction at cathode: Cu,za'q) 26 —> Cu(1 {Reductmn)—

e WO T Fen e >3 e R
Net cell reaction: Zn g, +Cugy ——* Lhgg) Cug,,

The net cell reaction involves oxidation and reduction, hence called redox
reaction. Conventionally the cell is represented as:

24

0 214 c < 23
Zndy [Zni M || CuggIM/Cugy
anode salt bridge cathode

|’ lines indicate salt bridge.
[|* lines indica ridg KNOs, Na, !0’

Salt Bridge
A U-shaped tube filled with electrolyte like KCI on gelatin and

both ends by porous glass wool s called salt bridge.
Y i« connects two half cells electrically and it prevents mixing

5ezled g

of two elestt

solutions. _ ‘
i) It maintains the electrical neutrality in each half cell. he ot

jii) It prevents charge accumulation in either solution. In the salt bridg®:
migrate and carry the charge.
(426)
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12.4 Standard Cell Potential and Standard Electrode Potential
12.4.1 Standard Cell Potential

The ability of cell to push electrons through the external circuit is expressed as
potential. Electrons moves through the external circuit from anode (high pres .
region) to cathade (low pressure region). The pressure of electrons at cathode is
kept low by the process of reduction and the pressure of electrons at anode is keplt
high by the process of oxidation. The driving force that pushes the electrons from
the anode and pulls them toward the cathode through the external circuit is an
electrical potential, called electromotive force (emf). Itis also known as cell voltage
or cell potential (E).The cell potential may also be defined as the potential
difference between the two electrodes in a voltaic cell. If there is no potential
difference between the electrodes of the cell, then the current will not flow. The SI
unit of potential difference (voltage) is the volt (V). The cell potential (or voltage)
depends upon the nature of clectrodes and the ions. Tt also depends on the
concentrations of the ions and the temperature at _\@g@\gﬁﬂljmmme_g_'rhc
standard cell potential is the cell potential when both reactants and products are in
their standard states. Standard cell potential is symbolized by E°. The superscript
degree sign (°) indicates standard state conditions(Standard conditions include | M
concentrations for solutions, latm pressure for gaSes and usually 25°C temperature

for the systcni':‘ he liquids and solids must be present in their pure forms. The cell

potential 1s méasured by voltmeter.

12.4.2 Standard Electrode Potential

The diﬂ'ercm‘ze OfPOtCIftial between an cl'cctrode an‘d The standard oxidation
its salt solution in which the electrode is placedixs potential and standard
called electrode potential or single electrode potential - |reduction potential values are
or half-cell potential. It may also be defined |[2!Ways equal but opposite in
as; i BT o

The tendency of an electrode (substance) to lose or gain electrons when it is
ihcontact with its own ions is called electrode potential. The magnitude of standard

,c)[‘?‘mdc potential values depends upon:
i

) | Nature of electrode and the ions and |
") Concentration of the solution in which the electrode is placed.

tii) The temperature of the cell. : :
The potential difference between an electrode and IM solution of jig ions at

*°C/(298K ) is called Standard electrode potential.
(427)
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12.4.3 Standard Reduction Potential

The standard cell potential is the sum of stand

reduction potential,

[ii.tll = F'.;:.x+ E‘(‘cd , ]
The potential of an electrode at which reduction OCCUIS 15 called reductig,

potential. It is symbolized byEq,. When electrode of copper is placed ina solytioy
of copper ions, then reduction occurs.
” - -
Gy + 2e — Ci \l

ard axidation pmcnlial and Standazy

Reduction potential of copperis 0,34 v and thatof zinc is—0.76 V.

The potential of an electrode at W
When electrode of zin¢

hich oxidation occurs is called oxidatien
is placed in a solution of \

\

potential. It is symbolized by B,

zinc 1on, then oxidation occurs.
Zn(s) — an‘ulqr + 2e

Oxidation potential of zinc is 0.76 V and that of copper is—0.34 V.

Note that the standard oxidation potential and standard reduction potential values are
always equal butopposite in $1gns.
The reduction potential at their standard states is called standard reduction

potential and the oxidation potential at their standard states is called slimd,ald
oxidation potential.

12.4.4 Measurement of Electrode Potential

There is no method to measure the potential for a single electrode; only the ¢éll
potentials can be measured. However it can be measured with reference © somé
standard electrode such as Standard Hydrogen Electrode (SHE). Standard clectrﬂd‘
potential of hydrogen s taken as zero at all temperatures,

Standard Hydrogen Electrode (SHE)
It consists of platinum foil which is coated with finely divided black platinu™

encased with a glass sleeve. Itis dipped in IM HCI solution. Pure hydroge" #
latm pressure is bubbled into IM HCI solution. The hydro .e as ys abso %
the platinum foil. The platinum acts as a conductor and fac.lf n gth | (ablish

of equilibrium between hydrogen gasand its ions in solutio:,‘ ates the €S

(428)
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H, — 2 2H" +2a Onciclwion (SHE pets usﬂhmic)] T /

FAES|

M 42 ——— H. e : ~. -
— 3 | Reduction (SHE achs a5 cathode) | Lead 10 yoltmetes

The double arrows show only that
the reaction 18 reversible, but not that there
is true equilibrium.

The polemial.‘x'o_f this electrode is
arbitrarily taken as zero at all temperatures.
By convention this half-cell is written as
oxidation and all other half cell reactions as
reductions.

Working with SHE

The electrode whose electrode potential is

to be determined is connected with SHE
and a galvanic cell is established. The two
solutions are scparated by a salt

Stanchurd
hydrogen S
Elecirode B8

— H, Gas
m Latm)

Escaping
~— bubbles of
hydrogen

S

" Platimum foil

LM HCE solution

Figure 12.4; Standard Hydrogen
Electrode (SHE)

bridge. As the potential of SHE is zero, therefore, the voltmeter reading gives
electrode potential of the electrode under test. The SHE may act as the anode or

cathode depending upon the nature of electrode coupled with it.

To measure the
electrode potential of zinc. a
galvanic cell . is established
between zinc electrode dipped
in 1M solution of its ions and
SHE at 25°C. Zn acts as anode
and hydrogen cathode act as
inert electrode on which
hydrogen gas is bubbled at |
Aimosphere, The electrode

Switch

N mm

Digital Vedumetsr

H

—) ‘_ _{) 1,
| Caan
Salt Hnuln« ‘_J ' :--- .‘--l Lutng

. =T |

7 KCrin gelutin N
'S

—_—r ]

Potential (E°) value of Zn is - INZ050, IMHICI
0.76 volts as shown by Epi==". Eeinal1 % =ty
mllmeter, The cell reactions Figure 12.5: Galvanic Cell for measuring
arp: the du.lrodc potential of zinc.

(428)
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Atanode: Zn ., . Ny T 2e (Oxidation)
At cathode: 2H ot2er ——— & (Reduction)
N o . > 2! t ‘ 2+ > ’ \
Netcellreaction: Zn,,+ 2 H,,, — Injyy * Hag  (Redox Reactigy

The elements which have negative value of E° have tendency 1o lose

electrons (not to gainelectrons). 4 Sk :
Similarly when g B e gl !
Cuin IMCu" solutionis ! p— i i

connected with SHE, the

& K Cr i - L,\_?_-‘_I’-“‘ (u‘ :l
| I 2 = l, ol | . ©
1 I 77> Salt Bodge .k" | ¥ l :' j,u ~, :

voltmeter reads 0.34 ‘ KA ingchiin | ”Lw |
volts. Here meter shows  coppir N
the flow of electrons |
from H5 to Cu. so Cuacts 1
as a cathode. The cell 9
R, et

reactions are: Cil, +2& — Cu,, My 3+

(N

Figure 12.6: Galvanic Cell for measuring the electrode
potential of copper.

Atanode: Hye ——2Hug+ 2¢0  (Oxidation)

Al cathodc: Cu{aq; + 2¢ —» Cum (Rcduclig[_)__)_’_,
. Hhen | i . T =

Net cell reactions - 'H2(g) . Cu(aq) ———— qu’ + Culﬂ (Redox mat“ﬂm

~ T
The electrode potential values have been determined for all of the ele™

practically and are given inelectrochemical series.

{2.4.5 Electrochemical Series ~
A list (series) of clements in which they are arranged in the increasing of dmcasmi
order of standard electrode potential values is called electrochemical series- 1
also called electromotive or activity series,

According to the recommendation of TUPAC. the electrode Polemialz
heen given in the reduction mode. I half -reactions are written in oxidation n’fﬂi
their potemials are oxidation potentials. By changing mode, magnitudc 0
ential does not change, only signs are reversed.

(430)
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order y reverted eRH L

Table 12,1 Standard Rcdugnon Polcnlmls in Waturat 25°C~ -

‘Reduction Half Reaction (B2 s duction ¥
!l,, -7,- — .Juu | 42471 h"’--a.\ . zc ‘-=f8_pm o
Oy 2 ¢2c—0 i +11.0 «2.0 N:f;“ L2E Nis, a-b 3
3 'C\;. 'acu _..IQ,”, ‘c P82 ‘(fo;" $ 2R (}¢“ )
i i ——————— | " s
! = - R & f g : . & 3
! ‘ C,“‘." 3 ——— L‘\‘uu ‘ + Lol ’ ; (_d"._v -t geaX Cd(.’ ) B
AU 36 = Au, .50 [ h\,'“ e o4
| £ e e = N - : —
- Cly,; 42¢ r—*»a Il | 71(;. O, +30 2 Cey 17f:
Oy #3146 ——= 21,0 123 ajy, s 28— Eniy 076
T o E e | : i —
z ¢ | By 28 ———=2Br_, Zé |~ 107 | & 043¢ et H mo—ZOH‘m . 1 -OBS,:
r ! ":. ST == _g :‘! i § [y e > - g [
N FE| g e e—2 Hal,, ZE vooaf| B3 IMa 428 e u“m g [=rm
P Rl i
&Y iy, +2€ +=—= THg,), 23 +085| g3 AL‘_‘.], +3ee—= Al %. | =166
i —— e g irEs
1 AR T =A%, SEs0m0f 2PIBe t2e=——2Be| T chas
l: 2 F ~ -— - ™Y i — e ——— - | —
£ = %4 - e
i § i tef,‘., +o— Ee" e §s Mg-'_',, +2eeE==t Mg, s “2371
! g = ST ; _é i Yo SAT
l Ly £28 720, ! '+ 0.53 i ' 'Cu,‘;‘, +28 = Cay, ‘aw
| | : 7
l Oy 42H05 4 6 =401 | +0.40 ] St 26 ——='S¢y 289
! ‘ E g =
'Cu,’,;. +2e+—Cu, | 4033 Ba, +28 +—= B, f 9%
| = = »——.
Cifyy e fe—2 Cul, [ =(.1% K rE e Ky | 293,
P ‘ &[ﬂ‘ +2e S &] | 1 1.03‘; L‘:.“ +E = Li(q *3.95
. V p o:w
’ Ph* *'Zé-z———-t,_l'b,,, l-UJJH |
Applieations of Electrochemical Series
i) Caleulation of the Voltage of Cells
From the series we can calculate the cell voltage (cell potential). The sum of
the oxidation potential and reduction potential is called cell voltage,

Mathematically,

o

-

Bl = Egt Bla

Letus find out cell voltage of Cu-Zn (Daniel) cell.
Atmlod“’(Oludatmu) an Tt 267
'M%(Redumon) Cuilyts 267 —— Cuy,

The voltage of the cell ( E-.)is calculated as:
(431)

o
E

ox
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E‘md

+0.76V
+0.34V
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Frell = By +HY,
Ecn = 0.76 + 0.34
= .10V

i)  Prediction of the Feasibility of a Chemical Reaction:
From the electrochemical series, we can determine whether the reaction i Possible |
ornot. We sum up the voltages of two halfreactions. if voltage of the cell i POSitive

the Feaction is possible and if negative, the reaction is not possible. Let us gpe the
reactions;

- T4 " 24 L "3 '
£nyy + Cuy —— Zng, + Cuy q
From the electrochemical series. we have

[

P o 2F Y=
Zn(ai = anq) + 2e En.\ =+ 0.76y
2% ,
Cu(nq) + 2e = Gl Ely=+034v
+ Cut a % s
zn(ﬁ) : Cu;ﬂq) Zn(“q] T CU“, O oy <+ l 10\!

The voltageis positive, hence the reaction is feasible (possible),
Consider another example: ‘

an,,'q, + Cuyy —— Zny, + Cu(z,;l,

From the electrochemical series, wehave:

Inge, + 26— Zng, 20 = —0.76V
Cu,y — Culy + 2¢ B, = - 034V
Zng + Cuy ——> Zngy + Cuy, oett = ~ 110V

The sum of E° valucs of the two half-cell reactions is negative, hence the
reaction is not feasible (possible).

iiiy  Comparison of Relative Tendency of Metals and Non-Metals tog! '
Oxidized or Reduced: A
Greater the value of standard reduction potential (E°_, ) of a given specie. gmatcn§ |
its tendency to accept electrons to undergo reduction and hence to act 8 .un

oxidizing agent. For example, the ions such as Cu™, Ag' Hg' and non-metals Ilk*v
F., Cl, and Br, act as oxidizing agents. On the other hand, the species having lowe
value of standard reduction potential (E°, ) show greater tendency (o lose elecﬂo“s.g
They undergo oxidation and hence act as reducing agents. For example, '“

lying below SHE such as Zn, Mg, and Li readily lose electrons and act S ey

agents.
(432)
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jv) Reactionof Metals with Dilute Acids
Greater the value of E, ; of metal, lesser s its tendency to lose electrons to form
metal cations and 5o weaker is its tendency to displace H,. For example, metals like
Cu, Ag and Au which have sufficiently high positive values of E_,,do not liberate
hydrogen from acids. While metals ke Zn, Mg and Ca having lowE}, liberate
hydrogen gas when they react with acids.
Au+ HCl —y NO Reaction |
Mg + 2HCl —— Mg(l, + H.
v)  Displacement of One Metal by another from its Solution
From electrochemical series, we can determine whether a given metal will be
displaced by another metal or not. A metal will displace another metal from the
aqueous solution of its salt that lies below it in the series. For example, Zn will
displace Cu.
it ('ufﬂ;’, —_— /"nl";,:;, k- Cly,
12.5 Modern Batteries
The cells which are used to produce electric current by chemical change are called
batteries.
Batteries are of two types:
Primary and secondary batteries
125.1 Primary Batteries
The galvanic cells which cannot be recharged are called primary cells. For example,

dry cell batteries.

Dry Cell Batteries

Dry cell batteries are used in torch
lights, portable radios, toys,
Calculators, electronic watches etc.
They are called dry cells because they
4o not have a liquid clectroJlﬂ& Some
:;nm“‘iﬂ:c‘l)’p&; of dry cells are: =
Y Mkanmeﬁifya;e u (Anok}
l'") Nickel - Cadmium (NiCd) cell |
e - Leclanché Dry Cel

ISt dry cell was invented by
'8¢s Leclanche (1839 - 1882) in Figure 12.7: Dry Cell

l (433)
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1866. This dry cell battery has azinc container whic h acts as anode and a moist pyg.
of carbon powder, solid MnO, and solid NH,Cl in glycerin around a carty,
(graphite) rod which acts as cathode. When both electrodes (zinc container aq
carbon rod) are connected, electrons are released from zinc and current is produceg.
The reactions are:

Atanode: Zn —— 3 Zn® + 2¢€ (Oxidation)
Atcathode: 2NH; +2MnO, +2¢ — Mn,0;+2NH; + H0 (Reduction)
This cell produces a potential of about 1.5 volts.

ii)  Alkaline Battery

Batteries with alkaline electrolyte were first invented by Waldemar Jungner iz _

1899. This is a type of dry cell. In this cell, zine acts as anode and Mn0O, acts &
cathode. KOH (or NaOH) is used as an electrolyte because of which itis knowss |
alkaline battery. The battery is enclosed in a steel container. The zinc anode is
slightly porous giving it a larger effective area. This cell delivers more currentand
has longer life thana common zinc cell,

The following reactions take place in this cell:

AtMOde: Zn(s' + 20“(-&{) —— Zn(OH)z(S) +2¢ lOdeatl'm.\
AlCathode: ZMnOZ(S)‘*'HzOm +2¢ —— an()}(s, + 20H(-llq) (Rt‘dﬂ“j‘
Net Reaction: Zn ,* 2MnO,,, + H,0 — Zn (OH .):m).& Mn»0y

The voltage of this cell i

12.5.2 Secondary Batteries

The galvanic cells which can be recharged are called secondar) cells
Examples are lead storage battery and NiCad battery. temss
/f\

.-

Iead Storage Battery = o
or Lead Accumulator

The lead storage battery o
was invented by a

French Physicist Gaston

Planté in 1859. It is an
example of secondary
cell and is used as a car
pattery. It is a
rechargeable battery. o
The total voltage of
battery is either 6 or 12

3
Eead Dwocide Plate . Soluon
Sulplusic Aci
(Caede) (Electroiyié)

Figure 12.8: Lead Storag®

. Bal'm
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volts depending upon the number of cells used in its construcnomm;ggguaof
cach cell is 2 volt. In the lead storage battery, the anodes are made up of lead metal
(Pb) and cathodes arc made up of lead dioxide (PbO,). These electrodes arc dipped
in30% H,SO, solution (density = | 25gem™), oty

pischarging
Atanode, lead atoms lose two electrons each to form Pb®' ions which combme with

$0; ions present in the solution to gwesohd PbSO,. PbSO, dcposntsonanode
. Atanode; by ———>. Bbut 2¢
(Oxidation)  Pbigy + SO, —— PbSO,,,

Pby +SOS( aq) —> PbSO,,, +2¢

The electrons released in the reaction pass round an external circuit as an
clectric current. This electric current is used for starting the engine of vehicle and for
lighting up of car lights and so on.

At cathode, the electrons from the anode are accepted by PbO, and H' ions to
produce lead ions and water as:

Atcathode:  PbO,,,+ 4 Hj,, + 2¢7 —— Pbyy, + 2H;,04

Reduction:  Pb7, +SO4(zq) — PbSO,

(8q)
PbO,, + 4H,g) + 5055 +28 — PbSO, +2H;0,

When both the electrodes are covered with PbSO,deposits, then the cell is

unable to produce any more current until it isrecharged.

Recharging
During the process of recharging, the red positive (+) lead of the charger is

connected to positive terminal and black negative (-) lead of the charger is
connected to negative terminal of the battery. So, the reverse reaction takes place

and cell starts recharging. The reactions which occur at electrodes are:

Mtanode:  pbsO,,, —— Pbi * SOl
+ 2 HzO«) '_——-)Pbo?.“) il H“‘" t2e

Pbiu
Atcathode; POSO), oi—e=sms? Pbm, % Somq)

Pbi 52t = My

N —
N’lmtion; PbSO, 2H,0; — Pby, + Pb0O,,, _‘“l;'.-n” ' ISU";‘“_“

(435)
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During discharging the density of acid (30% H,S0,) falls to | I5g oy’ ‘
After recharging, the H' and SOi" ions go back in solution and increase the dcnsny
of acid again up to 1.25gem . The voltage of each cell retums 1o around 2 yo,

Now this battery is used again. |

Nickel Cadmium Cell (Rechargeable)

Nickel cadmium battery was invented by Waldemar Jungner in 1899 of Swede,
Nickel cadmium (or NiCd) cell is an important type of dry cell. It has acquired wigs
spread use in recent years. In this cell cadmium acts as anode, It undergoes

oxidation in an alkaline (basic) electrolyte. The NiO, acts as cathode which
undergoes reduction,
The reactions are:

Atanode:  Cdy +20H, — Cd(OH),  + 2e (Oxidation)

Atcathode: 2ZNiOy,+2HO,+2¢ —— ;\u(OH)MJr 20H,,, (Reductior)

P—

Netreaction: Cd  + NiO,, + 2H,0y - 4 Cd(OH), ., +Ni(OH]y, .
It is a rechargeable battery and is used in mobile phones, eiﬁm“
calculators, electrical shutters, portable computers etc. It is more expensive than

lead storage battery.

12.5.3 FuelCells |

It is voltaic cell in which gaseous fuel (chemical energy) is converted
energy (electricity).

into etectncd

Anode Cathode

Porous carbon anode

containing Pt or Pd
catalyst

H,0 and <— )

Figure 12.9; Fuel Cell
(436)
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In this cell, gaseous fuels such as hydrogen and oxygen are allQ.Wﬂd 10

undergo redox reactions. As a result of this electrical energy is produced.
This cell consists of three compartments separated from each other by

porous electrodes. The electrodes are hollow tubes made of porous compte.ssed

carbon filled by platinum or palladium catalysts at the anode and cobalt oxide,
platinum, or silver catalyst at the cathode.

£ An electrolyte such as KOH or NaOH is placed in the central compartment.
Hydrogen is passed through anode and oxygen through the cathode. These gases ‘

—_ diffuse slowly through the electrodes and react with electrolyte at 150°C and at high
pressure. Hydrogen is oxidized to water at anode and oxygen is reduced to

hydroxide ions at cathode, |
Thereactions are: |

Atanode: 2H2(8,+40H‘:q) — 4H,0, + 4¢ (Oxidation)

Atcathode: Oy, + 2H,Op + 46 — 40H (Reduction)

Netreaction: 2“?!;, +1050 — 2H,0,, (Redox reaction) !
Such cells run continuously as long as reactants are supplied. ’
A number of cells are connected together to obtain‘several kilowatts of |

power,

. Advantages of Fuel Cells |
i) The fuel cells are very efficient. They convert 75% fuel (i.e. chemical energy) !
into electricity. The ordinary electricity generator using oil or natural gas has an 1
¢fficiency of 35-40%, whereas a diesel engine has an efficiency 0f25-30%. Rest of

| fbeenergyis lost as heat,

) The fuel cells are free from (noise and thermal) pollution.

) The water formed as an end product can be used for drinking purpose for an
lronaut in gpace vehicles.

;Ve)edoxygcn and hydrogen can be continuously supplied to the cell and there is no

{. f“mplacemem ofany electrical energy. 1

I

S AT R | S e ,',* At 'f\‘:! 43
o called photovoltaic cells) are electronic devices that conyert
ctricity. Solar energy is the energy obtained from the i
T18Nt) that is used to generate electricity, to heat or cool homes, or
2005, The solar cells are connected together to form a panel. Sola panals

(437)
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can be linked to a rechargeable battery that collects energy in the day to be u—sedim =
time, even at night when there is no sun. Solar energy is a type of renewable ey a"y |
- will never run out. Solar energy is clean and pollution free. Solar panels are mftmélu
reliable. need little maintenance and have a long life. Solar energy can be g Y|
remote areas to generate electricity where it is 100 difficult to provide much MOd:]
electricity by using traditional methods. ‘
| If we compare these characteristics to those of fossil fuels such as coal, il gy
. and nuclear power, then we will able to decide which source is better for us, Soly

. energy isa rapidly growing way to generate electricity.

— —

12.6 Corrosion |
The process of chemical decay of metals by an electrochemical process is usual
known as corrosion. Corrosion 1§ a spontancous redox reaction that occurs wha
metal comes in contact with oxygen in the presence of moisture. The metls
oxidized and converted to an unwanted compound; that is, to an oxide. This s &
most common form of corrosion. The corrosion is generally asurface phenomeact
Corrosion of Iron (Rusting) .
The most familiar example of corrosion is the rusting of iron. Rusting of iron e
both oxygen gas and moisture. It does not occur in moisture free air (dry a“)”‘d‘;
free water (oxygen-free water). Iron which is a silver white metal is conve™"
red-brown mass (rust) when comes in contact with moist air. The rust 15 hyd‘?;
iron (111) oxide (Fe,03.X H,0 where x varies from 2 to 4, it is not fixed). T¥ 3
corrodes (Tusts) rapidly when comes in contact with less active metal such® s
and corrodes slowly when comes in contact with a more active metal such® 4

When iron comes in contact with moist air, a galvanic cel 15 P
where one part of iron acts as cathode and other part of iron acts as anod¢

0, from air

> 40H‘Nl
Figure 12.10: Rusting of Iron
(438)
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The electrons flow from anode to cathode. The following reactions occur:
2Fe) ———— Fely + 2¢

- 7 =

2Fe;, Oz + 2H;0pp ——— ZFc‘“_,l'q., it 40”(,‘1)

Atanode:

At cathode:

-N;ccll reaction:
The iron (II) ions are further oxidized by oxygen and forms iron (III) ions

that react with hydroxide ions to form rust,

2Feq + 40Hy) + )5 0y ——— Fe,0,.2H,0),
Theoverall reaction canalsobe writtenas;

o L 3/ Ch i .
.?.r‘-‘\l, : ‘:/: O?':u" ; | ll:()‘.l) - )Icl()s.\llzoh\

Corrosion of iron forms oxide layer on the surface which protects the iron from further
corrosion. The oxide layer on the surface of aluminum also protects it from corrosion. The
aluminum has low reduction potential value and is therefore, more reactive than iron and we
expect to be corrode readily. But in actual practice, it corrodes slowly. The exceptional stability
of aluminum is due to the formation of compact layer of oxide (A1,O,), which protects the metal
from further corrosion. On the other hand, the oxide layer of iron is permeable and allows
| 0xygen and moisture to penetrate further into the metal and promotes corrosion. 5

Prevention of Corrosion
The methods that are used to prevent the metal from corrosion are listed below:

Alloying e s A
corrosion of metal can be prevented or minimized by lowering its reactivity
through alloying. For example, stainless steel which is an alloy of iron, chromium,

Silicon, and nickel js resistant to corrosion, Stainless steel 1s used for making knives,

spoons, forks, utensils, scissors, and surgical instrumgnts.

Oilor Grease Coatin |
Coating ted or minimized by covering the surface of

The corrosion of metal can be preven :
metal with grease or oil. For example, the nuts, bolts, tools, parts of machinery, and

Parts of engines are coated with grease or oil to protect them from rusting,.

Alnt Coating T, \
©Orrosion of metal can be prevented or minimized by covering the surface of

-.;:.f.' with paint, For example, the iron bridges, windows, doors, gates, and the
bodies of rickshaws, cars, buses, and trucks are coated with paints to protect them

from corrosion (rusting).
(433)
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Galvanizing

The process in which sheets of metals (iron) arc coated with thin layer of Zing 4
prevent corrosion is called galvanizing. It 1 also known as zine coating or 4 :
coating. This process can be done by dipping 2 clean sheet of iron into a by, of
molten zine. If zinc coating is damaged by a scratch or a dent, corrosion starts, T,
standard reduction potential value of zinc 1s less than iron, SO Zinc is more eagj|
oxidized and the iron is therefore protected. This method is used to progey
underground storage tanks, pipes, oil rigs and ships from rusting. This methog
also used to protect dust-bins, drums, and buckets from corrosion (rusting). The |
metals most frequently used for this purpose arc aluminum_and magnesium,
because these metals are much more reactive than iron and form a compact laye [
which minimizes their own corrosion.

Electroplating

The process in which a thin layer of one metal is deposited on another metal (object)
by means of electrolysis to prevent corrosion is called electroplating.
Electroplating is carried out by using the metal (object) to be plated as a cathodeand |

the metal to be deposited as an anode. The electrolyte is an agueous solution of salt
of the metal being deposited. The electrodes are connected with a battery. Whet
electric current is passed through the solution, the metal to be deposited (anode) s
oxidized to its cations and enters into the solution. These cations are reduced ‘“‘
deposited onto the object to be plated (cathode). In this process, a thin layer of met
is deposited onto the object which is then pulled out from the solution. The Pﬂ’“ﬁ
of electroplating is used to improve the hardness, stability and appearance of objet®
and to protect them from corrosion. Some examples of electroplating &7 o
plating, chromium-platig, silver-plating, and gold-plating.

< K

I%IM and is used for plating xes. Chromium i8 0fe0
bicy cle handle, bars and car bumpers made of ron and steel to protect them from

give them a shiny appearance. The jewclrics, trophies, and medals are commonly
Some other common examples of silver-plating are cups, dishes, spoons, and 0bI¥*
steel. Silveris a stable metal and does not react with oxygen and vapours of watet P*¢

umosphere. The slver-plated objectslose luster (chamak) and tun black when Kt

time in the air due to formation of a thin layer of sjlver s

Iphid: presentin theair. Gold isa v
water va ,r"lﬂ‘ _ mehm SR
The gold-plated objects do notlose lus

WO———- —
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’) Electrochemistry is the branch of chemistry in which we study about the
iterconversion of chemical and elegtrical encrgy, |

» The reactions in which clectrons are transferred from one reactant to another
are called oxidation-reduction (or redox)reactions. = . ’ |

» Oxidation is the loss of electrons and reduction is the gain of electrons. |

| Oxidation occurs at anode and reduction oceurs at cathode. The electrons flow

? J from anode to cathode, ‘
» Oxidation state (or oxidation number) is defined as the apparent charge,

» | positive or negative, which an atom would have in a compound. An atom may |

| 'havedifferent oxidation states in different compounds. |

» Oxidizing agent is a substance that oxidizes other substances and gets reduced
itselfina chemical reaction. Examples of oxidizi ng agents are non-metals.

» Reducing agent is a substance that reduces other substances and gets oxjdized
itselfina chemical reaction. Examples of reducing agentsaremetals.

> The flow of electrons is called electric current or electricity. |

> Asubstance through which electric current can pass is called conductorwhilea
substance through which an electric current cannot pass is called non-
conductor or insulator. Metals are conductors while non-metals are insulators,

» Redox reaction is the sum of oxidation-half reaction and reduction-half

~ reaction. Oxidation-half reaction is a half reaction in which a substance loses

electrons whereas the reduction-half reaction is a half reaction in which a

substance gains electrons.

» Redox potential is a combined term involving oxidation potential and
reduction potential. Oxidation potential is the potential of an electrode at
which oxidation occurs while reduction potential is the potential of an

_ Clectrodeat which reduction occurs. o

* Electrode potential is the difference of potential between an electrode and its.
saltsolution in which the electrode is placed. The potential difference between

an electrode and IM solution of its ions at 25°C'is called standard electrode |

Slectromative force is a force that moves the electrons from the anode to the |
. “athode through the external circuit (wire). Itis abbreviated by emf.

o emf of a galvanic cell is called cell potential or cell voltage and is
Measured in volts, The cell potential under standard conditions is called
| ! "-"',hd‘- M E LY d '

s e @1’3 oftwotypesga“’mw and electrolytic. Chemical

|

718y s canverted to electrical encrgy in galvanic cell while electical encrgy

)
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is converted to chemical energy in electrolytic cell, : . 7
> Galvanic (or voltaic) cell is a cell in which electric current 1S produced
spontaneous redox reaction. Electrolytic cell is a cell in which pop
spontaneous redox reaction occurs by the passage DS |

» Abattery is a galvanic cell ora group of cells connected in a series. '
» Corrosion is the process of chemical decay of metals due to actioy of

surrounding medium, The most common example of corrosion is the rsting of
iron.
» The corrosions of metals can be reduced or prevented by number of method;!
but the most important is electroplating. g |
» Electroplating is an clectrolytic process in which a thin layer of one metal is
deposited on another metal.,

Q.1. Fouranswersaregiven for each question. Select the o?rrect one: |
i)  The cell in which electrical energy is converted into chemical energ)
is:

(a) Electrolyticcell (b) galvanic cell

(¢) NiCdcell (d) fuel cell '

ii) Which one of the following reactions is NOT a redox reaction:
(a) C+02 — COI

(b) NaCl + AgNO, —— AgCl + NaNO,

(¢) ZnSO, + Cu —> CuSO, + Zn

(d) 2Na + Cl, —— 2NaCl

iii) The oxidation state of manganese is+3 in:

(a) MnO (b) Mnoz (¢) Mn,0, (d)Mn,0, o
iv) Inthe followingreaction, the substance that undergoes redue
CH;,04 + 60, — 6CO, + 6H,0

@ HO0 ()CO, (o) CH,,0, (DO, -
v)  Whichoneofthe following s the strongest oxidizing 28"
(2) Oxygen (b)chlorine (c)fluorine (d)nitrogen \
vi) Which one of the following substances is oxidized i we
given below: s

(442)
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Q2.

Mg + 2HCl ———— MgCl’ + H,

(a) Mg (b) HCI (c) MgClz (d)H2
vii) Which statement is correct about the Daniel cell (Zn-Cu cell)?

(a) The Danielcellis an example of an electrolytic cell.

(b) The spontancous cell reaction involves the oxidation of Cu by

Zn®
(c) The spontaneous cell reaction involves the reduction of Zn' to

Zn
(d) The spontaneous cell reaction involves the reduction of Cu’" to

Cu :
yiii) The reaction that occurs at cathode is known as:

(a) Redox (b) oxidation
(c) reduction (d) decomposition :
Which of the following statement is NOT correct for a galvanic cell:

ix)
a) Oxidation occurs at anode

b) reductionoccursat cathode

¢) both'a'and'd’

d) electrons flow from cathode to anode

x) Galvanizing is a process in which sheets of metals are coated with

thinlayerof ..........c.--: to prevent corrosion:
(@ Tin (b)zinc (c)copper  (d)silver
Fillin the blanks with suitable words given in the brackets:
pass is called

i) A substance through which electric current
conductor. (can/cannot) h |
trode is called anode. (positive/negative)

if) The elec .
iii) Spontaneous chemical reactions take place mn cell.
(ele¢trolytic/galvanic) e
iv) Jonic compounds conduct electricity 1n state.
(solid/molten) ’

ical reaction by of

v) Oxidation occurs during chem
electrons. (gain/|
vi) T;:: g(fndm:;s ¢))f an electrode to gain electrons is called reduction

potential. (gain/lose)
vii) The cells that can be recharged are called cells.
(primary/secondary)

(443)
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Q.3.

Q.4:
Q.5:
Q.6:
Q.7
Q.8:

Q.:
Q.10:

Q.11:

viii) The oxidation number of chlorine InKCIO,is 74y
ix) The method of electroplating is used to protect g
corrosion. (metal/non-metal)
X)  Aluminumis reactive than iron. (less/more)

Label the following statments as True or False:

1) Oxidation takes place at anode.

i) Thereduction potential of zincis 0.34 V.

1) Oxidizing agent oxidizes other substances.

iv) Fluorine is the strongest oxidizing agent.

v) Half-cell of an active metal acts as cathode.

vi) The element is reduced when its oxidation number is increased.

vii) Fuelcellisthe example of voltaic cell.

viii) The moist air is necessary for rusting of iron.

ix) TheSlunitofvoltage is coulomb.

x) Corrosion is a spontaneous redox reaction.

What is electrochemistry? Give its important applications.

Is electrochemical process always advantageous?

What are redox reactions? Give apphcanons of redox reactions in daily
hife.

Define oxidation number and desm‘be the rules for assigning the oxidsiio®
numbers.

Calculate the oxidation number of'S'in the following species:
(i) H,S (S0, (@S0, (iv) NajS,0,
How can you recognize oxidation reduction reactions? Explam briefly.

Write down the rules, which are used for balancing of redox equation ™ by
oxidation numbcr method and | by the halfreaction method.

Balance the following equations by oxidation number methodl

a) Cu+H_S0, —— CusSO, + SO, + H,O

b) HI+H;80, — lz+so +H0

C) MnOz + HCI — MnClz+Cl i H

d), NGB0, Mag, —h—mazsfo + MnSO, + Ch * Y
DY, ,1_f-reaction (ton-clectton)'“‘d'od
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Q.13
Q.14
Q15:

Q.16:
Q.17
Q.18
Q.19:
Q.20:

Q.21;
Q.22
Q.23
0.24:
0.25:
2.26:

‘What is meant by the terms oxidizing and reducing agents? Give some
important reactions ofoxidizing and red ucing agents

DC““nC the terms anode and cathode with reference to a specific voltaic
cell.

celland electrolytic cel]?
Describe the construction ang working of galvanic cell.
Describe the electrolysis of aqueous solution of NaCl.
Distinguish between electrical terms coulomb, ampere, and volt.
Define salt bridge. What is the function of salt bridge?
Explain briefly:
)  Standard cell potential,
b) Standard electrode potential.
¢) Standard reduction potential.,
Describe the construction and workin g of standard hydrogen electrode.
What is electrochemical series? Give its important applications.
Whatare dry cells? What are the important types of dry cells? Explain.
Writea short note on lead storage battery.
What are fuel cells? What are the advantages of fuel cells?
Define and explain corrosion. What do you know about the corrosion
(rusting) of iron? What are the methods to prevent the metal from

corrosion?

}27: Answer the following questions briefly:

a) Why is it necessary to use a salt bridge in a galvanic cell?
b) Wby'is the cathode of a galvanic cell considered to be the positive

electrode?
¢)  Why sodium ion (Na') acts as an oxidizing agent whereas sodium

alom (Na) acts as a reducing agent? |
d)  SHE acts as cathode when connected with zinc electrode but acts as
anode when connected with copper electrode, why? b,
¢)  Zincdisplaces hydrogen from acids but copper cannot, why
f)  Whyiron doors and bodies of cars mmMrouMeb?
&) Whydamp airis necessary for rusting of iron?
h) Why the bracelets and rings made of gold look new even after severa|
Years of use? ' :

(443)

Scanned with CamScanner



Answers to the Selected Practice Exercises

Chapter No.1
(1) 157.9¢ 2) 0.1mo}
(3) 1llg (4) 91mol

(3) 1.505x10" molecules

(6) 6.69x10™ molecules

(7) 50.43dm’ (8) 25.47dm’

(9) 182.5¢ (10) 7.5mol
(11) 130.37g (12) 700.44dm
(13) % of N in NH, = 82.35%, % of Nin

HNO; — 22.220/0

(14) e (15) 90.79%
Chapter No4
(1) (a) 0.355atm  (b) 360mbar
(c) S.ZZPsi ‘
(2) 17.5dm (3) 26,77cm
(4) 56000mL (5) 44.89atm
(6) 3.99kg (7) 189gdm
(8) 101.59atm (9) 1.46
Chapter No.7
(2l)' ;:.24 " (3) 0.0024M.
(4) 933x10 M (5) 4.56x10
Chapter No.8

(1) Acidic, H]>10M

Answers to the Selected Problems

Chapter No.1
(14) 55.88
(15) (b) 14g of O, is required

(c) 498 of CaO isproduced
(16) (a) 1.375mol (b) 1.375mol
(17) 240g (18) S6L
(19) 3].25mol (20) 3.97mol

(25) €O ~1.505x10" particles
C,H304 »

1 204x10° particles

)
v, =11207dm’

R

(2) Basic,pH =7
(3) (a) 2.5x10°
(4) 7.37
Chapter No.9 :
(1)(a) Rate=KINOI'(O,] Third Order
(b) K=21 Smol dm’S”
Chapter No.10
(1) 15%
(3) 5%
(6) 2m
(1) X = 0.162, Xy0=0.838
(8) 0.004ppm = 4ppb = 4000ppt
(9) AT,=165C
b.p of aq. Solution = 101.65°C
(10) |52gmol" (11) ")I!gn'bofl
(12) AT, = 3.19TC
freezing point depression of
antifreeze = -3.19°C
Chapter No.11 g
(1) AH, = 1087 .8kJmol

(2) _688.2kJmol

Chapter No.12
(1) (@) +3

(b) 1.99x10"
(5) 8.4x10°™"

(2) 1.5%
(4) 2M

(if) +3

(iit) 26.67%
(v) 53.33%
(29) Br, is limiting reactant
HBr 16.02g
(30) 56.16g
(31) Carbon
SiCis13.2g
(32) Massof N,0=124.858

(iv) 66.67%

o W

is limiting reactan'

(33) (a) Theoretical :
(b) Percentage yield®
(34) 83.34%
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chapter No.2

41) E= 405)(10

b ) )= 5.26%10°
E=3.49x10

J
Hz
"1

—l?leOm'
,u,AE=l635xlO i
& ¥ =457x10"'Hz,

A = 656nm
l Chapter No.3

) Percentionic character of HF =41 .36%

HF ismore ionic than HCl

i51) 6,08D
Chapter No.4

29 11092 atm
31) 8.15dm’
(33) 579.16K
(%) 28dm’

38) 56.73m’
f40> 1.81mol

45) 4ps|

(52) 1.80x10"'C

%) 14T psiand 101.325mbar

(30) 152mmHg
(32) 2.83mL
(35) 682.56dm’
(37) 61.64dm’
(39) 22147K
(41) 17gmol '
(44) 760mmHg

(25) 4.99
(27) 6.87%10°M
(29) 6.91x10”°

Chapter No.8
(17) (a) [H']=1.58M
[OH J=633x10" M
(b) [OH]=2.236x10'M
[H']=4.47x10"'M
(18) [H']=4.0x10""M
(20) pOH = 12.2, the solution is acidic
(21) pH=10.3
(22)[H]=3.16x10"
[OH]=3.16x10""
(28) pH=3.385 (29) K,=2.401x10 "
Chapter No.9
(10) (a) Reaction order for CO = First
Order
Reaction order for Cl, = First Order
Over all order for reaction = Second Order
Rate =K[CO] [CL,]
(b) K=1.6710 ‘mol 'dm’s ™

Chapter No.10

(40) 22.22% (41) 11%
(42) 5% (43) 0.02m
(45) 0.5M

(46) (a) 0.4m (b) 2.5m
(47) (a) 3M (b) 0.5M

(48) Xcm, -017 (50) 78.667°C

(51) 74. S6gmol (52) -1.86°C

Chapter No.11

(22) AH,=133.9KJmol”

(23) ~1016KJmol

Chapter No.12

(8) (i) S=-2 (i) S=+4
(iii) S=+6 (iv) S=+2
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A
Absolute temperature; 143, 144, 145
Absolute zero: 143, 144, 145
Acid: 279 - 305
Action of the catalyst: 322
Activation energy: 326-327
Activated complex: 325.326
Activator: 330
Active mass: 248
Actual yield: 25
Alkaline earth metals; 231
Allotropy: 222-223
Alloying: 439
Amorphous solids: 218-219
Ampere; 425
Amphoteric substance: 280-28]
Amplitude: 48
Anisotropy: 221
Anode: 422
Antifreeze: 343
Aqueous solution: 339
Atomic number; 48-49
Aufbau (or building up) principle: 72
Average rate of reaction: 314
Avogadro's law: 146-148
AVpgadro‘s number: 9
tézxmuthal quantum number; 66
Balmer series: 59
Barometer: 138
Base: 279-305
Battery: 433-438
Bohr's atomic model: 49

iling point: 196

tling point elevation: 366
B, b calorimeter: 400
o i:":glh ((or bond distance): 116

1Y (or bond 113

BWdOIder: 109 it

Bon Pair of electrons: 86
Bo ,Habef cycle: 403
Yle's law: 14
facket series; 59

Inde

(443)

X

Brine: 343 .
Bronsted-Lowry acid-base concept: 281-
282

Bufler capacity: 300-301

Buffer solution: 299-300
C

Calorimetry: 399

Catalysis: 127-332

Catalyst: 327-332

Catalyst for a catalyst: 330
Cathode; 422

Cathode rays: 35-38

Cell: 412

Characteristic of catalyst: 328

Charles law: 143

Chemical adsorption: 330

Chemical energetics: 388
Chemical equilibrium: 245-247
Cleavage plane; 22]
Colligative properties: 364
Collision theory: 324-325
Colloids; 341, 375-378
Commen 1on effect: 270 .
Completely miscible liquids: 343
Concentrated solution: 339
Concentration of reactant: 323
Concentration of solution: 339
Conjugate acid: 282-284
Conjugate base: 282-284
Continuous phase: 341
Coordinate covalent bond: 298
Corrosion: 438-440

Covalent bond: 85

Covalent solids: 232
Coulomb: 425

Crystal lattice (or space lattice): 224
Crystalline solid: 218

Critical pressure: 168

Critical temperature: 168
Critical volume: 168

Crystal: 224

Cubic system: 225

D

Dalton's law of partial pressure: 159
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Degenerate orbitals; 69

Deviation from ideal gas behaviour: 155-157

Diamagnetic substances: 108

Diffusion of gases: 164-166

Dilute solution: 339

Dipole-dipole forces; 183-184

Dipole moment; 120-125

Discharge tube: 36

Discovery of electron: 36-41

Discovery of neutron: 43-44

Discovery of nucleus: 45-46

Discovery of proton: 41-42

Dissolution: 343

Ductility: 233

E

Effusion of gases: 164-160
Electrochemical cell: 423

Electrochemical series: 430-433
Electrochemistry: 411-440

Electrodes: 422-423

Electrode potential: 427

Electrolysis of aqueous NaCl solution: 423-
424

Electrolytic cell: 423

Electrolytic conduction: 423
Electronegativity: 118

Electroplating: 440

Elementary reaction: 3| 5-316
Endothermic reactions: 387-388

Energetic of phase changes: 204-205
Enthalpy: 393

Enzyme: 328, 331, 334
Enzyme catalysis: 331-332
Equilibrium constant, K : 249-250
Equilibrium position: 259
Evaporation: 19 1-193
Exothermic reactions. 387

K |
First law of thermodynamics: 391
First order rgaction: 317

Freezing pomnt: 369
Freezing point depression: 369

Fuel cells: 436-437

G

Galvanic (Or voltaic) cell: 425-426

Galvanizing: 440

164-166

Ground state and excited state: 5§
H

Haber's process: 264-263

Heat; 386-3%87

Heat capacity: 398-399

347-348

402-403

Heterogeneous equilibrium: 247-2
Heterogeneous catalysis: 330-331
Hexagonal system: 226
Homogeneous equilibrium: 247
Homogeneous catalysis: 330
Hund's rule: 73-74
Hybridization: 98-104
Hydration: 126

Hydrogen bonding: 184-188
Hydrophilic molecules: 342
Hydrophobic molecules: 342
Hypertonic solution: 374
llflypoumic solution: 374

equation); 149-151
Ideal solutions: 364
Inert electrodes: 422
Inhibitor: 328

Internal energy, (E): 390

[onic bond: 85

llc:nic character (or polarity of M
8

lonic product of water: 285

Irreversible reactions: 244

Isomorphism: 222

Isotonic solution: 374

Isotopes: 44

J

Joule-Thomson effect: 169

(430)
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Graham's law of diffusion and effus; o

Heat of solution (or enthalpy of solutios).

Hess's law of constant heat summation:

48

Ideal gas equation (or general gas -

Instantaneous rate of reaction: 3‘*1 .
Inter and intramolecular forces: 1%~

fec
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|
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K
g, and pK,: 291

| g, and pK: 295-296

Kinetic energy. 386

Kinetic molecular theory of gases: 136-137

' ttﬁoc energy: 229-23()

' Law of conservation of energy: 391
Law of conservation of mass: |5
Law of definite proportions: |5

Law of mass action; 248-249

Chatelier's Principle: 259-265
Levelling effect: 294-295

' Lewss acid-base concept: 298

Limiting reagent: 21-22
Lind's method: 169-170
Liquefaction of gases: 167-169
Liquid erystal: 207-209

London dispersion forces: 188-19]

Lone pair of electrons: 86

l).:man series; 59

Magnetic quantum number; 66-67

MISS number; 44

Mechanism of reaction: 315-316

Yictallic bond: 232-233

Metallic solids: 232-233

Molality: 355

Molar heat of fusion: 205

“olar heat of sublimation: 206

iy .hea; %f vaporization: 205-206

Molar volyme: 10
g 8-9

v ccular orbita] th MOT): 104-113
W"_solids; 23660-[33};.% B

Moo Taction: 356357

: System: 226

o OF the reactant: 373
y - deal soluion: 364

Order of reaction: 317
Orthorhombic system: 225
Osmotic pressure; 372-374
Overall reaction: 315-316
Overlapping: 94-96
Oxidation: 412-413
Oxidation number: 413-414
Oxidizing agent; 421-422

Paschen series: 59
Paramagnetic substances: 108
Partial pressure: |60

Partially miscible liquids: 343
Parts per billion (ppb): 358
Parts per million (ppm): 358
Parts per trillion (ppt): 359
Pauli Exclusion Principle: 73
Percentage composition: 20-21
Pfund series: 59-60

pH scale: 286-288

Physical adsorption: 330
Pi-bond: 96

Planck's quantum theory: 47
Plasma: 170-172

pOH scale: 286-288

Poison; 329-330

Poisoning of catalyst: 329
Polymorphism: 222

Positive rays: 42

Potential energy: 386
Practically miscible liquids: 344
Pressure: 137-139

Primary batteries: 433-434
Principal quantum number: 65
Promoter: 330 -

Q
Quantum: 47 -
Quantum numbers: 64-67

R

Raoult's law: 359-363

Rate determining step or rate limiting
step: 316 :

Rate law or rate expression: 314-315
Reaction intermediate: 316-317

Relative strength of acids and bases: 283-

Ol 64, 69
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Rate of reaction: 313-314
Reaction quotient; 257-258
Redox reaction: 415-416
Reducing agent: 421-422
Reduction: 412-413

Resonance: 92-93

Reverse osmosis: 375
Reversible reactions: 344
Rutherford’s atomic model: 46
S

Salit bridge: 426

Salt hydrolysis: 301-303
Saturated solution: 350
Secondary batteries: 434-436
Second order reaction: 317
Shell (or orbit): 49, 68

Sigma bond: 94-95

Soda water: 339

Selubility: 344-349

Solubility product, K, : 266-268
Solute: 339

Solvation: 345

Solvent: 339

Spectrum: 77

Spin quantum number: 67
Standard cell potential: 427
Standard electrode potential: 427
Standard enthalphy change: 395
f;?)ndard Hydrogen Eletrode (SHE): 428-

Strong clectrolyte: 270

Subshell: 66, 68

Super saturated solution: 15

gurface area of the reactant: 33333
urface tension: 202-204

Surrounding: 389

Suspension: 341, 378

Symmetry: 220

System: 388

T

Temperature of the reactant; 324

Tetragonal system: 225

Theoretical yield: 25

Thermochemical equation: 388

Thermochemistry: 386

Thermodynamics: 388

Third order reaction: 318

Transition state: 325-326

Transition temperature: 223

Triclinic system: 226

Trigonal system: 225

U

Unit cell: 224-225

Universe: 389

Unsaturated solution: 350

¥ - 94

Valence bond theory (VBT). "o,

Van der Waal's equation: 137

Vapour pressure: 193-196

Viscosity: 199-202

?;agndard enthalpy (or heat) of atomization: :Ifgll:m tz; e

Standard enthalpy (or heat) of combustion; &?EPR theory: 86-92

?;%ndard enthalpy (or heat) of formation: &:::l:ghbiig

3S;an7-§3r8d enthalpy (or heat) of neutralization: \;cnk clectrotytes: 270

gg:n%g giﬁsggfi;:ﬁg l‘:’f‘r;;cﬁon: 395 §-mys: 61-64

173 pressure (STP); gcld: 25

gt!::: ggj?iin?} 390 Zz;rg:% rEdfefrecr;ig 316
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o ‘_;l‘a_blc of i lmpm'tant Converslou Factors ;
(ST unit = meter)
cter (km) = 1000 m

- =0.62137 mlle (ﬂll)
- 10936 yards

- =3937inch(in)

. =100 centimeters (cm) =

- =1000 millimeters (mm)

B = 254 centimeters (cm)

: ‘ =2 = 1.609 km = 5280 feet(ft)

.f—".

S I mm Hg
Energy (SI1 unit—jnh)
By - I joule (J) e

ds (Ib) (Nm)

1‘&1 (cnl)
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