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Preface to the Second Edition

It is with enthusiasm that we present the second edition of the IIT Foundation series of books.
The success of our first edition indicates that there exists a large group of students who wish to
delve into Mathematics, Physics and Chemistry, beyond the restrictions of their school syllabus.
We take this opportunity to thank all those who have contributed to the success and to reaffirm
our commitment to inculcating scientific temper among the student community.

Over the last two years we have received feedback from many students and teachers who
have used our books, and it has given us great satisfaction to know that they have benefitted
immensely. The teachers have taught from these books and have appreciated the approach
adopted in the presentation of concepts. Their feedback has encouraged us to extend the IIT-
Foundation series of books to include books for students of Class 7 as well. In most school
curricula, the fundamentals of Mathematics and Science that students study in Classes 8 to 10
are introduced in Class 7. While a proper understanding of these fundamentals is essential for
good performance in higher classes, it is not possible for Class 7 students to develop indepth
understanding of concepts unless these are presented lucidly.

With this edition, therefore, we present books for Class 7.We are confident that these will help
students develop conceptual clarity at their early age, and that the student community will take
full advantage of this new inclusion.

Aswith all our publications, the objective of this series is to provide students with a comprehensive
understanding of fundamental concepts, to teach them the application of these concepts, and
to help hone their problem-solving skills. We trust all our young students will find these books
relevant and enlightening.
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As the old adage goes, “nothing succeeds like success” The truth in this maxim cannot be overstated
in today’s competitive world. The present-day student is under immense pressure to thrive and emerge
triumphantly in examinations. Students aspire to get into pre-eminent educational institutes to pursue
the best courses—be it in engineering, medicine, arts or sciences—to enable them to prepare for careers at
the global level. Their performance in entrance examinations are often the cornerstones that determine
if they would be admitted into these hallowed halls of learning. With most of these exams being designed
to challenge the innate talent and ingenuity of students, it is only natural that they find these tests most
demanding and that they find themselves competing with the country’s best minds for those few coveted
seats. Only those students with a thorough understanding of the fundamental concepts and exceptional
problem-solving skills pass out with flying colours in these tests.

The “IIT Foundation Series” books are designed to provide students with a comprehensive
understanding of the fundamental concepts, to teach them the application of these concepts and to hone
their problem-solving skills.

The objective of the IIT Foundation Series books is to ensure that students are able to delve beyond the
restrictions of their regular school syllabus and get a fundamental understanding of Mathematics, Physics
and Chemistry. The books are designed to kindle student interest in these subjects and to encourage
them to ask questions that lead to a firm grip on the principles governing each concept.

Irrespective of the field of study that the student may choose to take up later, it is imperative that he
or she develops a sound understanding of Mathematics and Science, since it forms the basis for most
modern-day activities. Lack of a firm background in these subjects may not only limit the capacity of the
student to solve complex problems but also lessen his or her chances to make it into top-notch institutes
that provide quality education.

This book is intended to serve as the backbone of the student’s preparation for a range of competitive
exams, going beyond the realms of the usual school curriculum to provide that extra edge so essential in
tackling a typical question paper.

A distinctive feature of this book is that it has been written by a team of well-qualified teachers
experienced in imparting the fundamentals of Mathematics and Science, and their applications to active
learners at TI.M.E. (Triumphant Institute of Management Education Pvt. Ltd). They have also been
instrumental in developing high-quality study material for IIT Foundation courses for Classes 7 to 10.
We are sure that you will find this book, prepared by such stalwarts, to be very useful in your preparation
for entrance examinations.



About the lIT Foundation Series

This book is a perfect companion for the students of 7th to 10th Grade.
It will help them achieve the much-needed conceptual clarity in the topics which form the basis for
their higher study.

Some of the important features of the book are listed below:

* Builds skills that will help students succeed in school and various competitive examinations.

* The methodology is aimed at helping students thoroughly understand the concepts in Mathematics,
Physics and Chemistry.

* Helps develop a logical approach to Mathematics, Physics and Chemistry, thereby enabling more
effective learning.

* Lays stress on questions asked by board/school examinations as well as application of concepts.

* The concepts are explained in a well structured and lucid manner, using simple language. This aids
learning.

* A large number of examples have been included to help reinforce the concepts involved.

* Different levels of practice exercises have been provided which help students develop the necessary
application and problem-solving skills.

* The exercises have been designed keeping in mind the various board/school examinations and
competitive examinations, such as the NTSE, NLSTSE, Science Olympiad and Cyber Olympiad.

* The book will not only help the students in better understanding of what is taught in regular school
classes (and hence enable them to do well in board examinations) but will also help in developing the
acumen, resulting in a distinctive edge over their peers.

* Given below are a few examples that demonstrate how the course will help students in understanding
the fundamentals:

How does a kingfisher catch fish?

The kingfisher flies vertically over the position of the fish, then plunges into the water at a 90° angle.
The concept here is that the normally incident rays do not undergo refraction, hence the fish lies exactly
where it appears to be. At any other angle, the apparent location of the fish would be different from its
real location.

Why do we normally swing our arms while walking, and why not when we carry a load in our hands?

The center of gravity of a body depends on the distribution of mass in the body. As we walk, the
movement of the legs tends to cause a shift in the centre of gravity. To compensate for this shift we swing
our arms. When we are carrying a load in the hands, however, the effective C.G is lower, making it easier
to maintain balance.
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Why does salt become damp when kept exposed during the rainy season and not when kept exposed
during summer?

In the rainy season humidity in the atmosphere is very high, i.e., there is a lot of moisture in the
atmosphere. Thus, calcium chloride, which is the impurity present in common salt, absorbs this moisture
and makes the salt damp. In summer, however, as the temperature is high, calcium chloride tends to loose
moisture through the process of evaporation, and the salt is left free-flowing.



Structure of the IIT Foundation Series

o

The IIT Foundation Series is available in Mathematics, Physics and Chemistry. Each chapter in the book
is divided into three parts, namely, theory, test your concepts and concept application.

» Theory:

The theory part deals with the various concepts in Physics/Chemistry/Mathematics, which is a part of
the syllabus prescribed by major boards for Class X.The concepts are explained in a lucid manner, and
diagrams have been provided, wherever necessary, to illustrate these concepts.

» Test your Concepts:

This exercise is provided at the end of the theory section of each chapter. These exercises are a collection
of very short answer, short answer and essay type of descriptive questions. It is intended to provide
students with model questions that they may face in the board examination.

Students are expected to prepare for these questions before they attempt any examination based
on that particular chapter. Towards the end of the book, the students will find key points for selected
questions of the exercise. These key points provide students with an idea of the points that should be a
part of an answer for such a question.

» Concept Application:
This is a collection of exercises in four different classes: Class 7, Class 8, Class 9 and Class 10.

Class 8 consists of basic objective questions. These questions test the basic knowledge of students and
enable them to gauge their understanding of concepts when they start solving this exercise. The key for
this exercise is provided at the end of the respective chapter.

Classes 9 and 10 consist of descriptive questions of a higher level of difficulty. These questions help
students to apply the concepts that they have learnt. Key points for selected questions of these exercises have
been provided at the end of each chapter in order to help students solve these questions.

These books are available for 7th, 8th, 9th and 10th classes separately for Mathematics, Physics and
Chemistry.
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Mole Concept,
Stoichiometry and
Behaviour of Gases

INTRODUCTION

Chemistry is the branch of science which deals with the study of matter in different perceptions. Matter
can be basically classified on the basis of molecular composition as elements, compounds and mixtures. The
various elements are given names and symbols and the names and formulae of various compounds have
been derived based on certain rules. The study of naming these compounds and derivation of formulae for
these is the prerequisite for representing chemical reactions in the form of chemical equations. Therefore, the
language of chemistry which involves the study of symbols, formulae and chemical equations with respect to
the above aspects is of utmost significance.

Symbol

All elements are represented by means of their symbols. A symbol represents the atom of an element
which may consist of a single letter or a combination of letters derived either from its English name or
from its Latin name.

@ Example

H = Hydrogen
Hg = Hydragyrum (Latin name for mercury)

He = Helium

Formulae

A molecule of an element or a compound is represented by means of a formula. Formula is written with
the help of symbols of the respective constituent element(s) along with the actual number of atoms of
the respective elements.
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@ Example
Cl2 = one molecule of chlorine consists of two atoms.

CaCO, = one calcium atom, one carbon atom and three oxygen atoms.

Derivation of formulae of compounds

A molecule is formed by the combination of a positive radical and a negative radical, but by itself is
electrically neutral. Hence the number of positive and negative radicals which form a molecule of the
compound depends on the charge(s) on the respective radicals.

Na* Cl NaCl One Na* neutralizes one CI, since both of them are uni-positive
H* SO,” H,SO,  Two H" are required to neutralize one SO,~

Al* CO,” AL(CO,), Two Al" are required to neutralize three CO,~

Ca*? PO,? Ca,(PO,), Three Ca™ are required to neutralize two PO,”

Naming of inorganic compounds

Inorganic compounds are classified into three categories, namely, acids, bases and salts. Naming of the
respective categories follows certain rules.

Naming of acids

Acids usually contain hydrogen ion (H") as the positive radical. Hence the name of the acid depends on
the constituent(s) of its negative radical.

1. Binary acids  Negative radical consists of a single non-metal ‘ic’ (prefix hydro)
Example: HC], HBr Hydrochloric acid
Hydrobromic acid

2. Oxy acid Negative radical consists of a non-metal and oxygen.
The name of the oxy acid depends on the percentage
of the oxygen associated with a specific non-metal.

Acids with comparatively less percentage of ‘ous’
oxygen. Sulphurous acid, Nitrous acid
Example: H.SO,, HNO,, Phosphorous acid
H,PO,
Acids with comparatively more percentage of ‘ic’
oxygen. Sulphuric acid, Nitric acid
Example: H.SO,, HNO,, Phosphoric acid
H PO,

If the acid contains lesser number of oxygen atoms than the corresponding ‘ous’ acid, hypo’ prefix is given
to the negative radical whereas ‘per’ prefix is given to the negative radical when the acid contains greater
number of oxygen atoms than the corresponding ‘ic’ acid.
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@ Example

Hypochlorous
Chlorous
Chloric

Perchloric

Naming of bases

acid HCIO

acid HCIO,
acid HCIO,
acid HCIO,

Bases generally contain hydroxyl radical (OH") as the negative radical and a metal ion as its positive
radical. While writing the name of the base, the name of the metal is written first followed by hydroxide.

@ Example
Ca(OH),
Mg(OH),
NaOH
Al(OH),

Naming of salts

Calcium hydroxide
Magnesium hydroxide
Sodium hydroxide

Aluminium hydroxide

The positive radical present in the salt comes from the corresponding base and the negative radical comes

from the corresponding acid.

Name of the salts start with the name of the metal present as positive radical which is followed by the
name of the negative radical. Name of the negative radical depends on the name of the acid from which

the salt is produced.

1. ‘ous’acid
Example
Sulphurous acid (H,SO,)
Nitrous acid (HNO,)
Phosphorous acid (H,PO,)
2. ‘ic’acid
Example
Sulphuric acid (H,SO,)
Nitric acid (HNO,)
Phosphoric acid (H,PO,)

‘ite’
CaSO, — Calcium sulphite
Zn(NO,) — Zinc nitrite

Mg(PO,), = Magnesium phosphite

‘ate’
ZnSO, — Zinc sulphate
NaNO, — Sodium nitrate

AlIPO, — Aluminium phosphate

If NH_* is present as positive radical in the base or in the salt, ammonium is written in place of the name of

the metal.

@ Example

Ammonium hydroxide (base)

Ammonium phosphate (salt)

— NH,OH
— (NH,),PO,
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Another aspect of the study of matter involves the different physical states of matter i.e., solids, liquids
and gases. Existence of matter in three distinct states entirely depends on the arrangement of molecules.

Molecules are closely packed in solids, comparatively loosely packed in liquids but very loosely packed
in gases. This type of molecular arrangement, gives the gas molecules maximum freedom of movement
which results in the various unique properties that gases exhibit. The gases neither have a definite shape,
nor a definite volume due to the random movement of the gas molecules. The unique characteristics of
gases can be explained with the help of Kinetic molecular theory.

Kinetic Theory of Gases

1. All gases are made up of tiny particles known as molecules.
2. The huge intermolecular spaces make the forces of attraction between the gas molecules negligible.

3. The molecules are in constant random motion. During motion, the molecules collide with each
other and also with the walls of the container. These collisions are perfectly elastic. The pressure
exerted by a gas is due to the collisions of the molecules with the walls of the container.

4. The average kinetic energy of gas molecules is proportional to the absolute temperature of the gas.

Characteristics of gases

Gases are highly compressible and diffusible. They neither have a definite shape nor definite volume.The
gases occupy the entire volume available to it. Therefore, the volume of a gas is taken as the volume of
the container.

The study of gases is much simpler than that of solids and liquids because the physical properties of
all the gases are found to be identical. For example, the compressibility or thermal expansion of all the
gases are the same, but this is not so in case of solids and liquids. The properties of solids and liquids differ
widely from substance to substance, but the gases generally obey some common rules known as the gas
laws.

Gas Laws

Gas laws give the interrelationship among the measurable properties of a gas which have been
experimentally established.

Boyle's Law

The volume of a given mass of a gas is inversely proportional to the pressure exerted by the gas at
constant temperature.

1
VAS > (T = constant)
K
V = _
P

PV = K (constant)
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The product of pressure and volume of a given mass of a gas is constant at constant temperature.

If at constant temperature, a gas occupies a volumeV | at a pressure P, and a volumeV, at a pressure P,

PV =PV, (T = constant).

Graphical representation of Boyle's law

(1) Volume (V) Vs Pressure (P)

(Temperature
constant)

v

Figure 1.1
1

(i1) Volume (V)Vs ————
Pressure (P)

(Temperature
‘ constant)

v

— (1P) —>

Figure 1.2

(i) The product of Pressure and Volume (PV) Vs Pressure (P)

A

(Temperature

T constant)

v

P

v

Figure 1.3
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@ Numerical Problem

1. 5 ¢ of methane gas at 2 atm pressure is compressed to 1.6/ at constant temperature. Calculate the final

pressure.
Solution

Initial condition Final condition
V, =5 V4 V,=16 V4

P =2atm P,=7

According to Boyle’s law

P1V1 = PZVZ
P = PV _ %=6.2Satm
2TV, T 1e

Final pressure = 6.25 atm

2. The pressure of a certain volume of gas is reduced to half of its initial pressure at constant temperature.
Calculate its new volume.

Solution
Initial condition Final condition
V, =V v,=2?
P=PP, =P
According to Boyle’s Law,
P1\/1 = PZVZ
VxP

=>V,= 1 2V

~P

2

Final volume = 2V

Charle’s Law

At constant pressure, the volume of a given mass of a gas increases or decreases by 1/273 of its original
volume at 0°C for every 1°C increase or decrease in temperature respectively. If V is the volume of
gas at 0°C and 'V _ is the volume of gas at t°C, (P = constant)

t
\/t =V0|:1+%i|
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273+t
V‘=V°[ 273 ]

T
vV, = V()[%} ;T = absolute temperature

(1]
—— = Constant
273

Ve T

If V andV, are the volumes occupied by a given mass of gas at temperatures T and T,

I\)<

P constan
Tl ( )

=

(&)

Charle’s law can otherwise be stated as the volume occupied by a given mass of a gas is directly
proportional to the absolute temperature of the gas at constant pressure.

Graphical representation of Charle’s law

(1) Volume (V) Vs absolute temperature (T)

V(ml) (Constant
pressure)
0 T(K) —p

Figure 1.4
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(i) Volume (V) Vs temperature(t) in celsius scale

V(ml)
s (Constant
/,’/ pressure)
-273°C 0 —1tC) —Pp

Figure 1.5

A straight line which intersects the x-axis at —=273°C is obtained asV = 0 when t = —=273°C

V
Mathematically,Volume at —273°C,V =V + 27—; (-273),

273-273
.'.Vt=VO T =0

Absolute zero

From the graph (i1) V Vs t, the straight line intersects the temperature axis at =273 °C showing that the
gas occupies zero volume at this temperature. That means it is the lowest temperature that can be attained
theoretically. Therefore it is called absolute zero.

@ Numerical Problem

1. Ata certain pressure, the volume occupied by a given mass of a gas is 10 £ at 0°C, calculate the volume
occupied by the gas at 91°C at the same pressure.

Solution
Initial condition Final condition
\/1 = 10 E. V2 = ?
T =273K T, = (273 + 91)K = 364K
According to Charle’s Law, Vi Y%
T, T,

1 g 10 364
0 _ Vo Ly _

- — =V, =13.33/¢
273 364 -
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2. Calculate the temperature at which the volume of a given mass of gas gets reduced to 3/5th of
original volume at 10°C without any change in pressure.

Solution

Initial condition Final condition
V, =V V,=3/5V
T, = (273 + 10)K = 283K T,=?

IJ<

According to Charle’s Law, % =
1

e

T, =V.x &
2 2y

1

g 3V, 2

5V
=T,=1698K=T,=-103.2°C
The volume of a given mass of gas depends on its temperature and the pressure imposed. Hence in

order to define the volume of a gas a standard temperature and pressure has been accepted all over
the world.

Standard temperature and pressure (STP)

The conditions of standard temperature and pressure are given below.
Standard temperature = 0°C = 273 K

Standard pressure = 760 mm of Hg (mercury)
=76 cm of Hg = 1 atm

Gay-Lussac’s law of combining volumes of gases: Gay Lussac proposed a law pertaining to gaseous
reactions which ultimately led to another gas law the Avogadro’s law.

Gay Lussac’s law states that when gases chemically react, they do so in volumes which bear a simple
whole number ratio to each other and to the volumes of the products, provided the products are also in
gaseous state under similar conditions of temperature and pressure.

Explanation

In the reaction of carbon monoxide with oxygen, two volumes of carbon monoxide react with one
volume of oxygen to give two volumes of carbon dioxide under similar conditions of temperature and
pressure.

CO+CO+0, - CO, + CO,
2vol 1vol 2vol
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The volume ratio of carbon monoxide, oxygen and carbon dioxide is 2 : 1 : 2.

Amedo Avogadro in 1811, gave his hypothesis to explain Gay-Lussac’s law. It was experimentally
confirmed later, and was established as Avogadro’s law.

Avogadro’s Law

Avogadro’s law states that equal volumes of all gases contain equal number of molecules under similar
conditions of temperature and pressure.

If n is the number of molecules present in volumeV of any gas at temperature T and pressure P, then
Ve n when T and P are constant.

@ Example

1 litre of hydrogen, helium, hydrogen chloride contain equal number of molecules in them provided
their volumes are measured at the same temperature and pressure.

In chemistry, the mass of any substance irrespective of its state is measured in terms of gram molecular
weight or gram molecule and gram atomic weight or gram atom.Atomic weight of a substance expressed
in grams is called its gram atomic weight or gram atom. Molecular weight of a substance expressed
in grams is called its gram molecular weight or gram molecule.

Gram molecular volume (GMV)

One gram molecule of any dry gas at STP occupies the same volume i.e., 22.4 ¢ or 22.4 dm® This is
called Gram Molar Volume or GMV.

@ Example

1 gram molecule of dry chlorine gas occupies 22.4 litres volume at STP.

Since GMW of chlorine is 71 g, 71 g of chlorine gas occupies 22.4 litres volume at STP.

Vapour density

Vapour density (V.D.) of a gas or vapour is the ratio of the mass of a certain volume of gas or vapour to
the mass of the same volume of hydrogen gas when their volumes are measured under similar conditions
of temperature and pressure.

Relation between molecular weight or relative molecular mass and vapour density
V.D. of a gas or vapour at a certain temperature and pressure

Mass of the certain volume of gas or vapour
= & P [Volumes of both the gases are measured at that
Mass of the same volume of H, gas

particular temperature and pressure]

_ mass of nmoleculesof the gasor vapour [By applying Avogadro’s law]
massof nmoleculesof H, gas
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_ mass of 1 molecule of the gas or vapour 1 S mass of 1 molecule of the gas or vapour

mass of 1 molecule of H, gas 2 mass of 1 atom of hydrogen gas

= > x relative molecular mass (Molecular weight)

. Molecular weight or relative molecular mass = 2 X V.D.

i.e., relative molecular mass is twice the vapour density of the gas or vapour.

Avogadro Number and Mole Concept
Avogadro number

Scientists experimentally determined that the number of atoms present in 12 grams of carbon i.e., one
gram atom of carbon — 12 isotope is 6.023 X 10*.

Different experiments showed that one gram atom or one gram molecule of any substance contains
the same number (6.023 X 10%) of elementary particles or chemical units (atoms, molecules or ions).
This constant number is called the avogadro number which is denoted by N, or L. It also represents the
number of molecules present in one gram molar volume.

The avogadro number i.e., 6.023 X 10* is taken as the unit to measure the amount of substances and
is called as mole.

Mole

A mole is defined as the quantity of substance which contains the same number of elementary particles
or chemical units as the number of atoms present in 12 grams of C — 12 isotope.

Hence, 1 mole of any substance contains an avogadro number of elementary particles or units.
The elementary particles can be atoms, molecules, ions etc.

Therefore, it can be concluded that
(a) 1 gram atom of any substance is equivalent to one mole of atoms of that substance and contains
an avogadro number of atoms.

(b) 1 gram molecule of any substance is equivalent to one mole of molecules of that substance and
contains an avogadro number of molecules.

@ Example

6.023 X 10* hydrogen atoms
1. One mole of hydrogen atoms
1 gram atom of hydrogen or 1 gram hydrogen
6.023 X 10* carbon atoms

2. One mole of carbon atoms
1 gram atom of carbon or 12 g of carbon
6.023 X 10 Na+ ions and 6.023 x 10**CI ions
3. One mole of NaCl

AVAYA

1 gram molecule of sodium chloride or 58.5 g of NaCl
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6.023 X 10** NH, molecules
4. One mole of ammonia gas <

1 gram molecule of ammonia or 17 g of NH,
@ Example

1. Calculate the number of moles of sodium (Na) atoms present in 11.5 g sodium.

massof sodium 115
GAW 23

Number of moles of sodium atoms = 0.5

i.e., 0.5 moles of Na atoms are there in a given 11.5 g sample

2. Calculate the number of moles of water (H,O) present in 4.5 g of water.

£ lecul .
Number of moles of water molecules = mmassol water mo‘ecules _ ﬂ =0.25

GMW

i.e.,0.25 moles of H,O are there in 4.5g of water.

Relation between GMV, mole and avogadro number

1 gram mole of any dry gas occupies 22.4 £ volume at STP. Hence 22.4 { of a dry gas at STP contains
6.023 X 10 molecules i.e., avogadro number of molecules.

@ Example

32 grams or 1 mole of dry oxygen gas occupies 22.4 £ volume at STP and contains
6.023 x 10* molecules of oxygen.

@ Example

4 grams or 1 mole of dry helium gas occupies 22.4 litre at STP and contains 6.023 X 10** atoms because
helium is a monoatomic gas.

Schematic representation of different relationships for mole

GAW or GMW of an element Mole Avogadro number of atoms or
or compound molecules (6.023 x 10%°)

GMV
(22.4 ¢ at STP only for Gases)

Figure 1.6
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@ Numerical Problems

1. Calculate the number of molecules present in 16.8 It of gas ‘X’ at STP. Also determine its gram
molecular weight if the above sample weighs 26.625 grams.

Solution

Volume of the given gas = 16.8 £ at ST P

Number of moles present in that volume = 16.8/22.4 = 0.75 mole
Number of molecules in 0.75 moles = 0.75 X 6.023 X 10> = 4.52 x 10*
Weight of 0.75 moles of the gas X = 26.625 grams.

Gram molecular weight of ‘X’ = Weight/No. of moles = 26.625/0.75
= 35.5 grams.

2. Calculate the volume occupied by 200 g of SO, gas at STP condition and the number of
molecules present in it.

Solution
Weight of SO, taken = 200 g

200 200

Number of moles of SO, = m = 20 =2.5moles

Volume occupied by 1 mole of gas is 22.4 £, at STP
Volume occupied by the given amount of gas = 2.5 X 22.4 = 56 (.
Number of molecules present in 1 mole of gas = 6.023 X 10*

Number of molecules present in the given amount of gas = 2.5 X 6.023 X 10** = 15.05 X 10* molecules

3. What is the volume occupied by 30.1 X 10* molecules of carbon dioxide gas at STP? Calculate the
mass of this gas.

Solution

Number of molecules = 30.1 X 10%

Ax107
Number of moles of gas = M =5moles
6.023x10>

Volume occupied by 5 moles of gas = 22.4 X 5 = 112 /.
Mass of the given gas = Number of moles X GMW = 5 X 44 = 220 g.

Ideal gas equation

The behaviour of gases can be described by three laws.

1
According to Boyle’s law, for a given mass of gas,V o< > [T is constant]
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According to Charles’s law, for a given mass of gas,V o< T [P is constant]
According to Avogadro’s law,V o< n [P and T are constant]

Combining the three gas laws,
V o< % [when all the functions vary independently] or PV e nT

or PV = nRT [R is a constant]

A hypothetical gas called ideal gas obeys the equation under all conditions of temperature and pressure.
Hence this equation is called ideal gas equation and R is called universal gas constant.

However no gas is perfectly ideal. All gases show nearly ideal behaviour under the conditions of low
pressure and high temperature and are called real gases.

When one mole of a gas is considered, the equation becomes

PV = RT (. n =1 mole) The value of ‘R’ depends upon the units in which pressure and volume

are taken.

@ Numerical Problems

1. A gas at a pressure of 2.0 atm is heated from 0°C to 273°C and the volume compressed to 1/4th of its
original volume. Find the final pressure.

Solution
Initial condition Final condition
V, =V V, =4V
T, =0Cor273K T, =273°C (or) 546 K
P = 2 atm P, = ?
According to gas equation, bV, BV,
T, T,

- Y E = 2><_V><%><4,P2 =16 atm

P
2 p %5, 23 v

2. If a gas occupies 30 £ at 27°C and 1 atm, what volume would it occupy at 227°C and 5 atm?

Solution
Initial condition Final condition
VvV, =30/ V,=?
P1=1atm P2=5atm
T, = 27°C = 300K T, = 227°C = 500K
30x1 500
According to gas equation PV BV, y BV T X— =104

L, T, * T P 300 5
3. What is the volume occupied by 30 g of Neon gas at 67°C and 750 mm of Hg?
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Solution

According to ideal gas equation

PV=nRT ---—-- (1)

n = Number of moles = Weight/Molecular weight = 30/20
Pressure = (750/760) atm [1 atm = 760 mm of Hg]
T=(273+67)K=340K

From equation (1),

V = nRT/P
V= £x0.0821><340 gx{ atm/k.mol XK = 4243 0
20 (750/760) g/mol Xatm

Ideal gas equation establishes the relationship among the pressure exerted by a certain number of
moles of a gas, its temperature and the volume occupied by it. But the pressure exerted by a mixture of
gases present in a container was studied by Dalton. He stated that “the total pressure exerted by a mixture
of non-reacting gases taken in a container at a given temperature is the sum of the pressures that each
gas would exert if it were taken alone in that container. This statement is known as Dalton’s law of
partial pressure.

Partial pressure is the pressure exerted by each constituent of the gaseous mixture when they are kept
individually in the same container.

If the partial pressures of the constituents of the gaseous mixture are p ,p,,p, ...... and so on, then
according to Dalton’s law of partial pressures, the total pressure p =p ,p,,p, -.-ovnn...

If n, is the number of moles of a constituent of the gaseous mixture take in a container of volume V
and p, is the pressure exerted by it at temperature T, then

p,=n X — ... (1) (from ideal gas equation)

Similarly, if P is the total pressure exerted by the gaseous mixture at temperature T, and n is the total
number of moles take in the container of volumeV, then

n
. p,=— XP
n

. Partial pressure (p,) = Molefraction (n,/n) X total pressure of the gas (P)

Mole fraction is the ratio of number of moles of an individual gas to the total number of moles of
all gases in a mixture.
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Dalton’s law of partial pressure is not applicable to gaseous mixture in which the component gases
react with each other chemically.

@ Example 1t is not applicable to a mixture of carbon monoxide and oxygen which react with each other
to form carbondioxide at ordinary temperature.

2CO + O, - 2CO,

@ Numerical Problem

A two litre flask contains 22 grams of carbon dioxide and 1 gm of helium at 20°C. Calculate the partial
pressure exerted by CO, and He if the total pressure is 3 atm.

Solution

Weight of CO, 22
Number of moles of CO, = = =— =05
Hmber oh moles o 2 Molecualr weight of CO, 44

Number of moles of He = % =0.25

Partial pressure = Molefraction x total pressure

Pco, = _05 X3=2
= 0.540.25
0.25
= —— X3=1atm.
Pue ™ 75

Diffusion is one of the significant properties of gases. The process of spreading out of gas molecules
spontaneously is called diffusion. As a result of this, gas molecules uniformly occupy the space available.

The number of gas molecules that pass through a unit area in unit time at a given temperature and
pressure is called its rate of diffusion. In other words, the volume of the gas that diffuses in unit time
at specific temperature and pressure is called its rate of diffusion. Rate of diffusion of a gas increases
with the increase of temperature while it decreases with the increase of pressure.

Thomas Graham observed that the rate of diffusion of different gases depends on their respective densities
provided they are under similar conditions of temperature and pressure. He established a quantitative
relationship between the rate of diffusion of gases and their densities.

Graham’s Law of Diffusion

Under similar conditions of temperature and pressure, the rates of diffusion of different gases are inversely
proportional to the square root of their densities.

. 1
ie.,r o0 —= [T and P are constant]

NE
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or L= / ds (where r and r, are the rate of diffusion of twgases having densities d, and d, respectively).
) d1 1 - 1 2

I

Rates of diffusion of gases are also inversely proportional to their molecular weights because equal
volume of all gases contain equal number of molecules if the temperature and pressure are kept constant.

o1 M,

CTTAM where r and r, are the rates of diffusion of two gases and their molecular weights are M,
2 1 -

and M, respectively.

@ Numerical Problems

1. What is the ratio of the rate of diffusion of helium gas to that of oxygen under identical conditions?

Solution

According to Graham’s law of diffusion,

Gy _ [Mo, _ fg
Io, MH= 4

[r“—=)= 22 1

Io,

2. Rate of diftusion of a saturated hydrocarbon is about 1/6th of that of hydrogen under similar conditions
of temperature and pressure. What is the molecular formula of that hydrocarbon?

Solution

Let the molecular weight of the hydrocarbon be M_and its rate of diffusion be r_

Iy M

—:6: X

r, 2
= 36X2=M_
= Mx =72

Molecular weight of the hydrocarbon is 72.
Let the number of carbon atoms present in one molecule of the hydrocarbon be m.

“ the hydrocarbon is saturated, the number of hydrogen atoms present in that hydrocarbon molecule is
2m + 2

s(12Xm)+2m+2=72

= 14m+2=72=>m=>5

. Molecular formula of the hydrocarbon is CH,,
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Expressing concentrations of solutions using mole concept

A solution is a homogenous mixture of two or more components. The solution that contains only two
components is called a binary solution. The component which is present in minor proportions is called
the solute and the component which is present in major proportions is called the solvent.

The concentration of a solution refers to the relative proportions of solute and solvent present in the
solution. The concentrations of solutions can be expressed in various ways by applying the concept of
mole.

Molarity
It is the most convenient and commonly used unit for expressing the concentration of a solution.

Molarity can be defined as the number of moles of a solute present in one litre of a solution. It is
denoted by ‘M’.

If n = number of moles of the solute present in the solution
W = Weight of the solute in grams

GMW = Gram Molecular Weight (mass) of the solute

V =Volume of the solution, then

n W 1 W 1000

M=—= X or M= X
V. GMW Vin/ GMW V in ml
@ Example
0.4 M sodium carbonate solutions means 0.4 moles of sodium carbonate is present in 1000 ml. of the
solution.
Mole fraction

Mole fraction of a component in a solution can be defined as the ratio of the number of moles of that
component to the total number of moles of all the components of the solution. If ‘x’ represents mole
fraction

n
= — ¢ where n represents number of moles

n n

solute

solute + **solvent

nsolvent

solvent
n

solute + nsolvent

The sum of mole fractions of all components in a solution is equal to unity.

X
solute solvent

The concentration of the solution can also be expressed in terms of weight percentage, volume
percentage and weight volume percentage.
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Weight percentage (w/w)
The mass of a solute expressed in grams present in 100 grams of a solution is called the weight percentage
of the solute in the solution.

Weight of the solute
Weight of the solution

X100

Weight percentage of the solute =

@ Example
10% (w/w) sodium hydroxide solution.

10 gm of sodium hydroxide is present in 100 g of the solution.

Dalton’s Law of Partial Pressure

Weight/volume of percentage (w/v)

The mass of a solute expressed in grams present in 100 ml of a solution is called the weight/volume
percentage of the solute in the solution.

Mass of the solute (g)
Total volume of the solution (ml)

X 100

Weight/volume percentage of the solute =

@ Example
10% (w/v) Na,CO, solution.
10 gm of Na,CO, present in 100 ml of the solution.

Volume percentage (v/V)
The volume of the liquid in ml present in a 100 ml solution is called the volume percentage of the solute
in the solution.

Volume of the solute

Volume percentage of the solute = — X100
Volume of the solution

@ Example
70% (v/v) isopropyl alcohol solution.

70 ml isopropyl alcohol is present in 100 ml of the solution.

@ Numerical Problems

1. What is the molarity of a solution containing 15 g of NaOH dissolved in 500 ml of solution?

Solution

ioht 1 5 1
Weight 1000 _15 1000 _ ) 2spm

Molarity = O WV 20~ 500
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2. A solution is prepared by dissolving 9.8 g of H SO, in 54 g of water. What is the mole fraction of
HSO,?
2P0y

Solution

Weight of H,.SO, =9.8 g

GMW of H,SO, =98

Number of moles of H,SO, present in the solution = 9.8/98 = 0.1
Number of moles of H O = 54/18 = 3

Mole fraction of H,SO, = 0.1/(0.1+3) = 0.032

3. What is the percentage by weight of sulphuric acid, if 13 g of I—IZSO4 is dissolved to make 78 g of
solution?

Solution

Weight of H,SO, =13 g

Weight of solution = 78

W, 13
(—J % ofI—IzSO4 = %X 100 = 16.6%

w

4. If 40 g of ethyl alcohol is dissolved in 50 ml. of water, then calculate the weight/volume percentage
of ethyl alcohol present in the solution? [Density of ethyl alcohol = 0.8 g/ml]
Solution

Amount of ethyl alcohol = 40 g
Volume of ethyl alcohol = % =50 ml

Volume of water = 50 ml.

Total volume of the solution is 100 ml
w .40

(— % ethyl alcohol is ——x 100 = 40%
v 100

w

5. What is the molarity of 25% (—j solution of HCI?

v
Solution

25% ul solution of HCI corresponds to 25¢ of HCI present in 100 ml of solution.
v p g p

Amount of HCI present in 1000 ml of solution = 250g

250 1000
Molarity = EX % =68 M [GMW of HCI = 36.5]
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Stoichiometry

The word stoichiometry is derived from the Greek word ‘stoicheion’ meaning element and ‘metron’
meaning measurement. It is the area of study where we learn about the quantity of the reactants(s)
required to get specific quantity of product(s).

In order to understand the quantitative relation between the reactants and products, a knowledge
of the composition of the reactants and the products is required. This composition also helps us to
determine the formulae of the molecules of the reactants and products.

Percentage composition of a compound
Percentage composition is the mass of each constituent element present in 100 g of a compound.

Percentage of an element present in a compound =

Weight of the element in one mole of the compound
GMW of the compound

x 100

@ Example

Calculation of percentage composition of calcium carbonate.

GMW of CaCO, =100 g

o ‘ 40
Percentage of calcium in calcium carbonate = 0 X 100 = 40%

. 12
Percentage of carbon in CaCO, = 0 X 100 = 12%

. 48
Percentage of oxygen in CaCO, = 0 X 100 = 48%

Molecular and empirical formula of a compound

A compound can be represented by two types of formulae i.e. empirical formula and molecular formula.
Empirical formula gives the simplest integral ratio of the number of atoms of different constituent
elements present in one molecule of the compound. Molecular formula represents the exact number of
atoms of different elements present in one molecule of the compound.

@ Example

Molecular formula of glucose - C H,,O,
Empirical formula of glucose — CH,O

The ratio of the number of atom of carbon, hydrogen and oxygen in glucose is 1 :2 : 1
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Determination of empirical formula of a compound from
its percentage composition

@ Example

Percentage composition of various elements in a compound are as follows—carbon 20.04%, hydrogen
6.6%, nitrogen 46.03%, oxygen 26.67%.What is the empirical formula of the compound?

20.04 .

C 20.04 —— =1.67 1ﬁ: 1
12 1.66

H 6.66 6.66 = 6.66 6.66 =4
1 1.66

O 26.67 ﬁ =166 @: 4
16 ’ 1.66

N 46.03 ﬂ: 3.28 ﬁ= 2
14 1.66

Empirical formula of the compound = CH,O N,
The empirical formula of a compound is CH,O. If its vapour density is 90, find out the molecular
formula of the compound.

Solution

Empirical formula = CH,O

Empirical formula weight = 12 + (1x 2) + 16 = 30
Vapour density = 90

Molecular weight =V.D X 2 = 180

Molecular formula = (Empirical formula)

Molecular weight _ 180 _

Empirical formula weight 30
Thus molecular formula = (CH,O), = C H ,O,

In stoichiometry, we find out the quantitative relationship between the reactants and the products on
the basis of balanced chemical equation.

Balanced chemical equation

A balanced chemical equation is the one in which the number of atoms of each element are equal in its
reactants and products.
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@ Example 2H,+ O,— 2H,0
Zn + 2HCl — ZnCl, + H,

The information that can be obtained from a balanced chemical equation are:

1. The nature and chemical composition of the reactants and the products in a chemical reaction.

2. The number of moles of various reactants and products involved in a chemical reaction.
The balanced chemical equation is called the stoichiometric equation.

The quantitative relationship between the various reactants and products can be established based on
either the weight of the substances or the volume of the substances in case of gases.

Calculations based on chemical equations

Three types of relationships can be established between the chemical substances involved in the chemical
reaction.

1. Weight—weight relationship of the reactants and products.
2. Weight—volume relationship in reactions involving at least one gaseous substance.

3. Volume-volume relationship in case of reactions involving all gaseous substances.

Calculation based on weight-weight relationship

@ Example

Calculate the weight of zinc required for the liberation of 10 g of hydrogen gas on reaction with H SO,.

Solution

Zn + I—IESO4 - ZnSO4 + I—I2
1 mole 1 mole

Atomic weight of zinc is 65.5

1 mole of hydrogen = 2 g of hydrogen

10 g of hydrogen = % = 5 moles

1 mole H, gas is produced from 1 mole zinc

5 moles H, gas is produced from 5 moles zinc.

1 mole zinc = 65.5 g
5 mole zinc = 65.5X 5 =3275¢

Calculations based on weight-volume relationship

@ Example

Calculate the weight of sodium bicarbonate to be dissociated to give 0.56 £ of CO, gas.
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Solution
2NaHCO, —— Na,CO, + H,0 + CO,
2 moles 1 mole

GMW of NaHCO, =84 g
1 mole of CO, occupies 22.4 £
22.4 (£ of CO, is produced from 2 X 84 g of NaHCO,

0.56 X 2 X 84
0.56 £ of CO, is produced from TX 42 ¢

Calculations based on volume-volume relationship

@ Example

Calculate the volume of carbon monoxide gas required to react with oxygen to give 11.2 £ of CO, gas.

Solution

2CO + O, = 2CO,

2 moles 2 moles

2X22.4 £ CO, gas is produced from 2 X 22.4 £ CO gas.
11.2 £ CO, gas is produced from 11.2 £ CO gas.

Calculations involving percentage purity of compounds

Percentage purity of a chemical compound is the actual amount of pure substance present in a sample
of compound when it contains certain amount of impurities. For example, a sample of 90% pure
limestone contains 90% calcium carbonate and 10 g of impurities for every 100 g of limestone.

@ Example

Calculate the weight of 80% pure limestone required to produce 11 g of CO, gas.

Solution
CaCO, = CaO + CO,
1mole 1 mole

44 grams of CO, is produced from 100 grams of CaCO,

1
=11 grams of CO, is produced from %X 11= 25 g of CaCO,

As the limestone is 80% pure, .. the weight of impure limestone required = % X25g=312g.

Calculations involving limiting reagent

The reactant which decides the amount of products formed in a reaction is called the limiting reagent.
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@~ Numerical Problem
Calculate the amount of sodium oxide formed when 2.3 grams of sodium reacts with 3.2 grams of
oxygen.
Solution
4Na + O, > 2 Na,O
4 moles 1 mole 2 moles.

4 X 23 grams of sodium reacts with 32 grams of O,

2.3 grams of sodium reacts with = — =08 g

As the amount of oxygen present is 3.2 grams, all the oxygen is not utilized for formation of sodium
oxide.The amount of sodium oxide formed is determined by sodium.

4 X 23 gram of sodium produces 2 X 62 g of sodium oxide.

23X2X62

3.1
4x23 8

2.3 grams of sodium produces =

Amount of sodium oxide formed = 3.1 g.

test your concepts e e«

Very short answer type questions

1. What is an ideal gas? Under what conditions does a real gas behave ideally?

. The volume occupied by 7 grams of nitrogen gas at STP is

. Why do the gases exert pressure?

. What is meant by critical temperature?

. Find out the number of molecules in 2.5 moles of water.

- 2 moles of CO, gas contains the same number of atoms as moles of CO.
. Calculate the volume occupied by 0.01 moles of helium gas at STP?

- What is the amount of H SO, (in grams) present in 0.2 moles of sulphuric acid?

== RN B NS L e e

- The percentage of sulphur in SO, is and in SO,.

—
o

. What is the molarity of HCI solution containing 0.4 moles in 200 ml. of the solution?

—
—

- Calculate the volume occupied by 11 grams of CO, gas at STP.

—
[S8)

. If the pressure exerted on a gas is increased by 4 times and temperature is increased by 9 times, what will
be the change in volume occupied by the gas?



13.
14.

15.
16.

17.

18.

19.
20.
21.
22.
23.
24.
25.

26.
27.
28.
29.
30.

The vapour density of SO, gas is the vapour density of O, gas.

If the mole fraction of a solute in a binary solution is 0.3, what could be the mole fraction of the solvent
in the solution?

Calculate the ratio of the rate of diffusion of sulphurdioxide gas to helium gas.

Find out the number of moles constituted by 1.4 grams of carbon monoxide.
Weight

GMW

Number of moles =

The empirical formula of a compound is CH,O. If the vapour density is 60, what would be the
molecular formula of the compound?

When 4 ( of nitrogen completely reacts with hydrogen, what would be the volume of ammonia gas
formed?

The molecular formula of a gas with vapour density 15 and empirical formula CH, is

‘What is the amount of calcium oxide formed by the dissociation of 25 grams of calcium carbonate?
State Avogadro’s law.

Define amu.

The vapour density of a substance is 24. What is the gram molecular weight of the substance?
Calculate the weight of CO,, which occupies a volume of 11.2 dm” at STP.

The mass of N molecules of helium is the same as the mass of molecules
of methane.

Percentage of calcium in calcium carbonate is

Calculate the percentage of chlorine present in calcium chloride.
Define molarity.

State graham’s law of diffusion.

How many litres of oxygen at STP are required for the combustion of 4 grams of methane gas? Also
calculate the volume of CO, gas produced at STP.

Short answer type questions

31.
32.
33.

34.
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State and explain Charle’s law.
Explain the significance of absolute zero.
(a) Define molarity.

(b) Calculate the molarity of sodium carbonate solution containing 0.53 grams of sodium carbonate
dissolved in 200 ml of the solution.

Calculate the weight of

(a) Single atom of nitrogen

(b) Single atom of carbon



35.

36.
37.

38.

39.
40.

41.

42.

43.

44.

45.

(c) 1.5 X 10*" atoms of sodium

(d) Single molecule of carbon monoxide

What is the volume of oxygen at STP liberated when 12.25 grams of potassium chlorate is subjected to
heating?

Calculate the total number of atoms present in 0.49 grams of H_SO,.

What is meant by mole fraction? Find out the mole fraction of sodium hydroxide solution containing 4
grams of solute in 90 grams of water.

What is the volume of 50% (w/v) H,SO, required for the liberation of 5.6 £ of hydrogen gas at STP on
its reaction with magnesium?

Calculate the percentage composition of glucose.

Empirical formula of a compound is CH,N. If the empirical formula weight is equal to one fourth of its
vapour density, find out the molecular formula of the compound.

Calculate the number of atoms in

(a) 4.5 gram atoms of potassium

(b) 0.2 gram atoms of chlorine

(c) 1.2 gram molecules of nitrogen

How many litres of oxygen at STP are required for the combustion of 4 grams of

methane gas? Also calculate the volume of CO, gas produced at STP.

Find out the relative rates of diffusion of methane and sulphur dioxide under similar conditions of
temperature and pressure.

1.8 grams of oxalic acid (H,C,0O)) is dissolved in 200 ml. of a solution. Find out the molarity of the
resultant solution.

A gaseous hydrocarbon with a vapour density of 14 contains 85.2% carbon. Calculate its molecular formula.

Essay type questions

46.
47.

48.

State and explain the postulates of kinetic molecular theory of gases.

State and explain Graham’s Law of diffusion. 120 cc of SO, gas is diffused through a porous membrane
in 40 minutes. Under similar conditions, 360 cc of another gas is diffused in 30 minutes. What is the
molecular weight of the other gas?

State and explain
(a) Boyle’s Law

(b) Charle’s Law with graphical representation.

49. Derive ideal gas equation on the basis of Boyle’s Law, Charle’s Law and Avogadro’s Law. Calculate the

volume occupied by an ideal gas at STP, if 0.25 litres of the gas is present at a pressure of 700 mm of Hg
and 273°C.

50. Explain the relation between vapour density and molecular mass.

27
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Concept Application Level—1

Direction for question 1 to 7: State whether the following statements are true or false

1. Doubling the pressure of gas at constant temperature doubles the volume occupied by the gas.

[ 39

. When a 200 ml gas, in a closed vessel, is heated to 50°C from 25°C, the volume becomes doubled.
. The rate of diffusion of methane is double the rate of diftfusion of sulphur dioxide gas.

. One gram atom of nitrogen contains 6.023 X 10 atoms of nitrogen.

. Gay Lussac’s law of combining volumes is applicable to the reaction 2C + O, — 2CO,,

. Gases show deviations from ideal behaviour at high temperatures and high pressures.

NN A W

. The greater the critical temperature of a gas, the easier is the liquifaction of the gas.

Direction for questions 8 to 14: Fill in the blanks.
8. The ratio of the volumes of 11 g of CO, and 28 g of CO at STP is

9. The number of oxygen molecules required for the complete combustion of 5 moles of methane is

10. The volume of CO, liberated at STP is on thermal decomposition of 84 grams of sodium
bicarbonate.

11. ‘Ous’acid of a non-metal X" has 2 ‘O’ atoms. Per acid of the same non metal has the formula
12. The ratio of the gram-atomic weight of nitrogen and oxygen is
13. Pressure exerted by water vapour in moist gas is called

14. Mole fraction of NaOH in an aqueous solution is 0.3. Mole fraction of water is

Direction for question 15: Match the entries given in Column A with appropriate ones in
Column B.

15.

A. Empirical formula of glucose () a. lessintermolecular forces

B. Percentage of carbon in methane () b. 75%

C. Ideal gas () c 17.6%

D. High critical temperature () d. large intermolecular forces of attraction
E. Percentage of hydrogen in ammonia () CH,O

E Empirical formula of oxalic acid () ft. CHO,

28
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Direction for question 15: Match the entries in column A with the appropriate ones
in column B.

16. The number of oxygen atoms present in 2 moles of a compound, which consists of a bivalent metal
and a perchlorate ion is

1) 4N @ 6N () 8N @) 16 N

17. When one mole each of CO and O, are made to react at STP, the total number of moles at the end of
the reaction is

(1) 1.5 moles (2) 1 mole (3) 4 moles (4) 2 moles
18. When 180 grams of glucose is subjected to combustion, the volume of CO, liberated at STP is
(1) 224 ¢ 2 672¢ (3) 44 ¢ (4) 1344 ¢

19. 20 cc of a hydrocarbon on complete combustion gave 80 cc of CO, and 100 cc of H,O at STP.The
empirical formula of that compound is

(1) CH, (2 CH, (3 CH, 4 CH,
20. How many molecules would be there in 0.01 moles of sodium hydroxide?

(1) 6.023 x 10* (2) 6.023 x 10* (3) 6.023 x 10% (4) 6.023 x 10*
21. 44 grams of CO, contains

(1) 2 moles of oxygen atoms. (2) 1 mole of oxygen atoms.

(3) 1.5 moles of oxygen atoms. (4) 2 moles of oxygen molecules.

22.0.1225 g of potassium chlorate decomposes completely. Write the possible chemical equation and the
amount of oxygen liberated.

(1) 4KCIO, — 4KCI+ 60,, 0.048 g (2) 4KCIO, = 4KCl+50,,0.48 g
(3) 2KCIO, — 2KCI + 30,, 0.048 g (4) 2KCIO, — 2KCI +30,,0.48 g
23. The ratio by mass of sulphur and oxygen in SO, is
1 1:2 2 2:1 3 1:1 4)1:4
24. Critical temperatures of the gases A, B, C and D are
@ 52K (i) 33.2K (1ii) 126.3 K (iv) 191.1 K respectively.
Arrange them in the ascending order of intermolecular forces of attraction.
1) C,B,D,A 2 A,B,C,D 3 D,C,B,A 4 A,C,B,D

25. Which of the following pairs of gases corresponds to the ratio of the rates of diffusion as V2 12
(1) H, and He (2) He and CH, (3) H,and CH, (4) CH, and SO,
26. When ammonia gas is subjected to sudden expansion from a region of high pressure into a region of
low pressure, which of the following changes is expected to take place?
(1) Decrease in kinetic energy and potential energy
(2) Conversion of kinetic energy to potential energy

(3) Conversion of potential energy to kinetic energy

(4) Increase in kinetic energy and potential energy

NS
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27. Dalton’s law of partial pressures can not hold good for
(1) NO,+ O, (2) H,+Cl, (3) CO,+ O, (4) NH, + He

28. A 600 ml vessel containing oxygen at 800 mm and a 400 ml vessel containing nitrogen at 600 mm at
the same temperature are joined to each other. The final pressure of the mixture is

(1) 1400 mm ) 1000 mm (3) 720 mm (4) 700 mm

29. It is found that with an increase in temperature by 40%, the volume decreases by 20% with change in
pressure. Find the percentage change in pressure.

(1) 40% decrease (2) 60% decrease (3) 75% increase (4) 80% increase

30. 23 grams of NO, contains same number of molecules as
(1) 8 grams of oxygen (2) 28 g of carbon monoxide
(3) 16 grams of SO, (4) 22 grams of CO,

Concept Application Level—2

31. Balloons of 2 It capacity are to be filled with hydrogen at a pressure of 1 atm and 27°C temperature
from an 8 It cylinder containing hydrogen at 10 atm, at the same temperature. Calculate the number of
balloons that can be filled.

32. When both pressure and temperature of a given mass of a gas are increased by ‘n’ times, the volume
occupied by the same mass of the gas remains the same. Justify with respect to kinetic molecular theory.

33. A gas cylinder is filled with Helium at 2000 mm. Due to leakage, the pressure dropped to 1500 torr in
40 minutes.When the same cylinder is filled with another gas at the same pressure the pressure dropped
from 2000 mm to 1500 mm in 200 minutes. What is the molecular weight of the gas?

34. A cation A** and an anion B™ combine to form a compound. Similarly, C*** and D™ also combine
to form a compound.When the molten compounds are subjected to electrolysis, the gaseous products
obtained are in equimolar amounts.What should be the mole ratio of the compounds taken respectively?

35. A sample of a mixture of Na,CO, and NaHCO, is subjected to heating till there is no further loss in
weight. Assuming that the loss in weight of the sample is 22% of the initial weight of the mixture due
to the evolution of CO,, find out the relative percentages of the two components in the mixture.

36. Calculate the mass of aluminium oxide which contains double the number of oxygen atoms in 192 g
of oxygen gas.

37. A vessel contains equal number of moles of helium and methane. Due to a hole in the vessel half of
the gaseous mixture effused out. What is the ratio of the number of moles of helium and methane
remaining in the vessel?

38. A vessel contains double the number of moles of hydrogen than oxygen. Due to a hole in the vessel,
one fourth of the gaseous mixture is effused out.What is the ratio of the number of moles of hydrogen
and oxygen remaining in the vessel?

39. A salt is formed between a bivalent metal cation and an oxy acid of a non metal. The-ous acid of the
non-metal has two oxygen atoms per molecule. If the salt contains a radical of per acid of the same
non-metal, calculate the number of atoms of various elements present in 0.5 moles of the salt.

40. Specific gravity of 84% (w/w) pure HNO, is 1.54. What volume of HNO, is required to prepare one

K litre of 0.5 M HNO, solution? j
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41. At S.T.P, a certain amount of hydrogen is produced by the reaction of 550 grams of
impure zinc with excess amount of HCl. The same volume of hydrogen at S.T.P. reduces Fe,O, and
produces 336 grams of iron. Find the percentage purity of zinc. (Atomic weight of Zn is 65)

42. The percentage of oxygen in a metallic oxide of a bivalent metal is 20.1%. The molecular weight of
the compound is 79.5. Write the molecular formula of the compound, considering the symbol of the
metal as M and find out the atomic weight of the metal.

43. A hydrocarbon on combustion gives CO, and H,O in a volume ratio of 2 : 1 under similar conditions
of temperature and pressure. What is the empirical formula of the hydrocarbon?

44. An aqueous solution is prepared by dissolving 90 g of acetic acid in water to make a 1000 ml solution.
Density of solution is 0.99. Calculate the molarity of solution and mole fraction of solute in the solution.

45. A vessel contains equal masses of hydrogen, helium and methane. Find out the fractions of the partial
pressures in the mixture.

Concept Application Level—3
46. When a fully blown balloon is subjected to sudden bursting, what do you observe? Justify your observation.

47. Under what conditions, gases deviate to a large extent from ideal behaviour? Justify with respect to
kinetic molecular theory.

48. The vapour pressure of a solution is always less than that of the pure solvent, when the temperature of
both the solution and solvent are the same with the same external pressure acting over them. Explain.

49. The experimental value of the mass (in grams) of 1 litre of CO,, NH, and CH,Cl, at S.T.P. are given

below.
CO, — 19767 grams
NH, - 0.7712 grams

CH,Cl — 23076 grams

Arrange them in the ascending order of their deviation from the behaviour of ideal gas with
appropriate reasons.

50. In the P vsV graph of CO, gas given below, account for the reduction in the horizontal
portion of the graph with increase in temperature.

31°C
25°C

\]5"0

10°C

\

K Figure 1.7 j
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11.

12.

14.

15.

16.

Very short answer type questions

pressures gases behave ideally.

. One mole of a gaseous substance occupies 22.4 (

Ans:5.6 (

4. Temperature above which gases cannot be liquefied.

Ans: 15 X 10 molecules.

Volume occupied = GMV X 0.01
Ans: 0.224 (

. Molecular weight of a substance = 1 mole

Weight of a substance = no. of moles X Molecular weight

Ans:196 g

. 50%, 40%
10.

no.of molesof solute

Molarity =
Ans:2M
One mole of a gaseous substance occupies 22.4 (
Ans 5.6 (

volume of solution

PV, PV,

T, T,
Ans:5/9

No. of moles of a Substance

Mole fraction = B ;
Total number of moles of all substan ces in the mixture

Sum of mole fraction in a mixture = 1

Ans: 0.7

I, M,
Ans:1:4

Given weight

Number of moles =
Gram molecular weight

Ans: 0.05

key points for
selected questions

1. Gases which obey gas laws at all conditions of temperature and pressure. At high temperature and low

3. Molecules exert pressure when they collide with the walls of the container in which they are taken.

5. 1 mole of a substance possess Avogadro number of molecules (6.023 X 10%)

. One mole of a gaseous substance occupies 22.4 £ (22.4 { = gram molar volume)
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key points for
4 selected questions

17. Molecular formula = Empirical formula X n
Molecular weight =Vapour density X 2

Molecular weight

- Empirical formula weight
Ans: C HO,

18. N, + 3H, — 2NH,
Ans:8 (

n

19. (i) Relation between vapour density and molecular weight.
(i) Ans:CH,

20. CaCO, — CaO + CO,
Ans:14 ¢

21. Equal volumes of all gases contain equal number of molecules under similar conditions of temperature
and pressure

22. Weight of 1/12th part of C — 12 isotope.
23. Molecualr weight =Vapour density X 2 Ans: 48
24. One mole of gaseous substance occupies 22.4 ( (22.4 dm’)

Ans:22 g
ight of
27. % of element = we'e t(.) substan ce x 100
molecular weight of compound
Ans: 36%

28. (i) Number of moles of a solute
(ii) Volume of the solution
Weight of solute in g 1000

(iii) Molarity = X
Gram Molecular Weight of Solute  Volume of solution in (ml)

Ans:0.25 M

30. (i) Calculation of the molar ratio of CO, and H,O produced due to the combustion of
hydrocarbon.
(ii) Derivation of the empirical formula of the compound.

Short answer type questions

31. (i) Relation between volume and temperature at constant pressure.
(i) V o< T (P = constant)

A 'A

(i) ===

T, T,

33. (i) Number of moles of a solute
(ii) Volume of the solution
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34.

35.

36.

37.

38.

39.

key points for
selected questions

Weight of solute in g y 1000
Gram Molecular Weight of Solute  Volume of solution in (ml)

(iii) Molarity =
Ans:0.25 M

GAW

Avogadro'snumber

(i) Weight of the single atom of nitrogen/carbon =

(il) Weight of avogadro’s number of sodium atoms = 23 grams

GMW of CO

Avogadro'snumber

(iii) Weight of one molecule of carbon monoxide =

Ans: (a) 2.3 X 10%¢ (b) 2x10%g (c) 5.75 x10¢g (d) 4.6 x10> ¢

(1)) Balanced equation 2KCIO, — 2KCl + 30,
(ii) 2 moles of KCIO, liberates 3 moles of O,
(iii) Number of moles of KCIO,

_ Weight
GMWof KCIO,
(iv) Volume of 1 mole of O, = 22.4 £ at ST.P
Ans:3.36 (
(i) Molecular weight of H SO,

(i) Number of atoms present in 0.49g of H,SO,
_ 0.49¢
GMW of H,SO,

[a = total number of atoms present in one molecule of H,SO ]
Ans: 21 x 107

(1) Number of moles of a component, total number of moles of the solution

%x6.023%10% X a

Weight of the component
GMW

(i) Number of moles =

Number of molesof that components

(iii) Mole fraction of a component =
Ans: 02

(1) Balanced chemical equation, H,SO, + Mg — MgSO, + H,

(ii) Relation between the number of moles and volume of the gas at STP
(iii) 1 mole of H, is liberated from 1 mole of H,SO,
(iv) Relation between number of moles and mass of the solute

(v) Weight/Volume percentage = mass of the solute in grams present in 100 ml solution
Ans: 49 ml

(1) Molecular formula of glucose
(i) Molecular weight of glucose

Total number of molesof the solution
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40.

41.

42.

43.

44.

45.

(iii) Percentage by weight of each component

= number of atoms of each component present in one molecule of the compound X atomic weight

of the element X 100 /(Molecular weight of the compound)
Ans:C — 40%,H — 6.6%, O — 53.3%

(i) Calculation of empirical formula weight
(if) 2 XVapour density = molecular weight

(iii) Molecular formula = (Empirical formulae) X n

Molecularweight

(iv) n= — ;
Empirical formulae weight

Ans: C.H, N,
(1) Gram atom or gram molecule represents number of moles

(i) Number of atoms/molecules = moles X avogadro number

(1) Balanced chemical equation CH, + O, = CO, + 2H,

(i) The number of moles of methane gas that undergo combustion.

(iii) Combustion of 1 mole of methane requires 2 moles of O,

(iv) 1 mole of O, = 22.4 ( at STP

(v) 44.8 £ O, at STP produces = 22.4 £ CO, at STP
Ans:Volume of O, = 11.2 £, volume of CO, = 5.6 (.

1

roc ——
M

Ans:2 :1

Weight of Solute y 1000

Molecular Weight ~ Volume of solution in (m/.)

(1) Molarity =

Ans:0.1 M
(1) Molecular weight of hydrocarbon = 2 X vapour density
(ii) Percentage of carbon and hydrogen in the hydrocarbon
(iii) Determination of empirical formulae of the hydrocarbon
(iv) Molecular formulae = (Empirical formulae) X n

Molecular weight

where n =
Empirical formula weight

Ans: (:21—14

Essay type questions

47. (i) Relation between the rate of diffusion and the density of a gas

(i) Rate of diffusion (r) = volume of gas diffused

time taken

key points for
selected questions
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48.

49.

50.

key points for

selected questions

1
(iif) re< T [M = molecular weight of the gas]
M

Ans: 4
(1) Relation between pressure and volume at constant temperature
(i) Ve 1/P;PV =K
(i) PV, =PV, [T = constant]
(iv) VVs 1/PVVs P, PVVs P curves

(v) Relation between volume and temperature in celcius at constant pressure

V.
) V=V + =
M V=N 53
.. vV, 'V, . . . )
(vii) V o< T, T°7T V VsT is the graphical representation of Charle’s Law
1 2

(i) P,V, andT, to be taken as the given pressure, volume and temperature respectively

(i) T, and P are standard temperature and pressure

P P’) 2 .
(iii) Applying the formula, V. ='—V‘ [V, is the final volume]
1 2
Ans: 0.115¢
@ VD = Mass of certain volume of gas at a particular temperature and pressure
i =

Mass of the same volume of hydrogen at that temperature and pressure
(i) Applying Avogadro’s law,V o< n

Mass of 1molecule of the gas

(iii) Molecular mass of the gas =
Mass of the 1atom of hydrogen gas

(iv) 1 molecule of H, gas contain 2 atoms of hydrogen gas.

(v) Relation betweenV.D. and molecular mass.

Concept Application Level—1 4. True

True or false 5. False
1. False 6. False
2. False 7. True
3. True
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Fill in the blanks

8.

9.
10.
11.
12.
13.
14.

1:4

6.023 X 10** molecules
11.2 ¢

HXO,

7:8

aqueous tension

0.7

Match the following

15.

Multiple choice questions
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

A
B

(o]

T H g O
o o o

[

Choice (4)
Choice (1)
Choice (4)
Choice (1)
Choice (2)
Choice (1)
Choice (3)
Choice (3)
Choice (2)
Choice (1)
Choice (2)
Choice (2)
Choice (3)
Choice (3)
Choice (4)

Concept Application Level—2,3

Key points

31. (i) Application of ideal gas equation
(i1) Calculation of volume at 1 atmospheric
pressure.
(iii) Determination of number of balloons.
(iv) 40 balloons
32. (i) Change in arrangement of molecules with
increase in temperature.
(i) Change in arrangement of molecules with
increase in pressure.
(iii) Comparison of these changes.

33. (i) Relation between drop in pressure and
rate of diffusion.

(ii) Relation between the rate of diffusion and
molecular weight of gases.

(i) 100

34. (i) Application of criss cross method.

(ii) Derivation of the formulae of both the
compounds.

(iii) Determination of the ratio of the number
of atoms of B and D present in the
respective molecule.

(iv) Determination of molar ratio of the
compounds taken.

v) 1:2
35. (i) Action of heating on the compounds
Na,CO, and NaHCO,,.
(ii) Determination of the mass of Na,CO,and
NaHCO, from the mass of CO, produced.
(iii) 84% NaHCO,
16% Na,CO,

36. (i) Atomicity of oxygen
(ii) Chemical composition of ALO,
(iii) Determination of mass of ALO,
(iv) 408 g

37. (1) Relation between molecular weight and
rate of effusion.
(ii) Determination of the ratio of the number
of molecules of helium and methane
which are effused out.
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38.

39.

40.

41.

(i)

(1v)

(i)
(iif)

(1v)

Calculation of the ratio of the remaining
molecules.

2%
— moles

Relation between number of moles of
gases.

Relation between number of moles of
gases effused and molecular weight.
Comparison of number of moles of H,
and O, eftused. i
Calculation of number of moles of H_ and
O, left over. _

28 :17

Identification of acidic radical and formula
of salt.

Determination of the formula of the ‘per’
acid radical.

Determination of the formula of the salt.
Determination of the number of atoms of
each constituent element present in one
molecule of the salt.

Determination of the number of atoms

of each constituent element present in 5
moles of the salt.

4 N oxygen atoms,

N chlorine atoms

Amount of HNO, present in

0.5 M HNO.,,.

Calculation of volume based on given data
and above amount.

Calculation of molarity.

20.5 ml

Reaction between Fe O, and hydrogen
and weight—volume relationship between
reactants and product.

Calculation of number of moles of iron.
Calculation of the corresponding number
of moles of hydrogen consumed from the
balanced chemical equation.

Calculation of number of moles of zinc
taken part in the reaction.

42.

43.

44.

45.

46.

(i)

(iif)

(iv)
(v)

)

(iif)
)
(i)
(iif)
(iv)
(v)

Calculation of percentage purity
of zinc.
95.27%

Calculate the number of atoms of oxygen
present in the compound.

Calculation of the number of atoms of
oxygen present in one molecule of the
metallic oxide from the percentage of
oxygen given.

Determination of the formula of the
compound.

Calculation of atomic weight of the metal.
63.5

Relation between the ratio of the volumes
and ratio of the number of moles.
Determination of the empirical formula
based on the molar ratio of the product.
CH

Number of moles of solute.

Calculation of weight of solution, solvent.
Calculation of number of moles of solvent.
Calculation of mole fraction and molarity.
1.5M,0.03

Fraction of number of moles of CH, H,
and He in the mixture.
Relation between mole fraction and total

pressure.
8P 4P P
13713713

Sudden expansion of the gas present inside
the balloon.

Change in energy of the system due to the
sudden expansion of the gas.

Eftect of the change in energy on
temperature.

Effect of this change in temperature on
the surrounding.

Phase transition of a vapour present in the
surrounding.



47.

48.

M

(i)

(i)

(1v)

M

(i)
(i)

R equisite for deviation from ideal
behaviour.

Consequences of high pressure and low
temperature.

Comparison of actual volume occupied by
real gases and ideal gases.

Comparison of intermolecular forces of
attraction in the above said condition.

Relation between the vapour pressure of
the liquid and its intermolecular forces of
attraction.

Comparison of the consitutents of
solution and pure solvent.

Comparison of the intermolecular force of
attraction existing in the solution and that
in the existing pure solvent.

Effect on vapour pressure.

Calculation of the volumes of the given
gases at S.T.P.

50.

(i)

(i)

(iv)

()

(i)

(iif)

(iv)
(v)

Comparison of the difference in

the volume of the given gases

with that of the ideal gas at S.T.P.
Relation between the difference in the
volume and deviation in the behaviour of
the gases from that of the ideal gas.
Determination of the ascending order of
the extent of deviation of the given gases
from the ideal gas.

Difterence between real gas and ideal gas.
Analysis of the pattern of the curves given
in the graph.

Analysis of the kind of gradual change in

the curves with the change of temperature.

Analysis of the change in volume with the
change in pressure in case of each curve
Analysis of the reason behind the change.
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Chemical Kinetics
and Equilibrium

INTRODUCTION

40

Chemical reactions form an inevitable part of nature. Life on earth can never sustain without chemical
reactions. Digestion of food, burning of fuel, decomposition of organic matter are some such reactions
which are very essential to the existence of life. The study of the chemical reactions can have different
perceptions, one of the most important aspects of the study being ‘rates of reactions’.

Every chemical reaction can be represented in the form of a balanced chemical equation. Nevertheless,
writing a chemical equation does not imply that the reaction takes place necessarily at all conditions. If
that is the case, all gases in the atmosphere would react with each other and also with water. Obviously,
that is not happening. For every reaction to occur, certain conditions are necessary. Moreover, some
reactions may take place within a short time and some may require longer time for completion. That
means, different reactions take place at different speeds.

The study of rates of chemical reactions form an integral part of chemistry. In industry, the time
taken for the completion of a particular reaction and the conditions employed to speed up the reaction
determine the cost of production of a product and the economic viability of a process. Biological
reactions in the presence of enzymes also take place at different rates. This aspect finds its applications in
the field of medicine and agriculture.

The branch of chemistry which deals with the study of rates of reactions is called chemical kinetics. The
area of chemical equilibrium deals with the kinetics of reversible reactions.
Classification of reactions on the basis of rates of chemical reactions.

A chemical reaction involves transformation of reactants into products.The time taken for this transformation
of reactants into products is not the same for all reactions. Based on the time taken for the completion of
a reaction, the chemical reactions are classified into three categories.
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1. Instantaneous reactions

The reactions which reach completion within a fraction of a second are called instantaneous reactions.

@ Example (a) Precipitation reactions
Example 2AgNO, + BaCl, - Ba(NO), + 2AgCI)
(b) Burning of some active metals
Example 2Na+ O, — Na,O + heat

(c) Acid base neutralization reactions involving strong acids and bases.
Example HCl + NaOH — NaCl+ H,O

2. Moderate reactions
The chemical reactions which require time ranging from a few minutes to hours to reach completion

are called moderate reactions.

@ Example (a) Digestion of food
(b) Cooking of food
(c) Photosynthesis in plants

~ O

3. Slow reactions

Some chemical reactions require a long time ranging from days to months or even years for
completion. These reactions are called slow reactions.

@ Example Rusting of iron
Decomposition of organic matter

Formation of coal and petroleum

Rate of a chemical reaction

For any chemical reaction, at the start of the reaction, the concentration of the reactants is maximum and
the concentration of the products is zero. As the reaction proceeds, the concentrations of the reactants
decrease gradually and the concentrations of the products increase gradually. The change in concentration
of the reactants or products with respect to time is known as the rate of reaction.

Change in concentration of reactantsor products

Rate of reaction = —
Time int erval

_ AC

A AC — change in concentration of reactants or products
t

At = time interval

If the rate of reaction is measured with respect to reactants, it is given a negative sign which indicates
the decrease in concentration of reactants with time.

AC

r=—

Reactants

At
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If the rate of reaction is measured with respect to products, it is given a positive sign which indicates
the increase in concentration of products with time.
r=+ AC Products
At
Units of rate of reaction
Since the concentration is expressed in moles/lt and time is expressed in seconds, the rate of reaction is
expressed in mole It sec™.
Average reaction rate vs instantaneous reaction rate
The rate of reaction at the beginning of the reaction is proportional to the initial concentrations of the
reactants. This is called the initial rate of reaction.

As the concentrations of the reactants decrease continuously, the rate of reaction is not uniform throughout
the reaction. It changes continuously during the course of reaction. Hence, the rate of reaction is always
taken as the change in the concentration of reactants or products in a definite interval of time. This is
called the average reaction rate. But, the average reaction rate does not give the exact idea of the rate
of reaction at a particular instant of time.

At any instant, the rate of a reaction is proportional to the concentration of the reactants at that instant.
As time proceeds, the concentration of the reactants decreases. With decrease in the concentration of the
reactants, the rate of a reaction also decreases. Therefore, the rate of a reaction determined at a particular
instant is called the instantaneous reaction rate.

For measuring instantaneous reaction rate, a very small interval of time, which is almost equal to zero,
should be taken and the change in the concentration in that small interval of time must also be taken.
For a reaction,A — B
Rate of reaction = B where

At
AC = change in concentration
At = time interval
When At — 0 (At tends to zero)
The rate of reaction is called instantaneous rate
AC AC
Instantaneous rate (r) = ———= or + ——>
) At At
@ Example

If in a reaction A — B, AC, is 0.001 moles/It and At is 10 seconds.

AC .001
s - 0001 10~* mole 1t sec”

At 10
Graphical representation of average rate and instantaneous rate

1

Average rate of reaction =
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change in y axis
change in x axis
ACs

inst

=slope =

At

o C,-C, =ﬁ
roeRd Eh A t Ca
conc. " =M conc.
of changeinx axis of
A Gr - slope="2% B

1
1
1
1
1
1
1
1
t

1

time — time —>
Plot of concentration of ‘A’ Plot of concentration of
(Reactant) with time. ‘B’(product) with time.

Figure 2.1

Instantaneous rate at a particular time (t) can be obtained by determining the slope of the tangent
drawn on the curve at the point where time = t.

Change in y - axis

Slope of the tangent =
Change in x - axis

Change in ‘y’axis = AC, or AC,

Change in ‘X’ axis = At

Concentration of ‘A’Vs t Concentration of ‘B’Vs t
AC AC
= slope = — AtA r = slope = AtB
Illustrations

(a) Formation of hydrogen iodide
H, + I, — 2HI

The rate of reaction may not be the same with respect to all the reactants and products. It depends
upon the stoichiometric ratio of the reactants and the products. In the above case, one mole of
hydrogen and one mole of iodine react to-give two moles of hydrogen iodide. That means, rate of
consumption of hydrogen = Rate of consumption of iodine

r= _A[Hz] — _A[Hz]
At At

Rate of formation of HI = 2 X Rate of consumption of hydrogen or iodine.

1
Rate of consumption of hydrogen or iodine = > X Rate of formation of HI.

—A[H,]  -A[L] 1 A[HI]
r= = —
At At 2 At
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(b) Formation of nitrogen dioxide from nitric oxide
2NO + O, - 2NO,

~A[O;]

Rate with respect to oxygen = A
t

1 .
Rate with respect to O, = > x Rate with respect to NO

1 A[NOJ
2 A

. 1 AINO,]

te with tto NO, = +- ———=
Rate with respect to s > A

= —LAINO] _ —A[O,] _ 1 ANO,]
a 2 A At 2 At

Therefore, while writing the equation for the rate of reaction, the stoichiometric coefficients of reactants
and products are also taken into consideration.

For general reaction aA + bB — ¢C +dD

__14aC, L= _ LAG,
a At b At

A
r= +l CC r=+lACD
c At d At

Where AC,,AC, AC , and AC , are small changes in the concentrations of A, B, C and D that occur
in time At.

Factors influencing the rate of a reaction

Every chemical reaction has its own characteristic rate. Nevertheless, it is affected by some factors. The
most important factors are
(a) concentration of reactants
(b) temperature and
(c) catalyst
The reason behind different rates for different chemical reactions and factors influencing the rate of a

reaction have been interpreted in terms of collision theory of gases. The basic concept behind this
collision theory lies in kinetic molecular theory of gases.

The basic assumption of this theory is that the collisions between the reactant molecules give rise to
the product.

But it is experimentally observed that the rate of reaction is much less than the frequency of collisions
between the gas molecules (reactants). This observation was explained by proposing that the reactant
molecules must collide with a certain minimum energy to give the product.
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In 1880, Svante Arrhenius proposed that during collisions the reactant molecules must attain certain
minimum amount of energy called threshold energy for the reaction to occur.

The collision model postulates that required thresold energy, for the reaction can be attained from the
kinetic energy of the reactant molecules before the collision.

This extra amount of energy required for the chemical reaction to occur is called the activation energy.

However, every collision with sufficient energy cannot result in the formation of the product because
collision should take place with right orientation of reactants so that the product molecule(s) can be
formed.

The collisions which successfully give the product are known as effective collisions and others are
ineffective collisions. When the collision between the reactant molecules is effective an intermediate
species called activated complex is formed before the formation of the product.

The energy of the system during the course
of reaction increases and the energy associated 0
with the activated complex is Fhe highest. Fremeliion staleor Astivated somples
Then the energy of the system again decreases

during the formation of the product from the

activated complex. E. = Activation energy

Difference in the rates of different chemical
reactions i.e., slow and fast reactions can be

Potential energy —>

explained satisfactorily with the help of the

concept of activation energy. (Reactan®)

The magnitude of the activation energy (Products)

epen n the nature of the reactants. In case ) >
depends o a © actants cas = Reaction progress =———>

of reactions associated with high activation

energy, only a small fraction of the reactant
molecules possess sufficient kinetic energy Figure 2.2

and can give corresponding number of effective collisions. Such reactions are considered as slow reactions.

On the other hand, in the reactions in which the activation energy is less, an increased percentage
of molecules cause effective collisions thereby giving a greater number of product molecules. These
reactions are called fast reactions.

Collision theory satisfactorily accounts for the effect of change of concentration, temperature as well as
the effect of catalyst on the rates of chemical reactions.

Effect of concentration With the increase in the concentration of the reactants, the number of reactant
molecules per unit volume increases. As a result, the number of collisions increases which results in the
net increase of effective collisions. Therefore, the rate of a reaction increases.

Quantitative estimation of change in rate of reaction with change in
concentration—Rate Law

Rate law is an expression which gives a quantitative estimation of the change in rate of reaction with
the change in concentration of reactants. The establishment of quantitative relationship between the rate
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of reaction and concentration of the reactants cannot be obtained from the balanced chemical equation.
This is because all the reactants participating in the reaction need not necessarily affect the rate of
chemical reaction to the same extent. It can be done only by experimental methods.
For the general reaction
aA + bB — products
r = k[A]* [B]” [where k is the rate constant]

The power ‘X’ is called order of the reaction with reference to ‘A’ and the power ‘y’is called the order of

the reaction with reference to ‘B’. The sum of the powers (x + y) is called overall order of the reaction.
It may or may not be equal to (a + b).

Hence, order of a reaction can be defined as the sum of the powers to which the concentration terms
are raised in the rate expression for that reaction.

@ Example

1. 2H,0, - 2H,0 + O,.The rate law is r = k[H,O,]'
This reaction represents the dissociation of hydrogen peroxide.When the concentration of hydrogen

peroxide is doubled, the rate of reaction is also doubled. Hence, the rate law can be written as
r=k[HO,)]"

2. CH,CHO —» CH, + CO
This reaction takes place in several steps. These steps take place at different rates. The slowest step of
the reaction is called the rate determining step.The overall rate of reaction is determined by the rate
of the slowest step of the reaction. Consequently the rate law for this reaction does not reflect the
coeflicients of the balanced chemical equation.

Rate law for this reaction is
r = k[CH,CHOJ>>.
The order of reaction with respect to CH,CHO is 3/2.

3. 2HI->H, + 1,
r = k[HI]*
The decomposition of hydrogen iodide in aqueous solution takes place in the above manner. That
means, doubling the concentration of HI quadruples the rate of the reaction. The rate law follows
the stoichiometric equation.

4. H,+Cl — 5oHCI

In case of the above reaction of the formation of hydrogen chloride from hydrogen and chlorine, the

rate of reaction is independent of concentrations of both hydrogen and chlorine. Therefore the rate
law can be written as

r = k[H,]" [CL]".

Effect of temperature For most of the chemical reactions, the rate of reaction increases with increase in
number of effective collisions.When the temperature increases, the kinetic energy of molecules increases.
More number of molecules attain threshold energy thereby increasing the number of fruitful collisions
and hence the rate of reaction.
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Experiment to study the effect of temperature and concentration
on the rate of reaction

I. Two boiling test tubes are taken with 3 gm of zinc granules each. Graduated syringes are attached
to the boiling test tubes. 5 ml of 1M HCI and 5 ml of 2M HCI are added into the two test tubes.
The volumes of hydrogen gas evolved in the two syringes at various time intervals are noted. It is
observed that the volume of hydrogen gas evolved is more in the second case when compared to the
first case. This shows that the rate of reaction increases with concentration.

II. The same experiment can be done by taking the same concentration of HCI at two different
temperatures. Then, it is found that the volume of hydrogen evolved is more at higher temperature.

A A
1M HCI
2M HCI T=308K
Vi VH, 1M HCI
1M HCI T=293K
Time — Time — i’

Figure 2.3

Effect of catalyst The chemical reactions can be carried out at a faster rate by increasing the temperature,
but this is not possible in case of all reactions. Moreover, the reactions can be carried out at a lower
temperature by using a catalyst. Since the process takes place at a lower temperature, the cost of production

gets reduced.

A catalyst increases the rate of reaction by providing an alternative path for the reaction.This alternative
path is associated with lower activation energy when compared to the uncatalysed reaction.

Activation energy
without catalyst

Energy

Products

Activation energy
with catalyst
via new mechanism

Reactants

—_—
—>

Reaction co-ordinate

Figure 2.4
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In most of the reactions, catalysts increase the rate of reactions. These are called positive catalysts.

@~ Example 250,+ O, — 250,

MnO,

2KCIO, ——— 2 KCl + 30,

In case of some reactions, a catalyst only acts as a carrier of one of the reactants to the reaction site.

@ Example Hydrogenation of unsaturated hydrocarbons.

H,C = CH, + H, —==> H,C - CH,
Ethylene Ethane
In the above case, the hydrogen gas gets adsorbed on the metal surface and thus hydrogen gas comes

into contact with the other reactant.

In some reactions, the catalyst takes part in the chemical reaction at the initial stage and gets regenerated
at the end of the reaction.

@~ Example 250, + O, — 250,

In this reaction, nitric oxide reacts with atmospheric oxygen forming nitrogen dioxide (NO,). This
nitrogen dioxide oxidizes sulphur dioxide to sulphur trioxide. Nitric oxide is again regenerated. That
means nitric oxide acts as an oxygen carrier in this reaction.
2NO + 0O, = 2NO,
SO, + NO, = SO, + NO

There are few reactions in which catalysts can slow down the reactions. These are called negative
catalysts.

@ Example

Decomposition of hydrogen peroxide can be slowed down if some substances like glycerine, urea,
acetanilide, sodium pyrophosphate, etc., are added to H,O..

Chemical Equilibrium

When any liquid is taken in a closed container, the surface molecules go into vapour state due to
evaporation. At the same time, at some stage, the vapour molecules condense and go back to liquid state.
Therefore, the level of liquid in the container remains constant when the rate of evaporation and the rate
of condensation become equal. This state is called equilibrium.

The state of equilibrium is also attained in case of chemical reactions which can take place in either
directions. Such reactions in which the reaction takes place in both the directions are called reversible
reactions. Due to the attainment of equilibrium state, these reactions do not reach completion.
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Reversible and Irreversible reactions

Reversible reactions

Reactions in which the reactants are converted to products and the products are converted back to
reactants are called reversible reactions.

The reaction in which the reactants are converted to products is called forward reaction. The reaction in
which the products are converted back to reactants is called backward reaction.
Irreversible reactions

Reactions in which the reactants are converted to products but the products cannot be converted back
to reactants are called irreversible reactions. These reactions take place only in one direction.

Can take place in both directions. Can take place in one direction only.
Equilibrium is established. No equilibrium is established.

Can be made irreversible under some conditions.  Cannot be made reversible under any conditions.

4.Represented by two half arrows in opposite 4.Represented by a full arrow pointing towards
directions.(5) the products (—)

Examples Examples
N,, +3H,, S 2NH, © 4Fe  +30,,—>2Fe, O,
H, *L, S 2HI © NaCl + AgNO, — AgCl + NaNO,
2SO, +0O, 52SO Zn + HSO, = ZnSO, + H,

2@ 2@ 3 () 2 4 4 2
PCL S PCL  +Cl Sn + 2HCI — SnCl, + H

(8) 3@ 2@ 2 2

—

2NO ,+0,, 5 2NO,

CaCO, ;5 CaO  + CO

2@

Dynamic equilibrium
The rate of a reaction at any instant is proportional to the concentration of the reactants.

At the start of the reaction, the concentration of the reactants is maximum and so the rate of forward
reaction is maximum.When the chemical reaction is in progress, the concentration of reactants decreases
and hence the rate of forward reaction also decreases. At the same time, during the course of reaction, the
concentration of products increases thereby increasing the rate of backward reaction.

As time proceeds, a stage is reached when the rate of forward reaction becomes equal to the rate of
backward reaction. At this stage, there is no net change in the molar concentrations of the reactants
and the products. That means, the system has attained the state of equilibrium. As the composition of
the reactants and the products remains constant at this stage, it appears that the reaction has come to a
standstill. However, it is not the case. The forward and backward reactions take place with equal speeds
without any net change in the concentrations of reactants and products.
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rate of forward
reaction.

r!crward reaction \ [H2 ] or [D2 ]

Equilibrium 1
Q2
TC © [N ] 1
'% [C]&[D] (Products) g o
= 5 §
c Al&[B] (Reactants) 5
(0]
§ °| M. Jorfb.] rate of back ward reaction
° Equilibrium
rbackward reaction
> P
Time Time —
Figure 2.5

Experiment to show the dynamic nature of chemical equilibrium

Two reactions are conducted separately by taking known amounts of nitrogen and hydrogen in the
first case and nitrogen and deuterium in the second case. Amounts of ammonia, N, and H, in the first
reaction and amounts of ND_, N, and D, in the second reaction are noted at regular intervals. After a
certain time, the composition of reaction mixture is found to remain unaltered with time.This constancy
in composition indicates the state of equilibrium.At this stage, the reaction mixtures of both the reactions
are mixed together and left for some time.The analysis of mixture resulted in the same concentration of
ammonia, but existence of some deuterium containing forms of ammonia in the reaction mixture. Thus,
it can be concluded that the interchange of H and D atoms has taken place because the forward and
backward reactions proceed even after equilibrium is reached.

Characteristics of dynamic equilibrium

1. The observable properties such as concentration, density, colour, pressure, etc., remain constant at
constant temperature.

2. Equilibrium can be attained from either direction.
3. Usage of a catalyst does not alter the position of equilibrium.

4. Equilibrium state proceeds indefinitely unless it is disturbed by external factors.

Identification of equilibrium

The equilibrium stage can be identified by constancy of some observable properties. Depending on the
nature of various substances, a particular property is taken for observation.

@ Example

CaCO,, + & CaO, + CO,
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Since there is only one gaseous product in the above reaction, equilibrium can be identified by constancy
of pressure exerted by CO..

e
N02<g> + CO(g) - NO@ + COz(g)

Since NO, is a reddish brown gas, the equilibrium can be identified by constancy of colour.

Law of chemical equilibrium or law of mass action

Guldberg and Wage proposed a law in order to establish a quantitative relationship between the
concentrations of the reactants and products at equilibrium.

The law of mass action states that the rate of a reaction is proportional to the product of the molar
concentrations of the reactants.

For a reversible reaction xA + yB &5 mC + nD

r .o [A]* [B]’, where 1, is the rate of forward reaction
r,= K, [A]* [B]

r, o< [C]™ [D]", where r, is rate of backward reaction
r, = K, [C]" [D]"

At equilibrium, r = 1,

K, [A]* [B]” = K, [C]" [D]"

K _g _[CI"[DT

K, T arEp , where K_is called equilibrium constant
b

Application of law of mass action to various equilibria The chemical equilibria are basically of
two types.

Homogenous equilibria In these equilibrium reactions, all the reactants and products are in one phase
only. In these cases, when all the reactants and products are in gaseous phase, the molar concentrations of
all the substances are taken into consideration for writing the equilibrium constant.

e
o Example H, +L, S 2HI
HI)?
K = [HI]
[H,][L,]

@ Example N, +3H, S 2NH,

_ _[NH,P
©INL]HLT

Heterogenous equilibria In the reactions involving heterogenous equilibria, the reactants and
the products exist in different phases. In these cases, all the reactants and products are not taken into
consideration for writing the equilibrium constant. The concentrations of the reactants and the products
existing in solid state or in pure liquid state are taken in unity since their concentrations cannot be
changed.



52 Chemical Kinetics and Equilibrium

NHHS, S NH,  +H.S,

_ [NH,],[H.S],
¢ [NH,HS],

K

Since [NH,HS] =1
K = [NH,][H,S]

Equilibrium constant in terms of partial pressure

The expression for equilibrium constant involves molar concentration of reactants and products and
hence is called equilibrium constant with respect to concentration (K ). However, in case of gas phase
reactions, the concentrations of reactants and products can be expressed preferably in terms of partial
pressures of the gases in the expression.Therefore it is called equilibrium constant with respect to pressure.
In this case, K _is denoted by K.

The ideal gas equation is PV = nRT

=pP=2RT

v
But concentration in mole/lit is C = n/v
.. P=CRT

R is constant and at constant temperature P o Cga.

S

@ Example H, + 1S 2HI
@ @& (@

— [HI)* K = P

< [H L] P Pu, -P1,
where p,, = partial pressure of HI.
p,, = partial pressure of H,

p,, = partial pressure of L.

Applications of equilibrium constant

1. On the basis of the value of the equilibrium constant, it is possible to predict the direction of a
chemical reaction. The ratio of molar concentrations of the reactants to the products at any stage of
the reaction is known as the reaction quotient (Q ). Depending on the relative values of K_and Q, it
is possible to predict the direction of the equilibrium reaction.

If Q.= K, the reaction is at equilibrium
If Q> K, the reaction proceeds in the backward direction.

If Q. < K, the reaction proceeds in the forward direction.
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2. On the basis of the value of the equilibrium constant, the extent to which a chemical reaction takes
place can be known. A greater value of K_implies that the reaction mostly proceeds towards the
products and the yield of the products will be more. A lower value of K _indicates the lesser yield of
products.

3. K_ values help in the calculation of the equilibrium concentrations of various substances in the
reaction.

@ Numerical Problems

1. When two moles of hydrogen is heated with two moles of iodine, 2.96 moles of hydrogen iodide is
formed. Calculate K_for the reaction of formation of hydrogen iodide.

Solution
e
H,(g) +1,(g) — 2HI(g)
At equilibrium 2 -x 2-x 2x
2x = 2.96
X = 2% _ 1.48
2

K - HF (2x) _4xdsy _ o,
¢ [H,][L] (2-148)(2-1.48) 0.52x0.52

2. Calculate K for the following reaction if partial pressures of NH,, N, and H, are 0.4 atm, 0.3 atm
and 0.2 atm respectively.

2NH, SN, + 3H,.

p3H2 . pN2
pzNHz

Solution K

K = (0.2)’.(0.3) (atm)*
P (0.4)* (atm)’

Kp = (.015 atm?>.

Factors affecting the equilibrium

The different factors which affect the chemical equilibrium are, the concentration of the reactants or
products, temperature and pressure. The change in the behaviour of the system at equilibrium due to the
alteration of those factors was first enunciated by Le Chatelier.

Le Chatelier’s principle has been proposed to explain the effect of various factors on the equilibrium.

Le Chatelier’s principle

According to this principle, when a system at equilibrium 1is subjected to a constraint or change, the
position of the equilibrium shifts in a direction that opposes the constraints.
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Effect of concentration

When the concentration of any of the reactants or products in a reaction at equilibrium is changed, the
composition of the equilibrium reaction mixture also changes in such a way as to compensate the effect
of the concentration change.

o Example H, (g) + 1, (g) S 2HI(g)

Addition of hydrogen oriodine

Addition of hydrogen or iodine at equilibrium disturbs the equilibrium concentration of the reactants.
Hence, the reaction proceeds in that direction in which large amounts of hydrogen or iodine are
consumed. That means the equilibrium shifts in the forward direction. The yield of HI increases. The
same shift takes place by the removal of HI from the reaction mixture at equilibrium.

However, addition of HI at equilibrium results in the shift of equilibrium in the backward direction.

@ Example 2K,CrO, + 2HCIS K,Cr, O, + 2KCl + HO

@ Example H

Aqueous solution of potassium chromate which is yellow in colour changes to orange coloured solution
of potassium dichromate by the addition of acid.

Addition of HCI to the reaction mixture at equilibrium shifts the reaction in the forward direction.This
is indicated by the intensification of colour of the reaction mixture. Addition of water to the equilibrium
mixture shifts the reaction in the backward direction. This is marked by fading of orange colour.

Effect of pressure
According to Boyle’s law, an increase in pressure leads to a decrease in volume at constant temperature.

When a system at equilibrium is subjected to increase in pressure, the reaction takes place in that
direction which is associated with decrease in volume. Similarly, decrease in pressure makes the reaction
proceed in that direction which is accompanied by increase in volume.

Avogadro’s law states that under similar conditions of temperature and pressure equal volumes of all
gases contain equal number of moles. The reactions which proceed with a change in the number of
moles involve a change in volume.

Therefore, the effect of pressure is applicable to only those reactions accompanied by change in the
number of moles (change in volume). Pressure has no effect on those equilibria which do not involve a
change in the number of moles.

e
8 + IZ 8 — 2 HI (8

2
n, =2 np=2An=np—nR=O
where n, and n,, represent the number of moles of the reactants and products. Since the number of moles

of reactants is equal to the number of moles of products, change in pressure has no effect on the position
of equilibrium.
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Reactions associated with a change in the number of moles

Casel

Increase in the number of moles (volume)

@ Example PCI, er of moles (change in volum PCI, + Cl,

nR=1np=2An=np—nR=2—1 =1.

The forward reaction proceeds with an increase in the number of moles, which means that an increase in
volume takes place during the reaction.Therefore, decrease in pressure favours the forward reaction and
speeds up the dissociation process. Increase in pressure shifts the equilibrium in the backward direction,

thereby, suppressing the dissociation process.

Casell

Decrease in the number of moles (volume)

e Example N, +3H, S2NH,

2
nR=4np=2An=nP—nR=—2
The forward reaction proceeds with decrease in the number of moles, i.e., decrease in volume.Hence,
increase in pressure favours the forward reaction and enhances the yield of ammonia. Obviously, decrease
in pressure speeds up the dissociation of ammonia into nitrogen and hydrogen. Due to this reason only,
high pressure (200 to 1000 atm) is maintained during the process of the synthesis of ammonia by Haber
process. (a favourable condition for getting greater yield of the products).

Effect of temperature

Most of the chemical reactions are associated with absorption or evolution of heat. Hence, change in
temperature changes the state of equilibrium. Increase in temperature makes the reaction proceed in that
direction in which more heat is absorbed. Similarly, decrease in temperature allows the reaction to take
place in a direction associated with the release of heat energy.

Casel
Absorption of heat energy.

@ Example N, + O, S 2 NO - heat

Since absorption of heat takes place in the forward reaction, increase in temperature shifts the equilibrium
in the forward direction. It can be concluded that for all endothermic reactions, high temperature is the
favourable condition for greater yield of products.

Casell

Evolution of heat energy.

@ Example N, + 3H, S 2 NH, + heat

Since the forward reaction is accompanied by release of heat energy, decrease in temperature favours the
forward reaction which means that for all exothermic reactions, low temperature is the most favourable
condition.
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Very short answer type questions

1. Define instantaneous reactions.
2. What are the units of rate of reaction?

3. The equation that describes mathematically the dependence of the rate of reaction on the concentration

terms of reactants is or
4. For a reaction A — B, AC_ is 0.01 moles/l in 20 seconds, what is the average rate of reaction?
5. The reaction between Zn and H_SO, is an example for reaction.

6. The activation energy for an uncatalysed reaction is less than that for a catalysed reaction. What do you
conclude from the above statement?

7. A does not change the position of equilibrium but the rate of backward as well as forward
reaction.

8. Give the general expression for a balanced chemical equation by applying the law of mass action.

9. How is the attainment of equilibrium recognized in case of following equilibria?
(1) Dissociation of magnesium carbonate in a closed vessel

(i) Dissociation of N,O, in closed vessel

10. When the reaction of synthesis of ammonia is carried out with a mixture of hydrogen and deuterium,
what are the products obtained at the end of the process?

11. Write the equilibrium constant for the dissociation of CaCO,.

12. In the reaction A+B — C,r = k[A],if [A] is increased by 3 times then the difference in the rate is
of the initial rate.

13. What are eftective collisions?

14. enables any two systems to reach a state of equilibrium more quickly.
15. The rate of reactions cannot be determined experimentally.

16. Define a reversible reaction. Give example.

17. What is meant by specific reaction rate?

18. The value of equilibrium constant for a reversible reaction is 3 X 1072 If the reaction quotient for the
same reaction is 5 X 107, predict the direction of equilibrium reaction.

19. In the reaction 2NO, + 2H,  — N, + 2H,0, if initial concentration of hydrogen is kept constant

)
and the concentration of NO is doubled, the rate of reaction increases by 4 times. This shows that rate is
directly proportional to

20. The equilibrium Hﬂ( ) 1, 5 2HI , 1s not affected by the change in
2(g) 2 s

21. What is the effect of pressure on the equilibrium of the reaction of nitrogen and oxygen to give nitric
oxide?
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22. In a reversible reaction, some amount of heat energy is liberated in the forward reaction. What change
in temperature favours the forward reaction?

23. What is the effect of a catalyst on the equilibrium?
24. Active mass of a solid is taken as

25. Ammonia dissociates to give nitrogen and hydrogen. What happens if the pressure is increased on the
system at equilibrium?

26. What are the units for the rate of the reaction A — B?

27.1f K_ for the formation of HI from H, and [, is 48, then K_for decomposition of 1 mole of HI
1s

28. The magnitude of decreases in the presence of a catalyst.

29. Give the units of K_for the formation of 1 mole of NH, from its constituents.

30. A chemical equilibrium is in nature.

Short answer type questions

31. How are the reactions classified on the basis of rates of reactions? Give examples.
32. Explain the effect of temperature on the rate of reaction.
33. How do you explain the effect of concentration on the rate of reaction on the basis of collision theory?
34. Define reversible and irreversible reactions. Give examples.
35. Discuss how the chemical equilibrium is dynamic by giving graphical representation.
36. Explain the action of a catalyst on the rate of reaction on the basis of collision theory.
37. What are the characteristics of dynamic equilibrium?
38. How is it possible to make reversible reaction irreversible?
39. Apply the law of mass action to the following equilibria.
(i) Formation of SO, from SO, and O,
(if) Formation of NO, from nitric oxide and oxygen.
40. How does a catalyst influence the equilibrium constant?

41. “The quantitative estimation of change in the rate of reaction with change in concentration does not
always follow stoichimetric equation”. Justify.

42. Product the shift in equilibrium when the volume is decreased on the following equilibrium reaction.
() Pely + CL, S PClL, -
(i) N, + Oz(g)'—_v 2NO |,

2

43. What are the applications of equilibrium constant?
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44. Calculate K if the partial pressures of reactants and products in the dissociation of 1 mole of phosphorous
pentachloride are 0.3 atm, 0.4 atm and 0.2 atm respectively.

45. One mole of PCI, is subjected to heating in a one litre vessel. The number of moles of PCI, formed
at equilibrium is 0.6. Calculate the equilibrium constant for the dissociation of PCI..

Essay type questions

46. State the postulates of collision theory. Explain the effect of temperature, concentration and catalyst on
the rate of reaction.

47. Explain an experiment to study the effect of temperature and concentration on the rate of reaction.

48. State and explain Le Chatelier’s principle. Apply the principle to the following equilibria.
(i) 2SO, + O, 5 2SO, + heat

(i) 2NH, S N, + 3H, — heat
49. State and explain the law of mass action. Apply it to the following equilibria.

. —
@ H,,+F,,=2HF

- —
(i1) NH4HS<S) hars NH%) + st<g>

@) PCl;, S PClL,, +Cl,
50. State Lechatlier’s principle and apply it to the following equilibria.

() 2NO SN,, +0, o T heat

2 (g)

(i) N,O, . S 2NO, "Ia heat

CONCEPT APPLICATION
) concepraprLicaTION B2

Concept Application Level—1

Direction for questions 1 to 7: State whether the following statements are true or false.

1. If the rate with respect to O,,NO,NO are ~A[0,] - A[NO] 1 AINO, ] then the corresponding

El > bl

At 2 At 2 At

chemical equation is 2NO + O, — 2NO,

2. The slope obtained by drawing a tangent at time ‘t’ on the curve for the concentration of reactants
versus time is equal to instantaneous rate.

3. In an equilibrium, the catalyst increases the rate of the forward reaction while decreases the rate of the
backward reaction.

. J
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4. Threshold energy = Energy of normal molecules + Activation energy.

5. An increase in pressure increases the rate of reaction due to the increase in the number of collisions
among the molecules.

6. In the reaction: NO, + CO S NO + CO,, the equilibrium state may be recognized by the constancy
of colour.

7. At equilibrium the reaction quotient is greater than equilibrium constant.
Direction for questions 8 to 14: Fill in the blanks.

8. Equilibrium constant has a definite value for every reaction at a given temperature. It is independent

of and
9. The minimum energy which two molecules should possess so that their collisions result in a chemical
reaction is called energy.
10. Decomposition of phosphorous pentachloride is an example of equilibria.

11. K_changes with change in
12. in temperature favours an endothermic reaction.

13. The equilibrium constant of a reaction A + B 5 2C if the concentrations of A and B are 0.8 moles
litre™ and that of C is 0.6 moles litre™ is

14. If K. for the formation of ammonia is 2 moles™ £*,K_for decomposition of ammonia is

Direction for question 15: Match the entries given in column A with appropriate ones
from column B.

15.
Neutralization of acids by bases a. Veryslow reaction
Decomposition of H,O, b. Fruitful collisions

Threshold energy d. More numbers of bonds

"o 0w P

()
()
Formation of water from H, and O, () ¢. Moderately slow reaction
()
()

Slow reaction e. Instantaneous reaction

Direction for questions 16 to 30: For each of the questions, four choices have been provided.
Select the correct alternative.

=3 A[A] _ =5 A[B] _ +7 [AC]

16.If r= , which of the following is the corresponding reaction.
2 At 2 At 3 At
(1) 2/3A+2/5B—>3/7C (2 (3) 2/3A+5/2B—>7/3C
(3)3/2A+5/2B—>7/3C 4) 4) 7/73C+5/2B—>3/2A

NS /
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22

. In the reaction N, + O, 5 2NO - heat, which of following conditions is suitable to get a
good yield of NO?

(1) Increase in temperature (2) Decrease in temperature
(3) Increase in pressure (4) The addition of a catalyst
18. Which of the following is true?

(1) Inan endothermic equilibrium reaction, activation energy required for a forward reaction is higher
than that for a backward reaction.

(2) To an endothermic equilibrium reaction, activation energy required to forward reaction is lower
than that for a backward reaction.

(3) Activation energy required for both forward and backward reaction is same in equilibrium.

(4) No activation energy is required for an exothermic backward equilibrium reaction.

19. The equilibrium constant for the given reaction, CaCO,  CaO S + CO, « 15 given by
[CaO] . [CO, ] [CaO] [CaO]
DNK=—7—""" (2 K=—— 3) K =[CO, 4) K = ——
) K, [CaCO,] @ K, [CaCO,] O K. =1COJ @ K [CO,]
20. For a chemical reaction to occur

21.

22.

23.

(1) the reacting molecules must collide with each other.
(2) reacting molecules should have sufficient energy at the time of collision.

(3) reacting molecules must be properly oriented.

(4) All of the above

If activated complex is formed in chemical reactions according to collision theory, which of the
following is true with respect to its stability?

(1) It is highly stable because it has high energy.

(2) It is less stable because it has lower energy.

(3) Itis less stable because it has high energy.

(4) None of the above

The equilibrium constant for the reactions Nz( ot Oz(,) 5 2NO © and
1 1
NO(S) s 5 Nz(,) + 502(,, are k and k', the relation between k and k' are
3 . 3 1 2 L 3 1 2
1) k= () @ k=1 G K=K @ k=1

With respect to the equilibrium reaction A 5 B, which of the following graphs indicate the highest
K_value?
) @
\ Ca G.
c| ——————— C
CB CB
t t




©) 4)
Cs

Ca
Ca

t t

24. Equilibrium position of which of the following reactions is not affected by change in pressure?
(1) L + 5F, —2IF,
(2) FeO, + CO — Fe + CO
() 2Cu(NO,),, = 2CuO + 4NO,  + O,
(#) N,O,, = 2NO,
25. The equilibrium constant K_is 10> for the reaction AB + C 5 AC + B
The rate constant for the forward reaction K is 10°, the rate constant of backward reaction is

1
1) 10* 2) 10° 3) 107 4y —
) @) ©) 4) 100
26. Which among the following is the graphical representation of a reaction if the AH for the forward

reaction is twice the activation energy of the I step and activation energy of the II step is half of the I

step?
(1) 2
>
- =
5 g
@ QO
b -
@ IS
p— —
© C
= 2
[e]
% o
o
Reaction coordinate Reaction coordinate
3) “)
>
- o
= g
o QO
& z
E C
z 3
e o
[e]
o

Reaction coordinate Reaction coordinate
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217.

28.

29.

30.

22

For a particular A + B — C was studied at 25°C.The following results are obtained.

9x%x10° 1.5 x 102 0.06
9x%x10° 3% 107 0.012
3x10° 3% 107 0.004
6 x 10°° X 0.024
Then the value of x is
(1) 6x10° m (! 2) 3x107°m (! 3) 45%x10°m (! 4) 9x10° m (!
—
250, T O,y = 250, + QKJ

In the above reaction, how can the yield of product be increased without increasing the pressure?

(1) By increasing temperature

(2) By decreasing temperature

(3) By increasing the volume of the reaction vessel
(4) By the addition of the catalyst

For a reaction 2A + B — 2AB, it is found that doubling the concentration of both the reactants
increases the rate to 8 times that of initial rate but doubling the concentration of B alone doubles the

rate. Then the order of the reaction with respect to A and B are
10,3 @ 0,2 ©G) 2,1 (4) 2,2

In the reaction N,O, 5 2NO,, the degree of dissociation of N,O, increases with
(1) increase in pressure  (2) decrease in temperature
(3) increase in volume (4) presence of catalyst

Concept Application Level—2
31.

Nitrogen dioxide gas dissociates to give nitric oxide and oxygen. For this reaction, when a graph is
plotted between concentration of NO, and time, the slope of the tangent drawn at time t = 10 sec is
found to be 6.8 X 10~ mole/1/s. Predict the slopes of the graphs at t =10 sec when the concentration
of NO and O, are plotted against time. Justify your answer.

32. Based on the following curves predict in which case the rate of reaction would be more and justify?

1]
o
o
w
-
S5 5 T
55
0T T
s
£z |/ s
c E I
[0 =% .
= '
Sc ;
£3 (95 *
E. (activation energy)
Energy 3
Figure 2.6
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33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Hydrogen peroxide decomposes in to water and oxygen.The uncatalyzed reaction has
activation energy of 86 k]/mole.The E_values in the presence of acetanilide is 112 kJ/mole and in
the presence of MnO, it is 49 kJ/mole. What conclusion can you draw from the above observations?

In the following decomposition reaction 2N,O, 5 4NO, + O,

Oxygen gas is produced at the average rate of 9.1 X 107 mole 1"!s™". Over the same period what is the
average rate of production of NO, and loss of N,O,

Energy profile diagram for a reversible chemical reaction is given. On the basis of the given diagram,
explain the effect of temperature on the equilibrium.

Energy

Reactants| Products

Figure 2.7 Course of reaction

For a reversible reaction, the activation energy of a forward reaction is 85 KJ/mole. The net reaction
is associated with the release of 15 KJ/mole. What is the activation energy of the backward reaction?
Explain it on the basis of collision theory.

On what factors do the equilibrium position and equilibrium constant depend? Explain by giving
appropriate reasons.

In the reaction N,O, 5 2NO,, the dissociation of N,O, was found to be 40% at equilibrium
when the reaction is conducted in a 2 litre container at 300 K. Find the equilibrium constant
and the number of moles of reactants and products.

In a gas phase reaction, the decomposition of PCI, takes place at 273°C and 1 atmospheric pressure. Its
percentage degree of dissociation is 40%. Assuming that all gases in the reaction behave ideally, calculate
the density of the equilibrium mixture. [atomic weight of phosphorus = 3 and chlorine = 35.5]

Carbon monoxide and water vapour react to give CO, and H, in a vessel of two-litre capacity at 1090
K.An equilibrium is established and the number of moles of various components are found to be 0.8
moles, 0.6 moles, 0.4moles and 1.2 moles respectively. Calculate K_value. If the concentration of CO
has to be increased to 1.2 mole by increasing the concentration of CO at the equilibrium, find the
number of moles of CO, to be added to the reaction mixture at the same temperature.

For a gas phase reaction Cl, + CHCIL, — HCI + CCl,, the rate law is given as r = K [CL]"* [CHCL].
Explain how the rate of reaction varies when the concentration of chlorine is doubled. Give units of
rate constant.

BrO,” + 5 Br + 6H" — 3Br, + 3H,0.The order of reaction with respect to BrO,™ is 2 and with
respect to other reactants is one. Complete the following table.

/
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43.

44.

45.

48.

S2

I 0.1 0.1 0.1 ?

II 0.2 0.1 0.1 1.6 X 107
I1I 0.2 0.1 32x107°
v 0.1 0.1 0.2 ?

Assuming that 2NO + O, — 2NO, is a single step reaction, what will be the change in rate of reaction
when the volume of the reaction vessel is reduced to 1/4th of the initial value? The original rate of
reaction is 64 mole 1t Sec™'.

During the preparation of soap “the addition of common salt allows the precipitation of soap”. Explain
the principle involved.

A reaction takes place in two steps. The rates of the two elementary steps are given. On the basis of
these, predict the rate law and explain the trend of variation in the rates of reaction with changes in
concentration. Also the given units of rate constant are

2A © +B. — 2AB © — Opverall reaction

2(8)
A + B, = AB + B -Ist step,r = 3.2 X 10" moles/1/Sec

B + A — AB - 2nd step,r = 1.9 X 10° moles/1/Sec

Concept Application Level—3
46.
47.

What is the use of catalytic converter in automobiles exhaust systems?

From the above three energy profile diagrams find out which of the above irreversible

Energy =3

Pau

Energy =——3
Energy =—3>

—

> > >
— —_— —
Course of reaction Course of reaction Course of reaction
Figure 2.8

reactions gives maximum yield within a given period of time? Justify. [Consider that the initial
concentration of the reactants and temperature is same for all the reactions.]

The decomposition reaction N,O — N, + O, takes place on platinum surface. Here, the rate of
reaction is independent of the concentrations of the reactant. However, when this reaction is carried
out in the absence of platinum surface, the rate of reaction depends on the concentration of the
reactant. How do you account for this?

/
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49. Energy profile diagram for a two step reaction is given. On the basis of given diagram.
Predict the slow and fast steps in the reaction. Explain it on the basis of collision theory.
Predict the factors which favour the formation of reactants from the products.

50. Explain the eftect of addition of CO and O, and solid carbon to the equilibrium mixture separately.
Also explain the effect of addition of all the three simultaneously. What happens to the equilibrium
when the above changes are carried out in a container having less volume?

o

24

Potential energy

Figure 2.9 Reaction coordinate

v

key points for

-

NS

. Units are mole £! sec”

©

Very short answer type questions
1.

Reactions completed in fraction of seconds.

Example: Sodium exposed to air catches fire
immediately.

Neutralization reaction between NaOH
and HCI

1

. rate equation or rate law

Change in concentration of reactants or products

Change in time

Ans:5 X 107 mole £7' sec™!

6. Negative catalyst increases the activation energy

7. catalyst, increases

(i) Constancy in pressure
(i) Constancy in colour

10.
11.

12.
13.

14.
15.
16.

17.

18.

19.

selected questions

N, + 3D, = 2ND,

CaCO, —» CaO + CO,
) ¢ (9

K =[CO]

twice

Collisions leading to the transformation of
reactants to products.

Catalyst
Instantaneous

The reaction in which reactants are converted in
to products and vice versa.

Rate of reaction at unit concentration of
reactants

K_ > Q_ the reaction proceeds in forward

direction

[NOJ*
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key points for

20. Pressure

21. N, + O, — 2NO
As number of moles of reactants and products
are same there is no effect of pressure on
equilibrium.

22. Decrease in temperature

23. No effect on the position of equilibrium.

25. 2NH, — N, + 3H,

26. moles It™! sec™

217. L 0.144

N/

28. energy barrier
29. litre mole™

30. Dynamic

Short answer type questions

31. Fast, slow, moderate.

32. (i) Kinetic energy of molecules
(ii) Collision of molecules
(iif) Activation energy

33. (i) Number of molecules
(i) Number of collisions

35. Composition of reaction mixture at equilibrium

36. (i) Property of catalyst
(if) Activation energy
(iii) Path of reaction

37. (i) Rate of forward and backward reactions
(i) Concentration of reactants and products
38. Removal of product.
39. (1) Balancing the chemical equation
(ii) Rate of forward reaction and rate of

backward reaction.
(iii) Equilibrium constant.

40. (i) Role of catalyst in a chemical reaction.
(i) Value of equilibrium constant.

41. (i) Nature of reactants
(ii) Path of reaction

selected questions

43. (i) Extent of reaction
(i) Direction of reaction
(ii)) Yield of products
45. (i) K_for the reaction PCI, — PCI, + Cl,
(ii) Equilibrium concentrations of PCl,, Cl, and
PCl, in terms of x
(iii) Substitution

Ans: 0.9 moles/1

Essay type questions

46. (i) Effective collisions
(ii) Threshold energy and orientation
(iii) Activated complex
(iv) Concentration - number of molecules
(v) Temperature — kinetic energy of molecules
(vi) Catalyst — reaction path

47. (i) By the reaction of zinc with HCI of same
concentration at different temperature.

(ii) By the reaction of zinc with HCI of
different concentration at same temperature.
48. (i) Principle
(i) Effect of external factors
(iii) Temperature
(iv) Pressure
(v) Concentration

49. (i) Rate of reaction and concentration of
reactants
(ii) Equilibrium constant — Ratio
(iii) Stoichiometric coefficients — exponents of
concentration terms.
(iv) Solid substances should not be included in
the expression.
50. (i) Shift of equilibrium by changing the
external factors.
(i) Concentration, pressure and temperature.
(iii) Exothermic and endothermic reactions—
effect of temperature.

/
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Concept Application Level—1

True or false

1.

. True

AN Ul A WD

Multiple choice questions
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.

True

. False
. True
. True
. True

7.
Fill in the blanks

8. concentration, pressure

9.
10.
11.
12.
13.
14.
Match the following
15.

False

threshold
homogeneous
temperature.
Increase
0.5625

0.5 moles/I?

A e
B :c
C:a
D:b
E : d

Choice (1)
Choice (1)
Choice (1)
Choice (3)
Choice (4)
Choice (3)
Choice (2)
Choice (3)
Choice (2)
Choice (1)
Choice (3)
Choice (4)

28. Choice (2)
29. Choice (3)

30. Choice (3)

Concept Application Level—2,3
Key points

31.

32.

33.

34.

35.

36.

@)
(i)
(i)

()
®

(i)
(i)

)
(i)

(i)
@)
(i)
(i)
@)
(i)
(i)
(iv)
@)

(i)
(i)

The rate of reaction in terms of reactants
can be determined if the balanced
equation is known.

Balanced equation.

Rate of reaction in terms of NO, NO,,
and O,

3.4 X 10~ moles/l.sec

Effect of temperature on average kinetic
energy.

Comparison of average kinetic energy in
both curves

Comparison of effective collisions in both
the curves.

Effect of activation energy on rate.
Comparing activation energy of the
reaction under different conditions.

Effect of change in reaction conditions on
the activation energy of the reaction.

Rate of reaction with respective each
reactant and product.

Equating rates of reactions with each other
on the basis of stoichiometric coefficients.

3.6 X 107 mole I'! sec™!, 1.8 X 10~ mole

It sec™.

Type of reaction.

Compare the activation energies of
forward and backward reactions.
Type of reaction.

Effect of temperature on the reaction.

R elation between activation energy and
effective collisions.

Calculation of Ea of backward reaction.
Comparing Ea of backward and forward
and its effect on effective collisions.
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37. Ditterence between equilibrium position and

equilibrium constant.

38. ()

(i)

(i)
(iv)

(1v)

(vi)

Expression for equilibrium constant.
Calculation of the concentration of
reactant and product at equilibrium.
Calculation of equilibrium constant.
0.53

Determination of total number of moles
(reactants—products) at equilibrium.
3.08 g/1

Calculation of the number of moles of
the reactants and products present in the
equilibrium mixture.

Calculation of weight of mixture.
Calculation of volume of the mixture at
S.TP.

Calculation of volume of equilibrium
mixture at the given temperature and
pressure.

(vii) Calculation of density.

40. ()
(i1)
(i)
()
(v)

41. ()
(i)

(1v)

(i)

Expression for equilibrium constant.

1.5

Balanced chemical reaction.

Calculation of equilibrium constant.
Calculation of composition of equilibrium
mixture with change in concentration of

CO.

Significant of rate law.

Equation for rate constant.

Equation for rate constant with double the
concentration of Cl .

Comparison of both the

equations.

Relation between rate law and order of a
reaction.

Calculation of initial rate of reaction

in experiment I on the change of
concentration of BrO™ in experiment I
and the order of reaction with respect to
BrO,

Calculation of concentration of BrO,™ in
experiment III based on the change of

44,

45.

47.

(i)
(i)

(iv)
(i)
(i)

(iv)
(v)

()
(i)

(i)

@)
(i)
(i)

initial rate in experiment III, change of
concentration of other reactants and the
order of reaction with respect to Br-and H"
Calculation of initial rate in experiment
IV on the basis of change of concentration
of all the reaction.

Determination of rate law of a single step
reaction.

Rate law for the equation.

Relation between volume and
concentration.

Effect on rate.

Le-Chatelier’s principle.

Formula of soap.

Equilibrium during formation of soap.
Ions present in common salt.

Effect on equilibrium with the addition of
salt.

Rate determining step of a reaction.
Determination of rate law on the basis of
stoichiometry of the rate determining step.
Determination of change in rate of
reaction with the change of concentration
of the reactions from rate law.
Determination of the unit of rate constant
from rate law.

Gases produced during combustion of
fuels.

Nature of gases that are liberated through
an exhaust system.

Role of catalytic converter for changing
the molecular composition of the exhaust
gases.

Change in nature of the gases due to the
change in the molecular composition.

Role of activation energy in the formation
product.

Comparison of activation energy of the
three reactions.

Relation between activation energy and

yield.



48. ()
(i)
(i)
()

Role of platinum in the reaction.
Property of platinum.

Site of decomposition.
Comparison of mechanism

of reaction in the presence

and absence of a catalyst.

Prediction of slow and fast steps

on the basis of activation energies of the
two steps.

Prediction of slow and fast steps

on the basis of activation energies of the
two steps.

Prediction of nature of reaction wrt
energy changes.

(iv)

Prediction of energy changes in the net
reaction.
Nature of backward reaction.

Effect of addition of product or reactant at
constant volume at equilibrium.

Eftect of addition of product or reactant at
constant volume at equilibrium.

Eftect of addition of solid

reactant.

Relation between volume

and pressure of the system.

Eftect of addition of com-

ponents on equilibrium at

lesser volume.
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Atomic Structure

INTRODUCTION

The atom has been found to be the smallest particle of matter which can take part in a chemical reaction.
An atom is composed of three types of fundamental particles namely electrons, protons and neutrons.
Many attempts have been made to propose various atomic models which depict the arrangement of
these fundamental particles in an atom.

J. J.Thomson, after his discovery of the electron, proposed his atomic model according to which an
atom is a spherical mass of positive charge in which electrons are embedded.

Thomson’s model of atom has been disproved by Rutherford’s o—ray scattering experiment. This
experiment resulted in the discovery of nucleus which was a major breakthrough in the history of
the structure of atom. Rutherford’s planetary model of atom has been contradicted by the laws of

electrodynamics.

Neils Bohr in 1913 proposed his atomic model with the most crucial concept of stationary orbits for
electrons. This concept of stationary orbits proposed by Bohr could successfully explain the stability of
an atom which was the major drawback in Rutherford’s atomic model.

The concept of atomic orbital developed in the later period contradicted Bohr’s concept of stationary
orbits.The concept of atomic orbitals originated from the wave nature of electron led to the development
of quantum mechanical model of atom which gave rise to the modern atomic structure.

70

Bohr’s Model of an Atom

Bohr proposed his atomic model based on the quantum theory of radiation. According to Bohr’s model,

(a) Electrons move around the nucleus in specified circular paths called orbits or shells or energy levels.
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(b) Each orbit or shell is associated with a definite amount of energy. Hence these are also called energy
levels and are designated as K, L, M, N shells respectively.

(c) The energy associated with a certain energy level increases with the increase of its distance from the
nucleus. Hence if the energy associated with the K, L, M, N shellsare E,E,E, ......... respectively,
thenE <E <E, .......... etc.

(d) Aslong as the electron revolves in a particular orbit, the electron does not lose its energy. Therefore,
these orbits are called stationary orbits and the electrons are said to be in stationary energy states.

(e) An electron jumps from a lower energy level to a higher energy level, by absorbing energy. It jumps
from a higher energy level to a lower energy level, by emitting energy in the form of electromagnetic
radiation.

The energy emitted or absorbed (AE) is given by Planck’s equation i.e.,AE = hy

For example, If E and E, are the energies of first and second orbits, the difference in energy is equal
to hv.

EZ—E1=hv

(f) The electron can revolve only in an orbit in which the angular momentum of the electron (mvr)
is a whole-number multiple of h/27. This is known as the principle of quantization of angular

momentum.
. n==6

Hence we can write angular momentum of the electron
as,

nh
mvr = —,

2w
where n is an integer (n = 1,2,3,4,....... ) and is called

L M NOP
principal quantum number.

m = mass of the electron.

v = velocity of an electron in its orbit.r = distance of the
electron from the nucleus.

By applying the concept of quantization of energy,
Bohr calculated the radii and the energy of the nth orbit
of hydrogen atom (Z = 1).

Figure 3.1 Stationary orbits of an atom

n’h’ _ —2%’me’

rl SR p— 21.2 ° 22
! 4T me”. Z " nh-

where h = Planck’s constant
m = mass of the electron

e = charge of the electron

With the help of these expressions, Bohr gave a satisfactory explanation for the spectra of hydrogen
and hydrogen like species (ions having one electron, example, He*, Li*?, Be™) etc.
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Limitations of Bohr’s atomic model

Bohr could not explain the spectra of the multielectronic species satisfactorily.

2. Bohr’s model couldn’t give a satisfactory justification for the assumption that electrons can revolve
in those orbits where their angular momentum (mvr) is a whole number multiple of h/27 i.e., he
could not justify the quantization of angular momentum of the electron.

3. According to Heisenberg’s uncertainty principle, it is impossible to determine simultaneously and
accurately the exact position and the momentum of the moving particle, Bohr assumed that an
electron of an atom is located at a definite distance from the nucleus and revolves around the nucleus
with a definite velocity which is against Heisenberg’s uncertainty principle.

4. The atomic spectral lines are found to split into a number of closely packed lines in the presence
of a magnetic field and an electric field. These effects are called as Zeeman effect and Stark effect
respectively. Bohr failed to explain these effects.Each spectral line in the atomic spectrum of hydrogen
consists of still finer lines when it is observed by using the instrument with high resolving power.
Bohr’s model failed to explain this observation.

Sommerfeld’s Extension of Bohr’s Theory

In 1915,Arnold Sommerfeld extended Bohr’s atomic theory to explain the fine structure of spectral lines
in the atomic spectra of hydrogen. He proposed that the electrons move in an elliptical orbit in addition
to the circular orbit around the nucleus with the nucleus at one of the focii.

Sommerfeld’s elliptical electron orbits

Sub energy levels for n = 4

Figure 3.2

He suggested that the sub energy levels or sub shells associated with each main energy level (expect
the first main energy level) are responsible for the fine structure of the spectrum of hydrogen. These
sub energy levels or subshells exist due to the difference in energies of electrons revolving in different
elliptical orbits belonging to the same main energy level.

He also proposed that the energy associated with the subshells is quantized and therefore introduced
a new quantum number called azimuthal quantum number to describe the angular momentum of the
electrons revolving in different elliptical orbits.
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To justify the assumption of the quantization of energy of the electron in the hydrogen atom, a French
graduate student, Louis de Broglie, suggested in 1924 that the electrons have wave properties as well as
particle properties.

Dual Nature of Electron—de Broglie’s Theory

He derived an expression for calculating wave length (A) of the wave which is associated with the
moving electrons.

h

momentum of electron

The expression is A =

h
or A = —
mv

where m = mass of electron

v = velocity of electron

h

Planck’s constant

This equation is called de Broglie’s equation, this hypothesis was experimentally confirmed by Davison
and Germer who proved wave like properties of electron in 1927. Hence the dual nature of electron, i.e.,
particle nature as well as wave nature was established experimentally.

Louis de Broglie pointed out that the wave behaviour of an electron is similar to that of a standing
wave.The circumference of each Bohr’s orbit must be equal to an integral multiple of the wave length of
the wave associated with the moving electron. Orbits whose circumferences are not equal to the integral
multiple of the wave length are impossible for an electron in Bohr’s atom.

In 1927, the picture of electrons moving in fixed orbits was abandoned when the German Physicist,
Werner Heisenberg pointed out that both the position and the momentum of subatomic particles
cannot be accurately determined simultaneously.

During this period on the basis of the wave properties of electrons, Austrian Physicist Erwing
Schrondinger derived an equation called Schrondinger wave equation to describe the behaviour and
energies of electrons in an atom.

Based on this wave equation, the three dimensional region in space around the nucleus, where the
probability of finding an electron with a particular energy is determined to be maximum, is called the
atomic orbital.

On the basis of Schrodinger wave equation, a quantum mechanical model of atom has been proposed.
In this model, the state of an electron in an atom can be explained with respect to four quantum
numbers. Among these, three quantum numbers namely principal quantum number, azimuthal quantum
number and magnetic quantum number have been derived from Schrodinger wave equation.

Principal quantum number

The principal quantum number determines the energy of the orbital and its size. Its value can be any
positive integer. The larger is the principal quantum number, the higher is the energy of the electron and
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the greater is the average distance of the electron from the nucleus. The principal quantum number is
denoted by n wheren=1,2,3..... ..

Azimuthal quantum number

The azimuthal quantum number determines the shape of the orbitals. Except the first shell, all other
shells are associated with subshells.

It is denoted by ‘¢’ where the value ‘¢’ can be any positive integer from 0 to (n — 1) [n is the principal
quantum number]. For example, the shell for which n = 4, it has 4 subshells.

The azimuthal quantum number of these 4 subshells are 0, 1, 2 and 3 and they are denoted by letters
s, p, d, f respectively.

1 0 1s

2 0,1 2s,2p

3 0,1,2 3s, 3p, 3d
4 0,1,2,3 4s, 4p, 4d, 4f

Magnetic quantum number

The explanation for the splitting of a single spectral line of hydrogen atom into a number of closely
spaced lines in the presence of a magnetic field or an electric field was given by Lande. He postulated
that in the presence of an external electric field or a magnetic field, an electron can have different spatial
orientations for a particular angular momentum. The magnetic quantum number was introduced to
specify the further subdivisions of subshells or energy sublevels. It describes the spatial orientation of the
orbital. The magnetic quantum number is denoted by ‘m’ and have integral values from —( to +/(. For
example +1, +2.

1 0 0 1s
2 0 0 2s
1 -1,0, +1 2p, 2py 2p,
3 0 0 3s
1 -1,0,+1 3p, 3py 3p,
2 -2,-1,0,+1,+2

3dxy 3dyz 3dZX 3dX2 2 3Dzz

Spin quantum number

It was observed with the help of an instrument with high resolving power that the spectral lines of some
atoms consist of a pair of very closely spaced lines. To account for this fact, Austrian Physicist Wolfgard
Pauli suggested that these two closely spaced lines are the representation of the two different states of
electrons. These states were later on identified as the spin of the electron.
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In 1925, Uhlenbeck and Goud Smit suggested that electron rotates around its own axis either in a

clockwise or in an anticlockwise direction.

The angular momentum of the electron is not only due to its movement in the orbital, it also depends

on its spinning around its own axis. Angular momentum under this condition is called spin angular

momentum which is also quantized and can have two values +5 and S (+Ej corresponds to the

1
clockwise spinning and [—Ej corresponds to the anti-clockwise spinning of electron.

Pauli’s Exclusion Principle

Pauli’s exclusion principle states that “it is impossible for two electrons in a given atom to have all the
quantum numbers identical”.

Relation among quantum numbers following Pauli’s exclusion principle.

n=1
(K shell)

n=2
(L shell)

n=3
(M shell)

=0

s subshell
=0

s sub-shell

(=1
p sub-shell

=0
s sub-shell

(=1
p sub-shell

(=2
d sub-shell

m=20
m=20
m=-1
m=0
m=+1
m=20
m=-1
m=0
m=+1
m = -2
m=-1
m=10
m = +1
m = +2

+1/2,-1/2
+1/2,-1/2
+1/2,-1/2
+1/2,-1/2
+1/2,-1/2
+1/2,-1/2
+1/2,-1/2
+1/2,-1/2
+1/2,-1/2
+1/2,-1/2
+1/2,-1/2
+1/2,-1/2
+1/2,-1/2
+1/2,-1/2

2+ 6

2

2
2
2
2
2
2
2
2
2

+6=8

10

+6+10=18

(Continued on following page)
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(13 sh:ll) S sﬁb—sgell m=0 +1/2,-1/2 2
m = -1 +1/2,-1/2
=1 m =0 +1/2,-1/2 2t 6
p sub-shell = 41 11/2,-1/2
m=-2 +1/2,-1/2 2
s m = -1 +1/2,-1/2 2
d sub-shell m =0 t1/2,-172 2010
m=+1 +1/2,-1/2 2
m = +2 +1/2,-1/2 >
m=-3 +1/2,-1/2 2
m=-2 +1/2,-1/2 2
m = —1 +1/2,-1/2 2
(=3 m=0 +1/2,-1/2 2414
f sub-shell m=+1 +1/2,-1/2 2
m = +2 +1/2,-1/2 5
m = +3 +1/2,-1/2 5

2+6+10+14=32

Representation of an orbital

Since atomic orbital is a three dimensional space which represents the
maximum probability of finding an electron, it is difficult to give a
pictorial representation of the orbital.

An atomic orbital can be generally represented by a shaded figure
where the intensity of shading indicates the probability of finding an

electron in that area.

. Figure 3.3 s-orbital
Shapes of the orbitals g
When a boundary is drawn enveloping the region with maximum intensity of shading, the resultant orbital
diagram is called the boundary surface diagram.The atomic orbitals can be conveniently represented by
these boundary surface diagrams.
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s-orbitals These orbitals have only one orientation and they are spherical. The spherical regions
where the probability of finding an electron is zero are called nodal region. For an s-orbital of nth main
energy level, the number of nodal regions is given by (n — 1), where n indicates the main energy level.

Figure 3.4 The boundary surface
diagram of 1s orbital

p-orbitals They have two lobes and there are three orientations for p-orbitals represented as p_, p,
and p_. The subscripts x, y and z refer to the co-ordinate axes along which the density of the electrons
of the respective orbitals is maximum. The p-orbitals are dumb-bell shaped. The surface in which the
probability of finding an electron is zero is called nodal plane. For example, for p_orbital, ‘yz’ is the nodal
plane. Each ‘p’ orbital has one nodal plane, irrespective of the main energy level.

Figure 3.5 The boundary surface diagrams of the p orbitals

d-orbitals There are 5 d-orbitals represented as d_ » dyz, d, dxl-yﬁ ,d, .The orbitals d_ » dyz and d_ have

four lobes and these lobes lie symmetrically between the coordinate axes, for example, the lobes of dxy
lie symmetrically in between x and y axes.

The orbital deo o also has four lobes along x and y axes. The orbital d ,has a unique shape with two

lobes along z-axis and a ‘belt’ like space centred in the xy plane. Each d-orbital has two nodal planes.
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Figure 3.6 The boundary surface diagrams of five d-orbitals.

Electronic configuration of atoms

The distribution of electrons in the different orbitals belonging to different main energy level of an atom
is known as the electronic configuration of the atom of the given element. Some rules have been laid for
writing the electronic configuration of elements.

The study of the atomic spectra provided the information about the relative energies of the atomic
orbitals. The increasing order of the energy of different orbitals belonging to different main energy levels
was given by Aufbau principle.

‘Aufbau’is a German expression which means building
up or construction. According to Aufbau principle,
“the orbitals are filled up with electrons in the order
of their increasing energy”. The order of filling up of
various orbitals can be represented in the form of Moeller
diagram.

According to Pauli’s exclusion principle, two electrons in
an atom can have a maximum of three quantum numbers
that are same but the fourth one must be different.

According to Hund’s rule of maximum multiplicity,
pairing of electrons in a sub-shell starts when all the
degenerate orbitals are filled with unpaired electrons
with parallel spin. Hence pairing of electrons in p,d and f
sub-shells start with the introduction of 4th, 6th and 8th
electrons respectively.

Rules for filling up of electrons in the orbitals. Figure 3.7 Moeller diagram

(i) The maximum number of electrons in a main energy level is equal to 2n% where n is the number
of the main energy level.

(i1) The maximum number of electrons in a sub-shell or orbital like s, p, d and f is equal to 2(2¢ + 1),
where the value of £ is 0, 1, 2 and 3 respectively for s, p, d and f orbitals. Hence the maximum
number of electrons in s, p, d and f orbitals are 2, 6, 10 and 14 respectively.

(i) As a working rule, a new electron enters that orbital where (n + () is minimum, for example, the
(n + () value of 4s orbital is 4 + 0 = 4 and that for the 3d orbital is 3 + 2 = 5. Hence the electron
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enters 4s orbital before entering into 3d. In case (n + () value is equal for two orbitals, then the
electron enters that orbital whose n value is less. For example (n + ) value of 3d =3 + 2 =5 and
4p = 4 + 1 = 5, in this case, the electron prefers to enter the 3d orbital.

(iv) Each orbital (s,p_,p,p.,d.,d _ etc.,) can accommodate a maximum of two electrons with opposite
xty -~z Yy oyz
spin as given by Pauli’s exclusion principle.
The electronic configuration of an atom is written in terms of nl* notation where n indicates the
main energy level, | indicates the sub-shells or orbitals (s, p, d, f) and x indicates the total number of
electrons present in the sub-shell.

(v) Electrons enter the orbitals p, P, P, d, » dyz etc in such a way that maximum number of unpaired
electrons remain in a sub-shell and the unpaired electrons spin in the same direction.
Hence in the sub-shells p, d and f, the electrons prefer to occupy separate orbitals rather than getting
paired in an orbital.

As a result of this, pairing takes place only with the entry of 2nd electron in the s-orbital, 4th
electron in the p-orbital, 6th electron in the d-orbital and 8th in the f-orbital. These orbitals are
identical in energy in the absence of any electric or magnetic field and are called as degenerate
orbitals.

(vi) Half filled or completely filled sub-shells impart greater stability to the atoms.

Hence, actual electronic configuration of some transition elements are different from the expected
electronic configuration.

@ Example

Expected electronic configurations of chromium and copper are 3d*4s* and 3d%4s’ respectively.

But their actual electronic configurations are: Chromium: 3d°4s' and Copper: 3d'"4s'. Most of the
exceptions to the electron configuration predicted from the Aufbau principle occur among elements
with atomic number Z > 20.

Electronic configuration of elements upto Z = 54

1s 2s 2p 3 3p 3d 4s 4p 4d 4f 55 5p 5d 5f

H 1 1

He 2 2

Li 3 2 1

Be 4 2 2

B 5 2 2 1

C 6 2 2 2

N 7 2 2 3

O 8 2 2 4

F 9 2 2 5

(Continued on following page)
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15
16
17
18
19
20

Cl

Ar

Ca

21

Sc

22
23

Ti

24
25

Cr

Mn

26

Fe

27

Co

28

Ni

10
10

29

Cu

30
31

Zn

Ga

32
33
34
35

Ge

As

Se

Br

36
37
38
39
40

Kr

Rb

Sr

Zr

41

Nb

42
43

Mo

Tc

44

Ru

(Continued on following page)
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Rh 45 2 2 6 2 6 10 2 6 8 1

Pd 46 2 2 6 2 6 10 2 6 10 0

Ag 47 2 2 6 2 6 10 2 6 10 1

Cd 48 2 2 6 2 6 10 2 6 10 2

In 49 2 2 6 2 6 10 2 6 10 2 1
Sn 50 2 2 6 2 6 10 2 6 10 2 2
Sb 51 2 2 6 2 6 10 2 6 10 2 3
Te 52 2 2 6 2 6 10 2 6 10 2 4
I 53 2 2 6 2 6 10 2 6 10 2 5

Xe 54 2 2 6 2 6 10 2 6 10 2 6

test your concepts @ e-

Very short answer type questions

. How are the subatomic particles arranged in an atom, according to modern structure of atom?
. Why did Sommerfeld extend Bohr’s theory?

. What is a fine spectrum?

. What was the requirement for introducing magnetic quantum number?

. What is principal quantum number?

. Why did the spin quantum number come into existence?

. The region having maximum probability of finding an electron in space is known as

. What do you mean by the dual nature of an electron?

O 0 NN N AW N e

. According to de Broglie, what is the relation between the wave length of the wave associated with the
moving electron and momentum of the electron?

10. Define an atomic orbital.

11. What was the requirement for introducing atomic orbital concept?
12. The value of { for an orbital having five degenerate orbitals is

13. How many orbitals are there in K, L, M and N shells? What are they?
14. What is the shape of a ‘s’ orbital? Draw the diagram.

15. Why does L shell not have d orbitals?

16. What do you mean by degenerate orbitals? Give examples.

17. The valence electronic configuration of magnesium is



18. How many nodal surface(s) can 5s orbital have?

19. Magnetic quantum number specifies

20. In the pictorial representation of an orbital, what is the role of different intensity of shading?
21. In the degenerate orbitals, unpaired electrons have spin.

22. Nitrogen atom has unpaired electrons, according to rule.

% atoms is

23. The ratio between the number of neutrons present in C'? and Si
24. The electronic configuration of copper is

25. How is the order of the energy of the atomic orbitals established?

26. In how many d-orbitals do the lobes lie in between coordinate axes? What are those?
27. When 4p orbital is completely filled then next electron goes to

28. How will you find out the maximum number of electrons in the main energy level?
29. The number of unpaired electrons present in Fe* is

30. Which one of the following (a or b) electronic configuration is more stable and why?
(a) 3d*4s® (b) 3d° 4s'

Short answer type questions

31. (a) What is azimuthal quantum number?

(b) Why did Sommerfeld introduce this quantum number?

32. What are the drawbacks of Bohr’s theory?

33. Account for the very stable nitrogen atom in contrast to its neighbouring carbon and oxygen atoms.
34. What leads to the establishment of the particle nature of electron?

35. What is Heisenberg’s uncertainty principle?

36. How did Sommerfeld explain the fine structure of hydrogen spectrum?

37. According to Pauli’s exclusion principle, what is the maximum number of electrons that can be present
in d and f-orbitals? Explain.

38. Write the electronic configuration of the following elements.

A 23
B 38
C 35
D 20
E 18

39. What does Hund’s rule for maximum multiplicity state?
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40.
41.

42.
43.
44.
45.

Explain how the Bohr’s atomic model was contradictory to Heisenberg’s uncertainty principle.

Worite the electronic configurations of the noble gases starting from helium and predict their atomic
numbers

How many nodes are present in 3s, 3p and 3d orbitals?
Describe the shape of different p-orbitals.
Calculate the maximum number of electrons in 1st, 2nd, 3rd and 4th shells.

Draw the diagram of different d-orbitals.

Essay type questions

46.

47.
48.

49.
50.

(a) Explain Zeeman effect and Stark effect.

(b) How are they related to magnetic quantum number? Explain

What are the different rules for filling up the orbitals? Explain each rule in detail.

Discuss the four quantum numbers. Explain the interrelationship among the four quantum numbers.
Also explain the significance of a quantum number.

What was the basis for the origin of the concept of an atomic orbital? Define atomic orbital.

Explain dual nature of electron on the basis of de Broglie’s theory. State Heisenberg’s uncertainty
principle. How did it contradict Bohr’s theory?

CONCEPT APPLICATION
) concepTappLicATION B

Concept Application Level—1

Direction for questions 1 to 7: State whether the following statements are true or false.

[ B S

. The dual nature of electron was given by Sommerfeld.

. Among 4p, 4s, 3p and 3d orbitals, 3d orbital has the least energy.

. Azimuthal quantum number indicates the angular momentum of an electron.

. Any two electrons in an atom can have maximum of three quantum numbers same.

. Pairing of electrons in degenerate orbitals takes place only when the degenerate orbitals are filled with

. Bohr’s theory can explain the spectra of multi electron species.

. In iron, the differentiating electron enters into the orbital of penultimate shell.

one electron each.

J
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Direction for questions 8 to 14: Fill in the blanks.

8. For a given value of °(’, the total number of ‘m’ values are

9. If the azimuthal quantum number of an electron is 2 then the shape of orbital is
10. The value of Planck’s constant is
11. The ratio of energy to frequency of electromagnetic radiation is equal to

12. The minimum angular momentum of an electron with the magnetic quantum numbers —1, 0, +1 is

13. Bohr’s model introduced the concept of quantization of
14. The ratio of the energies of two different radiations whose frequencies are 3 X 10" HZ and

5% 10" HZ is

Direction for question 15: Match the entries given in column A with appropriate ones from
column B.

15.
I
A. Be () a. [He]2s2p®
B. Ne () b. [He]2s?
C. Si () C. [Ne]3s%3p?
D. P () d. [Ne]3s?3p®
E. Cl () e. [Ne]3s*3p?

Direction for questions 16 to 30: For each of the questions, four choices have been provided.
Select the correct alternative.

16. The Bohr’s model could successfully explain
(1) the stability of the atom.
(2) the atomic spectra of hydrogen atom.
(3) the calculation of energy of the electron in a particular orbit of hydrogen atom.
(4) All the above

17. Among the following, the orbital that has the lowest energy is

(1) 5¢ (2) 4f (3) 6s 4) 6p
18. What is the maximum number of electrons, present in an orbit whose angular momentum is —?
T
(1) 18 2 2 (3) 32 “4) 8

19. “The simultaneous location of both the position and the velocity of an electron in motion cannot be
found with desired accuracy”.This was proposed by

(1) Bohr (2) Heisenberg (3) Sommerfeld (4) de Broglie
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20. Which of the following sets of quantum numbers represents electron in hydrogen atom?

M1 1,1,0,+% 2 1,0,0,+ % (3 3,0,0,-"% 4) 4,2,1,-"%
21. The electronic configuration of chromium is

(1) [Ar] 3d° 4s' (2) 3d°4s' (3) [Ar] 3d* 4s° (4) 3d*4s’

22. The electronic configuration in which Pauli’s exclusion principle or Hund’s rule is not violated is

IRy tL ]t @ | 1y el [t
2s 2p, 2p, 2p, 2s 2p, 2p, 2p,

AR o @ s N
2s 2p, 2p, 2p, 2s 2p, 2p, 2p,

23. In the following pairs, identify the pair having a different (n + () value?

(1) 4s, 3p (2) 3d,4p (3) 4s,3d (4) 44, 5p
24. The maximum value of { for n = 4 is
1 2 2 4 3 3 4) 5
25. The maximum number of electrons that can be accommodated in p - sub-shell is
1 2 2 4 3 o6 410
26. Which of the following sets of quantum numbers is correct for an electron in 3d orbital?
(1) 3,0,0,+ 7% @2 3,1,1,-% 3 3,2,1,+% 4) 3,2,3,-%

27. Probability of finding d, electron is zero along the

(1) x - axis (2) y-axis (3) z - axis (4) all the above
28. Heisenberg’s uncertainity principle is not applicable to

(1) all the bodies moving with high speed

(2) protons

(3) electrons

(4) all the micro particles moving with high speed

29. If 20 electrons are present in the 4th orbit then the atomic number of that element is

(1) 58 @ 59 (3) 56 4) 60
30. Zeeman and Stark effects can be explained by quantum number.
(1) principal (2) azimuthal (3) magnetic (4) spin

Concept Application Level—2
31. ‘p’ orbital has a nodal plane while ‘s’ orbital has a nodal region. Elaborate with the help of a diagram.

32. What is the common nodal plane of d andd?

33. The number of nodal regions for an ‘s’ orbital is given by (n — 1). How do you account for this?

N

S2

J
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34. Compare the energy released during direct electronic transition from 4th orbit to 1st orbit
with the energy released during successive electronic transitions between the same orbits in
H-atom. Is the energy of all successive transitions between 4th orbit and 1st orbit equal?

35. “Wave nature of matter is applicable only for subatomic particles and not for larger objects”. Justify this
statement.

36. Are the magnetic quantum number and angular momentum of an electron related to each other?
Explain.

37. What is the maximum number of electrons present in the main energy level in which the ‘g’ sub-
shell appears for the first time? Find the atomic number of the element to be discovered in which the
differentiating electron is the only electron in the first ‘g’ susbshell.

38. If the angular momentum of an electron is 3.16 X 107" kg m*/s and the radius and energy of an orbit
in which the above electron is present is 0.6 X 107" m and 2.4 X 107'® J respectively then calculate the
radius and energy of 2nd orbit of that atom?

39. When the electrons are successively filled in the orbitals of same shell, orbital, which is filled at the end,
requires less energy to remove electron. Justify.

40. Atomic number of an element is 42. Find out the number of electrons present in the valence shell.
41. Arrange the following ions in the increasing order of unpaired electrons. Na*, Cu*', N, O~, P and Cr.

42. Arrange the following orbitals in the order in which they are filled with electrons and justify the order.
6s, 5d, 6p, 7s, 5f.

43. N shell of an element contains 10 electrons. Then write the electronic configuration of stable ion?

44. If an atom of an element has 8 electrons in a sub shell having 5 orientations of 4th energy level, write
the electronic configuration of the element and four quantum number’s for valence electrons?

45. The energy of an electron in a particular orbit of Li*? is — 30.6 eV.What is the energy of an electron
in the same orbit of Be*??

Concept Application Level—3
46. “Velocity of an electron decreases as we go farther from the nucleus”. Justify.

47. Energy of an electron increases with increase in distance from the nucleus. Comment on the change
in kinetic energy and potential energy.

48. How does de Broglie’s theory support Bohr’s theory?

49. Do all the single electron species of various elements possess same energy for the electron in the
ground state? Give reason.

50. Two electronic transitions were found to take place in single electron species. One is deactivation of
electron from the 5th shell to the 4th shell and the other is from the 2nd shell to 1st shell. Do the
energies emitted due to the above transitions have the same wavelength? Justify.

- /




key points for

-
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3

10.

11.

13.

14.
15.

16.

19.
20.
24.
25.

Very short answer type questions
1.

Electrons revolving around the nucleus, protons
and neutrons are present in the nucleus.

. To explain the fine spectrum of H-atom.

. Splitting of a spectrum into closely spaced lines.
. To explain Zeeman and Stark effects.

. The number indicating the main energy level.

. Presence of pair of very closely spaced lines in

the spectrum of an atom.

. orbital

. Electrons possess both wave and particle nature.

h

A= —

mv

The three dimensional region where the
probability of finding an electron is maximum
around nucleus.

To explain the position of electron in three
dimensional view.

For K shell one orbital; it is s

For L shell two orbitals; they are s and p

For M shell three orbitals; they are s, p and d
For N shell four orbitals; they are s, p,d and f

Spherical

As n = 2,1 can have 2 values. They are “0” and
“1”. When £ = 0 it is s sub-shell and { = 1 it is p
sub-shell.

Orbitals of a given sub shell having same energy
Example:p , P, P,

Orientation of orbitals in space
To find the maximum probability of an electron.
[Ar] 3d'4s'

Based on Aufbau principle.

26.
28.
30.

selected questions

Three dxy, dyz and d_.
Based on formula 2n?

Half-filled electronic configuration.

Short answer type questions

31.

32.

33
34
35

36.

37.

38

39.

41.

44.

(i) Shape of sub-shells.
(i) Fine spectrum.

(i) Fine structure of atomic spectra.
(i) Spectra of multielectron species
(ili) Zeeman effect and Stark effect

Electronic configuration
Quantum theory of radiation.

Determination of position of electron,
momentum of electron.

(1) Main shell is associated with several sub-
shells.

(i) Azimuthal quantum number.

(i) Maximum number of electrons in any
orbital is two

(i) ¢ value for d and f orbital.

Ascending order of energies of different orbitals

is

1s <25 <2p <3s < 3p <4s < 3d <4p <5s
(i) Pairing of electrons.

(i) Degenerate orbitals.

(i) Fixed orbits, fixed velocities.
(i) Exact position and velocity of an electron.

(i) Similarity in the electronic configuration of
noble gases.

Relation between electronic configuration
and atomic number.

(1)

2n?, where n is principal quantum number.

Essay type questions

46.

(i) Influence of electric or magnetic field. /
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key points for

47.

48.

N

(i)

(i)
(iv)

(i1)

Magnetic quantum number gives spatial
orientations of orbital.

(1) Relative energies of orbitals on the basis of
(n + 1) value.

Maximum number of electrons in any
orbital.

Pairing of electrons in the degenerate
orbitals.

(i1)

(i) Relation between n and |

(i) Relation between 1 and m
Location of electron
Maximum number of electrons
accommodated

49.

50.

@
(i)
(i)
(iv)

@
(i)
(i)

selected questions

Heisenberg’s uncertainty principle

Dual nature of electron

Schrodinger wave equation

The space around the nucleus where the
probability of finding electron is maximum.

Electron has both wave nature and particle
nature.

Determining simultaneously the exact
position and momentum of the electron.
Definite energy levels for electron,
velocities of electron in different energy
levels.

Concept Application Level—1

True or false

1.

. False

NN U e W

False

. True
. True
. True
. False

. True

Fill in the blanks

8.
9.
10.

11

12.

13.
14.

88

20 + 1
double dumb-bell
6.627 X 10 erg sec. or 6.627 X 10 joule sec.

. Planck’s constant

h

T

angular momentum and energy

35

Match the following
15.

A
B

C
D
E

b

a
(S

C

d

Multiple choice questions
Choice (4)
Choice (3)
Choice (3)
Choice (2)
Choice (2)
Choice (1)
Choice (2)
Choice (3)
Choice (3)
Choice (3)
Choice (3)
Choice (4)

16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.



28. Choice (1)
29. Choice (2)
30. Choice (3)

Concept Application Level—3
Key points

31. (i) Shape of's and p orbital.
(i) Orientation of lobes of p orbital and s
orbital in space.
(iii) Areas of zero probability of electron in s
and p orbitals.
(iv) Comparison of these areas of s and p
orbitals.

32. (i) Shape ofd , dxy orbitals.
(1)) Orientation of lobes of dxy, d_ orbitals

(i) Planes where probability of finding an

electron is zero.
33. Nodal region for 1s orbital.
34. Expression for energy of electron in nth orbit.

35. (1)
(i) Relation between mass and wavelength

(iif)

de Broglie’s wave equation.

Relation between wavelength and nature
of light.

36. (i)
(i1) Degeneracy of orbitals.
(iii) Effect of a magnetic field.

37. ()
(i1) Total number of degenerate orbitals in ‘g’

sub-shell.
Number of electrons in ‘g’ sub-shell

Significance of magnetic quantum number

0’ value for g sub-shell

(iii)
(iv) Main energy level in which ‘g’ sub-shell
first appears.

(v) Orbitals which have lower energy than the

first ‘g’ orbital.

38. ()

(i) Calculation of principal quantum number

Quantization of angular momentum

from angular momentum.
(ii1) Calculation of radius.
(iv)

Calculation of energy of an electron.

39.
40.
41.
42.

43.
44,

45.

46.

47.

48.

49.

50.

Reequisite for filling up of orbitals.
Electronic configuration of the element.
Electronic configuration of the respective ions.

(1) Aufbau principle
(1) n + ( values of the given orbitals
(i) Relation between energy and
n + ( value
(iv) Relation between energy and the value of
‘n’ for the orbitals which have the same n
+ [ values

Identification of atomic number.

Identification of quantum numbers
corresponding to the number of orientations.

(1) Comparison of atomic numbers.

(i) —54.4 eV

(i) Nuclear force of attraction
(1)) Relation between velocity and nuclear
force of attraction.
(i) Relation between nuclear force and
principal quantum number.
Factors affecting kinetic energy and potential
energy of an electron.

(i) Wave nature of an electron revolving in a
particular orbit.
(i) Behaviour of an electron.
(i) Relation between circumference of Bohr’s
orbit and the number of wavelengths.

(iv)

R eason for revolution of electron around the

Quantization of energy

nucleus.

(i) Calculation of energy emitted due to the
above transition.
(i) Calculation of difference in energy
between 5th and 4th and 2nd and 1st shell.
Relation between the energy and the
frequency of the electromagnetic radiation.
Relation between frequency and the
wavelength of the electromagnetic
radiation.
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Periodic Table

INTRODUCTION

Chemistry involves the study of various elements and their compounds which are quite essential since

90

they invariably find a number of applications in various fields of industry. The discovery of elements is
a Continuous process with new elements being added to the existing ones. There are 116 authorized
elements at present and few more elements have been discovered and yet to be authorized. The study
of hundred odd elements and the innumerable compounds formed by them is a tedious task. Therefore,
classification of elements has been necessitated for a systematic study. This idea of classification of elements
ultimately culminated into the arrangement of elements into a periodic table.

The periodic table of elements can be considered as a single document which reflects the behaviour
of elements in a simple and logical way. That means, just by knowing the position of an element in the
periodic table, it is possible to predict the nature and behaviour of the elements. In fact, the organization
of the elements into a periodic table was a major breakthrough in the history of chemistry.

Historical aspects

Classification of elements into metals, non metals and metalloids could not serve the purpose because
the elements within a category also show characteristic differences in properties. One of the earliest
attempts of classification was made by Dobereiner on the basis of atomic weights. According to this
classification, the elements are grouped into triads in which the atomic weight of the middle element
is the approximate average of the atomic weights of the other two elements. This classification had a
major drawback in that only few elements could be grouped into triads which reflected proper trends
in properties.
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Another similar attempt was made by Newland who proposed the famous law of octaves. According
to this law, the properties of every eighth element is a kind of repetition of the first. This classification
could hold good only upto atomic weight 40 and failed beyond that. The first systematic classification
of all the then known elements was made by Mendeleeft by taking atomic weight as the fundamental
characteristic property.

Mendeleeff’s Periodic Table

According to Mendeleeft, the properties of elements were related to their atomic weights. On this basis,
he formulated his periodic law which states that the physical and chemical properties of the elements
are the periodic functions of their atomic weights. Therefore, the elements have been arranged in the
increasing order of their atomic weights. He compiled a periodic table by arranging the 63 elements
known then in eight vertical columns called groups and seven horizontal rows known as periods.
Later when the noble gases were discovered, Mendeleeff gave a modified periodic table by including
the noble gases in zero group. He categorized the table into eight (columns) groups and seven periods
(rows). The groups range from zero to VIII and these except the zero and eighth group were further
subdivided into two subgroups A and B. He numbered the periods from 1 to 7 of which the 7th period
is incomplete.

Merits of Mendeleeff’s periodic table

1. Mendeleeft left some gaps for some undiscovered elements in the periodic table. The properties of
these elements could be predicted based on the properties of other elements present in the same
group. He named these missing elements as Eka boron, Eka aluminium and Eka silicon which
were later discovered and named as scandium, gallium and germanium respectively.

2. Mendeleeff corrected the doubtful atomic weights of some elements like indium, beryllium
and uranium.

Limitations of Mendeleeff’s periodic table

1. In certain parts of the periodic table, element with a higher atomic weight was placed before that
of the lower atomic weight in order to maintain the gradation in properties. These are known as
anomalous pairs. Examples of anomalous pairs are

(1) Co Ni @) Te I (iii) Ar K
58-9 586 127.6 126.9 3994 39-10
2. The isotopes of an element have difterent atomic weights. But there is no position for the isotopes
in Mendeleeft’s periodic table.

3. Three groups of three transition elements are placed in group VIII of the periodic table. They
should have been given separate positions.

Transition elements were placed with other elements under the same group.

5. Coinage metals were placed along with alkali metals.
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Owing to these limitations and the later discovery of atomic structure, Mendeleeft’s periodic table
has no practical significance at present. Nevertheless, its significance lies in the fact that the concept of
periodicity in properties and the resultant arrangement of elements into a periodic table originated from
Mendeleeff’s classification of elements.

After the discovery of fundamental particles, it has been established that electrons only take part in
chemical reactions. Therefore, Moseley considered atomic number as the fundamental characteristic of
elements.

Modern periodic table - the long form of the periodic table

In this the atomic number, i.e., the total nuclear charge is used as the basis of the periodic table instead
of the atomic weight. This observation led to the modern periodic law which states that “The physical
and chemical properties of elements are the periodic functions of their atomic numbers or electronic
configurations.”

Thus, according to the modern periodic law, if the elements are arranged in the order of their increasing
atomic numbers, the elements with similar properties are repeated after certain regular intervals.

The periodic table consists of 7 horizontal rows called periods and 18 vertical columns called groups.

The groups are numbered from I to VIII and the zero group.The groups from I toVII are further divided
into A and B.VIII group consists of 3 vertical columns. All the noble gases are kept in zero group.

This is the very short period consisting of only two elements, hydrogen and helium.The

L elements have only one shell.
5 This is a short period.These elements have two shells. It has eight elements Li to Ne.These are
’ called bridge elements.
3 This is called a short period. It has 8 elements ranging from Na to Ar.These are called the
’ typical elements.
4 This is called a long period. It has 18 elements K to Kr. It consists of first transition series
’ elements that is from Sc to Zn.
5 This is the second long period. It has 18 elements Rb to Xe. It consists of second transition
’ series elements that is fromY to Cd.
This is the very long period. It has 32 elements Cs to Rn. It has the third transition series
6. . . .
elements i.e., from La to Hg and also, the 14 inner transition elements Ce to Lu.
Incomplete period.The elements are radioactive. The elements succeeding uranium are all
7 artificial elements. These are called transuranic elements. This period includes the elements of

fourth transition series which is incomplete and the 14 inner transition series elements i.e.,
from Th to Lr.
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Division of periodic table into blocks

Depending on the subshell into which the differentiating electron enters, the elements are categorized

into four blocks.The newly added electron in an atom of an element is called the differentiating electron.

s-block  The differentiating electron ~ Group I A — alkali metals.

enters the valence s-subshell. Group II A — alkaline earth metals
Left part of the periodic table.
It consists of only metals.

p-block  The differentiating electron  IIT A

enters the valence p-subshell IV A
VA
VIA
VII A (halogens)
Zero group
It consists of metals, non-metals and metalloids and noble
gases. p block constitutes right part of the periodic table. s and
p block elements except zero group are called representative
elements.

d-block  The differentiating electron  III B,IV B,V B,VI B,VII B,VII],I B,II B

enters the penultimate d-sub ~ These are called transition elements.
shell It consists of only metals placed in between left and right parts
of the periodic table.

f-block  The differentiating electron  III B.

enters the antipenultimate These are the inner transition elements kept separately at the
f-subshell bottom of the periodic table. It consists of only metals.

Merits of the long form of periodic table

1.

The classification is based on the atomic number of elements, which is more fundamental than the
atomic weight.
Elements belonging to the same group have same number of electrons in their valence shells and
show similar chemical characteristics.
Variation of chemical properties along a period is correlated with gradual filling of electrons in a
particular shell in the period.
Placement of inert gases at the end of each period is logical since it represents completion of
corresponding valence shells. Inertness of these elements also could be explained on the basis of
electronic configuration.
Certain types of elements like

(1) active metals,

(i) transition metals,
(ii1) noble gases and
(iv) inner transition elements (lanthanides and actinides) have their specific locations in this

periodic table.
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6. This arrangement of the elements is easy to remember and to reproduce since it is based on
electronic configuration.

Defects of the long-form of the periodic table

1. The position of hydrogen in the periodic table is controversial because hydrogen with one electron
in its valence shell shows similarities with both alkali metals and halogens. Therefore, placing
hydrogen in IA group is not completely justifiable.

2. The elements lanthanides and actinides could not be placed in the main body of the modern
periodic table.

3. This periodic table does not reflect the exact distribution of electrons of some of the transition and

inner-transition elements.

The properties of the elements however can be predicted based on their position in the periodic table.

Periodicity

The regular gradation in the properties of elements and their repetition at regular intervals is called
periodicity. The properties which show such regular trend are called periodic properties.

Periodic properties

1. Atomicsize

Atomic size is defined in terms of atomic radius which is the distance between the nucleus and the
valence shell. However, it is not possible to measure the atomic radius directly as an individual atom
cannot be isolated.

There are two different ways of measuring the atomic radius:

(i) Covalent radius The atomic size of the non-metals is determined by taking half the distance
between the nuclei of two like atoms bonded together by a single covalent bond.

(i) Metallic radius It is determined by taking half the distance between the nuclei of two adjacent
metal atoms in a metallic crystal.

Variation of atomic size

(i) Period The atomic size generally decreases from left to right along the period. This is because
along a period the electrons are added to the same energy level, which leads to an increase in the
effective nuclear charge on the outermost shell, thereby decreasing the size of the atom.

Exception In the noble gases, due to interelectronic repulsions, the size is larger than the
corresponding halogen.

(i) Group On going down the group, a new shell is being added from one element to the other. As

the electron is added to a shell farther from the nucleus, the effective nuclear force of attraction
on the valence shell decreases, thereby increasing the size of the atom.
Exception Atomic sizes of 5th period elements does not show much increase from the
corresponding 4th period elements of same groups.This is because of the addition of 14 electrons
in the antipenultimate ‘f” subshell of lanthanide elements. The contraction in atomic size among
lanthanide elements is called lanthanide contraction.
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2. lonization energy

Ionization energy of an element is the minimum amount of energy required to remove the outermost
electron from an isolated neutral gaseous atom of that element in its lowest energy state to form a cation.
This is called the first ionization potential.

The minimum amount of energy required to remove the electron from a gaseous atom is called
its first ionization potential. The second ionization potential is the energy required to remove
the electron from the outermost shell of a unipositively charged gaseous ion. Similarly, we can define
the third, and the fourth ionization energies or ionization potentials. If the first ionization energy is
considered as I, and the second as I, and so on then, [, <[, <L, <1 <
have as many ionization potentials as there are electrons in it.

...... Theoritically, an atom can

This successive increase in the values of ionization potential is due to increase in effective nuclear
charge from the neutral atom to the respective ions.

Variation of ionization potential

(1) Period Ionization energy generally increases from left to right along a period. This is because
along a period, the atomic size decreases and the valence shell is closer to the nucleus. Thus more
energy is required to remove an electron from the valence shell.

(1) Group The ionization energy decreases from top to bottom in a group because the atomic size
increases down the group, thus resulting in decrease in the effective nuclear force of attraction.

Graphical representation of variation of I.P. with atomic numbers
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Figure 4.1 The ionization energies of the elements (Hydrogen to Krypton)
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Conclusions from graph:

1. The noble gases occupy the highest positions indicating that these have exceptionally high ionization
potential values.

2. Variation of ionization potential from nitrogen to oxygen and phosphorus to sulphur does not
follow the regular trend.

3. The variation of IP in transition metals is more regular and marginal in comparison to the
representative elements.

3. Electron affinity

The amount of energy released when an electron is added to an isolated neutral gaseous atom in its
lowest energy state to produce an anion is called the electron affinity.

Variation of electron affinity

(1) Period As the atomic size decreases and nuclear charge increases from left to right across the
period, the electron affinity values generally increase.

(il) Group The electron affinity gradually decreases from top to bottom due to the steady increase in
atomic radius and the resultant decrease of effective nuclear charge.

Graphical representation of electron affinity with atomic numbers
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Figure 4.2 Atomic number

Conclusions drawn from the curve:

1. The noble gases show zero electron affinity values indicating that the addition of an electron to
those atoms is not possible.
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2. The elements of ITA group show negative values for electron affinity which indicates that the
addition of electron is associated with the absorption of energy.

3. Halogens occupy the highest positions in the curve which shows maximum tendency to form
negative ions.

4. Electronegativity

Electronegativity of an element is defined as the tendency of an atom to attract the shared pair of
electrons towards itself in a bonded molecule.

Since electronegativity is a relative value, measurement of absolute value is not possible. One way
of measurement of electronegativity is to take an average of ionization potential and electron affinity.
In the other method, fluorine is taken as standard and the electronegativity values of other elements are
calculated with respect to fluorine.

Variation of electronegativity

(1) Period Electronegativity increases along a period from left to right.This is due to the increase in
nuclear charge and decrease in atomic size.

(i) Group Electronegativity decreases from top to bottom in a group due to an increase in the
atomic size.

5. Electropositive character

Electropositive character of an element is its ability to lose one or more electrons to form a positively
charged ion.

The electropositive character of an element depends on its ionization potential. An element in which
the atom has greater ability to lose an electron means that it has low ionization potential and high
electropositivity. Such an element acts as a good reducing agent.

An element which has a high ionization potential has low electropositivity and hence cannot give out
electron easily. Such an element acts as a good oxidizing agent.

Variation of electropositive character
(i) Period The electropositive character decreases (the oxidizing capacity increases and the reducing
capacity decreases) from left to right along a period due to the increase in ionization potential.

(i) Group Due to the decrease of ionization potential and electron affinity down the group the
electropositivity increases, oxidizing capacity decreases and reducing capacity increases.

6. Metallic and non-metallic property

Metals can generally give away electrons easily and form positive ions while non-metals generally accept
electrons and form negative ions.
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Variation of metallic and non-metallic properties

(1) Period As the electronegativity increases from left to right along a period, the metallic character
decreases and the non-metallic character increases.

(i) Group As the electronegativity decreases from top to bottom in a group the metallic character
increases and non-metallic character decreases.

Thus the right side of the periodic table (p-block) comprises of non-metals, metalloids and metals.
The left side of the table is completely occupied by metals. The middle portion (d-block) as well as the
bottom portion (f-block) are comprised of metals.

This kind of distribution shows that though the periodic table is comprised of metals, non-metals and
metalloids, 75% of the elements are metals. Since the metals have certain characteristic properties which
clearly distinguish them from the rest of the elements, the study of metals gained significance. The metals
also differ among themselves in their properties and hence they are placed in the respective positions in
the periodic table.

For example, alkali metals which possess one electron in their valence shells are grouped together in
group IA of the modern periodic table. Similarly, the alkaline earth metals which possess two electrons in
their valence shells are placed in Group IIA of the periodic table. These two categories of metals belong
to ‘s’ block of the periodic table.

The other two categories are transition metals and inner transition metals. These metals have certain
specific properties which are not exhibited by any other groups of elements. Some of the specific
properties of transition metals which clearly distinguish them from the other metals are paramagnetic
nature of the atoms and ions, formation of coloured compounds, exhibition of variable oxidation states
in their compounds.

Formation of coloured compounds

All the compounds of alkali and alkaline earth metals are colourless. However, many compounds of
transition metals have their characteristic colours due to the presence of incomplete d-sub shells.

@ Examples CuSO, 5H,0 Blue
K,Cr,O, Orange
KMnO, Violet
CuCl, Bluish green
FeSO, Light green

These elements also do not show a regular trend in the common periodic properties studied separately.
Therefore, these are placed in the ‘d’ block of the periodic table and are studied separately.
Comparative study of alkali metals and alkaline earth metals

Alkali metals and alkaline earth metals belong to ‘s’ block of the periodic table and they show regular
gradation in the properties.
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Melting and boiling points of alkali metals are lower than those of alkaline earth metals as well as
transition metals to their right.

Reaction with water
Alkali metals react vigorously with water and liberate hydrogen gas. Reaction of lithium is less vigorous.

M+ 2H,0 — MOH + H,
(Alkali

metal)

Alkaline earth metals also react with water to liberate hydrogen gas.

M + 2H,0 - M(OH), + H,
(Alkaline
earth
metal)

The reaction is less vigorous in case of alkaline earth metals when compared to alkali metals.

Reaction with oxygen
Alkali and alkaline earth metals burn in the presence of O, to give their corresponding oxides.

M + O, - 2MO
(Alkali metals)

2M + O, — 2MO
(Alkaline
earth metals)

Sodium (alkali metal) and barium (alkaline earth metal) also give their stable peroxides along with
the oxides.
2Na + O, > Na,0,

Ba + O, = BaO,

Reaction with hydrogen
Alkali metals and alkaline earth metals react with H, and form their stable hydrides.

2M + H, — 2MH
(Alkali

metals)

M + H, — MH,
(Alkaline
earth metals)

Beryllium hydride is unstable.
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All the hydrides of alkali and alkaline earth metals get readily hydrolysed by water and liberate
hydrogen gas.

2MH + 2H,0 - 2MOH +2H, T
(Alkali

metals)

MH, + 2H,0 - M(OH), + 2H,T
(Alkaline
earth
metals)

Reaction with chlorine

All the alkali metals and alkaline earth metals react with chlorine to give their corresponding chlorides.

2M + Cl, — 2MdCl
(Alkali

metals)

M + Cl, - MCL
(Alkaline
earth
metals)

test your concepts @ e«

Very short answer type questions

1. Why did Mendeleeff arrange the elements in the increasing order of their atomic weight in his periodic
table?

2. How was the problem of placement of isotopes in Mendeleeft’s periodic table overcome in Modern
periodic table?

. Why did Newland’s law of octaves fail?

. Zero group elements are known as gases.

. Why are the ‘s’ and ‘p’ blocks elements called representative elements?
. General electronic configuration of s-block elements is

. Describe the trend of oxidizing and reducing property along a period and a group of the periodic table.

L N o G s W

. Name the elements whose atomic weight was corrected by Mendeleeft.



9.
10.
11.

12

13.
14.
15.
16.
17.
18.
19.
20.

21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

Describe the trend of electron affinity along a period.
Describe the trend of atomic size along a period and a group in the periodic table.

Which periods are called the short periods and which are called the long periods? Why?

. Describe the trend of ionization potential along a period and a group in the periodic table.

Why are the chemical properties of the elements belonging to the same group similar?

Why is it that hydrogen can be placed in both I A group and VII A group of the modern periodic table?
An element, the atomic number with 36 belongs to group and period.

What do you mean by representative elements? Give an example.

Which group contains the noble gases and what are the special characteristics of these gases?

General electronic configuration of chalcogens is

Describe the trend of ionization potential down the group in the periodic table.

Describe how the metallic and non metallic characters vary along a period and group of the periodic
table.

The elements present in and periods can exhibit diagonal relationship.

lonization potential value of Cs is equal to the electron affinity value of its corresponding
block elements can exhibit variable number of oxidation states.
‘What is a covalent radius?
In the long form of periodic table group contains the maximum number of elements.
Anion size is always than the parent atom.
How does the electron affinity vary in the first transition series?
In f-block elements differentiating electron enters into f-orbital of shell.
group elements are the strongest reducing agents.

‘What is metallic radius? Give the implication of measuring a metallic radius.

Short answer type questions

31.
32.
33.
34.
35.

What are the merits of Mendeleeff’s periodic table?

What are the achievements and the limitations of Newland’s classification?

What are the advantages of the classification of elements?

Why are the lanthanides and the actinides given a separate position in the modern periodic table?

Are all the elements present in III B of same type? Explain.
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36. Describe how effective nuclear charge changes along a period and a group in a periodic table.

37. Why is the modern periodic table also referred to as Bohr’s table?

38. Why are the values of the first, the second, the third...ionization energies different from each other?
39. How does electron affinity vary in halogens?

40. What is the basic difference between Mendeleeff’s periodic table and modern periodic table?

41. Among all the periods which one is incomplete and what are the main important properties exhibited
by all the elements present in this period?

42. What is the difference between electronegativity and electropositivity?
43. Mention difterent categories of elements in the long form of a periodic table.
44. What is the difference between transition and inner transition elements?

45. How does filling of valence electrons take place in p block, d block and f block elements?

Essay type questions

46. What are the merits and limitations of the long form of the periodic table?
47. Describe briefly Mendeleeft’s periodic table along with its merits.

48. What are the limitations of Mendeleeft’s periodic table?

49. Explain briefly the periods of the modern periodic table.

50. Explain briefly about the groups of the modern periodic table and also classify the elements depending
on electron filling in s, p, d and f subshells along with the position in the periodic table.

CONCEPT APPLICATION
L concerT appLicaTION B2

Concept Application Level—1

Direction for questions 1 to 7: State whether the following statements are true or false.

1. Modern periodic table is based on atomic number.
2. In a period the first element has the smallest size.
3. ‘5" and ‘p’ block elements except zero group are known as representative elements.

4. The inert gas present in the second long period is Xe.
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5. Among the iso-electronic ions Na*, Mg? and Al**, Na* ion has the largest size.
6. Alkali metals act as strong reducing agents by undergoing reduction.

7. Electronegativity is the property of an atom in a bonded molecule.

Direction for questions 8 to 14: Fill in the blanks.

8. In the periodic table, vertical columns of elements are called and horizontal rows of elements
are called
9. In the long form of periodic table, group elements can release maximum amount of energy

by the addition of electron into its valence shell.
10. The ascending order of the first ionization potential of C, N, O and F is
11. The total number of inner transition elements present in the 7th period are
12. Amongst the species Br™, Br, Br*, the smallest one in size is
13. In most of the lanthanides, the penultimate shell contains electrons in orbitals.

14. Metals exhibit oxidation states in their compounds.

Direction for question 15: Match the entries in column A with the appropriate ones in column B.

15.

A. s-block () a. Radioactive metal

B. Fluorine () b. Highest first I.P. value

C. Chlorine () c. Lanthanides

D. d-block () d. Highly reactive metals

E. 4f-series () e. Heavy metals

E Helium () f. Always form - 1 oxidation state
G. Francium () g. Highest electron affinity value
H. Noble gases () h. Zero group elements

Direction for questions 16 to 30: For each of the questions, four choices have been provided.
Select the correct alternative.

16. Assertion (A): First ionization energy of beryllium is greater than that of boron.
Reason (R): Boron has larger size than beryllium.
(1) Both A and R are true and R is the correct explanation of A.
(2) Both A and R are true and R is not the correct explanation of A,
(3) A istrue, R is false
K (4) A is false, R is true
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17. Which of the following properties is a periodic property?

(1) Colour (2) Melting point (3) Refractive index (4) Atomic size
18. Which one of the following electronic configurations corresponds to the most electropositive character?
(1) [He]2s' (2) [Ne]3s' (3) [Ar]4s' 4) [Xe]6s'
19. The general electronic configuration of representative elements is
(1) ns'" np'* (2) ns'"?np'® (3) ns'? (m—1p" 4) ns'? (n - p"*

20. Predict the formula of a compound formed between a metal ‘M’ which has 1st, 2nd, 3rd IP values as
518, 7314, 9820 KJmol ™' respectively and a halogen X’.

(1) MX, (2) MX, (3) MX, 4) MX
21. In a period, from the left to right the electron affinity increases, but alkaline earth metals have lower
electron affinity than alkali metals because
(1) alkaline earth metals have lesser atomic radius than alkali metals.
(2) alkaline earth have higher electro negativity than alkali metals.
(3) alkaline earth metals have completely filled ‘s’ orbitals.

(4) alkaline earth metals have lesser electronegativity than alkali metals.

22. 5f series elements are known as
(1) lanthanides (2) representative elements

(3) transition elements (4) actinides

23. The first ionization energies of Li, Be, B and C are in the order.
(1) Li>Be<B<C (2) Li<Be>B<C
(3) Li>Be>B>C (4) Li<Be>B>C

24. Predict the powerful oxidizing agent in 3rd period.

(1) Sulphur (2) Sodium (3) Chlorine (4) Bromine
25. An element with atomic number ‘32’ belongs to

(1) 4th period, VIA group (2) 3rd period, IVA group

(3) 4th period, IVA group (4) 5th period, VA group

26. The element having electronic configuration.
[Kr] 4d' 4f" 5s5* 5p° 5d° 6s* belongs to
(1) s—block (2) p—block. (3) d-block (4) f-block.
27. The number of valence electrons that can be present in the second element of any period is
M1 @ 2 G5 “4) 7
28. Transition metals can exhibit variable valency. It is because of

(1) the smaller atomic radius

(2) the high screening effect

N /
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(3) the very less energy difference between (n — 1) d sub shell and ns sub shell
(4) the high nuclear charge

29. Arrange O, E Cl, N in the descending order of their electronegativity.
(1) O>F>Cl>N 2 F>O>Cl>N
3 F>N>0>Cl 4) C1>F>0>N

30. In the sixth period, the orbitals which are completely filled are
(1) 6s, 6p, 5d, 5f (2) 6s, 6p, 6d, 6f (3) 6s, 51, 6d, 6p (4) 6s, 4f, 5d, 6p

Concept Application Level—2

31. Why is the atomic radius of oxygen slightly more than that of nitrogen?

32. Predict the position of an element with atomic number 55 in the periodic table and explain the
chemical behaviour of that element.

33. Why is electron affinity of chlorine more than that of fluorine?
34. The ionic size of Cl™ is greater than that of K* ion, though they are isoelectronic. Explain.
35. Why do most of the innertransition elements exhibit stable + 3 oxidation state?

36. Xenon has an octet configuration in the valence shell but it shows variable valency with the highly
electronegative elements like oxygen and fluorine. Comment.

37. Though oxygen and sulphur belong to the same group, sulphur shows many oxidation states whereas
oxygen does not show a higher oxidation state than that of —2. Comment.

38. First and second ionization energies of Be o AT€ 900 KJmol™ and 1750 KJmol ™" approximately. Calculate

approximate percentage of Be? « lons, if 1g Be « Absorbs 150 K] of energy [Be atomic weight is 9].

39. The separation of one lanthanide from another is an extremely difficult task, almost as difficult as the
separation of isotopes of one element. Justify.

40. A sharp change in the atomic radius is observed from lithium to potassium but a gradual change in the
atomic radius is observed from potassium to caesium. Explain.

41. In a particular transition series, the atomic radius reaches minimum upto group VIII
elements, then again increases towards the end of the series. Give appropriate reasons.

42. Ionization potential decreases down the group in representative elements while transition
elements of 6th period have greater ionization potential values compared to the elements of
fifth period. Justify.

43. The densities of transition metals are greater than the alkali and alkaline earth metals. Justify.

44. Successive ionization potentials of an element ‘X’ are L.P = 520 KJmol™', I.P, = 7,298 KJmol™" and
IP, = 10815 KJmol™". Give the probable formulae of chloride and oxide of X’.

N /
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Concept Application Level—3

second ionization energy. Explain.

Comment.

-

45. An element ‘A’ has atomic number 28. What is the electronic configuration of the elements below it
in the periodic table? Predict their chemical properties.

46. Generally transition elements form coloured compounds. But Sc*? forms colourless compounds. Justify.

47. The first ionization energy of magnesium is greater than that of sodium, whereas, the reverse is true for

48. Why do some of the periodic properties like atomic size, electronegativity and ionization potential of
transition and innertransition elements not show as much variation as the representative elements?

49. Why are the electron affinities of IIA group and IIB group elements less than zero?

50. The density of elements belonging to the 3rd transition series is double that of the elements belonging
to the 2nd transition series provided they are in the same group unlike alkali and alkaline earth metals.

B2

/

key points for

-

Very short answer type questions

1. The properties of elements are the periodic
functions of their atomic weight.

2. (i) Modern periodic table is based on atomic
number.
(ii) Isotopes have same atomic number.

3. The properties of elements beyond atomic
weight 40 cannot be explained.

5. Valence electrons represent the group number
(except zero group).

1-2

6. ns

7. Oxidizing property along a period — Increases
Down the group — Decreases
Reducing property along a period — Decreases
Down the group — Increases

8. Corrected the atomic weights of indium,
k beryllium and uranium.

11.

12.
13.

14.

16.

17.

19.

. Electron affinity decreases along a period.

10.

selected questions

Atomic size along a period — decreases
Down the group — Increases.

Short periods — II and III with 8 elements each
Long periods — IV andV with 18 elements each

Along a period ionization potential — Increases

Elements of a group have same number of
valence electrons.

Similarity in properties with both IA and VIT A
group.

Elements of S and P block except zero group
(18th group)

18th group elements are the noble gases.
Special characteristics are attributed to the
presence of 8 electrons in the outer most shell
(except He)

Down the group ionization potential
decreases.

J
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key points for

20.

22.
24.

27.
28.
30.

Short

31.

33.

34.

35.

36.

Metallic properties

Along a period — decreases
Down the group — increases
Non — Metallic Properties
Along a period — increases
Down the group — decreases

Cs*

Half the internuclear distance between two
atoms bonded by a single covalent bond.

Electron affinity decreases from Sc to Zn.
anti-penultimate

Half the internuclear distance between the
adjacent metal atoms in a metallic crystal
Properties of metals like hardness, mellaebility,
ductility can be known.

answer type questions

(1) Gaps for undiscovered elements.
(id)

some elements.

(1) Study of physical and chemical properties of

elements.
Classification of elements in a simple and
logical way.

(i)
(i)

can be predicted based on position.

(1) To maintain simplicity and effectiveness of

the periodic table.
They exhibit similar chemical properties.

(i) Sc,Y,La, Ac — Transition metals.
(i) Other elements are — Inner transition

elements.
(Ce to Lu) and (Th to Lw)

(i) Along a period from left to right effective
nuclear charge increases.

(i) In group from top to bottom, effective

nuclear charge decreases.

Correction of doubtful atomic weights of

Nature and the behaviour of the element

38.

39.

40.

41.

43.

44.

45.

@)
(i)
@)
(i)
@)
(i)
@)
(i)
@)
(i)
(i)
(iv)

v)
(vi)

@)
(i)
@)
(i)
(i)

Essay

46.

®

selected questions

Comparing removal of electron from
neutral atom and positively charged ion.
Effective nuclear charge.

In halogens from fluorine to chlorine EA
increases.
From chlorine to iodine decreases

Mendeleeft’s classification based on atomic
weight of elements.

Modern periodic law based on atomic
numbers.

Seventh period
Radioactivity

Active metals

Transition metals
Non-metals

Metalloids

Noble gases and

Inner transition elements

In transition elements, differentiating
electron enters into (n — 1)d subshell.
In inner transition elements, differentiating
electron enters into (n — 2)f subshell.

‘p’ block, ‘p’ subshell - valence shell.

‘d’ block, ‘d’ subshell - penultimate
shell.

‘f” block, ‘f” subshell - anti- penultimate
shell.

type questions

Merits
(a) Based on atomic numbers.

(b) Position related to electronic
configuration.

(c) Chemical properties follow a trend.

(d) Position of inert gases.

(e) Separate position for transition and
inner transition elements.

/
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key points for

-

(i) Defects
(a) Position of hydrogen.
(b) Isolation of f-block from the main
body of the table.

47. (i) Basic arrangement of elements
(a) Vertical columns
(b) Horizontal rows
(i) Merits
(a) Gaps for undiscovered elements
(b) Correction of some doubtful atomic
weights

48. (i) Anomalous pairs
(i) Position of hydrogen
(iii) Position of isotopes

-

49. (i) Number of elements in each period.

50. (i) Difterent group

selected questions

(iv) Position of lanthanides and actinides

(v) Position of elements of group 8

(vi) Anomalous placing of transition metals
and coinage metals.

(ii) Other name for the period
(i) Starting and ending element
(iv) Number of energy levels in each period

(i) Position of group

(iii) Blocks

(iv) Position of blocks

(v) Types of elements in each block

Concept Application Level—1

True or false
1. True
. False

. True

. True
. True

2
3
4. True
5
6
7

. True

Fill in the blanks
8. Groups, periods
9. VII

10. C,O,N, F

11. 14

12. Br*

110

13.8,s,p i
14. Positive

Match the following
15. A d

B £

C g

D e

E c

F b

G a

H h

Multiple choice questions
16. Choice (3)
17. Choice (4)
18. Choice (4)



19.
20.
21.
22.
23.
24.
25.
26.
217.
28.
29.
30.

Choice (3)
Choice (4)
Choice (3)
Choice (4)
Choice (2)
Choice (3)
Choice (3)
Choice (3)
Choice (2)
Choice (3)
Choice (2)
Choice (4)

Concept Application Level—2,3

Key points

31. ()

Comparing electronic configuration of
nitrogen and oxygen.

Electronic arrangement in the valence
shell of nitrogen and oxygen.

Relation between the electronic
arrangement and the stability of the atom.
Effect of stability on size of the atom.

Electronic configuration of the element
and predict group and period.
Correlation between the position of the
element in the periodic table and its
chemical behaviour.

Factors affecting electron affinity.
Electronic configuration of chlorine and
fluorine.

Comparison of the number of valence
electrons with respect to the atomic size
between chorine and fluorine.

Nuclear charge is different in two ions.
Eftect of nuclear charge on the size of the
atom.

Electronic configuration of innertransition
elements, entry of differentiating electron.

40.

41.

@)
(i)
@)
(i)
(i)
(iv)

)

Comparison of energy of valence shell and
that of penultimate shell.

Participation of penultimate shell electrons
in bonding.

Xenon belongs to the 5th period.
Atomic size of xenon in comparison to
the other nobel gases.

Comparison of influence of electro
negativity of fluorine and oxygen.

Comparison of electronic configuration of
oxygen and sulphur.

Presence of vacant ‘d’ sub shell and scope
for excited state configuration.

Amount of energy absorbed byl gm of Be
to form Be" and Be™.

Energy required for conversion of 1 g Be,,
into Be" ions.

Calculation of additional amount of
energy.

Conversion of Be* ions to Be*? ions.

25%

Differentiating electron of lanthanides.

Lanthanide contraction and its effect

on atomic and ionic sizes of lanthanide
elements.

Dependence of chemical properties on the
atomic sizes.

Properties exploited for separation of
different elements.

Factors affecting the atomic radius.
The effect of increase in inner shells on
atomic radius.

Electron filling in transition elements.
Eftect on effective nuclear charge.
Relation between effective nuclear charge
and atomic radius.

Comparison of electronic configuration
in (n — 1)d sub shell of the transition
elements of each group.

Eftect on atomic size.
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42. ()

(1)

43. ()

(i)
(i)
(iv)

44. ()

(i)
(i)
(1v)

45. (i)

(i)
(i)
(iv)

)

46. ()

(i)
(iif)
(iv)

)
(vi)

47. ()

112

Factors effecting ionization potential.
Comparison of the screening affects of s, p,
d and f electrons.

Factors aftecting density.

Comparison of electron filling in alkali,
alkaline earth and transition metals.
Eftect on atomic size.

Comparison of mass with respect to
atomic volume among alkali, alkaline
earth and transition metals.

Comparing I.P. values; valency of X.
Abrupt change in IP value.

Valence electronic configuration of stable
ion.

Valencies of the corresponding positive
and negative radicals.

Electronic configuration of element A.
Electronic configuration corresponding
to Z = 28.

Position of A in the periodic table.
Position of the element present below
A in the periodic table and its electronic
configuration.

Determination of the properties from its
position.

Electronic configuration of Sc.

Energy difference among the orbitals

of ‘d’ subshell.

Basic principle behind exhibition of
colour.

Comparison of electronic configuration of
alkali, alkaline earth and transition metals.
Electronic configuration of Sc*’.
Comparison of electronic configuration
of scandium ion with other transition
metal ions.

Electronic configuration of sodium and
magnesium.

48.

49.

50.

(i)
(iif)
(iv)

)

@)

(i)

(iif)

(iv)

()

(i)

(iii)

()

(i)

(i)

(iv)
(v)

(vi)

Comparison of atomic size of sodium and
magnesium.

Effect of atomic size on first ionization
energy.

Electronic configuration of stable ions of
sodium and magnesium.

Relation between the stability of ion and
the respective ionization energy.

Shell into which the differentiating
electron enters.

General electronic configuration of
representative elements.

Comparison with general electronic
configurations of transition and inner
transition elements.

Comparison of eftective nuclear charge
and its effect on the periodic properties.

Electronic configuration of II A and II B.
Change in energy that takes place due

to the addition of electron to the neutral
atom of the elements belonging to
Group- IIA and IIB.

Relation between change in energy and
electron affinity values.

Factors affecting density.

General trend of atomic sizes in groups of
transition elements.

Effect of inclusion of lanthanide elements
on the atomic size of the elements
belonging to 3rd transition series.

Factors affecting the density of an atom.
Change in atomic size of alkali and
alkaline earth metals along the group.
Comparison of change of densities along
the group among alkali, alkaline earth and
transition metals.



Chemical Bonding

INTRODUCTION

Nature is invariably associated with numerous chemical reactions. It is an established fact that atom is
the smallest particle which takes part in a chemical reaction. Nevertheless, most of the elements exist
in combined state in the form of molecules. Only in case of very few elements namely noble gases, an
atom has an independent existence. The existence of these elements in atomic state is attributed to the
high stability associated with the completely filled octet or duplet configuration in their valence shells.
Obviously, the atoms of other elements have an inherent tendency to attain the above configuration by
means of bond formation. This is known as octet rule envisaged by Lewis theory. The process of bond
formation is associated with the decrease in the energy of the system.This lowest energy state corresponds
to the most stable state of the system. Different types of bond formation takes place depending on the
nature of participant atoms.

lonic Bond

An ionic bond is formed between two atoms, which differ much in electronegativities. One atom loses
one or more electrons and the other atom gains these electrons to attain the noble gas configuration. The
atom losing the electrons forms a positively charged ion (cation) and the atom gaining electrons forms a
negatively charged ion (anion).The cation and anion are held together by the electrostatic force of attraction.
This electrostatic force of attraction existing between the oppositely charged ions is called ionic bond.

Energy changes involved in the formation of ionic compounds

Ionic compounds are formed due to the transfer of one or more electrons from one atom to the other.
Hence two oppositely charged ions are formed in this process and an electrostatic force of attraction is
developed between them.
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Chemical Bonding

In addition to the force of attraction between the individual pair, forces of attraction also exist among
the oppositely charged ions of different pairs which bring them close to each other. As a result of this,
repulsive forces are also generated between similar ions of different pairs.

But the cation-cation distance and the anion-anion distance (measured from their centre) of different
pairs is greater than the cation-anion distance of different pairs. Hence the force of attraction is greater
than the repulsive forces and the ions arrange themselves in such a way that their potential energy
becomes minimum. The arrangement of ions associated with minimum potential energy gives the
crystalline structure of the ionic compound.

The potential energy of the ions is assumed to be zero when they are separated by an infinite distance.
When the ions approach each other, each releases a certain amount of energy.

The amount of energy released when the oppositely charged gaseous ions are brought
closer from an infinite distance to form one mole of ionic crystal is called lattice energy.

Covalent Bond

When the elements do not differ much in their electronegativities, transfer of electrons is not possible
between the atoms.Then sharing of electrons takes place.

A covalent bond is formed, when two atoms attain their nearest noble gas configuration by sharing
one or more electron pairs. Each of the atoms contributes equal number of electrons towards the bond
formation.

Energy changes during covalent bond formation

@ Example Formation of hydrogen molecule.

When two hydrogen atoms are brought close together, two types of forces start acting

(1) Proton-protonandelectron-electronrepulsion.

(i1) Proton-electron attraction.

Bond formation between two H-atoms takes
place at a distance where the proton-electron
attraction just balances the electron-electron
repulsion and proton-proton repulsion.

At this stage the system becomes stable because
it possesses the lowest possible energy, and the H,

Potential energy (KJ/mol.) —

molecule is formed. The distance between the

nuclei of the hydrogen atoms, after the formation
of the bond, is called the bond length. =A5d

0.074 <— (H — H bond length)
The total energy of this system is a function of Inter nuclear distance, (nm) ——>

the distance between hydrogen nuclei as shown in
the following graph. Figure 5.1
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This is the way covalent bond formation takes place between two atoms.

A covalent bond can be formed between two identical atoms (atoms of same element) as well as
between the atoms of two different elements.

Non-polar covalent bond

In a bond between two identical atoms, the electrons are shared equally between the atoms. No separation
of charge takes place in the molecule.This type of bond is called non-polar covalent bond.

Polar Covalent Bond

A polar covalent bond is formed between non-identical atoms, which differ in electro negativities. Since
the two atoms differ in their capacity to attract the shared electron pair, unequal sharing of electron
density results. As a result, polarity is developed in the bond and the bond is said to have dipole moment.
Dipole moment is the quantitative measure of the polarity of the molecule. A slight ionic character is
imparted to this type of bond due to the difference in electronegativity between the bonded atoms and
such type of bond is called polar covalent bond.

The relative tendency of non identical atoms to form ionic bond or polar covalent bond depends
upon the ease of the formation of cation and anion by the respective elements.

The easier is the formation of cation and anion, the more is the tendency of the formation of ionic
bond. Larger size of the atom favours cation formation whereas smaller atoms have greater tendency of
attracting electrons towards it which leads to the formation of anion.

Ionic bonds are associated with some covalent character due to the attractive forces acting between
the cation and the electron cloud of the anion.

The relative proportions of ionic character and covalent character of an ionic compound can be
explained on the basis of the concept of polarisation and Fajan’s rules.

Concept of polarization and fajan’s rules

During the formation of an ionic compound, when a cation and anion approach each other, the
nucleus of cation exerts some attractive force on the electron cloud. As a result of this, the symmetry
of the electron cloud gets distorted and it shifts slightly towards the cation.This phenomenon is called
polarization. This results in the partial sharing of electron cloud between the bonded atoms which is
considered as a covalent character. This ability of a cation to distort the electron cloud of anion is called
polarizing power of cation and the tendency of anion to get distorted by the influence of cation is called
the polarizability of anion.

The relative proportions of ionic and covalent characters of an ionic compound depend upon the
polarizing power and polarizability of the respective cation and anion which can be explained on the
basis of Fajan’s rules.
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I. Size of cation and anion
(a) A large cation and a small anion result in maximum ionic character for the bond.

Example: Cs* and F~

(b) A small cation and a large anion result in maximum covalent character for the bond.
Example: Li* and I

Il. Charge of cation and anion

(a) Low charge on cation and anion results in maximum ionic character for the bond.
Example: Na* CI-

(b) High charge on cation and anion results in greater proportion of covalent character for the

bond.
Example: Al*? O~

anion cation

When the ions are far apart there is no influence on each other.

anion cation

When the ions are brought closer, the negative ion is polarised by the positive ion.

When the ions are brought even closer the electron cloud of the negative ion
merges with that of the positive ion resulting in covalency of the molecule.

Figure 5.2

Theories of covalent bond formation

Many theories have been proposed in order to explain covalent bond formation and the stability of
the resultant molecules. Octet rule states that the atoms of the elements have a tendency to attain the
nearest inert gas configuration either by the transfer of electrons or by the sharing of electrons.
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Some examples of covalent molecules, the stability of which can be satisfactorily explained with the
help of octet rule:

1 shared
Hydrogen(H,) 1 pair
2 shared
Oxygen(O,) 6 (@g i
Nitrogen(IN) 5 3 s.hared
2 pairs
. 1 shared
Chlorine(Cl) 7 oair
2 shared
Water(H.O) Ho 1,056 (e e» share
2 pairs
||
Methane(CH,) C—>4H->1 m 4 s{hared
pairs
<X>

All the above molecules are found to obey octet rule which is visualised by writing their Lewis
dot structures. Therefore, it is justified that the atoms acquire stability by gaining octet configuration.
However, some molecules are also found in which the central atom does not acquire octet configuration.
But, the fact that their stability is comparable with the stability of molecules which obey octet rule
indicates that octet rule itself cannot completely justify formation and stability of covalent molecules.

Exceptions to the octet rule
The molecules may contain less than eight or more than eight electrons around the central atom.These

are considered as deviations from octet rule.

Incomplete octet or contracted octet

Molecules in which the central atom possesses less than 8 electrons in its valence shell.
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@~ Example BF,, BeCl,

(:€
i GED

B has 6 electrons in Be has 4 electrons in
its valence shell in BF its valence shell in BeF,

Figure 5.3

Expanded octet: Molecules in which the central atom possesses more than 8 electrons in its valence
shell.

@~ Example PCl,, SF,,IF,

&
JONAAT,
e

Figure 5.4

P has ten electrons in its valence shell in PCIS.

Lewis theory explains the formation of covalent bond through sharing of electrons, but this theory
does not explain the mechanism of sharing of electrons that leads to the stability of molecules. The
mechanism of sharing of electrons was interpreted with the help of the concept of orbital overlapping
after the quantum mechanical model of atom was proposed.

Concept of orbital overlapping

According to this concept, covalent bond is formed when an overlap takes place between the orbital of
one atom with the orbital of another atom.
Conditions required for orbital overlapping:
(1) The orbitals belonging to the valence shell only take part in overlapping.
(i1) Each of the overlapping orbitals should contain an unpaired electron.

(i) The electrons in the overlapping orbitals should have an opposite spin.
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Different types of overlapping

(1) s-s overlapping
Example: H, molecule.
Each hydrogen atom has only one electron(1s') which is available for bonding.

In the formation of H, molecules, 1s orbital of one atom overlaps with that of the other
forming a single covalent bond.

I—I—>1s1 H s
H- 15

s-s overlap

(i) s-p overlapping
Example: HF molecule.

It is formed by the overlapping of 1s orbital of hydrogen atom and 2p_ orbital of fluorine atom, i.e.,
by s-p overlapping.

o 1

F — [He] 2s* 2p° H
F
2 2p, 2p, 2p,
2
Half filled orbital

s-p overlap
(i) p-p overlapping
Example: Cl,, F,, Br, molecules etc.

Cl, molecule is formed by the overlapping of 3p_orbitals of two chlorine atoms.

(o] (o]
Cl — 3s%3p® H 1k 1L
. ..n Half filled orbitals
Cl - 3¢ 3p o-p overlap

In the above examples (H,, HE Cl,), orbitals of two atoms, each having one unpaired electron overlap
to form a single covalent bond.

If the atom possesses more than one atomic orbital having unpaired electrons, then more than one
covalent bond can be formed.

Strength of a covalent bond

The strength of a covalent bond is related to the extent to which the two combining atomic orbitals can
overlap. The greater the extent of overlap between the atomic orbitals, the greater is the strength of the
resulting covalent bond.
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The covalent bond formed by the end to end or head on overlapping of atomic orbitals is called sigma
bond. The covalent bond formed by the sidewise or lateral overlapping of atomic orbitals is called pie

bond.

Sigma (c) bond

Sigma bond is a covalent bond formed as a result of maximum overlapping (end to end overlapping) of
s-s, s-p and p-p orbitals along the internuclear axes. Due to the greater extent of overlapping, this type

of overlapping results in a strong bond.

Pi () bond: A covalent bond which is formed between two atoms by lateral overlapping of orbitals
perpendicular to the internuclear axis is called a pi bond. Due to the less extent of overlapping, this type

of overlapping results in a weak bond.

Comparative study of sigma and pi bonds

It is a strong covalent bond formed due to end to
end overlapping of orbitals.

It is denoted by © .

It has an independent existence.

Bond dissociation energy is high.

Orbitals s, p and d are capable of forming 6 bond.

The bonded electron cloud is distributed in a
cylindrically symmetrical way around the
internuclear axis.

>

Bonded electron
cloud

It is a weak covalent bond formed by lateral
overlapping of orbitals.

It is denoted by ©

It does not have any independent existence as it can
be formed only after the formation of a ¢ bond.

Bond dissociation energy is low.

Orbitals other than ‘s’ are capable of forming a 7
bond.

The bonded electron cloud is distributed in
two banana shaped regions above and below the
internuclear axis.

A + B 9 j
Bonded @

electron cloud A B

T~

Explanation of sigma and pi bond with the help of the formation of O, and N, molecules
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O, molecule: The electronic configuration of
an oxygen atom is 1s® 2s* 2p ’ 2py1 2p '. Hence
the oxygen atom has 2 unpaired electrons. Singly
occupied 2p_orbital of one oxygen atom overlaps
(end to end) with the same orbital of another p,—p, - 1 bond
oxygen atom to give rise to a sigma bond. Singly
occupied 2p orbitals of both the oxygen atoms
overlap (side wise) along a line perpendicular to
z-axis (molecular axis) to give a pi bond. Thus a
double bond is formed.

p,—p, — o bond

Thus an O, molecule has a double bond  giqyva 5.5 0, molecule (one o bond and one i bond)

between the atoms: one is a p -p, sigma bond and
the other p -p_pi bond called double bond.

N, molecule: The electronic configuration of a p —p = - bond

nitrogen atom: 1s*2s*2p ' 2p,'2p,'.Hence,anitrogen

X X

atom has three singly occupied orbitals. One 2p — | Y I_ P, =g mw=band
2p_ sigma bond is formed.The other two pi bonds are 7Y

2p —2p and 2p — 2py.Thus N, molecule has three
bonds — one (p,— p,) sigma bond and other two < <
(p,—p,and p —p ) pibonds which are perpendicular
to each other and perpendicular to the z-axis i.e.,

the axis of the sigma bond (molecular axis). Hence,

. . -p - d
a triple bond is formed. B =K = obon

Figure 5.6 N,molecule (two mbonds and

The concept of orbital overlapping gives one o bond)

satisfactory explanation for the formation of
covalent bond and the stability of the molecule. But the bond formation in certain molecules like BeCl,
BF,, CH,, etc., cannot be explained only on the basis of this concept.

However, the bond formation in BeCl,, BF,, CH,, etc can be explained by using the concept of
excitation of electrons. Beryllium has no unpaired electron in its valence shell, boron has only one
unpaired electron and carbon has two unpaired electrons. But the bicovalency of beryllium in BeCl,
tricovalency of boron in BF, and tetracovalency of carbon in CH, is possible due to the promotion of
electron from the ‘s’ orbital to ‘p” orbital. The state of atom before the promotion of electron is called
ground state and that after the promotion of electron is called excited state.

However, in the excited state of beryllium, one of the two unpaired electrons is present in ‘2s’ orbital
and the other one is in “2p’ orbital. Hence, during the formation of BeCl, the overlapping of orbitals
should take place between s—p and p—p orbitals which are nonidentical.

But the bonds in BeCl, are found to be identical in all respects. Similarly in BF,, the three B—F bonds
and in CH,, the four C—H bonds are identical.
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In order to explain this identical nature of the bonds, concept of hybridization and hybrid orbitals has
come into existence.

Hybridization is a process of intermixing of two or more atomic orbitals of almost equal energies
(belonging to the valence shell) of an atom and their redistribution into an equal number of identical orbitals.
The resultant orbitals are called hybrid orbitals.

Structure of BeCI2

Electronic configuration of Beryllium is 1s* 2s* 2p"

Valence shell configuration of Be is 2s? 2p°

Ground state configuration of Be is | 1l || | | |

Excited State Configuration of Be is | 1 ” 1 | | |

Mixing up of one-s orbital and one p-orbital to give two new identical orbitals is called sp hybridization
and the two orbitals formed are called ‘sp’ hybrid orbitals.

L OO > CD
2s sp hybrid orbitals in
sp-p sp-p
overlapping overlapping
180°
(OO > OO
, cl Be c
Be (sp hybrid) Cl (3p,)
Figure 5.7
Structure of BCI,

Mixing up of one s orbital and two p orbitals to form three new identical orbitals is called sp* hybridization.
The orbitals so formed are called sp® hybrid orbitals.

2s 2p
Ground state electronic configuration of ‘B’: lT T
2s 2p

Excited state electronic configuration of ‘B’: T T T
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% o 120°

2s orbital

2p, and 2p,

sp? sp?
Cl (2p, orbital)
sp?
B (sp? hybrid orbitals)
Figure 5.8

Structure of methane

Mixing up of one s-and three p-orbitals to form four identical orbitals is called sp*® hybridization. These
three orbitals are called sp® hybrid orbitals.

2p
Ground state electronic configuration of C T l T T
2s 2p
Excited state electronic configuration of C T T T T

sp®
Q '
sp®
sp?
109°28'
2s orbital

sp®

2p,, 2p,, 2p, orbital

O
H (1s-orbital)

C (sp® hybrid orbitals)

Figure 5.9
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Shapes of the covalent molecules

Chemical Bonding

On the basis of valence shell electron pair repulsion (VSEPR) theory, the geometry and the shapes of the

covalent molecules can be explained.

Postulates of valence shell electron pair repulsion theory

¢ Different geometrical shapes of the covalent molecules are generated due to the repulsion between the

electron pairs present in the valence shell of the central atom of the molecules.
¢ These electron pairs arrange themselves in such a way that the repulsion among them becomes minimum.
*  The electron pairs involved in bond formation are called bonded electron pairs. The electron pairs which
are present in the valence shell of central atom but not involved in bond formation are called lone

electron pairs.

¢ Repulsion between two lone pairs is greater than the repulsion between a lone pair and a bond pair
which is in turn greater than the repulsion between two bond pairs. Therefore, the shape of the molecule
does not depend only on the number of electron pairs, but also depends upon the number of bonded
electron pairs and lone electron pairs on the central atom in that molecule.

Shapes of the molecules without lone pair of electrons

BeCl,

BF

CH

PCl

180°

Cl Be Cl

linear

E
120°

120° ()

120°

trigonal planar

trigonal bipyramidal
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Shapes of molecules having lone pair(s) of electrons

NH, 3 1 / P\
107> H

(pyramldal

PCl, 3 1
cl / j])oy\OCI

pyramldal)

o L]
H,0 2 2
2 105°

H bent or ‘v’ shaped

Coordinate covalent bond

It is a special type of covalent bond in which only one of the participating atoms contributes the electron
pair for sharing. The atom which gives the electron pair for sharing is called the donor and the other
atom which accommodates the shared pair of electrons is called an acceptor. In this mechanism, the
contribution of electron pair is one-sided, and slight polarity develops in the molecule. A coordinate
bond is represented by ‘=’, pointing from the donor atom to the acceptor atom. It is also called dative
bond.A coordinate bond is explained below with the help of an example.

(i) Formation of NH, — BF,

H F H F H F
(1) XX L 1) XX | |

H N + Pxﬁ F = H 2N B F or H—|\|1—>|?—F
H F H F H F

Nitrogen atom of ammonia has a lone pair of electrons and these are accepted by the vacant p orbital of
the boron atom of BF,. Hence nitrogen atom is the donor and boron atom is the acceptor.

Other examples with co-ordinate covalent bond formation are H,O*, [Fe(H,O) ]** etc.
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Chemical Bonding

Metallic bond

Each atom in a metal crystal loses all its valence electrons. The electrons thus obtained form an electron
pool. The resulting positively charged metal ions are believed to be held together by the electron pool.
The positively charged metal ions have a definite position in the crystal lattice of the metal. The valence
electrons are not attached to any individual ions, they belong to the crystal as a whole and are free to
move throughout the metal crystal.

The electrostatic force of attraction that binds metal ions to the mobile electrons within its sphere of

influence is known as a metallic bond.

@@@@@
00 0 O

@ @ @ @ @ ;,)Electron pool
ICNCONION @

@ @ @ @ @——) Metal kernel
EECHCHICINCIE

Figure 5.10 Schematic illustration of metallic bond
in‘electron sea model’

test your concepts e e -

Very short answer type questions

1.

(=) ) B Y]

Why do atoms have a tendency to form molecules?

. Which force opposes the inter ionic forces of attraction between the oppositely charged ions during the

formation of an ionic crystal?

. Sharing of three electron pairs between two atoms results in the formation of a bond.
. What type of forces acts between the ions during the formation of a crystal of ionic compound?
. What types of overlapping take place in a sigma and a pi bond?

. Why is more energy required to break a sigma bond than to break a pi bond?



10.
11.
12.
13.
14.

15.
16.

17.
18.
19.
20.
21.
22.
23.

24.
25.
26.
27.
28.
29.
30.

. The number of non-bonded electrons present on the central atom in the molecule of ammonia is

. How is the strength of the covalent bond related to overlapping of the orbitals?

. Why do polar covalent compounds dissolve in water?

If the electron pair is unequally shared between the bonded atoms, it resultsin __ bond.
What would be the shape of XY, molecule if there is no lone pair on the central atom?
Why is the H-O-H bond angle in H,O smaller than H-N-H bond angle in NH,?

In the formation of a Br, molecule, the overlapping of _______ orbitals takes place.

How many lone pair of electrons are present on the central atom of CH,, H,O, NH,, PCl, and PCI,
molecules?

What type of bond formation takes place between the atoms of Group IA and Group VIIA?

Although the number of bond pair of electrons in the valence shell of phosphorus in a PCL, molecule is
3, its shape is not trigonal planar. Why?

‘What are the donors in a hydronium ion and ammonium ion?

Why do metals conduct electricity?

The number of G bonds and T bonds in CO, molecule are respectively.
Why does the presence of a lone pair change the shape of the molecule?

Why are the participating atoms of a coordinate bond called the donor and the acceptor?

The electrostatic forces of attraction between the metallic ions and free electrons is called

How many electrons are present in the valence shells of the central atoms in the molecules of BeCl,, BF,
PCL.?

In PCI, molecule, the bond angles are and

The shape of BeCl, is ;

Worite the order of repulsions among the electron pairs.

How are the hybrid orbitals arranged in the molecules?

The forces of attraction between the elemental gaseous molecules are called
How many new hybrid orbitals are formed in sp, sp?, sp’ hybridizations?

The shape ofBF3 molecule is
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Short answer type questions

31.

32.
33.
34.
35.

36.
37.
38.
39.
40.
41.

42.
43.
44.
45.

“Molecules are stable only when the constituent atoms attain octet configuration”. State whether the
given statement is true or false and justify your answer.

Define ionic bond and covalent bond.
How many sigma bonds and pi bonds are there in a chlorine molecule? Justify your answer.
Why is a nitrogen molecule less reactive than an oxygen molecule?

Explain the role of electron affinity and ionization potential during the ionic and covalent bond
formation?

How is the metallic or non-metallic character of an atom related to bond formation?

Explain the structure of BeCl, with the help of hybridization.

Why is BeCl, molecule linear, but BF is trigonal planar?

Worite a note on the energy changes during the formation of a hydrogen molecule.

Write about the partial covalent nature of ionic bond and explain it on the basis of Fajan’s rules.

“The orbitals of two different shells an atom combine and form one hybrid orbital”. State whether the
statement is true or false and justify your answer.

Explain the structure of CH, with the help of hybridization.
Explain the formation of hydrogen, oxygen and nitrogen molecules.
Mention two main striking differences between sigma and pi bonds.

Explain different types of bond formation in H N — BF,.

Essay type questions

46.
47.

48.

49.

50.
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Explain the formation of an ionic compound with respect to lattice energy.

(a) The strength of a covalent bond depends on which factor/factors?

(b) Classify covalent bonds depending on the strength. Compare those bonds.
‘What are the factors on which the geometrical shapes of covalent molecules depend?

Explain with suitable examples.

(a) What are the conditions required for the overlapping of the orbitals during covalent bond formation?
(b) Describe the different types of orbital overlapping with suitable examples.

(a) What is hybridization?
(b) What are the conditions for an atom to undergo hybridization?

(c) How can we explain the shapes and bond angles of BeCl,, BCl,, CH, with hybridization.



CONCEPT APPLICATION
i conceprarpuicaTION A

Concept Application Level—1

Direction for questions 1 to 7: State whether the following statements are true or false.

. lonic compounds are soluble in organic solvents.
. All covalent compounds possess coordinate covalent bonds.

- BE, does not obey octet rule.

1

2

3

4. The bond angle in ammonia is 109°28".

5. A sigma (o) bond is stronger than a pi(T) bond.

6. The Hydrogen bond is always formed between the molecules of the same substance.
7

. Covalent bonds are nondirectional bonds.

Direction for questions 8 to 14: Fill in the blanks.

8. In CaF,, the number of electron(s) transferred from calcium to fluorine atoms are

9. The bond formed by end on overlapis __ than the bond formed by side on overlap.
10. Linear overlapping of any two pure atomic p - orbitals lead to bond formation.
11. C1 - C — Cl bond angle in CClJr is .
12. Among the hydrogen halides _ has maximum ionic character.
13. The shape of BeCl2 moleculeis

14. In Ammonia-Boron triflouride complex, the donor molecule is

Direction for question 15: Match the entries given in column A with appropriate ones from
column B.

15.
A.  Nitrogen () a. Polar covalent bond
B. Xenon () b. 107°
C.  Ammonia () c¢. Octahedral
Sulphur hexa
D fﬂ . () d 10928
E.  Hydrogen chloride ( ) e. Triple bond
Methane () f. Two lone pairs of electrons
G.  Water molecule () g Octet configuration

129



-

Direction for questions 16 to 30: For each of the questions, four choices have been
provided. Select the correct alternative.

22

16. Expanded octet occurs in
(1) NH, (2) PF, 3) H,O “4) O,
17. The lesser covalency of FeCl, over FeCl, is due to
(1) lower polarizing power of Fe*? than that of Fe**ion
(2) lower polarizing power of Fe** than that of Fe*?
(3) higher polarizability of Fe** than Fe™
(4) higher polarizability of Fe*? than Fe™?
18. An element X has low ionization energy and another elementY has high electron affinity. The bond
formed between them could be
(1) ionic. (2) polar covalent.

(3) co-ordinate covalent. (4) non polar covalent.

19. Which of the following statements regarding pi bond is not true?
(1) It may be formed by the overlapping of p - atomic orbitals.
(2) It has no independent existence.
(3) It is weaker bond compared to ¢ bond.
(4) It can be formed by hybrid orbitals.

20. Arrange the following in increasing order of their bond lengths.

C-C,C=(C,C=C

1) C=C<C=C<C-C 2 C=C<C-C<C=C

3 C=C<C-C<C=C 4 C-C<C=C<C=C
21. Which of the following statements is wrong?

(1) KCl is soluble in water.

(2) HCI conducts electricity in its aqueous solution.

(3) Acetic acid is soluble in water.

(4) The bond formed between aluminum and fluorine is covalent.
22. NH", is iso structural with

(1) PCl, (@ CH, (3) BF, (4) NO,
23. In water molecule, the bond angle of 104.5° around oxygen is accounted due to

(1) high electron affinity of oxygen.

(2) very high repulsions between lone pair and bond pair of electrons.

(3) very high repulsion between lone pair and lone pair electrons.

(4) small size of hydrogen.
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24.

25.

26.

217.

28.

29.

30.

32.

33.
34.

35.
36.

37.
38.

41.

Which of the following bonds is more polar when compared to others?
(1) O-H 2 N-H 3 C-H

The number of sigma and pi bonds in benzene are
(1) 6 0 and 3 7 bonds (2) 12 0 and 3 ® bonds
(3) 9 0 and 3 7 bonds (4) 6 0 and 6 T bonds

Which among the following pairs of molecules possess same geometry?

(1) BeCl,, SiO, (2 CO,,Sio, (3) BF,, PCL

The number of G and T bonds in C,H, is .

(1) 0 and 4 (2) 2and 2 (3) 3and 2

A species H O™ pyramidal in shape. The number of lone pairs of electrons is
10 @ 1 ©) 2

The shape of H,O molecule is .

(1) linear (2) tetrahedral (3) v-shape

The covalency of ‘N’ in NH_* ion is equal to number of

(1) covalent bonds. (2) co ordinate bonds.
(3) covalent bonds and co ordinate bonds. (4) valence electrons.

Concept Application Level—2
31.

4) H-H

4) FO,HS

(4) 4 and 2

) 3

(4) trigonal planar

Both CH, and CClI, are non polar molecules, but CHCL, is a polar molecule. Discuss.

Copper (I) and silver (I) halides are more covalent in nature compared to sodium and potassium halides

although the charges on the ions are same. How do you account for this?

The orbitals p and d can form T bonds, but s orbital can not form a T bond. Give reasons.

Compare the shapes of the meniscus of water in a glass tube and in wax coated glass tube. Give

appropriate reason.

Between CuO and CuS which is more covalent and why?

Why is the repulsion between two lone pairs of electrons more than that between a lone pair and

a bonded pair or a bonded pair and a bonded pair of electrons?

Between NF, and BF,, which is the more polar molecule? Why?

Noble gases do not usually form chemical bonds. But xenon forms a number of stable compounds.

Account for this.

39. Just like H,O, there are two lone pairs in C1,O molecule. But, bond angle in CL,O is 111°. Explain.
40.

Though sulphur has only two unpaired electrons it exhibits covalency of 2, 4, 6. Explain.

Phosphorous can form PCl, molecule in the excited state of phosphorous atom. But, the formation of

PH, is not possible in the same state. Account for this.

J
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42. Between LiF and Lil, which has the higher lattice energy and why?

43. Which among the following geometries is most preferred with respect to CIF, molecule

and why?
@ R b) o F © ..
- ol O\
F //¢/
F F F

44. Explain and give reasons for the changes in potential energy after the bond formation in a diatomic
molecule from the given graph.

Potential energy ——>

Inter nuclear distance (A - A)

45. In comparison with sodium salts, ammonium salts are more soluble in water. Explain.

Concept Application Level—3

46. CO, exists in the gaseous state, whereas SiO, is a hard solid through both carbon and silicon belong to
the same group. Give reasons.

47. A molecule has 3 bonded pairs and 2 lone pairs on the central atom. Explain the shape of the molecule
with an example.

48. XeF, is also a linear molecule like BeCl,. But, they differ in their formation and structural aspects. How
can you justify this?

49. A molecule has octahedral geometry. So how many number of valence electrons should the central
atom possess and are the number of valence electrons is the same if one, two bond pairs are successively
replaced by lone pairs.What are the geometrics of the molecules with one and two lone pairs. Explain
with the help of hybridization.

50. Thallous compounds are more common and stable than thallic compounds. Justify this statement.

N J
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Very short answer type questions

1. To attain stability

2. Repulsive forces are generated between similar
ions of different pairs.

3. Triple bond
4. Electro static forces of attraction

5. Overlapping of s —s, s — p and axial overlapping
of p — p results in G. Side ways overlapping of
p — p results in T bond.

6. Strength of 6 bond is more than 7 bond.
7. Two

8. Strength of the covalent bond is directly
proportional to the extent of overlapping.

9. Presence of partial charges on polar covalent
compounds.

10. polar covalent

11. Trigonal planar.

12. Difference in the number of lone pair of
electrons around the central atom.

13.p—p

14. PCL,CH, = 0
HZO =2
NH,, PCl, = 1

15. Ionic bond

16. Presence of lone pair of electrons on
phosphorous.

17. HLO" —— Oxygen of H,O
NH; —— Nitrogen of NH,

18. Presence of mobile electrons

20. Lone pair of electron is not taken into
consideration in the shape of molecule as it
occupies more space.

21. One of the participating atom contributes the
electrons for the bond formation called the
K donor and the other acceptor.

key points for
selected questions

23. BeCl, = 2
BF, = 3
PCl5 =5

26. Lone pair — lone pair > lone pair — bond pair >
bond pair — bond pair.

27. Hybrid orbitals are arranged in such a way so as
to minimize the repulsions between them.

28. van der Waal’s forces of attraction

29.SP = 2
SP?= 3
SP’ = 4

30. trigonal planar
Short answer type questions

32. (i) Electrostatic force of attraction.
(i) Sharing of electron pairs

34. (i) Triple bond
(ii) Very stable

36. (i) Losing or gaining of electrons
(i1) Formation of ions

37. (i) Ground state configuration of Be
(i1) Excited state configuration of Be
(iii) Hybrid orbitals
(iv) Overlapping of sp-p orbitals
(v) Shape of BeCl,

38. (i) Ground state configuration of Be, B
(i1) Excited state configuration of Be, B
(iii) Hybridization
(iv) Shape

39. (i) Forces of attraction
(ii) Forces of repulsion
(iii) Bond length
(iv) Graph

40. (i) Concept of polarization and polarizability
(i) Size of ions
(iii) Charges on ions

/
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41. Definition of hybridization

42. (i) Ground state configuration of carbon
(i) Excited state configuration of carbon
(ii1)) Hybridization
(iv) Overlapping of orbitals
(v) Structure

43. (i) Electronic configuration
(i) Orbitals with unpaired electrons
(i) Overlapping of orbitals
45. (i) Bond formation between N and H
(ii)) Bond formation between B and F
(ii) Bond formation between NH, and BF,.

Essay type questions

46. (i) Formation of ions
k (i) Electrostatic forces of attraction

key points for

selected questions

(iii) Arrangement of ions

(iv) Definition of lattice energy.
47. (i) Type of overlapping

(i) Extent of overlapping

(ii)) Strength of bonds

48. (i) VSEPR theory
(ii) Postulates
(i) Electron pair repulsions.
49. (i) s-—s
(i) s—p
(iii) p — p (Sigma and Pi)
50. (i) Definition
(i1) Valence electrons (excitation)
(iii) Hybrid orbitals, shapes

Concept Application Level—1

True or false
1. False

. False

. True

. False

. True

. False

. False

NN G A W

Fill in the blanks
8. two

9. stronger

10. sigma

11. 109°28!

12. HF

134

13. linear

14. ammonia

Match the following
15. A : e

B g

C b

D ¢

E a

F d

G f

Multiple choice questions
16. Choice (2)
17. Choice (1)
18. Choice (1)




19.
20.
21.
22.
23.
24.
25.
26.
217.
28.
29.
30.

Choice (4)
Choice (1)
Choice (4)
Choice (2)
Choice (3)
Choice (1)
Choice (2)
Choice (4)
Choice (3)
Choice (2)
Choice (3)
Choice (3)

Concept Application Level—3

Key points

31.

32.

33.
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@
(1)

(i)
(v)

@
(1)

(i)

()

(1)

(i)

Bonds present in the molecule of CH ,
CCl, and CHCI, and their polarity.

Bond moments of C — H and
C — Cl bonds.

Shapes of the respective molecules.

Influence of the shape on the molecule of
the net dipole moment.

Size of the cation.

Comparison of the size of the alkali metals
and transition metals belonging to the
same group.

Effect of size on the polarizing power of
the cation.

Relation between the polarizing power of
the cation and the covalent character of
the compound.

Shape of orbitals.

Shapes of p and d orbitals in contrast to
the shape of ‘s’ orbitals.

Type of overlapping in T bond.

34.

35.

36.

37.

38.

39.

40.

(i) Composition and nature of glass and wax.
(ii) Comparison of types of forces existing
between the molecules of water, glass and
water, Wax.
(iii) Relation between type of force and
meniscers.

(i) Comparison of size of the anions.
(il) Comparison between anionic sizes of O™
and S ions.
(iii) Effect of anionic size on the polarising
power of Cu*?ion.

(i) Difference between lone pair and bond
pair.
(ii) Comparative study of nuclear force of
attraction on the lone pairs and bond pairs.
(iii) Comparison of spreading of electron
clouds of lone pairs and bond pairs.

(i) Comparison of shape of BF,and NF,.

(i) Number of lone pairs and bond pairs
present in the valence shell of the central
atom of respective molecules.

(iii) Shapes of the respective molecules.

(iv) Influence of shape on the polarity of the
molecule.

(i) Comparison of atomic size of xenon with
other noble gases.
(i1) Electronic configuration of xenon and
atomic size of xenon.
(iii) Scope for excited state configurations.
(iv) Types of hybridizations possible.

(1) Comparison of electrons present in the
valence shell in Cl in C1,O and H in H,O.
(i) Comparison of size between chlorine and
hydrogen.
(iii) Comparison of the valence electronic
configuration between hydrogen and
chlorine.

(1) Valence shell of ‘S’.
(ii) Number and type of orbitals present in
the valence shell.



41.

42.

43.

44.

45.
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(i)
()
)
M

(it)
(iii)

(iv)
@
(i)
@
(i)
(iif)

(iii)
(iv)

Number of unpaired and paired electrons
present is valence shell in ground state.
Number of unpaired electrons possible in
different exited states.

Relation between number of unpaired
electrons and covalency.

Valence electronic configuration of
hydrogen and chlorine.

Type of hybridization in PCI,.
Comparison of electronegativities between
hydrogen and chlorine.

The difference between the energies of
overlapping orbitals.

Comparison of the size of the anions.
Factors affecting the lattice energy.

Order or intensity of repulsions between
different electron pairs.

Preferred positions of an electron pair
which causes more repulsion.

Geometry based on arrangement of
different electron paris.

Relation between the energy of the
system and its stability.

Kind of force exerted on the atoms when
they approach each other after bond
formation.

Interrelation among work, force and
energy.

Effect of the amount of force on the rate
of change of energy.

Requisite of a substance to be soluble is
water.

Type of forces of attraction in between the
compounds of NaCl and NH,CI.

Effect of this on solubility.

46.

47.

48.

49.

50.

()
(i)

(i)
(iv)
@)

(ii)
(i)

@)
(i)
(iif)
(iv)

Comparison of size of carbon and silicon.
Effect of size of carbon and silicon on the
nature of bond present in CO, and SiO..
Influence of nature of bonds on the _
structure of the molecules.

Relation between the structure of the
substance and physical state of matter.

Expected shape with 5 bond pairs.
Determination of number of hybrid
orbitals.

The expected shape of the molecule.
Distortion due to lone pairs and resultant
shape of the molecule.

Comparison of electronic configuration of
beryllium and xenon.

Type of hybridization in XeF  and BeCl .
The number of lone pairs and bond pairs
present in the valence shell of the central
atom.

Relation between number of valence
electron pairs (bond pairs and lone pairs)
and geometry.

Number of valence electrons around
central atom for octahedral geometry.

Valence electronic configuration of
thallium.

Ditfterence in the electronic configuration
of thallous and thallic ions.

Comparison of the ease of formation of
thallous and thallic ions.

Relation between the ease of formation
of ion and availability of the compound in
nature containing that ion.



Acids, Bases
and Salts

INTRODUCTION

Acids and bases are two important classes of compounds which we come across in chemistry. Initially,
the substances which are sour to taste were termed acids. In fact, the name acid was derived from a Latin
word ‘acidum’ meaning ‘sour’. Similarly, bases or alkalies were characterized by their bitter taste and their
slippery touch.

The earliest idea regarding acids was that all acids necessarily contain oxygen as one of the elements.
Later further researches proved that the acids are of two categories. The first category of acids called
hydracids contain only hydrogen and a non metal. E.g., HCL. The second category of acids that contain
oxygen in addition to hydrogen and a non metal are called oxyacids E.g., H,SO,.These two types of acids
are together called mineral acids since they originate from mineral sources, in contrast to the organic
acids which have their origin from plant and animal sources.

Acids and bases were basically distinguished by their response to litmus test. Acids turn blue litmus red
and bases turn red litmus blue. ‘Salts’ is another important category of chemical compounds. The term
salt is generally used in our daily life for common salt which is an important component of our diet. In
the language of chemistry, however, the term ‘salts’ covers all electrovalent compounds having positive
and negative radicals formed by the reactions of corresponding acids and bases. Therefore, the study of
salts 1s invariably associated with the study of acids and bases.

Theories of acids and bases

Svante Arrhenius, for the first time in 1884 proposed a systematic theory to explain the nature of acids
and bases.

137
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Arrhenius Theory of Acids and Bases

Postulates

(1) An acid is a substance which contains hydrogen and produces H" ions in aqueous solution.
@ Examples

HCl - H* + CI

H,SO,—»H" + HSO~

HSO, — H' +S0O~

(i1) A base is a substance which produces OH" ions in aqueous solution.
@ Examples
NaOH — Na* + OH~

KOH — K* + OH"
Mg(OH), - Mg* + 20H"

(i1) All acids which ionize completely and hence produce more concentration of H" ions are called
strong acids. All acids which ionize partially and hence produce less concentration of H" ions
are called weak acids.

@ Examples

HNO, — H* + NO, (100% ionization, strong acid)
CH,COOH = H" + CH,COO" (partial ionization, weak acid)

(@iv) All bases which ionize completely and hence produce more concentration of OH™ ions in their
aqueous solutions are called strong bases. All bases which ionize partially and produce less
concentration of OH™ ions are called weak bases.

@ Examples

KOH — K" + OH™ (100% ionization, strong base)
NH,OH == NH_* + OH" (partial ionization, weak base)

(v) Neutralization is defined as the reaction between an acid and a base to give salt and water.
@ Example
HCI + NaOH — NaCl + H,O
Since a strong acid and a strong base are completely ionized in aqueous solutions, they will be present

in the form of ions. During the reaction, the anion of acid and cation of the base do not undergo any
net change.
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Therefore, the net reaction would be formation of water by the combination of H" and OH™ ions.The
other ions which remain unchanged during the reaction are called spectator ions.

@ Examples
HCI + NaOH — NaCl + H,O
H* CI" + Na* OH"— Na® + CI" + H,O
The net reaction of neutralization becomes H* + OH — I—IZO

After proposing his theory of electrolytic dissociation, Arrhenius himself gave a modified version of
his theory.

According to this version, an acid is defined as a substance which increases the concentration of
H* ions or hydronium ions in aqueous solutions. A base is defined as a substance which increase the
concentrations of OH™ ions in their aqueous solutions.

@ Examples

CO, + 3H,0 - SO}’ + 2H,0*
NH, + H,0 — SO3* + OH"

Limitations of arrhenius theory

(1) Arrhenius theory could not explain the acidic nature of substances which do not contain hydrogen.
For example, non-metal oxides are generally acidic, but they do not contain hydrogen.

@~ Example CO,, SO,
(i1) Bases which do not contain OH~ ions also could not be explained by Arrhenius concept.
For example, metal oxides are generally basic, but they do not contain OH™ ions.

@ Example CaO, MgO

(iii) Arrhenius theory was confined only to aqueous solutions. It could not explain the nature of acidic
and basic substances in gas phase or in non-aqueous solutions.

(@v) Arrhenius theory failed to explain the neutralisation reactions which do not involve formation of
water.

@~ Example CaO + CO, — CaCO,

(v) Later studies on solutions have revealed that H* ions have no independent existence in aqueous
solutions. They exist as hydronium ions (H,0%).This is in contradiction to Arrhenius theory.

In order to account for these drawbacks, a more advanced theory was proposed which introduced the
protonic concept of acids and bases.
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Lowry-Bronsted Theory of Acids and Bases

In 1923, ].N. Bronsted and J.M. Lowry independently proposed a broader concept of acids and bases in
order to overcome some of the drawbacks of Arrhenius theory.

Postulates
(1) An acid is a substance which donates protons to any other substances.
@ Example

HCl acts as a proton donor and hence is called an acid.
HCl — H* + CI

(i1) A base is a substance which accepts protons from any other proton donors.
@ Example

NH, acts as a base as it is a proton acceptor.
NH, + H" — NH*

(111) An acid on losing a proton produces a species which has proton accepting tendency that means
the tendency of a base. The base so formed is called conjugate base of the acid.

@ Example
HClI -» H'+ClI
Acid Conjugate
base

(iv) A base on accepting a proton produces a species which has proton donating tendency that means
the tendency of an acid.The acid so formed is called conjugate acid of the base.

@ Example
NH, + H* — NH/'
Base Conjugate
acid

(v) Neutralisation is defined as the transfer of a proton from an acid to base to form a conjugate
acid base pair. Since this theory mainly focuses on proton transfer, this is also known as protonic
concept of acids and bases.

@ Example
HCl+ NH, — NH+CI
Acid Base  Conjugate Conjugate

acid base
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Merits

(1) The acidic and basic nature of substances in gas phase could be convincingly explained by this
theory which could overcome the major limitations of Arrhenius theory.

(i) Itinvolvesa broader coverage of acids and bases in comparison to Arrhenius theory. This is because
it is not confined to aqueous solutions alone.

(1)) The basic nature of substances which do not contain OH™ ions could also be explained on the
basis of protonic concept.

Limitations
(1) The acidic nature of substances which do not contain hydrogen connot be explained.

@~ Example CO,, SO,

(1) This theory mainly involves proton transfer. Proton donation or acceptance being a relative
tendency of substances, cannot give the absolute acidity or basicity of substances.

In order to explain the nature of acids and bases in cases where there is no role for protons, a more
advanced theory was proposed which introduced the electronic concept of acids and bases.

Lewis Theory of Acids and Bases

In 1930, G.N. Lewis introduced another theory of acids and bases which could successfully explain the
cases where there is no role for protons.

Postulates

(1) An acid is a substance which can act as an electron pair acceptor. The molecule or ion should be
associated with shortage of electrons to act as an acid.

@ Example BF, H*
(i1) A base is a substance which can act as an electron pair donor. The molecule or ion should be
associated with one or more lone pairs of electrons to act as a base.

@~ Example NH,, OH

(ii1) Acid base neutralization can be defined as the transfer of an electron pair from a base to an acid.
H" + NH, — [H" « NH,]"

Formation of a hydronium ion and ammonium ion can be explained by means of Lewis theory of
acids.
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Formation of Hydronium ions (H,O")
H"+HO - HO"

Formation of ammonium ion

NH, + H" - NH

Merits

(1) This theory could explain the acidic nature of those substances which do not contain hydrogens.

(i1) It could explain the neutralization reactions which do not involve any transfer of protons.

Limitations

(1) This theory failed to explain the acidic and basic nature of general acids and bases.

(1) This theory could not explain the general neutralization reactions involving the formation of salt
and water.

(1)) Generally, the acid-base reactions are fast reactions. But the formation of a coordinate bond is a
slow process.

(iv) This theory cannot explain the relative strengths of acids and bases.

The three different theories of acids and bases explain the nature of various acids and bases in different
perceptions. However, none of the theories could convincingly explain all the properties of acids and
bases and hence cannot be universally applicable. Depending on the nature and conditions of reaction,
an appropriate theory is made applicable. Thus all the three theories put together can cover the entire
range of acids and bases.

Acids and bases can be further classified on the basis of certain properties.

Classification of acids

(1) On the basis of strength

(a) Strong acids: The acids which undergo nearly 100% ionization in aqueous solutions are
called strong acids. These produce a high concentration of H* ions in the solution.

@ Example
HCl - H* + CI" (~ 100% ionized)
(aq)
(b) Weak acids: Acids which undergo partial ionization in aqueous solutions are called weak
acids. These produce low concentration of H* ions in the solution.
@ Example
CH,COOH = CH,COO™ + H"



Acids, Bases and Salts 143

(i) On the basis of basicity

Number of H* or H,O" ions produced by ionization of one molecule of an acid in aqueous
solution is called its basicity.

(a) Monobasic acids: The acids which dissociate in aqueous solutions to produce one hydronium
ion per molecule of the acid are called monobasic acids.

@ Example
HC, HBr, HNO, HI, CH,COOH
CH,COOH < CH,COO" + H*

(b) Dibasic acids: The acids which dissociate in aqueous solution to produce two hydronium
ions per molecule of the acid are called dibasic acids.

@ Example
HSO,,H,C,O0,H,SO,,H,CO,
HSO, + HO = H,O + + HSO
HSO, + HO = H,0" + SO >
(c) Tribasic acids: The acids which dissociate in aqueous solution to produce three hydronium
ions per molecule of acid are called tribasic acids.
@ Example
HPO, + HO = H,0O" + HPO~
H PO, +HO = H,O" + HPO >
HPO /> + HO = H,O" + PO >

(iii) On the basis of concentration

(a) Concentrated acid: An aqueous solution that has a high percentage of acid and a low
percentage of water is said to be a concentrated acid.

(b) Dilute acid: An aqueous solution that has a low percentage of acid and a high percentage of
water is said to be a dilute acid.

(iv) On the basis of volatility

Acids which vaporize easily below 100°C are volatile acids.
@ Example
HCI, HNO,, H,SO,, H,CO,
Acids which do not vaporize even on strong heating are non-volatile acids.

@ Example
H,SO,, H PO,
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Classification of bases

(1) On the basis of strength

(i1)

(a) Strong bases: Bases which undergo nearly 100% (complete) ionization in aqueous solutions.
These produce high concentration of OH™ ions in the solution.
@ Example
Ba(OH), — Ba** + 20H" (~ 100% ionized)
(@ (9 (aq)
NaOH — Na* + OH-
(b) Weak bases: Bases which undergo partial ionization in aqueous solutions. It produces low
concentration of OHions in the solution.
@ Example
NH,OH = NH + OH"

On the basis of acidity

Number of OH™ ions produced by the ionization of one molecule of base in aqueous solution is
called its acidity.

(a) Monoacidic bases: The bases which dissociate in aqueous solution to produce one hydroxyl
ion per molecule of the base is called monoacidic bases.

@ Example

NaOH, KOH, NH4OH
NaOH = Na* + OH-

(b) Diacidic bases: The bases which dissociate in aqueous solutions to produce two hydroxyl
ions per molecule of the base are called diacidic bases.

@ Example
Ca(OH),, Cu(OH),, Mg(OH),
Ca(OH), = Ca" + 20H"

2

(c) Triacidic bases: Triacidic bases are those which dissociate in aqueous solutions to produce
three hydroxyl ions per molecule of base.

@ Example

Al(OH),, Fe(OH),
Fe(OH) = Fe* + 30H"
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General preparation methods of acids

(i) By synthesis/direct combination (for hydracids and binary acids)

Hydrogen + Non-metal — Acid
sunlight

H, + Cl, —— > 2HCI
B - electric

HZ + Brz disthtarge 2HBr

H, + I, — 2HI

(Vapour)

(i1) By the reaction of non-metallic (acidic) oxides with water.
Non-metallic oxide + Water — Acid
SO, + H,O - HSSO,
PO, + 3H,0 — 2H PO,
N,O, + H,O — 2HNO,

(1)) By the oxidation of non-metals with oxy acids
Non-metal + Acid — Acid + Water + Oxide
S + 6HNO, —— H, SO, + 2H,O + 6NO,
2P + 5H,SO, —*— 2H,PO, + 580, + 2H,O

(@iv) By the displacement of salts of more volatile acids with less volatile acid.
Salt + Less volatile acid — Salt + More volatile acid
NaCl + H,SO, —— NaHSO, + HCl
NaNO, + H SO, —— NaHSO, + HNO,

General preparation methods of bases

(i) By the action of water on metals
Water + Metal — Base/Alkali + Hydrogen T
(cold)

2H,0 + 2Na — 2NaOH + H,T
H,0 + Mg = MgO + I—IET

(steam)

4H,0 + 3Fe = Fe,O, + 4H,T

(steam)
(i1) By the action of metallic oxides on water
Metallic oxide + Water — Base
K,O0 + H,O —» 2KOH
MgO + H,O — Mg(OH),
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(i11) By the action of oxygen on metals
Metal + Oxygen —=— Metallic oxides
2Mg + O, —» 2MgO
4Fe + 30, = 2Fe O,

(iv) By the decomposition of metal carbonates
Metal carbonate —>— Basic oxide + Carbon dioxide
ZnCO, —— ZnO + CO,T
CuCO, —— CuO + CO,T

(v) Using soluble metal salts and NaOH/KOH
Soluble metal salt + NaOH/KOH — Salt + Insoluble metal hydroxide
AICL, + 3NaOH — 3NaCl + Al(OH) |

Zn(NO,), + 2KOH — 2KNO, + Zn(OH) 1

(vi) Strong heating of metal nitrates
Metal nitrate —*— Metal oxide+ NO, + O,T
2Ca(NO,), —2— 2Ca0O + 4NO,T + O,T
2Zn(NO,), —*— 2ZnO + 4NO,T + O,T

(vit) By the action of oxygen on metal sulphides
Metal sulphide + Oxygen — Metal oxide + Sulphur dioxide
2ZnS + 30, = 2Zn0O + 2SO,
2Cu,S + 30, — 2Cu,0 + 280,

(viii) Dissolution of NH, in H,O
NH, + H.O - NH,OH
(weak alkali)

Chemical properties of acids

(1) Action with metallic oxides
Metal oxide + dilute acid — Salt + Water
CuO + HSO, — CuSO, + HO
ZnO + 2HNO, — Zn(NO,), + H,O

(i1) Action with metallic carbonates and bicarbonates
Carbonate or bicarbonate + Acid — Salt + HO + COZT
CaCO, + 2HCl — CaCl, + HO + CO,T
NaHCO, + HCl = NaCl + HO + CO,T
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(i11) Action with metallic sulphite and bi-sulphite
Metal sulphite/bi-sulphite + Acid — Salt + H,O + SO,T
CaSO, + 2HCl — CaCl, + HO + sO,T
NaHSO, + HCl = NaCl + H.O + SO, T

(iv) Action with metallic sulphide and bi-sulphide
Metal sulphide/bi-sulphide + acid — Salt + H S
FeS + 2HCI — FeCl, + H,S
NaHS + HCl — NaCl + H,S

(v) Action of active metals with dilute acids
Active metal + dil acid — Salt + H,T
Zn + H,SO, — ZnSO, + H,T
Mg + 2HCl - MgCl, + H,T

(vi) Reaction with chlorides
Metal chloride + acid — Salt + acid
NaCl + H,SO, - NaHSO, + HCIT
NaCl + NaHSO, — Na SO, + HCIT

(vii) Reaction with nitrates

over

KNO, + HSO, —%rc? KHSO, + HNO,

over

KHSO, + KNO, —5ic> K,SO, + HNO,

Chemical properties of bases

(1) Action with non-metallic oxides
Alkali + CO, — Metal carbonate + H O
2NaOH + CO, — Na,CO, + H,0
Mg(OH), + SO, - MgSO, + H,O

(i1) Action with ammonium salt
Ammonium salt + Alkali - Metal salt + HO + NHST
2NH,Cl + Ca(OH), = CaCl, + 2H,0 + 2NH,T
(NH,),SO, + 2NaOH — Na SO, + 2H,0 + 2NH,T

(i) Action with soluble salts of metals other than that of Na, K, Ca
Soluble metallic salt + Base — Soluble salt + Insoluble hydroxide
CuSO, + 2NH OH — (NH)) SO, + Cu(OH),{
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Uses of acids and bases

(1) Sulphuric Acid Manufacture of fertilizers, dyes, drugs, explosives, paints, chemicals,
artificial fabrics etc.

(i) Hydrochloric Acid Printing, tanning and tinning industries.
(iii) Nitric Acid Manufacture of dyes, explosives, drugs, fertilizers and chemicals.
(iv) Acetic Acid Preservation of food and as a flavouring agent.
(v) Citric Acid Curdling milk, flavouring soft drinks and as (source of vitamin C) medicine.
(vi) Carbonic Acid Used in soft drink.
(vii) Oxalic Acid Used as ink stain remover.
(viii) Boric Acid Preservation of grains, to wash eyes.
(ix) Benzoic Acid As food preservative.
(x) Tartaric Acid Constituent of baking powder.
|
(i) NaOH Manufacture of soap.
(i) KOH Manufacture of soft soap and in alkaline batteries.
(1)) NH,OH Used to remove grease stains from woollen clothes.
(iv) Ca(OH), Manufacture of mortar, softening temporary hard water,
neutralizing acidity of soil and as a general germicide.
(v) Mg(OH), Used as antacid for neutralizing gastric acidity.
(vi) Al(OH), Used as foaming agent in fire extinguishers.
Neutralization

It is the reaction of acid and base to form salt and water and is associated with the liberation of heat.
The relative quantities of acid and base undergoing neutralization reaction and hence the heat liberated
depends upon the concentration of H" ions and OH™ ions produced by the dissociation of acid or base
in a given reaction. Since the acids and bases differ in their basicities and acidities, the concentration of
H" and OH" ions furnished by them also differs. Therefore, the quantities of acids and bases are expressed
in terms of equivalents which represent quantities of substances which has same combining capacities in
chemical reactions.

In a neutralization reaction, one equivalent of an acid is the quantity of acid which furnished one mole
of H* ions and for a base one mole of OH" ions.
@ Example
H,SO, = 2H" + SO}
1 mole H,SO, — 2 moles of H" ions
1 mole of H* ions — %mole H, SO,

=1 equivalent H SO,
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For all monobasic acids and monoacidic bases, the equivalent weight is equal to the molecular
weight.

@ Example
Molecular weight of HC] = Equivalent weight = 36.5
For the acids and bases that has its basicity or acidity greater than one, the equivalent weight must

be calculated by taking the reaction into consideration.

Molecular weight

Equivalent weight of acid =
Number of replaceable hydrogen in the given reaction

Molecular weight

Equivalent weight of base =
Number of replaceable OH" ions in the given reaction

H,SO.,.
H,SO, + NaOH — NaHSO, + H,O

@ Example

molecular weight

Equivalent weight = 1 98
H,SO, + 2NaOH — Na SO, + 2H,0

. . molecular weight
Equivalent weight = = 49.

2
Ca(OH),
Ca(OH), + 2HCI — CaCl, + 2H,0
Molecular weight 74

Zo37
2 2 &

Molecular weight

Equivalent weight =

Equivalent weight of salt =
Net charge on ion

Na, SO,

Molecular weight 142
2 PR

Equivalent weight =

Neutralization reaction

Reaction between an acid and a base to form salt and water liberating heat.

Acid + Base _— Salt + Water + heat
HCl] + NaOH _ NaCl + I—IZO + heat
HNO, + KOH ———  KNO, +2H,O + heat

H, SO, + Ca(OH), — > CaSO, +2H,0 + heat
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Heat of neutralization

The amount of heat liberated when one equivalent of an acid reacts with one equivalent of a base. For
any strong acid-strong base reaction, the heat of neutralization has the same value i.e., 13.7 K.cal/mole
since the acid and base involved are completely ionized.

@ Example
HCI + NaOH — NaCl + H,O +13.7 Kcal/mole

When a weak acid or a weak base is involved in the reaction, some amount of heat is utilized to ionize
the acid or base to furnish ions. This is called heat of ionization. Therefore the net heat released is less
than the heat of neutralization for strong acid-strong base reaction.

@ Example
Weak acid + strong base — salt + H,O + 13.4 Kcal/mole
Heat of ionization = 13.7 — net heat liberated
=13.7-13.4 = 0.3 Kcal/mole.
NaOH — Na* + OH~
CH,COOH — CH,COO™ + H" (consume 0.3 kcal)
H* + OH™ — H,O (liberate 13.7 kcal)
CH,COOH + NaOH — Na* + CH,COO™ + H,O + 13.4 Kcal/mole.

Uses of neutralization

(i) Slaked Lime (Ca(OH),) is added to reduce the acidity of soil.

(i) Antacid tablets with Mg(OH), or cold milk are used to treat acidity by neutralising HCI in
stomach.

(i11) Sting ofants/bees containing HCOOH (formic acid) can be neutralized by rubbing soap (NaOH).
(iv) Sting of wasps that contains an alkali can be treated by neutralizing it with CH,COOH.
(v) Lithium hydroxide is used to neutralize CO, exhaled by astronauts in spaceships or submariners
in submarines.
The concept of equivalent helps is determining the number of moles of acid needed to neutralize a
base and vice versa. This also plays a major role in determining the concentration of a solution in terms
of normality.

Normality

The number of equivalents of a solute present in one litre of solution is called normality. It is denoted
by ‘N’.

Number of equivalents

Normality

Volume of solution in litres

1000
V in ml

Number of equivalents X
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weight y 1 _ weight y 1000

- Equivalent weight V in ( - Eqivalent weight V in ml

The normality of a solution is helpful in expressing the concentration of a solution. However in
case of acids and bases. The concentration can also be impressed in terms of pH.The pH of a solution
represents the hydrogen ion concentration of in it. This is a single factor which represents not only the
concentration but also helps in determining whether a solution is acidic basic. To calculate the pH of a
solution, the concept of ionic product of water should be well understood.

lonic product of water

Water molecules ionizes partially to give H" and OH™ ions. An equilibrium exists between the ionized
and unionized molecules.

HO<=H"+OH"

K = H1OH]

Applying the law of mass action to the above equilibrium [H.0]

1
Since [H,O] is constant (Molar concentration of water in its pure sample is = (1)_(8)0 =55.55 M)

K[H,0] =K = [H'] [OH]

Where K is called ionic product of water.

At normal temperature (25°C), the concentration of H* and OH™ ions remains equal i.e., 107 M
s [H'] = [OHT] = 107 moles/(

K, =[H][OH] =107 x 107 = 10" mole*/(?

On adding a base, [OHT] increases and [H*] decreases but K product remains constant at constant

temperature.
@ Example
1x10° 1x10™ 1x10™"
1x107 1x10™ 1x 10"
At 25°C,
Neutral solution — [H*] = [OH] = 107 mole ion/lit
Acidic solution - [H*] > [OH] < 107 mole ion/lit
Basic solution - [H*] < [OH] > 107 mole ion/lit

In all cases, the product of [H*] and [OH| remains constant and is equal to 107'* at 25°C.
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Thus at a given temperature, the value of ionic product of water remains constant. Addition of acid
or base does not change the value of K . On the addition of acid, when [H] increases a corresponding
decrease in [OH] keeps the K value constant.

pH

The concept of pH was introduced by Sorensen in order to avoid the use of negative exponents in
expressing the concentration of acids and bases.

In pH, p means potentz and ‘H’ stands for Hydrogen.

pH is defined as the negative logarithm to base 10 of H* ion concentration (or) logarithmic reciprocal
of H" ion concentration.

. 1
pH = —log, [H'] or log,, ﬁ

Similarly,

1

pOH = —logm [OH_] or logm m

At 25°C, for a neutral solution, [H*] = [OH"] = 1077 mole ion/lit

The pH = —log, = —log,, 10" =7

b
[H+] glO 10—7

For a acidic solution; [H*] > [OH] < 1077 mole ion/lit

1
The pH = —logm TOJ =< 7.

Lower the pH value, greater will be the acidic strength of the solution.

For a basic solution; [H*] < [OH7] > 107" mole ion/lit

1
The pH = —IOg10 TOJ =>7

Gereater the pH value, greater will be the basic strength of the solution

Relation between pH and concentration of H* ions

[HY 10° 107 10 10 10°* 10 10° 107 10°® 10 107" 10" 10°2 10" 107"
pH 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

“—

v
AN
v

Acid Base
«Acidity increases Basicity increases—
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pH of some common substances

HCI (Gastric Juice in stomach) 1.0
H. SO, 1.2
Citric Acid 2.3
Lime juice 2.4
Acetic Acid 29
Carbonic Acid 3.0
Orange 35
Boric Acid 5.2
Milk (Lactic Acid) 6.6
Pure Water 7.0
Human blood 7.3
Albumin (egg) 7.9
NaHCO; solution 8.4
Sea water 8.5
Milk of magnesia 10.5
Ammonium hydroxide 111
Na,CO, solution 11.6
NaOH 13

Uses of pH value

(1) In brewing, pH values are strictly controlled for wines of desired flavour.

(i) pH value of soils is tested to enhance growth of crops in acidic/alkaline soils.

)

)
(i) pH value of milk is controlled in dairies.
(iv) Depending on pH values of skin secretion, different soaps for oily/dry skin are prepared.
)

(v) In medicine, for diagnosis of certain diseases, pH of blood and urine are determined.

By mathematically calculating the pH the nature of a solution can be determined. In a lab, however,
certain chemicals are used as indicators to determine wether a solution is acidic or basic.

Indicators
Indicators are organic dyes that have one colour in acidic solutions and another colour in basic solutions.
There are two types of indicators

(1) Common indicator

(1) Universal indicator

Common indicators

These are specific and work only in a specified pH range. Using these, it is possible to identify the acidic,
basic and neutral solutions and the pH range of the solution. It is not possible to know the exact pH
value of the solution.



154 Acids, Bases and Salts

Litmus Red Blue
Methyl orange Red Yellow
Phenolphthalein Colourless Pink

Determination of pH using indicators

Methyl violet Yellow 0.0-1.6 Blue
Thymol blue Red 1.2-2.8 Yellow
Methyl orange Red 3.2-4.4 Yellow
Bromocresol green Yellow 3.8-5.4 Blue
Methyl red Red 4.8-6.0 Yellow
Litmus Red 5.0-8.0 Blue
Bromothymol blue Yellow 6.0-7.6 Blue
Thymol blue Yellow 8.0-9.6 Blue
Phenolphthalein Colourless 8.2-10.0 Pink
Thymolphthalein Colourless 9.4-10.6 Blue
Alizarin yellow R Yellow 10.1-12.0 Red

Universal indicator

It is a mixture of organic dyes which gives different colours with solutions of different pH values. This is

more sensitive than other common indicators.

Determination of pH using universal indicators

pH

<«——— Acidic ——>!

«————— Akaline ——>

0 1 2 7 8 9
Universal Indicator Red Orange Green Blue Indigo Violet
(neutral)

10 11 12 13 14

Salts

All salts are basically ionic compounds and are electrically neutral as the total positive charge on positive
radicals is equal to the total negative charge on negative radicals. These oppositely charged ions are held
together by strong electrostatic forces of attraction when the salts are in the solid state. In fused state or
in aqueous solutions, these forces of attraction are broken and the salts are dissociated into ions. This
accounts for the electrical conductivity of their solutions. Thus all salts are electrolytes in their molten

states as well as in their aqueous solutions.

Formation of salts

Salts are the compounds formed during the neutralization reaction between an acid and a base. Therefore,
salts can also be defined as the compounds formed by either partial or complete replacement of ionizable
hydrogen atoms of an acid by one or more metal ions or ammonium ions of a base.
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NaOH + H,SO, = NaHSO, + H,O (Partial neutralization)
2NaOH + H, SO, = Na,SO, + H,O (complete neutralization)
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Ionic definition of salt can be given as the ionic compound which on dissociation in water yields one
or more positive ions other than H* ions and one or more negative ions other than OH™ ions.

@ Examples
MgCl, - Mg** + 2CI-
(NH,),SO, — 2NH,* + SO,

There are a large number of salts present. To make the study of salts easier they are classified into four
different categories on the basis of their composition.

Classification of salts

Salts

v v

Simple salts Double salts

v

Mixed salts

J

Complex salts

Simple salts

The salts which contain only one type of positive ion and one type of negative ion are called simple salts.
These are further classified into three types based on their chemical nature.

Simple salts

J

Normal salts

|

Acid salts

Basic salts

Comparative study of normal, acid and basic salts

Definition The salts which do not
contain any replaceable
hydrogen or ‘OH’ groups.

Formation By complete neutralisa-
tion of acids and bases.
E.g.
iNH4OH + H.SO,

(NH,) SO, + H,O

The salts which contain
one or more replaceable
hydrogens.

By incomplete neutrali-

sation of acids and bases.

E.g.
IIIaOH + H,SO,

NaHSO, + H,0

The salts which contain one
or more replaceable ‘OH’
groups.

By incomplete neutrali-
sation of acids and bases.
E.g.

Cu(OH), + HNO,

)
Cu(OH)NO +H,0

(Continued on following page)
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Acids, Bases and Salts

Composition All ionizable hydrogens are  Partial replacement of Partial replacement of
replaced by a metal or NH_* ionizable Hydrogen by a ionizable hydroxyl groups by
ion. metal or NH_* ion. non metal ions or negative

radicals

Properties Neutral in nature. Do not Acidic in nature. Reacts Basic in nature. Reacts with
react with acids or bases. with bases. acids

Examples NaCl, (NH ) SO _,ALSO,), NaHSO,, Cu(OH)NO,, Cu(OH)CI

NH HSO,
Double salts

The salts which contain more than one simple salt are called double salts. These salts are formed by the
crystallization and union of two simple salts dissolved in water. Double salts undergo complete dissociation
in aqueous solutions. They give reactions of all ions present in both the simple salts. These salts are usually
associated with water of crystallization.

Example

Potash alum — K SO, .AL(SO,),.24H,0
Mohr’s salt — FeSO, . (NH,),SO, . 6H,O
Dolomite — CaCO, . MgCO,

Mixed salts

The salts which contain more than one basic or acidic radicals are called mixed salts. These are formed by
multi-step reactions involving corresponding acids and bases. Mixed salts undergo complete dissociation
in aqueous solutions. They give the reactions of all the ions produced in aqueous solutions.

Example

Sodium potassium carbonate (NaKCO,) (Na*, K* and CO, radicals)
Bleaching powder (CaOClL,) (Ca*?, OCI, CI" radicals)
Disodium potassium phosphate Na,KPO, (Na*, K*, PO, radicals)

Complex salts

The salts which contain one complex ion and one or more simple ions are called complex salts. These
salts are formed by mixing saturated solutions of simple salts followed by crystallization.

Example
Sodium argento cyanide Na[Ag(CN),]
Potassium ferrocyanide K,[Fe(CN) ]

A complex salt dissociates into a complex ion and simple ions. Simple ions react individually, while
the complex ions reacts as one unit.

Example
K,[Fe(CN) ] = 4K*+[Fe(CN), ™
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It gives reactions of potassium ions and ferro cyanide ions. But, it cannot give reactions of ferrous ions

and cyanide ions separately.

Preparation of salts

I. Preparation of soluble salts
(1) By direct combination (synthesis): Heating a metal and a non-metal together. The non-metal
is over the surface of the hot metal to get the salt.
@ Examples
2Al1 + 3Cl, — 2AICI,
2Fe + 3Cl, — 2FeCl,

(ii) By the action of dilute acids on metals: Active metals like Sodium, Potassium are treated with
acids like HCI, H,SO , HNO, to give their respective salts.

@ Examples
Zn + 2HCl - znCL + H,T
Mg + H,5O, - MgSO, + H,T

(iii) By the action of dilute mineral acids on oxides: Metal oxides are generally insoluble and
basic in nature. When these oxides are treated with dilute acids, displacement takes place. Since
metal oxides are basic in nature, neutralization takes place.

@ Examples
FeO + H,SO, — FeSO, + H,O
PbO + 2HNO, — Pb(NO,), + 2H,O

(iv) Action of dilute mineral acids on hydroxides: Soluble salts are obtained by the titration of
an acid with a soluble hydroxide.
@ Example
2NH,OH + H,SO, = (NH,)),SO, + 2H,0O
(v) Action of dilute acids on carbonates: Soluble salts are obtained by the titration of a carbonate
salt solution with an acid.
@ Example
(NH,),CO, + H,SO, = (NH,),SO, + H O + CO,
(vi) Action of dilute mineral acid on hydroxide: Soluble salts are obtained by the neutralization
of an acid and its respective insoluble hydroxide.
@~ Example Fe(OH), + H,SO, — FeSO, + 2H,0O
(vii) Action of dilute acids on carbonates: Soluble salts are obtained by the neutralization of an
acid with insoluble carbonate.

@~ Example: PbCO, + 2HNO, — Pb(NO,), + H,O + CO,
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li. Preparation of insoluble salts
(1) By direct combination (synthesis): Heating the powdered metal with sulphur.
@ Example Fe +S — FeS
(i) Precipitation from soluble salts: In this method, when two soluble salt solutions are mixed,

double decomposition takes place and the insoluble salt is precipitated. This is the most common
method for the preparation of insoluble salts.

@~ Example BaCl, + H SO, — BaSO, + 2HCI

General characteristics of salts

(1) Physical state: Salts are non-volatile crystalline solids.

(i) Electrical conductivity: Salts being electrovalent (ionic) compounds conduct current in molten
state as well as in aqueous state due to its dissociation into ions.

(i11) Solubility: The salts are ionic compounds. But all the salts are not soluble in water. Some salts
remain insoluble.

Table showing the solubility of salts
All NH,*, Na*, K* compounds are soluble -

All nitrates and nitrites are soluble -

All chlorides are soluble in water. Hg,CL,, AgCl, PbCl,

PbCl, — Soluble in hot water
All sulphates are soluble CaSO,, PbSO_,BaSO,
All oxides and hydroxides are insoluble Oxides of Na*, K*, Mg*?
All carbonates are insoluble. K,CO,,Na,CO,, (NH),CO,
All sulphides are insoluble. K,S,NaS§, (NH)),S
Salt hydrolysis

The phenomenon in which a simple salt on dissolution in water forms a parent acid and a parent alkali
resulting in acidic, basic or neutral solution is called salt hydrolysis. It is the most important property
of salts.

Depending on the nature of the salts, it is classified into four types.

(i) Hydrolysis of salts of strong acids and weak bases: This type of hydrolysis produces a strong
acid which ionizes and a weak base which does not ionize. This increases the concentration of H*
ion making the solution acidic.
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@ Example

(NH,),SO,, CuSO,, NH ,NO,, FeCl, etc.,
Cu™ +S0,” + 2H,0 — Cu(OH), + 2H"* + SO

As only the cation of the salt reacts with water it is also called cationic hydrolysis.

(i) Hydrolysis of salts of weak acids and strong bases: This produces a weak acid which does
not ionize and a strong base which ionizes and gives OH™ ions. This makes the solution basic and

hasa pH > 7.

@ Example

Na,CO,, CH,O0OK, CH,COONa
CH,COO" + Na* + HO — CH,COOH + Na* + OH-

As the anion of the salt reacts with water, it is also called anionic hydrolysis.

(i) Hydrolysis of salts of strong acids and strong bases: This type of hydrolysis produces a
strong acid and a strong base which are completely ionized giving equal number of H" and OH"~
ions. Thus this solution is neutral with a pH = 7.

@ Example

NaCl, K, SO,, KNO,
Na*+ CI™ + H,O —» Na* + OH + H* +CI”

(iv) Hydrolysis of salts of weak acids and weak bases: This produces a weak acid and weak base,
which exist in the molecular form. Thus there are no free H* or OH™ ions and the solution is

neutral with pH = 7.

@ Example

(NH,),CO,, CH,COONH,
2NH,* + CO,? + 2H,0 — 2NH,OH + H,CO,

Qualitative analysis of simple salts

A simple salt contains an acidic radical (anion) and a basic radical (cation).The analysis of a simple salt
involves identification of the constituent acidic and basic radicals of the salt.



160 Acids, Bases and Salts

Identification of some important anions

Carbonate  Action of dilute ~ CaCO, + 2HCI Colourless gas with brisk effervescence which
HCl 2 puts off burning splinter and turns lime water
CaCl, + H,O + CO,  milky. CO, gas is evolved.

Chloride  Action of conc. BaCl, + H,SO, A colourless and pungent smelling gas is
H,SO, 2 evolved (HCI).The gas when exposed to a
BaSO, + 2HCI glass rod dipped in NH,OH forms white
HCI + NH ,OH dense fumes.
\’
NH,CI + H,O
Nitrate Action of conc. 4NaNO, + 2H SO, + A reddish brown pungent gas is evolved (NO,)
HSO, + in Cu and the solution turns blue. (CuNO),.

the presence of |
copper turnings  2Na SO, + 2NO, +
Cu(NO,), + 2H,0

Confirmatory tests for anions

Carbonate Reaction with BaCl, CaCO, + BaCl, A white precipitate which is insoluble in
solution l conc. HCL. (BaCO))
BaCO, + CaCl,
Chloride = Reaction with AgNO, 2BaCl, + White curdy precipitate. (AgCl)
solution 2AgNO,
2AgCl +
Ba(NO)),
Nitrate Brown ring test: A reddish brown ring is formed at the
Salt solution + Freshly junction of the two layers

prepared ferrous sulphate
solution + conc. H,SO,

Identification of some important cations

For the identification of cations in the salts, NaOH and NH OH are the generally used reagents. These
form insoluble precipitates with characteristic colours.
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Table showing different characteristic precipitations given by different metal ions

Fe*? Fe(OH), Fe(OH),

Dirty green Dirty Green

Insoluble in excess NaOH Insoluble in excess NH 4OH
Fe*? Fe(OH), Fe(OH),

R eddish Brown R eddish Brown

Insoluble in excess NaOH Insoluble in excess NH 4OH
Ca™? Ca(OH), No reaction

Milky white -

Insoluble in excess NaOH —
Zn*? Zn(OH), Zn(OH),

White White

Soluble in excess NaOH Soluble in excess NH 4OH

(colourless solution) (colourless solution)
Pb*? Pb(OH), Pb(OH),

Chalky White Chalky White

Soluble in excess NaOH Insoluble in excess NH 4OH
Cu™ Cu(OH), Cu(OH),

Pale blue Pale blue

Insoluble in excess NaOH Soluble in excess NH 4OH

(deep blue solution)

Al*? Al(OH), Al(OH),

White White gelatinous

gelatinous Soluble in excess NH ,OH

Soluble in excess NaOH

test your concepts @ e-

Very short answer type questions

1. What is meant by ionic product of water?
2. Give examples of some acidic substances without H" ions.

3. Which acids/bases are used for the following?
(i) To neutralize sting of wasps (ii) In Alkaline batteries  (iii) Manufacturing of soap

4. Define oxyacid. Give two examples.
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20.
21.

22

24.
25.
26.
27.
28.
29.
30.

162

. According to Bronsted — Lowry theory neutralization reaction is the formation of

. Give one example of acid base reaction without formation of water.

- X+ H,O - Y.Y is used to remove grease stains from woollen clothes. Identify X andY.
. How do neutral, acidic and basic salt solutions respond to litmus test?

. Give examples of some basic substances without OH™ ions.

10.
11.
12.
13.
14.
15.
16.
17,
18.
19.

How does a complex salt dissociate in its aqueous solution?

What is the principle involved in the preparation of FeCl?

In the equation X +HCI — NaCl + HLS, what is X?

Mention any two methods of preparation of acids. llustrate with equations.
How are basic salts formed?

How are soluble salts prepared by direct combination? Give an example.
[lustrate any one method of preparation of bases with equations.

‘What is the pH range in which phenolphthalein is colourless?

Name the insoluble salts which can be prepared by direct combination?
‘What are the pH values of the following solutions at 25°C?

@ 0.001 M of HCI

(i) 0.05 M of H SO,

@i) 0.01 M of NaOH

The formula of the basic salt formed by treating calcium hydroxide with HClis ______
‘Which method is employed for the preparation of sulphate of Ba, Ca and Pb?

. Define pH and give its mathematical representation.

23.

‘What would be the nature of aqueous solutions of the following salts?

(i) KNO,

(i) Na,CO,

(i) CH,COONa

Define basicity of an acid. Give an example each for monobasic, dibasic and tribasic acids.
Normality of 0.01M aluminium hydroxide is (assuming complete ionization).
Worite the equation for the action of a dilute acid on a metal oxide.

The hydroxyl ion concentration of sodium hydroxide having a pH value of 12, at 25°C, is
Mention the steps involved in ionization of phosphoric acid.

Non-metallic oxides are either _ or __ in nature.

The number of ions produced by one mole of [Co(NH,) |CL in its aqueous solution is



Short answer type questions

31. What is meant by a universal indicator? State the colours given by a universal indicator to the solutions
of following pH values.
@ pH=1 (i) pH=8 @) pH=5 (iv) pH=12

32. How is NH OH helpful as a reagent for the analysis of cations in the aqueous solutions of their salts?
Give equations.

33. What is meant by acidity of a base? Give the acidities of following bases.
(i) Caustic potash (i) Slaked lime (ii1)) Aluminium hydroxide
34. Define indicator. Why are the different indicators used in difterent pH ranges?
35. Define salt hydrolysis. Explain the hydrolysis of potassium carbonate by giving ionic equations.

36. Explain protonic concept of acids and bases with one example each.

37. How do bases react with the following? Write the equations.
(i) Non metallic oxide (i) Ammonium salt  (iii) Soluble metallic salt

38. What is meant by neutralization? Give some examples identifying spectator ions in the reactions.

39. How do you identify the following cations in their aqueous solutions by using caustic soda solution?
(i) Fe* (i) Zn* (i) A"

40. What is the value of ionic product of water at 25°C? How does it change with temperature?

41. Give pH range for various solutions at 25°C.

42. Distinguish between acidic salts and basic salts giving examples.

43. Mention any four applications of pH.

44. Define basicity of an acid. Give an example each for monobeasic, dibasic and tribasic acids.

45. What is the difference between mixed salt and complex salt with respect to chemical reactions? Explain
with an example.

Essay type questions

46. State the postulates of Arrhenius theory. Explain with examples. What are the limitations of Arrhenius
theory?

47. On the basis of ionization explain classification of acids and bases with suitable examples. Classity acids/
bases on the basis of amount of water present in the solution.

48. Explain the formation of hydronium ion and ammonium ion.

49. Define salt hydrolysis. Explain the nature of aqueous solution of following salts on the basis of salt
hydrolysis.
@ (NH),CO, (i) CuSO, (i) NaNO, (iv) CaCl,

50. Explain with examples the use of NaOH and NH,OH as reagents for the identification of cations in salts.
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Concept Application Level—1
Direction for questions 1 to 7: State whether the following statements are true or false.

1. Formation of coordinate covalent bond between NH, and BF, is an example of neutralization reaction,
according to Bronsted theory.

. A diacidic base has one replaceable hydroxide ion.

. For a dibasic acid, normality is twice the molarity for a given solution.
. S is the conjugate base of HS™

. Methyl orange exhibits yellow colour in basic medium.

. Curd is sour in taste due to the presence of acidic substance.

NN G A W N

.K SO Al (SO)), 24H O gives reactions of both K* and Al"™ ions respectively.
2Oy V3 2~ 8 P Y-

Direction for questions 8 to 14: Fill in the blanks.

8. Phenolphthalein is a/an indicator.
9. The salt obtained by partial neutralisaiton of sodium hydroxide and sulphuric acid is in
nature.
10. Metallic oxides are either or in nature.

11. [H"] of nitric acid having a pH value of 6 is

12. The pH of aqueous solution of salt obtained by the reaction between NaOH and CH,COOH is
at 25°C.

13. A salt, X is prepared by the complete neutralization of Cu(OH), with H SO,. The nature of X is

14. The units of K are

Direction for question 15: Match the entries given in column A with appropriate ones from
column B.

15.

Column B H

Sodium chloride Baking powder

o »

Tartaric acid Freezing mixture in ice creams.

Potassium nitrate Antacid in medicine

o

Sodium bicarbonate Gun powder

Citric acid Bleaching powder

mmoowe

™

P e e
— — ' S~ ' —

Calcium hydroxide Flavouring agent
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Direction for questions 16 to 30: For each of the questions, four choices have been provided.
Select the correct alternative.

16. Which of the following is not a base according to any of the theories?

(1) Mg(OH), (2) NH, (3) HPO, (4) BF,
17. According to Lewis acid-base concept, which is a correct statement?

(1) Species in which central atom has completed octet can not act as acid.

(2) All negatively charged ions are acids.

(3) Molecule in which the central atom has vacant ‘d’ orbitals acts as acid.

(4) All positively changed ions are bases.

18. At a certain temperature, K was found to be 1 X 107 mole” £~*. At this temperature, a solution is taken
and red litmus is added to this solution.The solution turned to blue. pH range of the solution could be

(1) between 5 and 7 (2) between 7 and 10
(3) less than 5 (4) Both 1 and 2

19. Which of the following indicators is the best indicator for the detection of end point in the titration
of CH,COOH and KOH?

(1) Methyl orange (2) Phenolphthalein
(3) Methyl red (4) None of the above
20. According to Lewis theory, neutralization is the
(1) transfer of proton from acid to base (2) transfer of proton from base to acid
(3) transfer of electron pair from acid to base (4) transfer of electron pair from base to acid

21. The indicator which shows colour changes in the entire pH range is

(1) phenolphthalein (2) methyl orange (3) universal indicator (4) thymol blue
22. Which of the following has the highest value of pH?
(1) HCI (2) NaOH (3) Ca(OH), (4) CH,COOH

23. Heat of neautralization is less than 13.7 Kcal/mole for the reaction

(1) HCl+ NaOH — NaCl + H,O
(2) H,SO, + 2NaOH — Na SO, + 2H,0
(3) HNO, + NaOH — NaNO,+H,O
(4) CH,COOH + NaOH — CH,COONa +H,0
24. Which among the following does not undergo hydrolysis?

(1) Na,CO, (2) CH,COOH (3) CH,COONH, 4 KSO,
25. Which of the following acts as both Bronsted acid and Lewis acid?
(1) Cu™ (2) SO, (3) Fe™ 4 NH/

N J
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26. Which among the following factors changes the value of ionic product of water?
(1) Change in temperature (2) Addition of acid

(3) Addition of base (4) Addition of either acid and base.
27. Which of the following solutions has the same concentration of H* ions as 0.1 N HCI?
(1) 0.IN H,SO, (2) 0.3 NH,PO, (3) 0.2 N HNO, (4) All the above
28. Which of the following cannot show acidic nature?
(1) H,CO, (2) CaCoO, (3) HCI (4) HSO S
29. The spectator ions in the hydrolysis of (NH,), CO,
(1) NH,", H*, OH" (2) NH', CO;7, H", OH"
(3) CO.; ", H*, OH" (4) No spectator ions
30. Disodium potassium phosphate isa/an ______ salt.
(1) acid (2) mixed (3) complex (4) double

Concept Application Level—2

31. Calculate the resultant pH of a solution when 20 ml of 0.1N NaOH is mixed with 20 ml of
0.05 M Ca(OH), at 25°C.

32. The ionic product of water is found to be 1 X 107 mole?/£? at 60°C. What would be the nature of
solution with pH = 7? Explain giving reasons.

33. Explain why phosphorous acid is not a tribasic acid like phosphoric acid though both acids contain
three hydrogen in their molecules.

34. What volume of 0.45 M H PO, is needed to neutralize 60 ml of 0.60 N NaOH solution? (Assume
that there is a complete ionization of acid and base)

35. Explain the nature of resultant solution when 20 ml of 0.05 M NaOH is mixed with 10ml of 0.1N
HCI solution at 25°C.When 10 ml of this solution is diluted 100 times what is the change in pH?

36. Account for the variation of acidic character with increase in the oxidation state of central atom.

37. Two salts are dissolved in water separately. When phenolphthalein is added to the two solutions, one
solution turned pink and the other solution was colourless. How do you justify this?

38. How many moles of NaOH must be added to 200 ml of 0.1 M solution of HNO, to get a solution
having pH value 2.00?

39. Explain the nature of following salts.
(1) NaH,PO, (2) Na,HPO, (3) Na,HPO,
40. An aqueous solution of Mohr’ salt can give a precipitate with NaOH or NH,OH. But, the aqueous

solution of potassium ferro cyanide cannot give a precipitate with both reagents. How do you account
for this?

41. Two coloured salt solutions of two metals A and B gave precipitates with NaOH and NH,OH. On
further addition of NH,OH, the precipitate disappears, in the case of B.There is no such change in the
case of ‘A’ either with NaOH or NH OH. Identify A and B. Give equations. /
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42.

43.

44.

45.

48.

49.
50.

22

Find the pH of resultant solution when 100 ml of 0.005 M H,SO, at 25°C is diluted to 1000 ml.
What is the amount of NaOH required to be dissolved in 500 ml to exactly neutralize the above
solution?

Compare and contrast the nature of aqueous solutions of ammonium acetate and sodium
sulphate.

A strong alkali forms an acidic salt with a dibasic acid. From the aqueous solution of the salt formed
on the addition of dilute acid evolves a gas which turns lime water milky. Identify the salt and predict
the reactions involved in it.

Explain the variation in basic strengths of hydrides of VA group elements.

Concept Application Level—3
46.
47.

Acetic acid contains four hydrogen atoms in each molecule. Explain why it is not a tetrabasic acid?

How do you account for the acidic nature of 10 M nitric acid? Justify by mathematical calculation.
(log 1.1 = 0.041).

Though zinc and manganese get precipitated as their sulphides, they do not get precipitated along with
lead or copper when H_S is passed through acidified solutions of their salts. Justify and also explain how
the precipitation of Zn* and Mn* ions takes place.

Explain the action of phenolphthalein indicator in the titration of acetic acid versus sodium hydroxide.

How does the acidic character vary among the trihalides of boron? Give reason in support of your

N

answer.

J

-

Very short answer type questions
1.

The product of concentrations of H" and OH~
ions.

. BF,,CO,, SO,

() CH,COOH

. (i) KOH

(iii) NaOH

. Acid which contains oxygen, hydrogen and a

non-metal like NS, P.
Example: H SO,, HNO,

. conjugate acid base pair

11.
12.

key points for

selected questions

. HCl+ NH, - NH, + C1-
. X =NH,Y = NH OH

. Neutral salt = No change in the colour of

litmus
Acidic salt — Turns blue litmus to red.
Basic salt — Turns red litmus to blue

. NH,, PCL, CaO
10.

A complex salt dissociates into a complex ion
and simple ions.

Direct combination (synthesis) of Fe with Cl

Na S

J
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13.

14.
15.

16.

17.
18.
19.

20.
21.
22.

23.

24.

25.

By the action of acidic oxides with waters.
SO,+H,0 - H SO,

By the oxidation of non-metal with oxy acids.
S+ 6HNO, - HSO, + 2H,0 + 6 NO,

By incomplete neutralization of acids and bases.

By heating a metal with a non-metal.
Example: 2Al + 3Cl, — 2AICI,.

R eaction of water with metals
Example: 2H,O + 2Na — 2NaOH + I—IZT
2H,0 + Mg — Mg(OH), + H,T

Oto6
FeS (iron sulphide)
(&) pH = —log, [H']

HCI=H*+ CI
0.001 M 0.001 M
~.pH = —log [0.001]
pH=3

(i) [H*] =0.05x 2
=0.1
pH=1

(i) [OHT] =0.01
pOH =2
pH = 12

Ca(OH)Cl

Precipitation from soluble salts.

Negative logarithm to base 10 of H* ion
concentration
pH = —log, [H"]

(i) Neutral

(i) Basic
(iii) Basic
Numbers of H* or H,O" ions produced by
ionization of one molecule of an acid in aqueous
solution.
Mono basic = HCI, Dibasic - H_SO ,
Tribasic = H,PO,.

0.03 N

26.

27.
28.

29.
30.

Short answer type questions

31.
32.

33.

34.

35.

36.

37.
38.

39.

40.

41.

key points for
selected questions

Metal oxide + dilute acid — Metal salt + water
ZnO + 2HNO3 - Zn(NOS)2 + HZO

0.01

H,O+H PO, = H,O"'+H, PO
H,O0+H,PO_ = H,0+HPO,>
H,O0+HPO,? = H,0"+PO~

neutral, acidic

4 N (N indicates “Avagadro number”)

pH range of universal indicator.

(i) Formation of hydroxide precipitates
(i) Different colours of precipitates
(iii) Solubility of precipitates in excess reagent.
(i) Definition
(i) Number of OH™ ions produced by the
dissolution of one molecule of base in water

(i) Organic substances
(id)
(i) Reaction of cation or anion of salt with

water
Regeneration of free H* or OH™ ions

Different colours at different pH values

(id)
(1) Tendency of proton donation and proton
acceptance
(i1) Formation of conjugate acid base pair
Nature of the product obtained.
(i) Definition.
(i) Examples.
(i) Color of hydroxide precipitate.
(i) Solubility of precipitates in excess of
reagent.

(i) Product of concentrations of H* and OH~
ions

107 is concentration of each ions.
Temperature dependence

(i)
(ii)

(1) pH range of acidic solution

/
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(ii) pH range of basic solution
(iii) Relate pH range to H* ion concentration

42,
(i) Basic radicals
(iii) Incomplete neutralization of base

45. (i) Products on dissociation of salts.
(i) Reactions of products formed on

dissociation.

Essay type questions

46. (i) Acid gives H* ions
(i) Bases gives OH™ ions
(iii) Aqueous solutions
(iv) Neutralization
(v) Non-aqueous solutions
(vi) Compounds without H* and OH"~

\_

() Replaceable hydrogen ions, hydroxide ions.

47.

48.

49.

50.

key points for
selected questions

(i) Complete ionization of acids, bases in
aqueous solution.
(i) Partial ionization of acids, bases in aqueous.
(iii) Dilute and concentrated acids/bases
solution.

(i) Presence of lone electron pair on H,O/
NH, molecule
(i) Donation of lone electron pair to H* ions

(i) Calionic and anionic hydrolysis
(i1) Nature of the cation and anion present in
the salt.

(i) Formation of hydroxide precipitates
(i) Different colours for different precipitates
(iii) Solubility of different precipitate in excess
of reagent.

Concept Application Level—1
True or false

1. False
. False

. True

. True

. True

2
3
4. True
5
6
7

. True

Fill in the blanks
8. acidic
9. acidic

10. basic, amphoteric

11.
12.
13.
14.

0.000001 mole ion//

greater than 7

Normal salt

mol.ion?/lit?

Match the following

15.

A : b
B.

C
D :
E
F

o Mo o

Multiple choice questions

16.
17.

Choice (4)
Choice (3)
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18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

Choice (4)
Choice (2)

Choice

Choice (3)
Choice (2)
Choice (1)
Choice (4
Choice (4
Choice (1

(
(
)
(
(

Choice (2
Choice (4
Choice (2

)
)
)
Choice (1)
)
)
)

Concept Application Level—3

Key points
31. (i) Calculation of net H" ion concentration
in the mixture.
(i1) Calculation of the total number of OH~
ions generated from the given volume of
NaOH and Ca(OH),.
(i) Calculation of concentration of OH ions
in the resultant solution.
(iv) Calculation of pOH.
(v) Calculation of pH from the value of pOH
at 25°C.
(vi) 3
32. (i) Concentration of H" and OH~
(i) [H']/[OH] from the given ionic product
of water.
(i) Calculation of pH from [H'] (or) pOH
from [OH]
(iv) Relation between pH value and nature of
the solution.
(v) Relation between given pH and nature of
the solution.
33. (i) Comparison of the structures of two acids
@i1)) Condition required for a substance to
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behave like an acid in its aqueous solution.

34.

35.

36.

(iif)

(iv)

v)

(vi)
()
(i)

(i)

(iv)

(v)

()
(i1)

(i)

Comparison of positions of hydrogen
atoms present in phosphorus acid to that
present in phosphoric acid.

Relation between the position of
hydrogen in the respective molecules and
its replaceability.

Relation between the number of
replaceable hydrogen and the basicity of
the acid.

Balanced equation and comparison of
quivalents.

Basicity of acid.

Calculation of normality of H,PO .
Calculation of number of equivalents of
base.

Calculation of volume of acid required
based on normality of acid and number of
equivalents of base.

26.6 ml

Calculation of net H' ions concentration
in the mixture.

Calculation of the difference of number
of H" and OH' ions generated from the
given amount of respective acid and base.
Determination of the pH of the given
mixture at 25°C.

Relation between the pH of the solution
and its nature.

Relation between the nature of the
solution and the effect of dilution.

Effect of electronegative atom on the

O — H bond strength.

Effect of oxidation state of the central
atom on the position of electron cloud
present between oxygen atom and the
central atom.

Relation between the position of the
above electron cloud and the charge
separation between hydrogen and oxygen
atom of the hydroxyl radical attached to
the central atom.



37.

38.

39.

40.

(iv)

(v)

(i)
(i)

(vi)

(vii)

(i)
(i)

Relation between the above charge
separation and ease of formation of
hydrogen ion.

Relation between ease of formation of
hydrogen ion with the acidic character of
the respective acids.

Nature of solution where phenolphthalein
is pink and colourless.

Nature of the components produced on
hydrolysis of salts

Relation between the components
produced and the colour change of
indicator.

pH of initial solution.

Calculation of normality of the solution
after neutralization.

Calculation of number of equivalents of
HNO, neutralised.

Calculation of number of moles of
NaOH required to neutralize this HNO,
in 200 ml.

0.018

Identification of parent acid from which
the respective salts are formed.

Structures of the given salts.

Number of hydroxyl radical present in the
respective acid.

Number of replaceable hydrogen in the
respective acid.

Identification of the negative radical(s)
that can be formed from the given acids.
Determination of the number of
replaceable hydrogen(s) present in the
given salts based on the composition of
the above negative radicals.

Relation between the number of
replaceable hydrogen(s) present in the salt
and its nature.

Characteristics of double salts

Type of salts

Comparison of ions present in their salt
solutions

41.

42.

43.

44,

45.

(i)
(i)

R equisite of a salt to give a precipitate.

Metals giving colored salts

Coloured salts which give precipitates
with NaOH and NH ,OH.

Comparison between the reactions of the
precipitates obtained with excess NaOH
and NH,OH

Solubility of the product formed.

Identification of species undergoing
hydrolysis in the respective salts.

Nature of constituent ions of the given
salts.

Comparison of reactions that take place in
the respective solutions.

Comparison of the concentration of
hydrogen and hydroxyl ions in the
respective solution.

Calculation of H' ion concentration in
the diluted solution.

Calculation of the number of moles of
hydrogen ions present in 100 ml of 0.005
M H.SO,.

Calculation of the concentration of the
hydrogen ions of H, SO, solution after
dilution.

Calculation of the number of moles of
NaOH required to neutralize the above
solution.

Calculation of the amount of NaOH
required.

4x107g

Gas which turns lime water milky
Identification of gas.

Dibasic acid responsible to produce this
gas.

Acidity of the alkali.

R equisite for acidic salt.

Requisite for basic nature according to
Lewis theory.

Elements present in group VA.

Number of lone pairs present in the
valence shell of the elements of group VA.
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(iv)

v)

(vi)

(vii)

46. (i)

(i)
(iif)

47. (i)
(i)

(iif)

(iv)

(1)

(iif)

Concept of base according to Bronsted
Lowry theory.

Comparison of the size of the above
elements.

Relation between the size of the element
and tendency of accepting the proton.
Comparison of stability of the respective
hydrides of the elements of group VA.

Replaceable hydrogens in acetic acid.
Structure and bonding in acetic acid.
Comparison of the position of the
hydrogen atoms present in the molecule
of acetic acid.

Relation between the position of
hydrogen atom and the effect of strong
alkali on it.

pH range of acidic solutions.

Number of hydrogen ions furnished by
nitric acid, present in the solution.
Determination of concentration of the
hydrogen ions furnished by nitric acid.
Influence of the concentration of
hydrogen ions furnished by the acid on
the degree of dissociation of water.
Concentration of hydrogen ions furnished
by water.

Total concentration of hydrogen ions
present in the solution.

Calculation of pH.

Requisite for precipitation of the
respective sulphides.

Difference in the types of ions present in
an acidified salt solution and normal salt
solution.

Ions present in the solution when H.S is
passed through it. _

(iv) Influence of extra ions present in the
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acidified solution on the degree of
dissociation of HS.

49.

50.

v)

(vi)

@)
(i)
(i)
(iv)
v)

)

(iv)
(v)
(vi)

(vii)

(viii)

(ix)

Relation between the degree of
dissociation of H,S and the availability of
sulphide ions in the solution.

Relation between the number of
sulphide ions and the precipitation of the
selective salts.

Titration range of reaction and pH range
of indicator.

Strength of acid and base.

pH range of the solution at end point.
Nature of indicator.

pH range of indicator.

Comparison of electronegativities of
halogens attached to boron in various
trihalides.

Reason for the trihalides of boron to act
as acid.

Comparison of valence electronic
configuration of fluorine, chlorine,
bromine, iodine with that of boron.
Orbitals in which the lone pairs of
electrons of halogens are present.
Identification of vacant orbital of boron.
Comparison of energy of vacant orbital
of boron with the orbitals containing
lone pairs of electrons in halogens.
Comparison of tendency of donating
the electron pair to the vacant orbital of
boron among the halogen.

Relation between the tendency of
formation of the above kind of bond and
availability of vacant orbital of boron for
accepting the lone pairs of electrons from
other species.

Comparison of acidic characters of
trihalides of boron according

to Lewis concept.



Electrochemistry

INTRODUCTION

The interconversion of electrical energy and chemical energy by means of oxidation-reduction reaction
comes under the purview of electrochemistry. Electrochemistry finds application in industries for the
extraction, refinement and protection of metals. A very common natural phenomenon like rusting of
iron also comes under the study of electrochemistry. Starting from a small dry cell used in toys to micro
processors of computers electrochemical processes are involved.

Electrochemical reactions are basically of two types. First, the oxidation-reduction reactions which
takes place with the passage of electricity and is known as electrolysis and second, the oxidation-reduction
reactions which result in the generation of electricity.

Since electric current is considered as flow of electrons or flow of electric charges, a conducting
medium is required. The substances which allow the passage of electric current through them are called
electrical conductors. They are of two types:

(1) metallic conductors

(i) electrolytic conductor

In metallic conductors, conduction takes place due to the flow of free electrons and hence these are
called electronic conductors. Some compounds like HCI, NaOH, KCI conduct electricity because of
the movement of ions in their molten state or in aqueous solution. These type of conductors are called
electrolytic conductors.

The electrochemical reactions involve the process of decomposition of an electrolyte either in fused
state or in solution state by the passage of electricity.
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Mostly, all the electrovalent compounds in their fused or molten state conduct electricity.
The electrical conduction in these can be attributed to the presence of mobile ions.

Conduction in electrovalent compounds

The electrovalent compounds contain an aggregate of oppositely charged ions in the solid state.
The ions in the solid state are held in their positions by strong electrostatic forces of attraction.
Hence they are immobile. When they are melted or dissolved in suitable solvent, the forces of attraction
between their ions are weakened and the ions then move, thereby conducting electricity.

The process due to which an ionic solid dissociates into ions, in the fused state or in dissolved state is
called electrolytic dissociation.

@ Example Electrolytic dissociation of NaCl

In fused state, the high temperature weakens the
electrostatic force of attraction, between Na* and
CI ions whereas in dissolved state of NaCl, they get
separated due to the dielectric effect of the solvent
and hence conducts electricity.

The extent of electrolytic dissociation depends
upon the nature of the solvent becuase the role of

the solvent is to weaken the electrostatic forces of

attraction between the ions. Figure 7.1

Not only the ionic compounds, but also the polar covalent compounds conduct electricity in solution
state. Due to the polarity within the molecules of polar covalent compounds, charge separation takes
place in solution state. The process of formation of oppositely charged ions from the molecules of polar
covalent compound is called ionization.

@~ Example HCl + HO —» H,O" + CI

In order to explain the process of electrolysis, Arrhenius in 1887 proposed a theory known as theory
of electrolytic dissociation largely confined to aqueous solutions of the electrolytes.

Postulates of Arrhenius theory of electrolytic dissociation

(1) The molecules of the electrolyte when dissolved in water, dissociate into two kinds of charged
particles—positively charged particles and negatively charged particles or ions. This process is
known as ionization or electrolytic dissociation.

(i1) When a voltage is applied, cations move towards the cathode and anions move towards the anode.

(1) The number of positively charged ions and negatively charged ions may be different, but the total
positive and total negative charges carried by anions and cations are same. Hence the electrolytic
solution at any instant remains electrically neutral.
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(iv) There is an equilibrium between the ions and undissociated molecules of the electrolyte.
AB A"+ B-

(v) The fraction of the total number of molecules which are present as ions in the solution is called
degree of dissociation of the electrolyte.

On the basis of degree of dissociation, electrolytes can be classified into 2 types. They are strong
electrolytes and weak electrolytes.

These electrolytes are highly ionized in the These electrolytes are feebly ionized and have low
solution and have high degree of ionization. degree of ionization.

They conduct a good amount of electricity. They conduct less amount of electricity.

These contain only freely moving ions, in the These contain some ions and also molecules in the
solution or molten state. solution or molten state.

e.g., HCI, H,SO , HNO,,NaOH, KOH, KClI, e.g., CH,COOH, H,CO,,Al(OH),, NH OH,
NaCl, BaSO,

With an increase in temperature, the conductivity of the electrolyte increases while conductivity of the
electrolyte decreases with an increase in concentration.

Process of electrolysis

The process of electrolysis takes place in an electrochemical cell called electrolytic cell or voltameter.

The electrolytic cell consists of a glass vessel in which electrolyte is taken in molten state or in aqueous
solution. Two conductors (metal plates or graphite rods) are dipped in the electrolyte and are known
as electrodes. The electrode which is connected to the positive terminal of the battery (i.e., the source
of electricity) is called anode and the one which is connected to the negative terminal of the battery is
called cathode.

When an electric current is passed through an electrolyte,
cations move towards the cathode and anions move towards
the anode. Cations accept the electrons from the cathode
and get neutralized whereas anions give up their negative
charge by releasing electrons at the anode and become

neutral. Hence oxidation takes place at the anode and

reduction takes place at the cathode. The number of electrons
gained by the anode is equal to the number of electrons clectrolys
lost at the cathode. Generally, metals and H, are deposited/
liberated at the cathode and non-metals are liberated at the

anode.
Figure 7.2 Electrolytic cell
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Mechanism of electrolysis

The process of electrolysis thus results in the decomposition of an electrolyte and subsequent deposition
or liberation of the constituent products at the respective electrodes. However, the quantities of the
electrolytic products at the respective electrodes are not same for all the electrolytes.

For the establishment of quantitative relationship between the electricity passed through the electrolyte
and the products obtained at the electrodes, Michael Faraday conducted some experiments. The results
were given out as Faraday’s laws of electrolysis.

Faraday’s Laws of Electrolysis

1st Law

The amount of substance deposited or liberated or dissolved at an electrode is directly proportional to
the quantity of electricity passing through the electrolyte.

Mathematical representation

m o< Q (m = mass of substance deposited at the electrode)
(Q = Quantity of electricity passing through the electrolyte)
Q =c Xt (¢ = current strength in amperes;
t = time of flow of current in seconds)
m o< ct or m = ect (e = constant called electrochemical equivalent)

Ifc=1amp;t= 1sec (or Q =1 coulomb) thenm = e

Therefore, electrochemical equivalent can be defined as the mass of substance which undergoes
electrode reaction at an electrode by the passage of one coulomb of electricity through the electrolyte.

Since the charge of an electron is equal to 1-:602 X 107" coulombs, passage of one mole of electrons
through an electrolyte corresponds to passage of (6-023 X 10* X 1-602 X 107") coulombs of electricity.

Charge of 1 mole of electrons = 6-023 X 10 X 1-602 X 107" = 96,496 coulombs
= 96,500 coulombs 96,500 coulombs is called one faraday.

The amount of substance which undergoes electrode reaction by the passage of one faraday (96500
coulombs) of electricity is equal to the equivalent weight of the substance.

Calculation of equivalent weight

The equivalent weight of an element or radical is calculated by dividing its atomic weight/formula
weight by its valency. The unit of equivalent weight is atomic mass unit.

i ; Atomi icht
Equivalent weight of an element = Atomic weight

valency
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Formula weight of the radical

Equivalent weight of a radical =
valency

Atomi ight of the alumini 2
Equivalent weight of aluminium = omic weight of the aluminium _ 27 _ 9

valency of aluminium

Atomic weight of oxygen 16 _ 3

Equivalent weight of oxygen =
valency 2

F 1 ight of sulph dical _ 96
Equivalent weight of sulphate radical = ormu’a welght of swiphate radical _ 70 _ 4g.

valency 2

Therefore the number of equivalents of substance deposited or liberated or dissolved at an electrode
is equal to the number of faradays of electricity passed through the electrolyte.

Relation between equivalent weight and electrochemical equivalent

Equivalent weight _ Atomic weight
96500 z X 96500

Electrochemical equivalent = (where z = valency of the element)

2nd Law

For the passage of same quantity of electricity through different electrolytes, the amounts of respective
substances deposited at the electrodes is in the ratio of the equivalent weights of the substances.

If m , m, and m, are mass of different substances and E , E, and E, are the equivalent weights of the
substances,m, :m, :m, = E :E, : E, (when quantity of electricity is constant)

@ Numerical Problem

A current of 9-65 amperes is passed through three different electrolytes NaCl, AgNO, and CuSO, for
30 minutes separately. Calculate the ratio of the metals deposited at the respective electrodes. Also find
out the weights of various metals deposited at the respective electrodes.

Solution

Quantity of electricity passed through the electrolyte = current strength X time of flow = 9-65 X
30 X 60 coulombs

mNa :mAg :mCu = ENa :EAg :ECu
23 .,
EN3=T=23 (Na +e —>Na)
108
E,~= T=108 (Ag" + e = Ap)

63.5
731.75 (Cu*? + 2¢” = Cu)

les]
I

m_ :m, :m u=23:108:31~75

Na Ag C
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Weicht of sod; J ed = 23><9.65><30><60_414
eight of sodium deposite %6500 d4¢g
Weight of silver deposited = 108><9.65><30><60_1944
eight of silver deposite %6500 44 ¢
31.75 % 9.65 x 30 x 60
Weight of copper deposited = a 9650:; X% = 5715 g

Based on the concept of electrolysis, it is obvious that chemical reactions can be carried out by making
use of electrical energy. Similarly, it is possible to generate electrical energy by means of spontaneous
redox reactions. The electrochemical cell used for this purpose of conversion of chemical energy into
electrical energy are also known as galvanic cells or voltaic cells.

A galvanic or voltaic cell consists of two half cells viz., anodic half cell where oxidation takes place and
cathodic half cell where reduction takes place.

Principle and working of a galvanic or voltaic cell

When a metal strip (e.g., zinc) is dipped in a solution of its own ions, an equilibrium exists between the
metal atoms and the metal ions. This is because, the metal atoms may have a tendency to lose electrons
and enter into the solution as metal ions. The electrons so released remain on the rod. The region of
solution which is very close to the metal strip becomes rich in positive charge.

Othermetalslike copper behave in different

. . Metal
way. The metal ions from the solution have a rod e

tendency to take out electrons from the metal
atoms on the strip and become neutralized. \ 1 -

In this case, the metal rod is left with positive e
charge and the part of the solution which =

+
+
is in contact with the metal rod becomes i :
slightly negatively charged. These metal rods i i
+

| A N O |

{ N T O B I |

are called electrodes. o L

The equilibrium [M"*(aq) + ne” — M (s)] e~ ——foulioy — —— == SoMon= —o g

is set up in both the cases and an electrical
double layer is formed. Figure 7.3

In the first case, equilibrium lies to the left and in the second case it lies to the right.

Single electrode potential

Since the metal rod and the solution surrounding it differ in charge, a potential is developed between the
metal rod and the salt solution. This potential developed at the interface of metal rod and the solution of
its own ions is called single electrode potential. It is denoted by E.
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Each electrode system (the metal rod in contact with its salt solution) is called a half cell. If oxidation
takes place in the half cell it is called oxidation half cell and if reduction takes place in the half cell, it is
called reduction half cell. The electrode at which oxidation takes place is called anode and the electrode
at which reduction takes place is called cathode. Since measurement of single electrode potentials for
any electrode is not possible it is absolutely necessary to combine it with an electrode whose potential
is known. For this purpose, hydrogen electrode has been taken as standard whose potential has been
arbitrarily fixed as zero volts. This is known as standard hydrogen electrode.

Standard hydrogen electrode (SHE)

Hydrogen gas at 1 atm. pressure is taken in contact with platinum surface and HCI solution of 1molar
concentration at 25°C temperature. This is called standard hydrogen electrode. The electrode potential
has been assigned a value of zero volts.

Hydrogen at 1atm f
pr)wl:-:ssugre I

Temperature 25°C

1 Platinum electrode coated
with platinum black

_,\ Hydrochloric acid of
unit activity, about

1.18 mol dm™

Figure 7.4

Standard electrode potential

Electrode potential depends upon the nature of electrode, concentration of the salt solution and the
temperature. Therefore, certain standard conditions are considered.The salt solution of 1M concentration
is taken at 25°C temperature. The electrode potential measured under these standard conditions is called
standard electrode potential. It is denoted by E°.

When any electrode is connected to standard hydrogen electrode, the potential difference between the
two electrodes is called standard electrode potential of that electrode.

The hydrogen electrode constitutes one half cell and the other electrode system constitutes another
half cell. These two half cells are separated by a salt bridge. A salt bridge is a U shaped tube containing
KClI solution in agar agar. This salt bridge serves the purpose of providing an electrical contact between
the two half cells. The two half cells are connected through a voltmeter. The reading of the voltmeter
gives the emf of the cell.

EMEF of cell = E°RHE - E°

LHE
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The half cell in which oxidation
takes place is taken on the left hand
side whereas the half cell in which
reduction takes place is taken on the
right hand side.

When zinc electrode is coupled
with SHE, zinc electrode is taken as
RHE and SHE is taken as LHE.

H'+e” — H (RHE)
Zn — Zn*? + 2¢ (LHE)

B = (0-76 volts

Zn*?/Zn

Electrochemistry
Digital
voltmeter
-0.76 V
Hydrogen, f\ Zinc
1 atm .~ electrode

Salt bridge

Hydrochloric Platinum Zinc sulphate
acid, 1 mol dm®  4jectrode solution, 1 mol dm™®
Figure 7.5

In the similar way, the standard electrode potentials of all the electrodes can be calculated by coupling

with SHE.

Depending on whether the loss or gain of electrons takes place in the electrode system, the standard

electrode potential may be oxidation potential or reduction potential. Oxidation potential and reduction

potential for an electrode are equal in magnitude with opposite sign.

However, according to IUPAC convention, usually, reduction potentials are considered for the various

electrodes. Therefore, standard electrode potentials correspond to standard reduction potentials only.

Electrochemical series

The arrangement of the electrodes in the order of their standard electrode potentials is called

electrochemical series. A greater negative value indicates the greater ease of reduction and greater

positive value indicates greater ease of oxidation.

Standard reduction potentials at 25°C

F (g) + 2¢” — 2F

Cl(g) + 2¢" = 2CI’

O,(g) + 4H" + 4e” — 2H,0(0)
Br,({) + 2¢” — 2Br”

Agt + e > Ag(s)

Fe’* + e~ — Fe**

L(s) + 2e- > 20

2.87
1.36
1.23
1.07
0.80
0.77
0.54

(Continued on following page)
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Cu* + e — Cu(s)
Cu** + 2e” = Cu(s)
Cu* +e —> Cu?
2H" + 2¢" — H,(g)
Fe’* + 3e™ — Fe(s)
Cr*+e — Cr*
Fe** + 2e” — Fe(s)
Cr’** + 3e” — Cr(s)
Zn** + 2e” — Zn(s)
Cr** + 2e” — Cr(s)
AP* + 3e” — Al(s)
Mg** + 2e” — Mg(s)
Na* + e~ — Na(s)
Ca* + 2e — Caf(y)
Sr** + 2e” — Sr(s)
Ba®* + 2¢~ — Ba(s)
Cs* + e — Cs(s)
Rb* + e — Rb(s)
K*+ e — K(s)

Li* + e — Li(s)

0.52
0.34

0.16

0.00
-0.04
-0.42
-0.44
-0.74
-0.76
-0.90
-1.67
—2.36
—2.71
—2.84
—2.89
—2.92
—2.92
-2.93
-2.93
-3.05
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A voltaic or galvanic cell is constructed by combining two electrode systems where the potential

difference between the two electrode systems can be measured by means of an voltmeter and this

potential difference of the given cell is called cell e.m.f. or cell potential.

Example of voltaic cell is Daniel cell.

Daniel cell

A Daniel cell can be constructed by connecting a Zn/Zn*? half cell with a Cu*?/Cu half cell with a wire.
Zinc ions leave the surface of the electrode and go into the solution. Electrons from the zinc electrode

move to the copper electrode through the wire. Copper (II) ions from the solution move to the copper
electrode and get neutralized. A KCl salt bridge is used to connect the two half cells. Negatively charged
chloride ions from the salt bridge flow to the Zn/Zn*? half cell whereas potassium ions flow to Cu/Cu*?
half cell to maintain electrical neutrality.
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The salt bridge allows the charge

to move from one half-cell to the ol EEthal TioR

—_——

other half cell, but prevents mixing

Current

of the solutions.

[ 1

In Daniel cell, zinc electrode

is called anode because oxidation
takes place at the zinc electrode and
copper electrode is called cathode
because reduction takes place there.

Half cell reactions

Zn — Zn** + 2e7!

Cu*>+2e¢'—= Cu

Net reaction Solution Solution
containing salt containing salt
2 2
Zn + Cu™? > Zn"* + Cu of Zinc of Copper

Figure 7.6 Schematic representation of Daniel cell

Representation of cell

According to IUPAC convention, oxidation half cell is written first by writing metal followed by metal
ion separated by a single vertical line. The reduction half cell is written later by writing metal ion
followed by metal. The two half cells are separated by a double vertical line which indicates salt bridge.

@ Example Daniel cell

Zng | Zn™ || Cu™ | Cu

(aq) (aq) )

Applications of electrochemical series

Prediction of cell reaction

By coupling the standard electrodes whose potentials are known, standard emf of the cell can be calculated.
Since the emf of a cell is always positive, accordingly RHE and LHE are chosen. RHE involves oxidation
half reaction and LHE involves reduction half reaction. Therefore, the cell reaction can be predicted from
the relative positions of the electrodes in the electrochemical series.

Selective discharge of ions during electrolysis

The cations with lower discharge potential get discharged at the cathode in preference to one with
higher discharge potential.
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@ Example

() If Cu™ and H"' are present in the solution, Cu™ will be discharged due to its lower dis-
charge potential.

(1) IfNa*'and H*' are present in the solution, H"' will be discharged due its lower discharge potential.

Similarly, the anions with lower discharge potential get discharged at the anode due to increasing
ease of oxidation from the top to bottom of the electronegative series.

@ Example
Between Cl- and OH~, OH™ gets discharged at the anode due to its lower discharge potential than that
of CI
Electrolysis of acidulated water using platinum electrodes
Electrolytic cell: Hoftmann’s voltameter
Electrolyte: H,O + dil H,SO, (small amount)
Electrodes: Platinum electrodes as cathode and anode
Current: 12V (from a battery)
Dissociation reaction: 2H,O -H O* +OH"
Ions present: OH~ and H,O", SO 7 H* (H,O")
Electrode reaction:

At cathode :H" + e > H

H+H->HT |
At anode: 4OH™ —4e” - 2H,O + O, (__ i _5

Products obtained: H, and O,

(Net reaction: 2H,O — 2H, + O,) AN

)

_02

Volumetric analysis

On electrolysis, water gives 2 volumes of H,

and 1 volume of O,. Hence ratio of H, and -
O, formed is 2 : 1. ]

Apart from the position of an electrode

1 Platinum
_______________________ ] electrode

in the electrochemical series, other factors

also affect the preferential discharge of ions

at the respective electrodes.

Cathode

Figure 7.7 Hoffman's voltameter
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Electrolytic cell

Iron crucible at normal temperature

Iron crucible at normal temperature

Electrolytic Electrolytic dissociation Electrolytic dissociation
reactions CuSO, ** Cu* + SO} CuSO, " Cu*? +S07”

HO " H"+ OH" HO " H"+ OH"

At Cathode At Cathode

Cu* + 2e” —»Cu Cu™ + 2e— Cu

At anode At anode

Cu —2e"— Cu™ 4[OH - e — OH] —» 2H,0 + O,

Procedure (1) Electric current is passed through (1) Electric current is passed through
CuSO, solution keeping copper as CuSO, solutions keeping platinum
anode. as anode.

(ii) Cu*?,H*, SO,>, OH" ions are (i) Cu*?, H*, SO,>, OH" ions are
formed. formed.

@iii) SO;” and OH ions migrate towards  (iii) SO;> and OH™ migrate towards
anode. An ionization potential of anode but OH™ is discharged in
copper is less than the discharge preference to SO;” ions due to the
potential of SO;> and OH copper low discharge potential.
anode itself ionizes.

Observation Blue colour of CuSO, solutions does Blue colour of CuSO, fades away as the
not fade, as concentration of Cu*? does concentration of CuSO, decreases.

not change.

Schematic |
diagram c‘ﬂ_“ |L%
+ -

-] >Cu electrodes

—————— CuSO0, (salt)

5 Z: Pt/Cu cathode

Pt anode

[ —-=---1  CuSO 4 (salt)

Applications of electrochemistry
The concept of electrolysis finds applications in various industries for various purposes.

The concept of electrochemical cells is made use in different types of batteries. The hydrogen oxygen
fuel cells are also based on the same concept.

The most important applications are
(1) Electroplating of metals
(1) Electrolytic refining of metals

(i) Extraction of metals (electro metallurgy)
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(1) Electroplating
It is an electrolytic process of depositing a thin film of metal like gold, silver, nickel on other metals
like iron, copper for different purposes.

Applications of electroplating

(a) For anti-corfosion To induce anti-corrosive properties by coating a metal with other metal.
(b) For decorative purposes To give a pleasing appearance, less valuable metals are electroplated with
costly ones. Example: Gold over brass.

Conditions to be maintained during electroplating

(a) The article to be electroplated is always made the cathode in electrolysis since the metal is deposited
at the cathode.

(b) The metal (like Ni, Ag, Au), which is to be electroplated on the given metal is always placed as
anode. Since metal anode continuously dissolves into the solution, it has to be replaced periodically.

(c) The electrolyte solution must contain the metal ions like Ag, Au, Ni since these ions travel towards
cathode and get deposited on the metal placed as cathode.

(d) Less amount of current is supplied for longer time. It helps to reduce the uneven deposition of
metal.

(e) Only direct current is to be used because alternating current causes discharge or ionization on
alternate electrode. No effective coating takes place on cathode.

Electrolyte ~ AgCN + KCN + HCN NiSO, + H,SO,
Silver cyanide + Potassium cyanide + Nickel Sulphate + Sulphuric acid
hydrogen cyanide
Electrodes Brass spoon (Cathod) Iron article  (Cathod)
Pure silver (Anode) Nickel metal (Anode)
Electrolytic ~ AgCN " Ag* + CN- Electrolytic reaction
dissociation KCN " K + CN- NiSO, " Ni*? + SO;*
reaction HCN " H* + CN- HSO, ™ 2H* + SO;°
K"+ Ag"h + CN™ H,O " H'+ OH"
KAg(CN), i

The formation of potassium
argentocyanide controls the deposition
of silver on the cathode so that the
coating becomes thin, uniform and
adheres properly over the cathode.

At Cathode: At Cathode:
Agtt+e oAg Ni** + 2e” — Ni
At Anode: At Anode:
Ag—e o> Ag" Ni — 2e~ — Ni*?

(Continued on following page)
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Procedure (1) A highly cleaned brass spoon which has (i) Take a highly cleaned iron articles which

to be electroplated is taken. has to be electroplated.
(ii) Due to electrolytic dissociation,Ag", (i) Due to electrolytic dissociation Ni*?,
K*, H*, OH", CN" ions are formed. SO;?, H*, SO;?, OH" are formed.

(iii) CN-, OH ions are not discharged at (i) SO7?and OH- are not discharged at

anode due to high reduction potential anode due to high reduction potential

than Ag. than Ni.
(iv) Silver gets deposited on brass spoon.

AgNO, is also used an electrolyte.

(iv) Hence Ni metal gets deposited on iron
article.

Schematic . rccrr (‘{(f - 3
Diagram i -
- | Brassspoon T
| Silver anode = §— lron article
gl 4 Nickel
— AgCN + KCN] . 1 .
+ hydro cyanic ————-—---4 NiSO,
acid(HCN) oo + H,S0, solution

(i) Electrolytic refining

(a) Electrolysis can also be used for refining metals containing impurities. They can be purified
electrolytically.

(b) For example purification of copper.

Electrolytic refining of copper metal

Electrolyte: Acidified copper sulphate (CuSO, + H,SO,) solution

Electrodes: Impure copper rod as anode and thin strip of pure copper rod as cathode.
Dissociation of electrolyte takes place in the following ways:

CuSO, = Cu"” +80,>

HSO, = 2H" + SO,

H,O = H'+ OH-

Reaction at the cathode

Cu*? + 2¢- > Cu

The Cu*? ions in the solution get attracted to cathode and are deposited there by reduction.

Reaction at the anode
Cu—-2e — Cu™

The impure copper rod, gets oxidized and form Cu*? ions and dissolved in the solution. These Cu**
ions gets deposited at the cathode.As a result, gradually the cathode increases in size. The copper obtained
at the cathode is 99.9% pure.
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Anode mud: The impurities like silver, gold, mercury settle down as anode mud. (Slime)

Joa g

Pure copper
cathode

Impure copper
anode

Electrolyte

Figure 7.8 Anode mud or slime

(i1) Electrometallurgy

Electrolysis can also be used in the extraction of metals, which are at the top of electrochemical
series. Example: Na, K,Al, Ca, Mg, etc.

Electro metallurgy of metals

Na, Mg and Ca, are extracted by the electrolysis of their molten chlorides with iron as cathode and
graphite as anode.

Anodic reaction are 2Cl"— 2e™— CIZT
Cathodic reactions are M™ + ne” > M
where is M is the metal.
Aluminium is extracted by the electrolysis of fused ALLO, mixed with a small amount of cryolite. Gas

carbon lining is made the cathode and thick carbon rods are made anodes in the electrolytic cell for
extraction of aluminum.

Reactions
At cathode: 2A1"® + 6e = — 2Al
At anode: 3072 —6e — 3OZT

Batteries

Various types of batteries are used in watches, transistor radios, cars and other automobiles. Some batteries
can be recharged and some cannot be recharged.

The most common type of battery consists of zinc rod dipped in a paste of zinc chloride and
ammonium chloride. This entire set up is kept in contact with a graphite rod surrounded by a mixture
of MnO, and graphite powder. Emf of this cell is around 1-5 volts.

Other type of batteries are button shaped cells having emf of 1-6 volts. A common car battery consists
of PbO, in contact with H SO,
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Fuel cell

@ Example Hydrogen-oxygen fuel cell.

Electrochemistry

In hydrogen-oxygen fuel cell, platinum electrodes are placed in a solution of an alkali. Electricity is

generated by means of the following cell reactions.

Cell reactions involved

2H,(g) + 4OH" (aq)— 4I—IZO(£) + 4e”
O,(g + ZI—IZO(K) + 4e (aq) » 4OH"
Net reaction 2H,(g) + O,(g) — 2H,0(¢()

test your concepts # -

Very short answer type questions

[ S I e e e e e e e

21.
22.

O 0 N N Ul A W N e

. What is meant by electrolysis?

. What are batteries?

. What do you mean by voltameter?

. Current enters or leaves the electrolyte through

. Explain the principle involved in an electrochemical cell.

. How does the temperature effect the extent of dissociation of electrolyte?

. How do the impurities present in the electrolyte affect the conductivity?

of electrolyte get oxidized in electrolysis.

. What is Daniel cell?

. What is cell emf? Write down the cell reactions involved in Daniel cell.
. What are the electrodes used in electro-refining of copper?

. Define electrochemical equivalent.

. What do you mean by standard hydrogen electrode?

. Pure metal in electroplating gets deposited at

. Write the cell representation of Daniel cell.

. Define standard electrode potential with an example.

. What is the principle of fuel cells?

. How many electrons constitute one Faraday?

electrodes do not take part with deposited or liberated materials.

. Write the cell reaction for the following cell representation.

Zn/ Znt(aq) 1A Ay

What is the smallest possible charge existing?

aq,

Why do polar covalent molecules conduct electricity in aqueous solutions?



23.
24.
25.
26.

27.

28.

29.

30.

Why do anions move towards anode and cations move towards cathode in electrolysis?

Why are electrolytes in solid state not good conductors?
During electrolysis, the cations get discharged at cathode in order of their discharge potential.
How many Faradays of charge is required to deposit 1 gm atomic weight of Cu metal from Cu (II)

solution of 1 mole concentration?

Worite the electrolytic products of electrolysis of
(1) aq NaOH(mnc) (Pt electrodes)

(i) aq NaCl - (Pt electrodes)

(i) aq AgNO,

3(conc)

(Ag electrodes)

What happens when a bulb is connected in series with two electrolytic cells containing aqueous CuSO,
and aqueous sucrose solution?

For uniform deposition of metal during electroplating amount of current is supplied for

time.

How much charge is required to deposit one equivalent of any substance?

Short answer type questions

31.
32.
33.
34.
35.
36.

37.
38.
39.
40.
41.
42.
43.
44.
45.

Difterentiate strong and weak electrolytes.
List the differences between metallic and electrolytic conductors.
State the differences between ionization and electrolytic dissociation.
What is meant by 1 faraday of electricity? What happens when we supply 1 faraday to an electrolyte?
‘What is the difference between electrochemical and electrolytic cell?
Define the terms with examples.
(i) Electrolysis
(i) Electrolytic cell
(iii) Electrochemical cell

(iv) Ions and Electrodes

(v) 1 faraday
‘What is degree of ionization and ionization constant or dissociation constant?

‘What are the different types of electrolytes? Give examples for each.

On what factor does selectivity of ion to be discharged depends? Explain.

K* and H" ions are present in an electrolyte. Which would get discharged at cathode? Why?
‘What are noble electrodes? Explain their use.

Worite down the procedure for electroplating iron.

The products obtained at electrodes vary as the electrodes used in electrolysis. Support.
‘What do you mean by spectator ions? Give example.

Worite down applications of electrolysis with examples.
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Essay type questions

46. State and explain Faraday’s laws of electrolysis.

47. What is electrochemical series? Write down the properties of electrochemical series.

48. What is meant by electroplating? Explain the electroplating of brass spoon with silver, with a neat sketch.

49. What is meant by electrometallurgy? Explain the extraction of Na, Mg and Al State the reactions.

50. Explain the standard electrode potential of an electrode. How is it measured?

CONCEPT APPLICATION
B concerT AppLIcATION B

1

w

.

2
3.
4

8.
9.

10.
11.
12.
13.
14.

Concept Application Level—1

Direction for questions 1 to 7: State whether the following statements are true or false.

. Electrolysis brings about a chemical change.

. Batteries are voltaic cells.

During electrolysis, cations move towards the positive terminal.

. The negative sign of the reduction potential indicates that reduction occurs at that electrode when

connected to standard hydrogen electrode.

. In the electrochemical series, ions are arranged in an increasing order of discharge potentials.
. The salt bridge permits movement of charge and mixing of the solution.

. The deposition of different ions at electrodes stops when the supply of electricity is stopped.

Direction for questions 8 to 14: Fill in the blanks.

The extent to which an electrolyte can dissociate into ions is called

Zn"™ and Ag" are present in a solution to be electrolysed. The metal that is deposited first at cathode is

The thickness of ______ increases in the electro refining of copper.

During electrolysis of molten PbBrz, _ fumes are liberated at the anode.
The electrode potential of standard hydrogen electrode is assigned a value of
Thick sheets of pure copper are obtained at ______ in electro refining.

In cell representation, oxidation half cell is represented on the
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Direction for question 15: Match the entries given in column A with the appropriate ones
in column B.

15.

|
A. Concentrated HCl solution ( ) a. Naand O,
B. Fused alumina () b. NaandCl,
C. Aqueous sodium hydroxide ( ) c. H,and Cl,
D. Molten sodium chloride () d H,and O,
E. Fused NaOH () e Aland O,

Direction for questions 16 to 30: For each of the questions, four choices have been provided.
Select the correct alternative.

16.

17.

18.

19.

20.

21.

22.

23.

On increasing temperature, the conduction in metallic conductors

(1) increases (2) decreases

(3) remains constant (4) None of the above

The aqueous solution of non-electrolytes contains

(1) atoms (2) ions (3) electrons (4) molecules
The metal deposited first at the cathode when a solution containing Fe*?, Cu*? is electrolyzed.

(1) Fe 2) Cu (3) Fe*’ (4) Both 1 and 2
Which of the following electrolytes exhibits maximum conductivity?

(1) 1 M NaCl (2 1MKCI (3) 1 M Ca(NO,), 4) 1M ALSO,),
Electrolysis of aqueous CuSO, with inert electrodes gives

(1) Cu at cathode, anode gets dissolved (2) Cu at cathode, O, at anode

(3) O, at anode, H, at cathode (4) O, at anode, cathode gets dissolved

The amount of copper deposited by the passage of 1 mole of electrons during the electrolysis of
aqueous CuSQO, solution is

(1) 635¢ @ 31.75¢ (3) 1595 ¢ 4) 7975 ¢
Negative sign in the standard electrode potential indicates

(1) greater ease of oxidation compared to that of hydrogen.
(2) greater ease of reduction compared to that of hydrogen.
(3) lesser ease of oxidation compared to that of hydrogen.
(4) None of the above

The products of electrolysis of dilute aqueous solution of sodium hydride are
(1) Na at cathode and H, at anode (2) H, at cathode and O, at cathode
(3) Na at cathode and O, at anode (4) H, at both cathode and anode
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24

33.

34.

35.

36.
37.

38.

22

. In a Daniel cell, if A (E, = —0.76v) and B (= —2.36v) half cells are taken then
(1) B acts as anode (2) A acts as anode
(3) B acts as cathode (4) Cannot be predicted

25. In the electroplating of iron by nickel, nickel sulphate solution is taken as electrolyte. What is the acid
that is added to the electrolyte during the process?
(1) HCl (2) HCN (3) HNO, (4) H,SO,
26. Equimolar solutions of zinc sulphate and ferric sulphate are subjected to electrolysis. What is the ratio
of Faradays of electricity required for deposition of one mole each of zinc and iron?
1 1:2 2 2:3 3 1:3 4)3:2
27. Emf of a voltaic cell can be given by
(1) SRP of anode — SRP of cathode (2) SRP of cathode + SRP of anode
(3) SOP of cathode — SOP of anode (4) SOP of cathode + SOP of anode
28. The process used in purifying metals by electrolysis is called
(1) electroplating (2) electrometallurgy
(3) electrorefining (4) electro deposition
29. In a voltaic cell, if iron and silver electrodes are connected with each other then current flows
(1) from iron to silver outside the cell. (2) from silver to iron within the cell.
(3) from silver to iron outside the cell. (4) current does not flow in this cell.
30. The amount of sodium produced by passage of 2 moles of electrons in the electrolysis of fused NaCl

1S,

1) 23 g @) 46 ¢ @) 115¢ (4) 585 ¢

Concept Application Level—2

31.
32.

NaCl conducts electricity in water, but it cannot conduct electricity in benzene. Give reason.

Iron is coated with two metals A and B separately. When the coating is partially worn away, it is still
protected when coated with A and not by B. Explain with reference to electrochemical series.

What are the products of electrolysis of
(i) concentrated KBr and (i1) dilute KBr solution?

Give reasons in support of your answer.

‘What happens when zinc pieces are added to aqueous copper sulphate solution and copper pieces are
added to aqueous zinc sulphate solution? Justify.

Identify the cathode, anode and calculate cell emf when a cell is constructed with A (E° = -0.44V) and
B (E° = 0.337V).

What is the role of moisture in rusting of iron?

An external voltage opposing the cell potential is applied to a Daniel cell with Zinc and copper
eletrodes. What happens when the external emf is increased from 0.8V, to 1.1V and then 1.54V?

What should be used as the anode, cathode and electrolyte in the process of electroplating of iron by
nickel and why? /
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N

40.
41.
42.

43.

44.

45.

Concept Application Level—3
46.

47.
48.

49.

50.

22

. During the electrolysis of silver nitrate using copper anode, the color changes to blue and the
intensity of the color increases. Explain with the help of electrochemical series. What would
you observe if ZnSO  is taken instead of AgNO,?

How does galvanization of iron protect iron from rusting even when protective zinc coating is partially
worn away?

If a metal is to be electroplated with silver, what would happen if a solution of silver nitrate alone is
used as electrolyte? What is the preferable electrolyte and why is it used?

A current 5.00 A liberates 0.252 g hydrogen in certain time. How many grams of oxygen, alumin
um, sodium can be liberated or deposited by the same current in the same time?

Two monovalent metals A and B are treated with dilute sulphuric acid. A liberates hydrogen and
metal B does not. Predict the half cell reactions and cell representation when these metals are
coupled with H-electrode. Justify your answer with respect to standard electrode potential.

The standard oxidation potential of silver electrode is given as —0.799 V. The standard reduction
potential of copper electrode is given as 0.337 V. Find out the emf of the cell constituted by these two
electrodes. Also write the half cell reactions involved in the cell and give cell representation.

Why is it not possible to measure the single electrode potential of any electrode? Justify.

AgNO, is soluble salt of silver, but it is preferable to use (NaCN + AgCN) as an electrolyte for silver
plating. Give reason in support of your answer.

Lithium batteries are very expensive. Explain why they are still preferred.

Some batteries are rechargeable whereas others must be thrown away after they get discharged. Justify
with respect to the concept of electrochemical cells.

Explain the effect of change in temperature on the conductivity of the following conductors. Justify
with appropriate reasons.

(a) Copper rod (b) Aqueous solution of CuSO, (c) Aqueous solution of acetic acid.

J

Why does single electrode potential depend upon the concentration of the electrolyte?

key points for

-

Ver'y short answer type ques‘l’ions 6. With increasing temperature, the extent of

1. Dissociation of a substance by passing electricity.

2. Conversion of chemical energy to electrical
energy.

3. The cell in which electrolysis is carriedout
4. electrodes

5. Conversion of electrical energy to chemical
energy.

selected questions

dissociation increases.
. Impurities increase the conductivity
8. anion

9. Electrochemical cell used for the conversion of
chemical energy to electrical energy.

10. When two half cells are connected through a
voltmeter, the reading of the voltmeter gives the

emf of the cell. J
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11.

13.

14.
15.

16.

17.

18.
19.
20.

22.

23.

24.
26.

27.

emf of cell = E°. _— E°

RHE LHE
Cell reactions of Daniel cell
Zn — Zn*> + 2e”

Cu*?>+ 2e~— Cu

Zn + Cu™ — Zn™+Cu

Pure copper — cathode
Impure copper = Anode

Hydrogen gas at 1 atm pressure in contact with
platinum surface and HCI solution of molar
concentration at 25°C temperature.

cathode
+2 +2
Zngy|Zn™ || Cu™ | Cuy
An electrode connected to standard hydrogen

electrode, the potential difference between
the two electrodes is called standard electrode
potential. emf of Zn = — 0.76V

Generation of electricity by means of cell
reactions

6.023 x 10* electrons

inert

Zn — Zn*? + 2e”

Agtte > Ag

Polar covalent molecules ionize in aqueous
solution.

Anions are negatively charged so move towards
positive plate (anode), cations are positively
charged so move towards cathode negatively
charged plate.

Strong electrostatic force of attraction.
Equivalent weight of Cu *. 96,500
Cu*™ + 2¢” — Cu.

For the deposition of atomic weight of Cu,
2% 96,500 C is required, 2 Farady.

(1) aqueous NaOH
Cathode: Na
Anode: O2

key points for
selected questions

(i) Cathode: Na
Anode: Cl,
(iii) Cathode:Ag
Anode:Ag*
28. Does not glow.

29. lesser, longer
30. 96,500 C

Short answer type questions

31. Extent of ionization.

32. Cause for electrical conduction, effect of
temperature, chemical change

33. Nature of chemical bond.
34. Charge on one mole of electrons.
35. Interconversion of energy.
36. (i) conversion of energy
(i) process of electrolysis
(iii) conversion of energy
(iv) nature of particles
(v) charge of 1 mole of electrons
37. Definition.
38. Extent of ionization.
39. Discharge potential.
40. Position of ions in electrochemical series.
41. Reactivity, products formed.
42. Galvinization, Tinning.
43. Type of electrodes.
44. Tonic equation.

Essay type questions

46. Law, concept of ECE and chemical equivalent
47. Electropositive character and position of ions.
49. (i) Process of extraction of metals

(i1) Cathoidic and anodic reaction.

50. (i) Potential across metal rod and solution
under standard conditions

(i1) Reference electrodes.
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Concept Application Level—1

True or false

1.
. True
. False

. True

NN v A W N

Fill in the blanks

8. degree of dissociation
9. zinc
10. cathode
11. bromine
12. 0 volt
13. cathode
14. left hand side
Match the following
15.A § ¢
B : e
c . d
D b
E : a

Multiple choice questions
16.
17.
18.

19

20.

21
22

23.
24.
25.
26.

True

. True
. False

. True

Choice (2)
Choice (4)
Choice (2)
Choice (4)
Choice (2)
Choice (2)
Choice (1)
Choice (4)
Choice (1)
Choice (4)
Choice (2)

KEY
S

27. Choice (1)
28. Choice (3)

M,

29. Choice (3)
30. Choice (2)

Concept Application Level—2

31. Oxygen = 2¢g
Aluminium =225 ¢
Sodium = 5.75 ¢.

35. 0.777V

Concept Application Level—2,3

Key points

31. (1) Water is polar solvent.

(i) The particles responsible for conduction.

(i11)) The characteristic of solvent responsible
for generating these particles.

(iv) Comparison of characteristics of water
and benzene.

32. (i) Comparison of electropositivity of A, B
and Fe.

(i) Comparison of standard reduction
potential of A, B and iron.

(i) Relation between standard reduction
potential of an element and the tendency
of getting oxidized.

(iv) Relation between the tendency of a metal
to get oxidized and its ability to protect
iron from corrosion.

33. (i) Preferential discharge of ions.

(i) The various ions present in the respective
solutions.

(iii) Factors responsible for the products
obtained at the two electrodes.

(iv) The relative domination of various factors
and their effect on the products produced

34. (i) Electrochemical series

(i) Comparison of standard electrode
potentials of zinc and copper.

(ii1)) Comparison of reactivates of zinc
and copper with respect to their
dipositive ions.
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35.

36.

37.

(1v)

Observable change in the solution

corresponding to the reaction involved.

(i) Comparison of standard electrode
potentials of A and B.

(i) Relation between standard reduction

potential of a metal and its tendency to get

oxidized/reduced.

Identification of anode and cathode

based on the relative tendency of getting

oxidized/reduced.

(i)

(@iv) Calculation of cell emf.

(i) Formation of Iron (II) hydroxide
(i)
(iid)

Composition of rust.

Comparison of form in which iron is
present in pure metal and rust.

(iv) Change undergone by iron during the
rusting process.

)
(vi)

Requisite for an electrochemical cell.

Identification of electrode and electrolyte

in the process of rusting.

(vii)) Component of air which plays a
significant role.

(i) Working principle of Daniel cell.

(1)) Calculation of cell emf.

(iii)) Comparison of the cell emf with the
external voltage applied.

(iv) Determination of direction of current

depending on the magnitude of the

external voltage.

38. Metal to be electroplated is taken as cathode.

39.

40.

196

(i) Comparison of electropositivity of copper
and silver.

(1) Identification of the product obtained at

the electrode.

Nature of the anode.

(ii)

(iv) Reaction that takes place between the

anode and the electrolyte.

v)
(1) Relative reactivity of Zinc and Iron.
(1)

(ii)

Ions responsible for blue colour.

Change undergone by iron during rusting.
Comparison of oxidation potentials of
zinc and iron.

42.

43.

44.

45.

(iv)

Mode of prevention of rusting by zinc if
the coating is partially worn away.

(i) Purpose of silver plating.

(i)
(iii)
(iv)

Solubility of silver nitrate.

Quantity of ions present in the electrolyte.
Reelation between the quantity of ions
present in the electrolyte and the quality
of coating.

Soluble salt of silver which can form
complex with NaCN.

lons produced from the complex.

v)
(vi)

(vil) Change in the concentration of ions due
to the complex formation.
(viii) Effect of change in concentration of ions
on quality of plating.
(i) The number of gram equivalents are same
when the same amount
of charge is passed through
(i1) Calculation of total charge required to
produce 0.252 g of hydrogen.
(i11) Calculation of the amounts of other
products based on the quantity of charge
passed through the respective electrolytes.
(1) Comparison of electropositivity
of A and B with hydrogen.
(i) Identification of anode and cathode of the
electrochemical cells.
Half reactions that take place at the

electrodes of the respective cells.

(i)

(i) Ditterence in standard electrode potentials
of the electrodes

Difterence between oxidation and
reduction potentials.

Comparison of standard electrode
potentials of the respective metals.

Identification of anode and cathode in the
electrochemical

cell.
Calculation of emf of the cell.

(1) Process of measurement of potential
The particles present on metal rod and
electrolyte.



46.

47.

48.

(ii1)) The reason for origin of potential
difference between the electrode and
electrolyte.

(iv) The mode of measurement of single

electrode potential.

(v) The changes associated with the system

while carrying out the process.

(i) Formation of complex
(i) The characteristic of salt responsible for
electrolysis.
(ii1)) Comparison of strengths of the two
electrolytes given.
(iv) Effect of addition of NaCN to a solution
of AgCN.
(v) Purpose of electroplating.
(vi) Effect of addition of NaCN on the quality
of electroplating.
(i) Properties of lithium exploited in the
battery.
(i) Working principle of electrochemical cell.
(i11)) Comparison of the oxidation potential of
lithium with other metals.
(iv) Relation between the oxidation potential

of the metal used in the electrode and cell

emf.

(v) Comparison of density of lithium with
other metals having relatively higher
oxidation potential.

(vi) Comparison of oxidation potential to

density ratio of lithium to that of other

metals.

(vil) Area of application of lithium battery.

(i) Reversible cell reaction
(i) Requisite for an electrochemical cell.
(i) Change taking place in a battery
as electrochemical cell.

49.

50.

(iv)

(v)
(vi)

@)
(i)
(ii)
(iv)
(iv)
v)

(vi)

Eftect of this change on the working of
battery.

R equisite for the revival of the function.
Change that takes place during the above
process.

Mechanism of conduction of electricity in
the given conductors.

R equisite for a solid substance to conduct
electricity.

Type of bond present in metal.

Changes that take place in the movement
of the constituent particles of metal due to
the change in temperature.

Particles that conduct electricity

in an electrolyte.

Comparison of number of ions present in
equimolar CuSO, solution and acetic acid
solution.

Effect of change of temperature on

the concentration of ions in the above
solutions.

(vil) Relation between conductivity of an

(i)

(i)

(iv)
(v)

electrolyte and the concentration of ions
in it.

Eftect of concentration on direction of
equilibrium

The particles present on metal rod and
electrolyte.

The reason for the origin of difference
in potential between the electrode and
electrolyte.

The factor responsible for the potential
difference.

Eftect of concentration on the above
factor.
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Metallurgy

INTRODUCTION

198

The periodic table of elements comprises of 118 elements which have been discovered and authorized
till now. All these elements are broadly categorized as metals and non metals. In addition to these, there
is another category of elements known as metalloids. However, over 75% of the elements are metals as
the left and middle portions of the periodic table are completely occupied by metals. Owing to the large
number and also to their widespread use in day to day life ranging from tools to sophisticated electronic
devices, the study of metals gained a lot of significance.

The history of the study of metals dates back to 6000 BC, a period when gold, silver and copper were
the only metals known. These metals occurred in their native state in the sands and gravels of river beds.
However, the metals which were discovered in the later period were found to exist in combined state
in the form of minerals. Owing to the significant ornamental and utilitarian values attributed to these
metals, attempts were made not only for the discovery of new metals, but also for the development of
methods for the extraction of these metals from their compounds.

Thus the branch of metallurgy, probably one of the oldest applied sciences contributed much to the
cultural and technological development of human society. Metallurgy is treated as the art and science of
extracting the metals from the ores in the most profitable way. The other aspects of metallurgy include
the transformation of these metals into various usable forms and also understanding the physical and
chemical nature of metals.

Comparative study of metals and non-metals

Generally metals are considered as elements possessing 1 to 3 electrons in their valence shells and non-
metals as the elements possessing 4 to 7 electrons in their valence shells. Due to the difference in the
number of valence electrons, metals and non metals differ widely in their characteristic properties.
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Physical properties

Metals are characterized by certain prominent physical properties which are not present in non-metals.

Owing to the presence of less number of electrons in the valence shells of metals and lower ionization
potential values, metals lose electrons easily. Therefore, the metal lattices contain free electrons which
surround the metal ions (metal kernels). A strong electrostatic force of attraction exists between the metal
kernels which is known as metallic bond.The presence of metallic bonds in metals is responsible for the
characteristic physical properties of metals.

Metals exist in solid state due to the presence of strong metallic bonds in metal lattices. However,
mercury and gallium exist in liquid state unlike other metals. They have high density, high melting point
and boiling point. The metals possessing comparatively weaker metallic bonds have lower density, low
boiling points and melting points. Example Na, K, Hg, Ga. Metallic bond being omnidirectional makes
the metals highly malleable and ductile. The high thermal conductivity, electrical conductivity, lustre of
metals is attributed to the presence of free electrons in the metal lattices.

Non-metals do not lose electrons easily due to more number of electrons in their shells and relatively
higher ionization potential values. Therefore, in contrast to metals, non metals do not possess free electrons.

Only weak intermolecular forces exist in the non-metals. Due to this reason, most of the non-metals
exist as gases having lower densities. Bromine is the only liquid non-metal. Few non-metals exist in
solid state such as carbon, sulphur, phosphorous and iodine. Generally, solid non-metals are brittle.
Except for few allotropic forms of carbon such as graphite, all other non metals are bad conductors of
electricity.

Chemical properties

Number of electrons Have 1 to 3 electrons in the valence shell Have 4 to 7 electrons in their valence
in the valence shell shell
Exceptions: Hydrogen and Helium have
1 and 2 electrons respectively in their
valence shell because the first shell is their
valence shell.

Formation of ions Lose electrons from their valence shell to  Accept electrons to attain a stable
attain a stable structure and form cations  structure and form anions.

Formation of oxides Metals on heating in air/oxygen react to  Non-metals on heating in air/oxygen
form either basic or amphoteric oxides.  form their oxides.The oxides either
4Na + O, = 2Na,O (basic oxide) acidic or neutral.
4Al + 30, — 2A1,0, (amphoteric oxide) S + O, — SO, (acidic oxide)
Exceptions: Metals like Au and Pt do not 2H, + O, — 2H,O (neutral oxide)
form oxides.

(Continued on following page)
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Reactions of oxide =~ Metallic oxides give bases on reacting Acidic (non-metallic) oxides give acids
with water with water. on reacting with water.
Na,O + H,O — 2NaOH SO, + HO - HSO,
K,O + H,O - 2KOH CO,+ H0O - H,.CO,
CaO + H,O — Ca(OH),
Reactions of oxide Metallic oxides react with acids to give Non-metallic (acidic) oxides react with
with acid (for metallic their respective salts and water. bases to give their respective salts and
oxide) or with base Na,O + HSO, = Na, SO, + H O water
(for non-metallic MgO + H SO, - MgSO, + H,O SO, + NaOH — Na, SO, + H O
oxide) CO, + NaOH — Na,CO, + H O
Reaction with acid  Metals, which are more reactive than Non-metals do not react with water.
and water hydrogen, replace hydrogen from the acid The majority of non-metals do not
as well as from water. react with acids.
Zn + 2HCI — ZnCl, + H, Since nitric acid is an oxidizing agent,
Ca +2H,0 — Ca(OH), + H, it oxidizes non-metals like sulphur,
Copper, tin and mercury which are less  carbon, iodine and phosphorus to their
reactive than hydrogen do not replace respective acids.
hydrogen either from acid or from water. S + 6HNO, — H SO, + 6NO, +
2H,0
C + 4HNO, - H,CO, + 4NO, +
H,0O
[, + 10HNO, — 2HIO, + 10NO, +
4H,0
P, + 20HNO, — 4H,PO, + 20NO, +
4H,0
Displacement More electropositive metals displace less  More electronegative halogens displace
reactions electropositive metals from their salts less electronegative ones from their
Fe + CuSO, — FeSO, + Cu compounds.
Mg + FeSO, ->MgSO, +Fe 2NaBr + Cl, = 2NaCl + Br,

2Nal + CL = 2NaCl + I,

Occurrence of metals

Generally, most of the metals occur in the combined state in nature. The metals in the combined form
are called minerals. The most common minerals and ores are in the form of oxides, hydrated oxides,
carbonates, sulphides, chlorides etc., of which few are listed in the following table.

Lead Ochre  Magnesite Gypsum Cinnabar Rock salt Horn silver
(PbO) MgCO,) (CaSO,.2H,0) (HgS) (NaCl) (AgC)

(Continued on following page)
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Galena (PbS) Dolomite (CaCO,. Fluorspar (CaF) Chile
MgCO,) salt petre
(NaNO,)
Anglesite Epsom salt
(PbSO) (MgSO .7H,0)
Carnalite (KgCl.
M¢gCl,.6H,0)

Each metal can exist in the form of various minerals. However, the mineral from which a metal can be
extracted in an easy and cost effective process is called an ore.The extraction of the metal from the ore
involves various stages. Though the exact steps involved in the process of the extraction of metal differ
from metal to metal, the various stages of general metallurgical process can be broadly categorized into
4 stages.

General metallurgical processes
The metallurgical processes are broadly classified into four steps:

1. Dressing and concentration of ore
2. Conversion of ore to oxide or desired compound
3. Extraction of metal

4. Refining of metal

1. Dressing and concentration of ore

(a) Dressing of ore

Since ores are obtained in crude form from the earth’s crust, they are invariably associated with
huge amounts of earthy impurities such as sand, mud, etc. These earthy impurities associated with
the ores are called gangue.The ores should be freed from gangue before they are subjected to the
extraction of metals from them.The process of the removal of gangue from an ore is called the
dressing of ore.

(1) Hand picking: During this process, big lumps of rock are removed by hand. The ore is then
subjected to crushing and grinding to make it into smaller pieces.

(i) Crushing or grinding: The ores are crushed in big jaw crushers to obtain small pieces which
are further hammered in hammer mills to give very small pieces. The small pieces are then
pulverized.

(iii) Pulverization: In this process, the ore is ground to a fine powder in huge ball mills. In the fine
powdered form, the ore is sent for concentration. This process is not mandatory for all the ores.
The ore is pulverised only if the fine powdered form of the ore is required for further processes.
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(b) Concentration of ore

The removal of gangue from the
dressed ore is called concentration
of ore. Depending upon the type
of impurities, type of metal various
procedures are employed for the
removal of gangue from the ore.

(i) Gravity separation: This method of
separation is applicable to all types of
ores except sulphide ores. The method
involves the separation of ore and
gangue based on the difference in their
specific gravities. The pulverised ore is
placed on a wide rocking, sloping top
table with lateral groove on it and it is
treated with a stream of running water.
The water carries the ore along with
it. The gangue being lighter is washed
down the table while the denser ore
settles in the grooves of the table. The
ore collected in the grooves is thrown
sideways by the rocking movement of
the table.

(ii) Froth flotation: This
exclusively used for the concentration

method is

of sulphide ores. The basic principle
involvesthe differential wetting char-
acteristics of ore and gangue with oil
and water, the ore being wet by oil and
gangue by water.

The ore is taken in a large tank called
the flotation cell containing a mixture of
pine oil and water.

This is then agitated by blowing a
current of air into the tank. The oil along
with the sulphide ore forms foam which
floats on the tank and is removed. The
sulphide ore is recovered from this.

(i) Magnetic separation: This method
is employed for the concentration of
ores in which either the ore or the
gangue is attracted by a magnet and
the other is not.

Metallurgy

Rocking
sloping
table

Lighter

gangue

particles
Concentration of ore by Gravity Process

Figure 8.1 Concentration of ore by Gravity Process

Foam Containing

) (——< Compressed air
Sulphide ore

water and oil

Gangue left
after blowing air

Figure 8.2 Froth floatation process

Pulverised ore

Electromagnetic wheel

—
Rubber belt
—_—

Magnetic particles

Non-magnetic particles

Figure 8.3 Electromagnetic separation
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In this, a rubber belt is made to move horizontally over two pullies of which one is a strong magnet.
The powdered ore is made to fall on the moving rubber belt.As the ore is passed over the magnetic pulley,
the one (either the ore or the gangue) which is magnetic is attracted towards the pulley and clings to the
belt leaving behind the other. As the magnetic component moves away from the magnetic pulley, it falls
down as a separate heap. Thus, the ore and gangue are separated based on this magnetic properties.

(iv) Chemical separation: This is an exclusive method used for the concentration of aluminium
ore (bauxite). The amphoteric nature of aluminium oxide is the basic principle involved in this
method. In this, the ore is treated with the aqueous solution of caustic soda under pressure for a
few hours resulting in the formation of sodium meta aluminate.

ALO, + 6NaOH — 6NaAlO, + 2H,0

Sodium meta aluminate so formed being soluble, the impurities are removed by filtration. The filtrate
is then diluted, and aluminium hydroxide precipitates out.

3NAIO, + 6H,0 — 3AI(OH), + 3NaOH

Aluminium hydroxide thus obtained is dried. The dried ore is strongly heated to 110°C till there
is no further loss in weight. Aluminium hydroxide decomposes to alumina and water. This method of
concentration of ore is called the Bayer’s process.

Thus, in all the above ways, the gangue is removed and the metal is obtained in the form of its
compound.

The metal ores so obtained after having undergone the process of concentration are then converted
to their oxide form.The reduction of the oxide form can be carried out further to obtain pure metal.

2. Conversion of ore to oxide
The concentrated ore is converted to its oxide form.The further extraction of the metal from this
oxide by reduction is easier than the extraction of metals from other forms.
Two methods are used for the conversion of concentrated ore to its oxide form.
(a) Roasting
(b) Calcination

Comparison between roasting and calcination

During roasting, the ore is strongly heated in During calcination, the ore is strongly heated.
the presence of excess air.

This is mainly performed on sulphide ores,  Calcination is mainly performed for carbonate
during which sulphur is removed as sulphur  and hydroxide ores where the ores are
dioxide. decomposed to give oxides.

4FeS, + 110, — 2Fe O, + 850, ZnCO, bt o 750 + CO,

(Continued on following page)
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In addition to converting the ore to its oxide Calcination is also associated with several other
form, this process also results in the removal  advantages like removal of moisture, increasing

of moisture and the expulsion of volatile the porosity of the ore and the expulsion of the
impurities from the ore. Moreover, the volatile impurities. Hydrated ores also get freed
resultant ore remains porous. from the water of crystallization.

Fe,0,3H,0 —*— Fe,O, + 3H,0.

3. Extraction of metal from metal oxide

The oxide ores obtained by the process of roasting or calcination are subjected to the reduction process.
The reduction is however carried out by various methods.

Coke Zing, Iron, Lead, Copper The metallic oxide is mixed with coke and heated in a
huge furnace, The coke reduces metal oxide to metal.
ZnO +C —2 » Zn + CO

Carbon Iron, Lead, Copper Carbon monoxide gas and hydrogen gas are passed
monoxide through the oxide at a high temperature. The metal
oxide gets reduced to metal. Carbon monoxide gets
converted to CO.,,.
Fe,O, + 3CO —2— 2Fe + 3CO,

Aluminium Chromium, Manganese A mixture of metal oxide and aluminium powder

powder are ignited. Aluminium, being a very strong reducing
agent, reduces the metal oxide to the corresponding
metal.

Cr,0, + 2Al - AL O, + 2Cr + heat.

Heatin Mercury, Silver Mercury and silver oxides on heating, decompose to
g Y; y g P

give metal and oxygen gas.

2HgO —4 » 2Hg + (O

Electrolysis Sodium, Potassium, Calcium, Electricity is passed through fused halides or oxide.
Magnesium, Aluminium The metal ions which are formed move towards the
cathode, and get discharged there.
Al¥ + 3e” > Al

The metal thus obtained by the reduction of oxide is not completely pure and is associated with
certain impurities like other metals, non-metals, other metal oxides and dissolved gases.

Therefore, the metals extracted are subjected to further purification. This is called the refining of metal.

4. Purification or refining of metals

Difterent methods of the refining of metals are available for different metals. The method of refining
generally depends upon the type of impurities present with the metal.
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Distillation Iron, Mercury The metal is strongly heated above its boiling point in the absence of
air. The metal vapourises, leaving behind the impurities. The vapours
are cooled in earthen retorts, to get the metal in solid or liquid form.

Liquation Lead,Tin The metal is taken on the upper part of sloping hearth and heated

(metals with low above its melting point. The metal melts, lows down the hearth and
melting point) is collected at the bottom.

Polling Copper with Molten copper is stirred with wooden poles. These poles emit wood

Cuprous oxide  gas (CO and H,) which reduces copper oxide to copper.
as impurity

Oxidation Iron with Oxygen is blown through molten metal where the impurities get

oxidisable converted to gaseous oxides and are removed.
impurities C+0,->CO, T
S+0,-50,T

Electrolytic Aluminium A block of impure metal is taken as anode and a thin strip of pure

refining metal is taken as cathode. The electrolyte is the soluble salt of the metal.
On passing the current, the metal ions from the anode dissolve in the
electrolyte, go towards the cathode and get discharged there. Electrolysis
continues and the cathode becomes a thick block of pure metal.

Aluminium

Aluminium is a highly reactive metal, belonging
to the III A group of the periodic table. In nature,
aluminium is found in the form of'its oxide in its ores.

The important ores of aluminium are

Bauxite A1203.2HZO
Corundum A1203
Cryolite Na,AlF,

Metallurgy of aluminium
Aluminium is mostly extracted from its bauxite ore.

Dressing of ore: The ore is crushed and pulverized.

Concentration of ore

The bauxite ore contains ferric oxide and silica
as impurities. It is first concentrated by gravity

separation where silica is removed followed by the

Flow sheet for common metallurgical processes

Dressingofore —____3  Hand picking

Crushing and grinding
Pulverisation

v Gravity separation

Magnetic separation

Chemical separation
Froth floatation

Concentration of ore

v
Oxide formation <:)> Roasting
l Calcination

Reduction of ore

Purification

Figure 8.4

removal of ferric oxide impurities by the process of magnetic separation.The ore is then concentrated by

chemical process. There are two chemical processes that are generally followed.
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(1) Bayer’s process: In this process, aluminium ore is treated with concentrated sodium hydroxide.
Soluble sodium aluminate is formed which is filtered off. The filtrate on heating with water gives
aluminium hydroxide which gives alumina on strong heating.

(i1) Hall’s process: This bauxite is made to react with sodium carbonate giving soluble sodium
aluminate.

ALO,2H,O + Na,CO, — 2NaAlO, + 2H,0 + CO,

This is dissolved in water and filtered. Carbon dioxide gas is passed through the filtrate which thereby
results in the formation of aluminium hydroxide.

2NaAlO, + 3H,0 + CO, — Na,CO, + 2AI(OH),

Conversion to oxide

Aluminium hydroxide obtained by calcination gives alumina.
2A1(OH), ——> ALO, + 3H,O

Alumina so formed is highly stable and has very high thermal resistance. It is therefore subjected to
electrolytic reduction.

Electrolytic reduction

Electrolysis is carried out in fused state. Since alumina has very high thermal resistance, it doesn’t melt
easily. Hence, cryolite and fluorspar are added to alumina to decrease the melting point and increase the
electrical conductivity.

The fused electrolyte is
taken in an iron tank lined
with gas carbon which acts as
cathode. A number of parallel
carbon rods dipped in the Gas carbon
electrolyte act as anode. In lining
order to prevent the loss of
heat and burning of carbon
electrodes, the electrolyte is
covered with coke.

Coke powder
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The fused electrolyte contains
alumina, cryolite and fluorspar
in their ionized states. On the
passage of current, the ions
move towards their respective
electrodes.
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The anions, O and F~ move towards the anode. Oxide ion is oxidized to nascent oxygen which
combines with carbon forming carbon dioxide.

At anode: O7? —2¢” — [O]
C + 2[0] = CO,

The cations,Al*?,Ca*? and Na* move towards the cathode.Aluminium ion being the least electropositive
metal, gets reduced forming aluminium metal.

At cathode: Al + 3¢~ — Al

The temperature in the tank being higher than the melting point of aluminium the aluminium
formed is in the molten state, and settles at the bottom of the tank from where it is collected from time
to time.

As the process of electrolysis continues, concentration of alumina decreases, increasing the resistance
of the electrolyte which is indicated by a control lamp. More alumina is added when required.

Aluminium extracted by the above process is 99-5% pure and is further refined by electrolytic refining
(Hoope’s electrolysis)

Electrolytic refining: (Hoope’'s electrolysis)

This process is also called the three layer process as the cell contains three layers of molten liquids. The
cell is an iron tank lined internally with carbon. The electrolyte is composed of aluminium fluoride
(36%), cryolite (18%) and
calcium fluoride (16%) which

Carbon cathodes

forms the middle layer. The Impure A ?
lower layer is the impure metal -
alloyed with copper and serves 1

as the anode.
Pure Aluminium

On passing current, the
aluminium ions from the
middle layer go towards the
cathode, get discharged there
and form the upper layer of pure
aluminium while an equivalent
amount of aluminium passes
into the middle layer from the
bottom layer.

Opening to
remove metal

Carbon lining

+

Pure aluminium is collected Figure 8.6 Refining of aluminium by Hoope's method
from the top layer.

Uses of aluminium

(1) Aluminium being light, a good conductor of heat, corrosion resistant and cheap is used in making
house hold appliances.

(i1) It is used in electric transmission as it is a good conductor of electricity.



208 Metallurgy

(111) As it can be‘made into thin sheets and foils, it is Crushing andarinding
used in packing food stuffs. l
(iv) As aluminium is a self protective metal, when
. . . .. . Pulverising
iron is coated with a layer of aluminium it can be
prevented from rusting. l
(v) Aluminium powder along with ammonium nitrate Chemical separation
can be used as an explosive. /\
(vi) Aluminium being highly electropositive can HalPs progass Elayerspracess
replace metals like gold and silver from their salts,
thus helping in the extraction of these metals.
(vii) Aluminium being a strong reducing agent is used in Electrolytic reduction
reducing many organic compounds. l,
(viii) Aluminium has a great affinity for oxygen. As a Electrolytic refining

result,aluminium can displace metals from the metal
oxides provided the metal is less electropositive than
aluminium. The reaction being highly exothermic
forms the basic principle of thermite welding.

Figure 8.7 Process flow metallurgy of aluminium

Thermite welding

A mixture of aluminium powder and ferric
oxide in 1 :3 ratio is called thermite. Thermite
is taken in a funnel shaped crucible which
is lined inside with magnesite. A mixture
of magnesium powder and barium oxide
known as ignition mixture is placed on the
surface of thermite. A magnesium ribbon is
inserted into this mixture.

Magnesium ribbon

thermite

On lighting the magnesium ribbon,
the ignition mixture catches fire. The heat
produced by this process makes aluminium
react with ferric oxide in which the latter
gets reduced to iron. The enormous amount
of heat released brings iron into a molten
state. The molten iron when allowed to pour
over the broken steel pieces solidifies and Figure 8.8 Alumino thermic process
joins the broken pieces.

Magnesite lining

The major advantage of this process is that welding can be carried out without disturbing the position
of heavy broken parts which would otherwise involve a laborious process.

Zinc

Zinc is a transition metal belonging to the II B group of the periodic table. It is highly reactive and found
in a combined state in nature.
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Ores of zinc

Zinc blend ZnS
Calamine ZnCO s
Zincite ZnO
Metallurgy of zinc

Zinc is generally extracted from zinc blend (ZnS) or calamine (ZnCO,).

Crushing

209

The ore is crushed using ball mills and then pulverised. The pulverized ore is concentrated.

The concentration process depends upon the type of ore.

Concentration

Gravity separation process is followed for oxide ore (zincite) and carbonate ore (calamine) and froth

flotation process is employed for sulphide ore (zinc blend).

If iron oxide is present as an impurity, it is separated by magnetic separation process.

Conversion to oxide

In the case of sulphide ore, it is converted to
oxide by roasting.

2Zn$S + 30, —=*— 2Zn0O + 250,

The carbonate ore is subjected to calcination
where it undergoes decomposition to oxide
giving out carbon dioxide gas.

ZnCO, —2 5 7nO + CO,

Reduction of metal oxide to metal
using coke

Zinc oxide is reduced to zinc by vertical
retort process called smelting. The retort is a
tall cylindrical structure lined internally with
clay bricks. An automatic screw conveyer
arranged at the bottom acts as an outlet
for the waste residue. It is heated internally
using producer gas as the fuel.

Charging door A
Molten zinc
spelter
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Fire clay — >}

retort

Screw worm

Figure 8.9
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The powdered zinc oxide is mixed with charcoal and made into small briquettes by pressing. This is
taken in the vertical retort where, due to the high temperature, carbon reduces zinc oxide to zinc and
itself gets oxidised to carbon monoxide.

ZnO + C —2C 574 + CO

The zinc formed in the vapour state escapes out along with carbon monoxide. These vapours are
collected in the condenser where zinc condenses and is collected from time to time while carbon monoxide
remains as gas and is used for further heating of the retort.

The zinc obtained by this process is 97% pure and is called zinc spelter.

Refining or purification

The spelter zinc obtained contains both volatile impurities (Cd and As) and non-volatile impurities (Fe
and C) and can be refined by two methods.

(a) Distillation under low pressure

The spelter is heated at a controlled temperature
and the volatile impurities get vapourised. The Crushing
metal is then strongly heated, when zinc changes ‘l'
to vapours. These vapours are condensed to obtain -
. . . . Pulverizing
molten zinc which is poured into earthen moulds
where it is cooled and solidified. /\
(b) Electrolytic Method Calcination for Roasting for
A block of impure metal (spelter) is taken as anode CAIGMIRG gh ZifGiS AR BlenE
and a thin strip of pure metal is taken as cathode.
Acidified saturated zinc sulphate solution is taken
as the elejctrolyte: On passing current, zinc from the Smelting
anode dissolves in the electrolyte in the form of
Zn*? ions, goes towards the cathode, gets discharged v
there and is deposited on the cathode. K
. +2 -
At anode: Zn —— Zn" + 2e Vacuum distillation Electrolytic method
At cathode: Zn*? + 2¢——> Zn

As electrolysis proceeds, the anode gets thinner Figure 8.10 Process flow sheet for metallurgy of zinc

and cathode (pure metal), thicker.

Uses of zinc
(1) Galvanization: Zinc is mainly used for coating iron surfaces to prevent rusting of iron. The
process of protecting iron surfaces from rusting by coating it with zinc metal is called galvanization.
(i1) In dry cells: Zinc is used to make the cathodes of dry cells.

(i1) Reducing agent: Because of the ability of zinc to act as a reducing agent, it is used in the
extraction of metals.

(iv) Alloys: Used in the preparations of alloys like brass, bronze, etc.
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Iron

Iron is the metal found in great abundance in nature. It is highly reactive and is hardly available in free
state. Iron exists in the combined form in nature in various minerals among which oxide and sulphide
ores are the most significant ones.

The most common ores of iron are:

Haematite Fe, O,
Limonite 2Fe,0,.3H,O
Magnetite Fe O,
Siderite FeCO,

Iron pyrites FeS,

Copper pyrites Culies2

Iron pyrites however is not used for the extraction and hence is not considered as an ore of iron. It is
used as the source for the preparation of sulphuric acid.

Metallurgy of iron

Iron is generally extracted from haematite, limonite, siderite. Among these haematite and limonite are
the most preferred ores.

The manufacturing of pig iron is the first step in the metallurgy of iron. This pig iron is converted to
cast iron which is further used for the manufacture of steel and wrought iron.

Dressing and concentration of ore

The ore is crushed to make small pieces from larger chunks.

The crushed ore is concentrated by the process of magnetic separation and further concentration is
done by gravity separation process.

Conversion to oxide

The concentrated ore is converted to oxide form by the process of roasting which involves heating the
ore in the presence of excess air.

On roasting, the carbonate ore decomposes to oxide giving out carbondioxide. This process is also
associated with other advantages like

(1) the removal of moisture and other volatile impurities.

(i1) the removal of impurities like sulphur, phosphorous, arsenic, antimony in the form of gaseous
oxides.

(ii1) the conversion of ferrous oxide to ferric oxide.

(iv) inducing porosity in the mass, thus rendering easy reduction.



212 Metallurgy

Reduction of oxide to metal

The reduction of oxide to metal is carried out with carbon in a blast furnace by the process called
smelting.

Smelting in blast furnace

Blast furnace is a huge chimney like structure about 30 m high and 8 m in diameter. It is made of iron
plates and lined internally with refractory bricks. On top, it has a double cup and cone arrangement.
Below this, there is an outlet for waste gases. A hearth is present at the bottom to collect cast iron and
slag, and has separate outlets for each. Hot compressed air is blown into the furnace through pipes called
tuyeres which are placed above the hearth.

The ore is mixed with coke, and limestone approximately in the ratio of 8 : 4 : 1.This mixture is called
charge.

The charge is lowered into the furnace from the top through the cup and cone arrangement and
various reactions take place in the furnace at different levels.

(a) Lower region (1500°C - 2000°C)

Coke combines with the heated air coming from the tuyeres and burns to form carbon dioxide. The
reaction, being highly exothermic increases the temperature in this zone to 2000 °C.

C+0,>CO,+97 Kcal.

This region is also called the combustion zone.

(b) Middle region or fusion zone (1500°C - 1000°C)

The carbon dioxide formed in the lower layer moves to the middle layer where it is reduced to carbon
monoxide.

CO, + C - 2CO -39 KCal

At such a high temperature, the limestone added decomposes to calcium oxide and carbon
dioxide.

CaCO, = CaO + CO, — 43 KCal

The calcium oxide(quick lime) formed reacts with impurities like sand in the ore and converts them
to slag.

CaO + 510, — CaSiO,
The slag, calcium silicate goes towards the hearth present at the bottom of the furnace.

As the reactions in the middle region are endothermic, the temperature of this zone decreases.
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(c) Upperregion or reduction zone (1000°C - 500°C)

The carbon monoxide formed in the middle

@ ©

Charge Fe,0,(8 parts)
+ Coke (4 parts) +
Lime stone (1 part)

region moves to the upper region where it reduces
the iron oxide to iron.

Double cup and
cone arrangement

FeO + CO —t=twe , Fe + CO, L

Steel plates
Fire clay bricks

Fe,O, + 3CO — =4, 2Fe + 3CO,

The iron formed here melts due to the high
temperature and then due to its high density settles
down. Both the slag (calcium silicate) and iron

1 CaC0, —>Ca0+ CO, iriL
CaO+ Si0.—CaSiOs -

settle down in the hearth. Iron being heavier forms

the bottom layer with slag on top. From here, iron
and slag are tapped through separate outlets. Iron | —  Foiiii oo
thus obtained is called pig iron. Solid pig iron is

remelted in a vertical furnace known as cupola and

thereby gets refined. (Nowadays pig iron is directly
poured in a laddle and sent to the converter for

steel making process.)

Then it is poured into suitable moulds of Figure 8.11

required shape.This remelted pig iron is called cast iron.

Pig iron Slag Blast furnace gases

\J

Cast iron

Iron (85% to 95%) CaSiO, Carbon monoxide (30%)
Carbon (2.5% to 5%) Carbon dioxide (10%)
Silicon (.5% to 5%) Nitrogen (60%)

Phosphorus (.02% to 2%)

(1) Manufacture of steel In the manufacture of (i) Preheating air

(i) Making drain pipes, cement, slag wool, road- led in tuyeres.
manhole cover, gates, beds (ii) In coke ovens
machinery, etc. for making coke.

Conversion of cast iron to wrought iron

Wrought iron is the purest form of iron. Apart from iron, it has very small quantities of carbon (0-2%), silicon
(0-15%), phosphorous (0-02%), sulphur (0-04%) and manganese (0-05%). It is the refined form of cast iron.
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It is prepared by heating cast iron in a reverberatory furnace.The furnace is lined internally with iron
oxide. This oxidises the carbon in the cast iron to gaseous oxides of carbon.The other impurities are
slagged off using lime as flux. Heavy rollers are made to roll over the metal obtained, where the slag is
squeezed out.

Conversion of castiron to steel

Cast iron, the impure form of iron is converted to steel by Bessemer process. Steel is an alloy of iron.
Small amounts of carbon and other metals like chromium, manganese, vanadium, nickel are added to iron
to impart special properties required for a variety of uses. The carbon content of steel varies from 0-1%
to 1-5% depending on its use. Cast iron is converted to steel by Bessemer process. This process is carried
out in a Bessemer convertor.

Structure of bessemer converter

Bessemer converter, is a pear shaped furnace. It is made up of a steel plate lined inside with a refractory
material. The lining is made up of silica in case of acidic process and with lime in basic process. Basic
process is adopted if the cast iron contains phosphorous as impurity.

Process of bessemerization

At first, the converter is tilted to a horizontal position and the charge of molten cast iron is introduced
into it. Then it is brought back to the upright position and a blast of air is passed through the tuyeres
present at the bottom of the furnace. Carbon and other impurities present in cast iron combine with
oxygen to form their respective oxides.

C+0, _— > CO,
CO,+C _— > 2CO
S+0, _— > SO,
P, + 50, _— 2P, O, (in basic process)
2Mn + O, _ > 2MnQO
Si+ O, _— > SiO, gl

2 > a
MnO+ SiO, _ > MnSiO, &
6CaO+ PO, _— > 2Ca,(PO)),

(in basic process)

Oxides of manganese and silicon are removed in the form of slag (MnSiO,). In the basic Bessemer
process, phosphorus is removed as Ca,(PO ), in the form of slag.

After the removal of slag and gaseous oxides, CO burns with a bright flame at the mouth of the
converter. The disappearance of flame indicates that iron is free from impurities. At this stage, the required
amount of Spiegel (an alloy of carbon and manganese) is added to the molten iron and the blast of air
continues till the alloy (Spiegel) melts and mixes with molten iron.
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Finally, the molten steel with desired - Flame of burning

carbon content is formed which is poured GRS <R carbon monoxide
out in moulds and is then cooled. M
Basic lining

Red hot slag being blown
Open hearth process for making
special type of steel

As the name suggests, the shape of the Molten

. 1. . . Hot and pig iron
furnace is like a hearth, the top of which is | compressed
oxygen

open.The charge is pig iron and steel scrap.

The process can be carried out in two ways.

(1) Acid process: In this process, the
furnace is lined with acidic refractories, Figure 8.12

1.e.silica brick.

e i | P, 0"

magnesite or dolomite.

4 Basic lining Fire-brick
v Charge & N \ Checker work

The temperature on the top of : /
the hearth is generated by hot fuel ?/ ) A
gas which burns on the hearth and
produces a temperature of 1600°C to vV vV vy
1650°C.The final composition of the
steel is adjusted by adding ferrosilicon
or ferromanganese alloy. 7

It is a very lengthy process and Figure 8.13 An open hearth furnace

takes about 5 to 15 hours.

Raw materials used in open hearth process have low content of phosphorous and sulphur in them,
hence the steel made by this process is of a better quality.

L - D process for making steel

The latest development in steel making process is the L — D process. The name of this process is taken
from two separate plants situated in Austria, at Linz and Donawitz. It is a very fast process and takes about
20 minutes to produce steel.

Pure oxygen (99.5%) is lanced from the top of the converter at supersonic speed.This oxygen produces
temperature of about 2500°C to 3000°C and oxidizes the impurities present in it and finally steel is
produced.The L — D converter is lined with basic refractory.

Varieties of steel: Many varieties of steel are available. These can be categorized based on

(1) the percentage of carbon in steel
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Additional Jv" Process flow sheet for metallurgy of iron
P Crushing and grinding
elements L —> Waste gas

Magnetic separation

—

Gravity separation

Roasting

Smelting (pig iron)

|

Remelting (cast iron)

/N

!

N, , Ar In reverberatory In Bessemer/
Bubbling gas furnace open hearth/L-D converter
99 (wrought iron) (steel)
Figure 8.14 Schematic diagram of L - D converter
Figure 8.15

Carbon content in mild steel is less and The carbon content here is slightly more ranging from 0.5
ranges from 0-15 to 0-5% to 1.7%

It is a less elastic form of steel which is tough and has high
tensile strength. It is less malleable and ductile.

It is a highly elastic form of steel with
greater malleability and ductility.

It is used in making powerful magnets. It is used in making tools which are used for cutting.

(i) the metals (small amounts) present in the alloy

There are 5 different types of steel based on the other metal present in steel along with iron.

Stainless Steel Manganese Steel Tungsten Chrame Vanadium Steel
Steel Steel
g Iron (82 to 84%) Iron Wolfram Chromium Vanadium
:; Chromium (83 — 84%) (1 —20%) (1 to 4%) (0.2 to 1%)
a2 (12% to 14%) Mn (15%)
£ | Nickel (1 to 2%) C (09 to 1-5%)
S
2 | Resistant to corrosion, Extremely hard Very hard, Very hard, Very hard, not
§_ mild organic acids, tough tough very brittle
© | alkalis
Q.
w | Utensils, surgical Safes, army helmets, Swords, Swords, Springs, crank
g instruments hammering armour, ball  armour, ball shaft, axles of
machines bearings bearings automobiles
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Altering the properties of steel by controlling temperature

Steel when heated to high temperature and subsequently cooled in different ways, shows different
properties.

(i) Hardening of steel

The process of heating steel to a temperature of 1000 K to 1250 K and cooling suddenly by plunging it
into cold water or oil is called hardening of steel. It is also called quenching of steel. Due to hardening,
the steel becomes much harder but brittle.

(ii) Annealing or tampering of steel
The process of heating hardened steel to 500 K to 610 K followed by slow cooling is called annealing

or tempering of steel.

The annealed steel is hard and very tough. It has high tensile strength and can withstand a lot of load.

Extraction of copper

Copper is a transition metal which belongs to the IB group. It shows variable valencies of +1 and +2.
It is highly reactive and found in combined state.

Ores of copper
Cuprite Cu,0O
Copper pyrites CuFeS.,.

Extraction of copper from sulphide ore

Dressing of ore: The ore is crushed in big jaw crushers and then finely powdered in ball mills.
Concentration of ore: The ore is concentrated by the froth floatation process.

Roasting

The process of roasting is carried out in a reverberatory furnace.The finely powdered ore is heated strongly
on the hearth of the furnace in the presence of excess of air. The impurities of sulphur, arsenic,antimony
and phosphorous are expelled as volatile impurities. Moisture is also expelled out.

During this process, copper pyrites ore is converted to ferrous sulphide and copper sulphide. During
heating, the temperature is maintained below the melting point of ore.

S+0, - SO,
4As + 30, — 2As,0,
4Sb + 30, — 2Sb O,
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4P + 50, —2P0O,

2CuFeS2 +Oz—> CuZS + 2FeS + SO2

The sulphides partially get oxidized to their
corresponding oxides.

2Cu S + 30, - 2Cu,0 + 250,

Eire-grate

2FeS +30, — 2FeO + 2SO,

Figure 8.16 Reverberatory furnace
Smelting

The process of smelting is carried out in a blast Charging
furnace. The roasted ore is mixed with sand and
coke. A blast of air is sent through the tuyeres at the
bottom. In this process of smelting, the sulphides

Charging floor

Waste gases exit

are converted to oxides. The oxides combine with Fire-bricks
sand to form a fusible slag. Apart from the removal

of impurities in the form of slag, in smelting process Water jacket
convertion of cuprous oxide (formed by partial

oxidation in roasting process) to cuprous sulphide Air blas

also takes place.

2FeS + 30, = 2FeO + 280,

FeO + SiO, — FeSiO,
Impurity flux slag A

Cu,0 + FeS —»CuS + FeO Fusible slag out

== =

:JEEE:—L&\“ Molten matte out

Slag is removed and molten ore containing little

ferrous sulphide is called matte. This is taken out

from the exit at the bottom. Figure 8.17 Blast furnace for copper

Bessemerization

Bessemer converter is a pear shaped furnace. It is made up | Bessemer converter

of steel plates and lined by MgO or CaO. It is mounted
on trunions in such a way that it can be tilted in either
direction. The matte from the process of smelting is
transferred into Bessemer converter. A blast of sand and air
is blown inside. The molten metal drops below the level of
tuyeres which escapes from oxidation.

The reaction of roasting and smelting get completed.
Entire iron is removed in the form of slag. Cu,O and Cu_S

react to give copper. SO, escapes out

2Cu,0 + Cu,S — 6Cu + SO, Figure 8.18 Bessemer converter for copper
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After the completion of the above reac-tions the molten copper obtained is poured off. When the
molten mass is subjected to solidification, SO, gas escapes out.The copper so obtained gets blister type
appearance and hence is called blister copper. Blister copper is purified through electrolytic process.

Electrolytic purification

The crude copper is subjected to electrolysis by taking the impure copper as anode and a strip of pure
copper as cathode.Acidified copper sulphate solution is taken as an electrolyte. Pure copper from anode
dissolves and gets deposited at the cathode. The cathode becomes thicker due to the deposition of
copper.The impurities are collected in the form of anode mud.

Anode reaction: Cu = Cu™* + 2e”

Cathode reaction: Cu**+2e¢**— Cu

Process flow sheet for metallurgy of copper

Froth
floatation

—>» Roasting —» Smelting ——3» Bessemerisation —3» Electrolytic

refining

Crushing ——3» Grinding ——>»

Figure 8.19

Important alloys and their uses

Composition  Cu(60 to 80%) Cu(80%) Cu(88%) Cu(30 to 60%) Cu(80%)

Zn(20 to 40%) Zn(10%) Sn(10%) Zn(20 to 30%) Sn(20%)
Sn(10%) Zn(1%) Ni(15 to 20%)
Pb(1%)

Properties Lustrous, more Hard but Very hard, gives 2 White like silver, Hard and
malleable and brittle, resistant  very good cast malleable and brittle, produces
ductile than to corrosion, ductile sonorous sound
copper takes very high

polish

Uses For making For making For making For making For making
shells of shells, statues, barrels of guns, imitation silver bells.
ammunition coins and gears and jewellery,
utensils, electrical utensils. bearings. utensils, etc.
switches,

statues.
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Composition  Fe(83%), C(1%), Fe(84%), Mn(15%) Fe(79 to 84%) Fe 50% Al 20%
Cr(15%) and Ni(1%) C(1%) W (20 to 15%), Ni 20% Co 10%
C(1%)
Properties Reesists corrosion Very tough and Very-very hard Highly malleable
hard
Uses For making utensils and  For making safes,  For making high For making powerful
surgical instruments armour and rock speed tools magnets
cutter

Composition Al(95%), Cu(4%) Al(95%), Mg(5%)
Mn(0-5%), Mg(0-5%)
Properties Light in weight and as strong as steel Light in weight, strong, resistant to corrosion.
Uses For making aircraft frames, rockets, speed For making aeroplane parts, house appliances,
boats, automobiles mirrors and scientific instruments

Alloy Monel metal

Composition Cu(28%), Ni(67%), Fe(5%)

Property Resistant to corrosion, malleable and ductile
Uses Used for making sinks, doors and window screws

Alloy Solder
Composition Sn (50% - 60%)
Pb (50% — 40%)
Property Low melting point, Resistant to corrosion
Uses Soldering purposes

Alloy Type Metal
Pb (75%)
Composition
Sn (5%)
Sb (20%)
Property Hard, expands on cooling

Uses For making printing type
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Comparative study of properties of iron, zinc and aluminium

Physical properties

Colour

Malleability
ductility

Conductivity

Melting point
Boiling Point
Density

Magnetic
Property

Reddish orange

Bluish white solid

High malleability ~ High malleability and

and ductility

Very good

conductor of heat

and electricity
1085°C

2562°C
8.96 g/cm’

Does not show

ductility

Very good conductor
of heat and electricity.

720°C
2467°C
2:7 g/cm®

Does not show

magnetic property magnetic property

Bluish white when
freshly cut

Malleable and ductile
between 150 to

200° C. Brittle above
and below these
temperatures.

Good conductor of
heat and electricity.

419°C
907°C
7.1 g/cm?

Does not show
magnetic property.

221

Light grey

Tough, malleable and
ductile

Good conductor of
heat and electricity.

1535°C
2750°C

7.8 g/cm’®

Highly magnetic. loses
its magnetic property
above 770°C.

Chemical properties

Action of air
(i) Dry air

(i) Moist air

(ii1) Strong
heating

Action with
water
(i) Pure
Water

No reaction with
dry air or moist air

Formation
of superficial

coating of green

basic carbonate
CuCO,.Cu
(OH),

Forms copper
oxide.
Cut+0O,CuO
Cut+0O, Cu,0

Passive to pure
water

No reaction with
dry air

A thin layer of oxide is
formed on the surface.
4A1 + 30, — 2AL,0,

Burns with bright
white light giving a lot
of heat.

No reaction due to the
formation of protective
oxide layer

No reaction with dry
air

A layer of oxide is
formed which is then
converted to carbonate
with atmospheric
carbon dioxide.

2Zn + O, » 2Zn0O
ZnO + CO, -
ZnCO,

Burns with bluish
white flame

Passive to pure water

No reaction with
dry air.

Formation of a
brown powder of
hydrated ferric oxide
(rust)

4Fe + 30, + xH,O
— 2Fe,O,xH,0O
(rust)

Burns with brilliant
white flames

3Fe + 20, — Fe O,
(triferric tetra oxide)

No reaction

(Continued on following page)
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(i) With
steam

No reaction with
steam.

Red hot aluminum
reacts with steam.The
reaction is rapid in the
beginning and becomes

slow later.

2A+3H,0—ALO +3H,

(Steam)

Hot zinc reacts with
steam to form zinc

oxide liberating
hydrogen gas.

Steam with red hot
iron form triferric
tetra oxide and
hydrogen gas.The

Zn+I—IjO—>ZnO+H,T reaction is reversible.
(Heated) (Steam) B 3Fe+4H.0O

(Steam)

'Fe,O, + 4H,

)

(i1)

(i)

Chlorine

Sulphur

Carbon

Forms chloride

on heating
with chlorine
Cu+CL—>
Cu(Cl,

Forms
sulphide on
heating
Cu+S—CuS
No reaction
with carbon

Forms chloride on

heating
2A1+3Cl et >
2AICI,

Forms sulphide on
heating

2AI+3S —tet 5 ALS

Aluminium Carbide is

formed

4A1 +3C - Al C,

Forms chloride on
heating
Zl’l+Cl heat

e

Forms sulphide on
heating

Zn+S—4 5 7nS

ZnCl2

Forms chlorides when
chlorine is passed over
red hot iron.

2Fe + 3Cl, — 2FeCl,

On strong heating
with sulphur, it forms
sulphide.

Fe + S—2 > FeS

)

(i1)

Dilute and
concentrated
hydrochloric
acid and
dilute
sulphuric
acid

Con-
centrated
sulphuric
acid

No reaction
with the
liberation of
hydrogen gas.

Copper
dissolves with
the evolution
of SO, gas
Cu + 2H, SO,
— CuSO, +
SO, +2H,0

Forms respective salts

liberating hydrogen
gas.
2Al + 6HCI

)
2AICL + 3H,
(2Al + 3H,SO,

)

ALSO,), + 3H,)

Forms aluminium
sulphate, water and
sulphur dioxide gas
iAl + 6H,SO,

A1,(S0), + 6H,0 +

350,

Liberates hydrogen

gas forming respective

salts.

Zn + 2HCI
l
ZnCl, + H,
Zn + IlIZSO4
ZnSO, + H,

Liberates sulphur

dioxide on boiling

Zn + 2H, SO —
)

ZnSO, + 2H,O +

SO

5

Forms chloride and
sulphate salts, liberating
hydrogen gas.
Fe + 2HCI
\’
FeCl, + H,
Fe + H, SO,
\’
FeSO, + H,

Forms ferrous sulphate
with the liberation of
sulphur dioxide gas
Fe + 2H SO,

\)
FeSO, + SO, + 2H,0

(Continued on following page)
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(iii) Dilute nitric

3Cu +

and concent- 8HNO, —

rated nitric
acid.

3Cu(NO,), +
4H,0 +2NO
Cu +4HNO,

— Cu(NO)),
+2H,0 +
2NO

2

Oxidizes the outer
layer to alumininum
and renders it passive
for further corrosion.

Zinc nitrate and nitric
oxide gas with dilute
acid

3Zn + 8HNO, (dil)

3Zn(NO,), +

4H,0 + 2N,O (g)
Liberates nitrogen
dioxide gas with conc.
acid.

Zn + 4HNO,

\)

Zn(NO,), + 2NO, +
2H,0

Dilute acid liberates
nitric oxide gas.
3Fe + 8HNO,

(dil)

3Fe(NO)), + 4H,0O +
2NO

Concentrated acid
oxidizes the outer layer
which makes the metal
passive.

Action with
caustic alkalis

Displacement
Reactions

Reducing
Property

No reaction
with alkalies

Displaces

less active
metals from
their aqueous
solutions.

Cu +
2AgNO, —
Cu(NO,), +
2Ag
Oxidises
metals

2CuO +C —
2Cu + CO,

Dissolves in
concentrated caustic
alkalis forming
aluminates.
2A1+2NaOH+
2H,0

(powder)  (conc) l/
2NaAlO, + 2H,

Displaces less active
metals from their
aqueous salt solutions
3AgNO, + Al —

AINO), + 3Ag

Good reducing
agent reduces metal
oxides to metal by
the liberation of huge
amount of heat.
Fe, O, + 2Al

\)
ALO, + 2Fe + heat

Forms zincates and
hydrogen with
concentrated aqueous
alkalis.

Zn + 2NaOH

(conc)

l
NazZnO2 +H,

Displaces the lesser
active metals from
their aqueous salt
solutions

Zn + CuSO,

l
ZnSO4 + Cu

It reduces the metals
which are less reactive
than it.

Zn + CuSO,

l
ZnSO, + Cu

No reaction with
alkalis.

Displaces the less active
metal from its aqueous
salt solution.
CuSO, + Fe

l
FeSO4 + Cu

It reduces the metals
which are below it in
the reactivity series.
Fe + CuSO,

l
FeSO, + Cu
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‘What is metallurgy?

‘Which metals are mostly found in free state and why?

The mineral from which a metal can be extracted profitably is called

‘What are the different steps of metallurgical processes?

The process of the removal of gangue from the ore is called

‘What is pulverization?

‘Which metal has its ore concentrated chemically?

Distinguish between calcination and roasting.

What type of ore is concentrated using froth floatation process?

‘What is zinc spelter? How i1s it purified?

How is alumina melted in the electrolytic extraction process of molten alumina?

‘What is the process called when ZnS is converted to ZnO during the extraction of zinc?
In thermite welding, crucible is lined with

How can aluminium be used in the extraction processes of metals?

How are slag and molten metal separated from blast furnace?

The region in the blast furnace where the temperature range 1s 1500°C to 2000°C 1s called zone.
Which is the purest form of iron? How is it useful?

‘What are the major products and by-products of blast furnace in the extraction of iron?
What is the slag formed in the basic process of the above conversion?

The charge in the manufacture of special type of steel in open hearth process and

‘What 1s the basic process adopted for the conversion of cast iron to steel? What is the difference between
acidic and basic process of conversion of cast iron to steel?

What type of changes take place in the property of steel if the carbon content is more?
Zinc on reaction with steam liberates gas.

Polling method is generally employed to with as Impurity.

‘What are the products formed when chlorine reacts with
(1) aluminium

(i1) zinc

(1i1) iron

Copper on reaction with moist air gives

Alnico is an alloy of Al, Ni, Co and



28.
29.
30.

Which method is employed for the concentration of copper pyrites?
Magnalium is an alloy of and
Refining of zinc and mercury is carried out by using process.

Short answer type questions

31.
32.
33.
34.

35.

36.
37,
38.
39.
40.
41.
42.
43.
44.

45.

‘What is the basic purpose of roasting and calcination? Compare these two processes.
How does bauxite get concentrated in the extraction of aluminium? Explain.
Compare cast iron, steel and wrought iron.

Compare the composition, properties and uses of different types of steel based on the different metals
present in it.

State the reactions that take place at the cathode and anode during the process of electrolytic reduction
of alumina.

Compare the different physical properties of aluminium, iron and zinc.

What are the different processes involved in the dressing of ore? Explain.

Describe the conversion of cast iron to steel through bessemerization in brief.

Explain froth floatation process for concentrating sulphide ores.

How is aluminium refined in Hoope’s electrolytic process?

‘What is meant by blister copper? Why is it called so?

Describe the reduction of zinc oxide to zinc in brief.

Write the reactions of aluminium, iron and zinc with both dilute and concentrated nitric acid.

Classify the different types of ores depending on the negative radical present in them. Mention the name
of each ore.

Describe the processes of conversion of cast iron to wrought iron in brief.

Essay type questions

46.

47.

48.
49.
50.

Describe smelting of iron in blast furnace. Write all the reactions which take place in different zones of
blast furnace.

‘What are the different reducing agents which are used to reduce the metal oxides?

Describe how they work with different oxides of metal.

Explain the process of roasting and smelting in the extraction of copper from copper pyrites
Describe the different purification processes applied for difterent metals.

Compare the composition, properties and uses of difterent alloys of

(i) copper and

(@) aluminium
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Concept Application Level—1

Direction for questions 1 to 7: State whether the following statements are true or false.

1. In metallurgy, the concentration of ore is followed by the dressing of ore.
. In calcination and roasting, volatile impurities are removed.
. Metals which have low melting point are refined by liquation.

. In froth flotation process, pine oil is usually added to wet the gangue particles in the ore.

2
3
4
5. Mercuric oxide is reduced by thermal decomposition.
6. Monel metal is an alloy of Cu, Ni and Fe.

7

presence of air.

Direction for questions 8 to 14: Fill in the blanks.

8. In the upper region of blast furnace helps in the reduction of iron oxide to iron.
9. In Bessemer converter is removed as phosphate slag.
10. and are partially oxidized during roasting in the extraction of copper.

11. Iron pyrites are converted to iron oxide by the process of
12. The reaction which is not associated with the middle region of blast furnace during smelting is
13. Chromium and manganese oxides are reduced to metals by using

14. The components in solder are

Direction for question 15: Match the entries given in column A with the appropriate ones in
column B.

15.
Column A U
A. Pulverization () a. Used for reduction
B. Roasting () b. Concentration of aluminium
C. Coke () c. Reduction of iron
D. Bayer’s process () d. Heating in absence of oxygen
E.  Vacuum distillation () e. Dressing of ore
E  Smelting () f. Refining of zinc
G. Calcination ( ) g Heating in presence of oxygen

. In purification of metals, during distillation, metal is strongly heated above its boiling point in the

226
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Direction for questions 16 to 30: For each of the questions, four choices have been
provided. Select the correct alternative.

16.

17.

18.

19.

20.

21.

22.

S2

Electromagnetic separation is employed for the concentration of those ores in which
(1) the ore is magnetic.

(2) the gangue is magnetic.

(3) both the ore and the gangue are magnetic.

(4) either the ore or the gangue is magnetic.

The following flow chart represents the extraction of
Froth flotation
\)
R oasting
\)
Smelting
\)
Bessemerization

\)

Electrolytic refining
(1) copper (2) zinc (3) iron (4) aluminium
In the extraction of iron, the most preferred ores are
(1) hematite and limonite. (2) copper pyrites and siderite.
(3) magnetite and iron pyrites. (4) limonite and copper pyrites.
An ore contains arsenic and antimony as impurities. How are they removed during the process of
roasting?
(1) By conversion into As,O, and Sb,O,
(2) By conversion into As,O, and Sb,O,
(3) By conversion into both trioxides and pentoxides
(4) By conversion into sulphides
Aluminum is added in Bessemer process to remove certain impurities, but not in L-D process. This is
because
(1) pure oxygen is passed in bessemer process.
(2) pure oxygen is passed in L-D process.
(3) air is passed in L-D process.
(4) of addition of spiegel in Bessemer process.
Which among the following is an oxide ore of lead?
(1) Led ochre (2) Galena (3) Anglesite (4) Dolomite

Zinc is refined by

(1) liquation (or) distillation under reduced pressure.

(2) electrolytic method or polling.
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(3) liquation or electrolytic method.
(4) distillation under reduced pressure or electrolytic method.
23. Lustre of metal is attributed to
(1) loosely bound electrons present in the valence shell of the metal atoms.
(2) strong electrostatic force of attraction between electrons and metal kernels.
(3) omnidirectional nature of metallic bond.
(4) None of the above
24. The volatile impurities associated with zinc spelter are

(1) Cd and Fe (2) Fe and As (3) Cdand C (4) Cd and As

25. Match the entries in column-A with appropriate ones in column-B.
Column-A Column-B
(1) German silver () (a) for making printing type
(2) Tungstel Steel () (b) soldering
(3) Alloy of Sn Pb () (©) for making high speed tolls
(4) Alloy of Pb, Sn () (d) for making jewellery
and Sb
1) 1-b 22¢c 3>d 4—>a 21>5c 2>5d 322 4-5Db
3 1—>d 2—=>¢c 35b 4—>a 4 1->d 2—2a 3-5b 4—>c¢
26. The process employed for the purification of copper with cuprous oxide as the impurity is
(1) polling. (2) liquation.
(3) electrolytic process. (4) oxidation.

27. ‘Alclad’ is perfectly resistant to corrosion by sea water. The alloy is
(1) magnalium coated with aluminium. (2) duralumin coated with aluminium.
(3) r-alloy duralumin. (4) a mixture of magnalium and duralumin.

28. Hardened steel on heating in the range of 220°C to 330°C and on slow cooling gives

(1) hard steel (2) brittle steel
(3) hard and brittle steel (4) hard and tough steel

29. If an ore contains impurity of SiO, identify the appropriate flux for the removal of it
(1) MnO 2 PO, ) CO, 4) SO,

30. In the electrolytic reduction of alumina, the electrolyte is covered with coke powder because, it
(1) prevents oxidation of aluminium formed.
(2) reacts with aluminium forming aluminium carbide.
(3) prevents heat loss from the electrolyte.
(4) None of the above

Concept Application Level—2

QZ. ‘Why are more electropositive elements extracted only by electrolytic reduction?

31. Why is it necessary to replace carbon anode from time to time in the electrolytic extraction of aluminium?

J
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33.
34.

35.
36.
37.
38.

39.
40.
41.
42.
43.
44.
45.

Concept Application Level—3
46.
47.
48.

49.

50.

S2

“In the process of reduction of concentrated ore to zinc spelter, ZnO is made into briquettes”. Give
reasons.

What is the role of cryolite and fluorspar during the extraction of aluminium? However add
these produces a harmful gas. Explain.

Why are most of the metals hard and have high melting and boiling points?
Explain the principle involved in the purification of red bauxite by Bayer’s process.
Green wooden poles are used during the process of refining of copper. What purpose do they serve?

Zinc, aluminum and iron give different products when reacted with sulphuric acid of different strengths
(dilute and concentrated), whereas copper reacts only with concentrated sulphuric acid. Justify.

Why are aluminum alloys widely used in aircrafts and ships?

Why is the iron obtained from the blast furnace not used for making any articles?

Metal articles to be electroplated are treated with HCI or H,SO, before electrolysis. Give reasons.
Explain the role of aluminium in the extraction of chromium or manganese.

Which property of Mn of the alloy Spiegel is exploited in the manufacture of steel?

What is the effect of Cu on the ZnAl alloys?

How are the noble metals containing other metals as impurities purified?

“Addition of cryolite and fluorspar to alumina produces dangerous by product”. Comment.
Why L-D process is preferred to Bessemer process?

The alloy alnico finds application in the instruments which require very stable temperature property.
Explain.

During the quenching of steel, it is plunged either into a water bath or in an oil bath. Explain why
different baths are used?

Why is brass preferred to stainless steel for door settings?

J

key points for

-

selected questions

Ver'y short answer 'I’ype ques‘l’ions 4. (i) Dressing and concentration of ore

1. Study of extraction of metals.

(1)) Conversion of ore to oxide or desired

compound
2. Gold, Platinum, Noble metals. (ifi) Extraction of metal
3. Ore (iv) Refining of metal

\_
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11.
13.
14.
15.

16.
17.
18.

19.
20.
21.

22.
24.
25.
26.
217.
28.
30.

5. Concentration of ore

. Grinding of ore to a fine powder in an inert

atmosphere.

. Aluminium

8. Heating of ore in the absence of air and heating

of ore in the presence of air respectively.

. Sulphide
10.

97% pure zinc is called zinc spelter.
(i) Distillation under low pressure
(ii) Electrolytic method

By the addition of cryolite and fluorspar
magnesite
Due to it’s reducing character.

Molten metal forms the bottom layer with the
slag on top.

combustion zone

Wroght iron. Manufacture of steel.

Major product — Cast iron

By products — Slag (CaSiO,), CO,CO, and N
MnSiO,, Ca, (PO,

pig iron, steel scrap

2

Bessemer process.

Acid process — Furnace is lined with acidic
refractiories.

Basic process — Furnace is lined with
magnesite/dolomite

Brittleness increases.

Copper, Cuprous oxide
(@ AICIL, (b) ZnCl,
CuCO,.Cu(OH),

Fe

(c) FeCl,

Composition of the ore.

Distillation

Short answer type questions
31.

(i) Conversion of ore into its oxide form
(i) Conditions for roasting
(iii) Condition for calcination

32.

33.

34.

35.
36.

37.

38.

40.

41.

42.

43.
45.

key points for
selected questions

(1) Gravity separation
(if) Magnetic separation
(i) Bayer’, Hall’s process

(i) Percentage of carbon
(i) Strength

(i) Properties

(iv) Uses

(i) composition
(i) properties
(iii) uses
Ions present in the electrolyte.

(1) Malleability, ductility
(i) Conductivity
(iii) Melting, boiling point
(iv) Density, magnetic property

(1) Hand picking
(i) Crushing and grinding
(iii) Pulverising
(i) Setup
(i) Raw materials
(iii) Procedure
(iv) Indication for completion.

(i) Setup

(i) Conditions

(iii) Addition of other salts
(iv) Procedure

(v) Reactions

Effect of removal of the product.
(i) Setup

(ii) Fuel

(i) Briquettes

Nature of the metals — given.

(1) Heating of cast iron
(i) Iron oxide
(iii) Conversion of carbon into gaseous
oxide
(iv) Flux

Essay type questions

46.

(i) Setup

(i) Raw materials
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(1) Layers

(iv) Procedure

(v) Reactions in various zones
(vi) Temperature in various zones.

(vii) Collection of metal.

key points for
selected questions

47. (i) Reducing agents
(1) Type of metal

49. (i) Purification process
(i) Metals it is applied for
(ii1) Procedure

Concept Application Level—1

True or false
1. False

. True

. True

. False

. True

[=2 NS B - NS S

. True

7. False
Fill in the blanks

8. carbon monoxide
9. phosphorus

10. Cu,S, FeS

11. Roasting

12. C+ O, - CO,

13. Aluminium

14. Sn, Pb
Match the following
15. A

B g

C a

D b

E f

F €

G d

KEY

B
Multiple choice questions \1‘;'
16. Choice (4) L

17. Choice (1)
18. Choice (1)
19. Choice (1)
20. Choice (2)
21. Choice (1)
22. Choice (4)
23. Choice (1)
24. Choice (4)
25. Choice (3)
26. Choice (1)
27. Choice (2)
28. Choice (4)
29. Choice (1)
30. Choice (3)

Concept Application Level—2,3

Key points

31. (i) Reactions taking place at anode.
(i) Electrolyte used in the extraction of
aluminum.
(ii1) Ions obtained.
(iv) Products obtained at the anode.
(v) Reaction between the product obtained
and the anode.

32. (i) Electrode potentials of highly electro
positive elements.
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(i)
(i)

(v)

v)
@
(1)

33.

The form (ore) in which the metals are
available in nature.

Relation between electropositivity of the
metal and the chemical stability of the
respective ore.

Relation between the electropositivity of
the metal and the tendency of it to get
reduced.

Mechanism of electrolytic reduction.

Nature and property of an electrolyte.
Electrolyte used for the extraction of

aluminium.

(i)
(iv)

v)
(vi)

(vii)
(viii)
(ix)

34. ()
(i1)

(i)
(iv)
W)
@)
(i)
(i)

35.

36. ()

(i)
(i)

(v)

232

Thermal stability of the electrolyte.
Relation between the presence of
impurity and melting point of solid.
Effect of addition of cryolite and fluorspar
on the melting point of the electrolyte.
Mechanism of conduction of electricity.
Effect of addition of cryolite and fluorspar
on the conduction of electrolyte.

Product obtained at the anode during
electrolysis.

Anodic product obtained at the end of the
electrolysis.

Comparison between briquette and
powder form.

Furnace in which the reduction of
concentrated ore takes place.

Process of reduction.

Physical state of the raw material in which
they react.

Physical state of the product.

Nature of metal atoms.

Type of bond present in metals.

Relation between the strength of the bond
and the properties of metal (melting point,
boiling point).

Nature of impurity present in red bauxite.
Chemical composition of the red bauxite
and the impurity present in it.
Comparison of chemical behaviour of red
bauxite and the impurity with acids and
bases.

Separation technique that can be adopted
for removing the impurity based on the
above chemical behaviour.

37.

38.

39.

40.

41.

42.

(¥
(i1)
(1ii)
(v)
V)

()
(i1)
(i)
(iv)
v)
(vi)
(vii)

)
(i)

@)
(i)
(ii)
(iv)
W)
@)
(i)
(ii)
(iv)
W)
(vi)

)
(i)

(i)

Composition of wood.

Impurities present in copper.
Constituents of green wooden poles.
gases produced from green poles.
Role of these gases for converting the
impure form of metal to pure metal.

Comparison of reactivity of Zn,Al, Fe and
Cu.

Comparison of oxidation potentials of
Zing, iron, aluminium with hydrogen.
Type of reaction that takes place when the
above metals react with dilute H,SO .
Change in the property of H,SO, with the
increase in concentration.

Change in the product due to the change
in the concentration.

Comparison of oxidation potential of
copper with hydrogen.

Type of reaction that can take place
between copper and concentrated H SO ,.

Property of aluminium.
Comparison of properties of metal and its
alloy.

Gases in the blast furnace.

R eactions that take place in blast furnace.
Products obtained and their physical state.
Effect of the physical state of the product
on the iron obtained.

Effect of the impurities on the property of
iron.

Reeactivity of HCI, H,SO, with the
impurities present.

Reactivity of metals.

Effect of reactivity of metal on its surface.
Change in composition of the surface of
metal.

Reactivity of the substances which are
formed on the surface of the metal.

R eaction between the above substances
with HCl or H,SO .

Reactivity of aluminium.

The reaction that the ore should undergo
in the extraction of the metal.

Chemical property of alumunium that is
exploited to extract the metal from its ore.



43.

44.

45.

46.

47.

@)
(i)
(iif)
(iv)

(v)
(vi)

(vii) Effect of the formation of the above bonds

i)
(i)
(i)
(iv)

()
(i1)

(iif)

@

(i)
(i)

(iv)

Reactivity of Mn with the impurities.
Kinds of impurities present in iron
obtained from the blast furnace.

Chemical behaviour of manganese.
Aftinity of manganese towards certain
impurities.

Formation of slag.

Type of bond that can be formed between
iron and manganese.

on the property of steel.

Mechanical properties of substance
Type of bond present in metal.

Change in the type of bond during the
formation of alloy.

Effect of change in the type of bond on
the physical property of the metal.

Reeactivity of noble metals.

Comparison of reactivity of nobel metals
with other metals.

Separation technique adopted for the
removal of impurities from the nobel
metal based on the diftference in reactivity.

Common element present in cryolite and
fluorspar.

lons present in cryolite and fluorspar.
Products obtained at the electrodes on
complete electrolysis.

Nature of the products.

Comparison of the type of fuel used.
Comparison of the composition of gases
passed through the charge in L-D and
Bessemer process.

48.

49.

50.

(i)
(iv)
)

@)
(i)
(i)
(iv)

@
(i)
(i)
(iv)

Comparison of the process of passing the
gases in L—D and Bessemer converter.

R eactions that takes place in L—D and
Bessemer converter.

Change in the rates of reactions due to
difference in the above two processes.
Effect of the presence of the non reactive
component of the gas blasted in Bessemer
process on the property of steel.

Comparing properties of constituent
metals and alloy.

Composition of alnico.

Property of alnico.

Effect of composition on retention of this
at higher temperatures property

Comparing cooling properties of oil and
water.

Comparison of the property related to
raise in temperature of oil and water.

Effect of property on the rate of cooling of
steel.

Relation between the rate of cooling and
the change in the properties of steel.

Composition of brass and stainless steel.
Relation between the composition and the
property of the alloy.

Comparison among the given properties
of alloys.

R equisite for door settings
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Industrial
Chemistry

INTRODUCTION

Nature is endowed with a variety of metals and non-metals existing in their native state as well as

in combined state. These elements like carbon, sulphur, nitrogen, etc. are extracted from the natural
resources through different processes. After purification, these elements are either used directly in
the elemental state or used as raw materials for the manufacture of a variety of compounds. These
compounds have a wide range of applications in various fields. Industrial chemistry deals with the
manufacture of these compounds like different acids, ammonia, quick lime, slaked lime, washing soda,
etc. Some of the compounds are further used for the manufacture of cement, glass, ceramics, fertilizers,
etc., which find applications in the construction of buildings, decorative items, sanitaryware, interiors,
telecommunication, spacecraft and various other fields and the study of the manufacture, properties and
uses of these materials also come under the scope of industrial chemistry.

Carbon

Carbon belongs to IV A group of the periodic table. Carbon is one of the most important non-metallic
elements since it is invariably present in all animals and plants in the form of various compounds. In
addition to this, carbon exists in combined form in the form of many minerals and also in the form of
carbondioxide in the atmospheric air. However, in elemental form carbon is available in the form of
diamond, graphite, etc.

Allotropy

The existence of the same element in different physical forms with similar chemical properties is known
as allotropy.
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Carbon exhibits allotropy and the allotropes of carbon are broadly classified into two main categories,
viz., crystalline and amorphous allotropes. Crystalline allotropes are diamond, graphite and fullerene
while coke, charcoal, lamp black, gas carbon are amorphous allotropic forms.

Diamond

In diamond, each carbon atom is bonded covalently by single bonds, to
four other carbon atoms resulting in a single tetrahedral unit of crystal. These
tetrahedral crystal units lie in different planes accounting for a rigid three
dimensional structure. The C-C bond length is 1.54 A° and bond angle is
109°28".

Figure 9.1

Diamond can be prepared by heating carbon in the form of sugar charcoal in molten iron up to
3800°C — 4000°C which, on subsequent and sudden cooling, crystallizes to diamond.

Physical properties

Diamond is a hard crystalline substance with a high density (3.5g/cc) and melting point of 3700°C.
It also has a very high refractive index of 2.5.

Chemical properties

Diamond, on heating in the presence of air, catches fire around 800°C to form CO, carbon dioxide.

C+O2 800°C CO2

—

Uses

Diamond due to its brilliance is used as a precious

gem and, due to its sharpness, it is used in performing
delicate operations.

Graphite

Graphite is another crystalline allotropic form of
carbon. Artificially, graphite can be prepared by
taking a mixture of sand, coke and ferric oxide in
an electric arc furnace. The temperature increases
to 3500°C due to the resistance applied by the sand
and at this high temperature coke orients itself to

form graphite.

In graphite, each carbon atom is bonded to three Figure 9.2 Structure of graphite
other atoms resulting in the formation of a layer of 1. Covalent bonds 2. Vander waals forces
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hexagonal rings. The remaining unpaired electron in each carbon atom helps to develop weak forces of
attraction between different layers. These layers in turn arrange parallelly one over the other and are held
together by weak forces.

Physical properties
Graphite a dark grayish soft lustrous solid has a density of 2.25g/cc and melting point around 3600°C.

Chemical properties

Graphite, on heating in an atmosphere of pure oxygen, catches fire at 700°C forming a mixture of CO, and CO.

3C+20, —*<5 CO,+2CO+AQ

Uses

Graphite is mainly used in making leads of pencil, electrodes, refractory crucibles and as a solid
lubricant.

Buckminister fullerene

Buckminister fullerene is another crystalline allotropic form of carbon
discovered recently. These fullerene molecules are synthesized by
subjecting graphite to sublimation using laser radiation. The vapour
formed is subsequently cooled in the atmosphere of noble gases. The
fullerene molecules mainly consist of C, with smaller amounts of C_;

and traces of other fullerenes consisting of even number of carbon
atoms upto 350.

C,, molecule consists of 12 pentagons and 20 hexagons of carbon

arranged in 32 rings as a whole. This allotrope of carbon acts as a

superconductor on forming compounds with noble gases.
Figure 9.3

Physical properties

Buckminister fullerene is a brown powdered substance with a density of 1.65g/cc that sublimes at
527°C. It has a refractive index of 2.2.

Compounds of carbon

Apart from the various organic compounds, carbon occurs in the form of compounds such as oxides,
carbides, carbonates, bicarbonates, etc. Carbon can form two oxides, namely, carbon monoxide and
carbon dioxide.

Carbon monoxide

Carbon monoxide is not a natural component of atmospheric air. Carbon monoxide is produced by incomplete
combustion of automobile fuels or biomass. This is a harmful gas due to its high solubility in the blood. It bonds
with haemoglobin forming carboxy haemoglobin which decreases the supply of oxygen to the tissues.
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Carbon dioxide

It is one of the minor components of atmospheric air. Carbon dioxide is added to the atmosphere
by means of natural phenomena such as degradation of organic matter, respiration, fermentation and
chemical weathering of rocks. Carbon dioxide is a colourless gas which is soluble in water and is heavier
than air. It is consumed by plants during the process of photosynthesis. Cabon dioxide present in the
atmosphere should be balanced because excess amount of CO, in the atmosphere leads to increase in
temperature of the earth which causes global warming. )

Silicon

Silicon is the second most abundant element in earth’s crust. Just like carbon, silicon is also a non-metal
belonging to IVA group of the periodic table and is present below carbon.

Occurrence

Silicon occurs mostly in the combined state in nature. It exits in the form of oxides, silicates in sand and
clay. Aluminium silicate is the most widely distributed silicate in the form of clay. Like carbon, silicon
also exhibits allotropy existing in both amorphous and crystalline forms. It is present as a constituent of
semi precious stones like garnet, zircon, opal, etc.

Extraction

Silicon can be extracted from quartz. A mixture of finely powdered quartz with magnesium powder
is heated in a fire clay crucible. On heating, magnesium undergoes oxidation while silicon dioxide
undergoes reduction leading to the formation of silicon. The product is washed with HCI to dissolve
MgO. Unreacted silica is washed away using hydrofluoric acid.

SiO, + 2Mg — 2MgO + Si

Silicon can also be prepared by reducing silica with coke, but the silicon obtained in this method has
lesser purity.

SiO, +2C - Si+ 2CO

Physical properties

Silicon is a dark brown powder, insoluble in water. Its melting point is 1683K and boiling point is 2628K.

Chemical properties

With oxygen Si+ O, - SiO,
With steam Si+2H O — SiO, + 2H,
(red hot) ~ B B
Wlth Carbon Sl + Coke (at high temperature) SIC
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Uses of silicon

Silicon is widely used in the field of electronics for the manufacture of semiconductor devices. It is also
used for the preparation of some alloys like ferrosilicon and silicobronze. The compounds of silicon have
wide range of applications in industry.

Applications of compounds of silicon
Silica is used for the manufacture of glass, porcelain, building materials, threads of high elasticity.
Silicon carbide is used as abrasive for cutting and grinding glass.

Sodium aluminium silicate is used for softening of hard water.

Nitrogen

Nitrogen is the most abundant element in the atmosphere. It is placed in the VA group of periodic table.

Occurrence

Nitrogen exists in the atmosphere in elemental state. In combined state, nitrogen is present in the form
of nucleic acids and amino acids in living systems and ammonium or nitrate salts in soils.

Laboratory preparation

In the laboratory, nitrogen can be prepared from air.

Procedure

Sodalime is taken in a U tube and air is slowly pumped through it.The sodium hydroxide present in soda
lime reacts with CO, present in air forming sodium bicarbonate and the water vapour present in the air
reacts with calcium oxide to form calcium hydroxide. Thus both CO, and H,O are removed.

CaO + H,O —» Ca(OH),
NaOH + CO, = NaHCO,
The leftover air is passed over red hot copper where the O, present in air turns copper to copper oxide.

The nitrogen gas present in air, thus, does not undergo chemical reaction and can be collected by the
downward displacement of water.

2Cu + O, = 2Cu0,

Compounds of nitrogen

Ammonia and nitric acid constitute the most important compounds of nitrogen since they are used as
raw materials in various industries.
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Ammonia
Occurrence

In free state, ammonia is found in traces in air as well as in water.

In combined state, ammonical liquor is obtained by destructive distillation of coal and small deposits
of ammonium salts in craters.
Laboratory preparation

(1) Ammonia gas can be prepared by heating ammonium salts with alkalis.
2NH Cl + Ca(OH), == CaCl, + 2H,0 + 2NH,

(i) Ammonia gas can be prepared by treating metal nitrides with warm water

Mg,N, + 6H,O — 3Mg(OH), + 2NH,
Industrial method of preparation: Ammonia can be synthesized in large scale by Haber’s process.
Manufacture of ammonia by Haber’s process

Principle

Ammonia can be synthesized by the reaction of nitrogen and hydrogen in 1 : 3 ratio under high pressure
at a moderately high temperature. It is an exothermic reaction.

N, +3H, " 2NH, +heat

Conditions required for the process

Pressure - 200 =900 atm
Temperature  — 450 - 500°C
Catalyst - Iron

Promoter - Molybdenum

Presence of traces of impurities such as carbon dioxide, carbon monoxide and hydrogen sulphide act
as catalytic poisons and reduce the yield of ammonia. Hence, the removal of these impurities from the
raw materials is an essential step in this process.

CO, Dissolution in water under pressure

CO By passing through cuprous formate or cuprous acetate

HS Absorption in KOH solution under pressure
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Procedure

Pure and dry H, and N_ are mixed in the
ratio of 3 : 1 and the mixture is compressed
under high pressure of about 200 — 900 atm.
The compressed gases are led into catalytic
chamber containing finely divided iron
with molybdenum at 450°C. The product
ammonia, unreacted nitrogen and hydrogen
exchange their heat with incoming nitrogen
and hydrogen. The outgoing hot mixture
contains only 10% NH, and condenses at
—33°C and 8 atm pressure.The cold mixture is
allowed to expand suddenly so that ammonia
gets liquefied and when it is passed through
water, it dissolves and forms liquid ammonia.
The unreacted N, and H, are recirculated
through the plant.” )

Physical properties

Ammonia is a colourless, pungent smelling
gas. It has a boiling point of 33 °C and a
freezing point of =78 °C.

Chemical properties

Industrial Chemistry

|Electrolytic processl 4 | Bosch processl | Atmospheric air |

Liquefaction

Fractional
distillation

N

Hydrogen 4 Nitrogen

1:3 mixture of
N,and H,

Haber process
High pressure,
450°C — 500°C

Liquid Liquor
ammonia ammonia

Figure 9.4 Flow chart for the manufacture of
ammonia by Haber's process

Combustion NH, is a non-combustible gas and also does
not support combustion.
Oxidation 4NH, + 30, — 2N, + 6H,0O
4NH, + 50, #2275 4NO + 6H,0
Reducing agent 3CuO + 2NH, -5 3Cu + 3H,0 + N,

(reducing agent)

Complex formation 2NH, + H,SO, — (NH ) SO,
(NH,),SO, + Cu(OH), + 2NH OH
— [Cu(NH)) ]SO, + 4H,0

Uses

Ammonia is used in the manufacture of fertilizers, plastics, industrially useful compounds like HNO,,

baking soda and washing soda.

Nitric acid

Nitric acid is a very strong acid which has strong oxidizing properties. Nitric acid is one of the constituents
of aquaregia which can dissolve even noble metals.
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Occurrence

Nitric acid occurs in traces in the atmosphere in free state.

In combined state, nitric acid occurs in the form of its mineral nitrates like sodium nitrate, potassium
nitrate and calcium nitrate.

Laboratory preparation

A mixture of sodium nitrate or potassium nitrate with concentrated sulphuric acid on distillation
produces nitric acid.

KNO, + H,SO, —<— KHSO, + HNO,

Industrial preparation of nitric acid by oswald process

Principle

Preparation of nitric acid in industry involves the catalytic oxidation of ammonia and subsequent
dissolution in water. The entire process takes place in three different stages.

(1) Oxidation of ammonia into nitric oxide in catalytic chamber: A mixture of ammonia and dry
oxygen in the ratio of 1:2 when passed over platinum gauze, maintained electrically at 800°C
produces nitric oxide and steam.

4NH, + 50, —=*C 5 4NO + 6H,O (steam)

(i1) Oxidation chamber: Nitric oxide gets oxidised to nitrogen dioxide when the mixture of NO, O,
and steam is allowed to cool to 50°C in oxidation chamber.

2NO + O, —=— 2NO,

(iii) Absorption tower: Dilute nitric acid is formed when a mixture of nitrogen dioxide and oxygen
along with water vapour is passed through water.

Removal of colour

(i) By passing dry CO, or dry air through coloured nitric acid,

which drives out nitrogen dioxide gas. | Nitroge”l
(i) By the addition of water drop by drop to nitric acid, the Y ©:
nitrogen dioxide present in it is oxidized to nitric acid.
& b | Nitric oxide

3NO, + H,O — 2HNO, + NO

Y©: Recirculation
Precautions |Nitrogen dioxidel
(1) Impurities should not be present in the gases entering T HO
the catalytic chamber to avoid poisoning of the catalyst. |Nitric acid + Nitric Oxidel

(i1) Electric heating of catalyst should be stopped when
the reaction speeds up since the reaction is exothermic  Figure 9.5 Flow chart for the manufacture
in nature. of nitric acid by Oswald's process
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(ii1) The excess oxygen helps to move the reaction forward.
(iv) Gases must be cooled to 50°C before they are sent into the oxidation chamber.

(v) The acid in absorption tower can be concentrated by evaporation under reduced pressure.

Physical properties

Nitric acid is colourless acid with suffocating smell and taste. It is highly soluble in water.

Chemical properties

With metal oxide K,O + 2HNO, (dil) = 2KNO, + H,O
Decomposition C+ 4HNO, . toligy CO, + 2H,0 +4NO,

3Cu + 8HNO,(di) = 3Cu(NO ), + 4H,0 + 2NO

With metallic K,CO, + 2HNO,(dil) = 2KNO, + H,O + CO,
carbonates and bicarbonates KHCO, + HNO,(di) - KNO, + H O + CO,
Uses

Nitric acid is mainly used in the manufacture of explosives and fertilizers. Due to its oxidizing properties,
it is used in purification of gold and as oxidant in rocket fuel.

Phosphorus

Phosphorus is a non-metal belonging to VA group in the periodic table, and it is known as phosphorus,
as it glows in the dark.

Occurrence

Phosphorus cannot exist in the free state, but in the combined state it occurs in the form of phosphates
like phosphorite (Ca,(PO),), chloropatite (3Ca,(PO),.CaCl,), fluorapatite (3Ca,(PO,),.CaCF,).

Extraction

Phosphorus is mainly extracted from phosphorite ore by heating the mixture of powdered ore along with
sand and coke in an electric furnace. The temperature maintained in the furnace is 1400°C to 1500°C.
At this temperature calcium phosphate on reaction with sand converts into phosphorus pentoxide.
Phosphorus pentoxide so formed reacts with coke to form phosphorus.

Ca,(PO,), + 3Si0, — 3CaSiO, + PO,
2P O, +10C = 10CO + P,

The by-product calcium silicate formed is removed as slag. The vapours of carbon monoxide and
phosphorus are collected from the outlet at the top. These vapours are passed through water, where
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phosphorus solidifies while CO escapes out. The crude yellow phosphorus is then purified by melting
under water, followed by treatment with dilute sulphuric acid and potassium dichromate to remove the
impurities by oxidation and redistillation.

Allotropes

Phosphorus exists in two allotropic forms, namely, white phosphorus and red phosphorus. Comparative
study of white and red phosphorus.

A molecule of white phosphorus consists of Red phosphorus consists of infinite chains of
four atoms which are arranged at four corners phosphorus atoms which results in a covalent
of a regular tetrahedron. There exist weak forces crystal lattice.

between P .\ molecules.

It is whitish yellow soft solid with density 1.8g/cc. It is reddish brown solid with density 2.1g/cc.

It melts at 317K and has a very low ignition It sublimes at about 565K when heated in the
temperature. absence of air and its ignition temperature is 533K.
It is insoluble in water but readily soluble in It is insoluble in water as well as carbon disulphide.

nonpolar solvents like chloroform, benzene, etc.

It is poisonous in nature. It is nonpoisonous in nature.

Chemical properties

Reaction with air P, + SO2 — 2P205

Reaction with chlorine P, + 6Cl2 — 4PC13
P, + 10Cl, — 4PCI,

With acids P + 5HNO, — H,PO, + 5NO, + H,O
2P + 5H,SO, — 2H,PO, + 550, + 2H,0

Red phosphorus does not react with any alkali.

Uses

Phosphorus is widely used in the match industry due to its low ignition temperature. It is also used in
making rat poison, smoke bombs, fire works, fertilizers, etc.

Sulphur

Sulphur is a non-metallic element belonging to VIA group in the periodic table. The word ‘Sulphur’
has been derived from sanskrit word “Sulvari” meaning enemy of copper, as it destroys the properties of
metals due to its reactivity.
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Occurrence of sulphur

In nature, sulphur occurs both in the free state and in the combined state.

Free state

Sulphur, in the free state, is found in the earth’s crust (0.03% of earth crust is elemental sulphur).
In the volcanic regions like Sicily and Japan, it is present near the earth’s crust and in the
non-volcanic regions of USA like Texas and Louisiana it is found much below the earth’s crust (300 to
400 mts below the earth’s crust).

Combined state

Sulphur in the combined state is found in the form of sulphides (in ores), sulphates (in salts) and in
organic matter.

Gypsum CaSO,.2H,0 Cinnabar HgS In insulin, glucosionates of

Epsom salt MgSO,.7H,O Galena PbS plants and animals, natural gas,

Glaubers Salt  Na,SO,.10H,O  Iron Pyrites FeS petroleum, crude oil, coal gas,
Copper Pyrites CuS water springs.

Zinc Blend ZnS

Sulphur has a wide variety of uses in the industries. It is extracted from the earth’s crust by the following
processes.

(1) The Sicilian process

(i1) The Frasch process
(1) Sicilian process
This process is used to extract sulphur which is near the earth’s crust (deposits in Sicily).

This process is carried out in brick kilns built on sloping hill sides.

(i1) Frasch process

This process is used to extract sulphur which lie 150-400 m below the earth’s crust. This process is
also called Louisiana process as large deposits of this are found in Louisiana. A direct mining is not
possible as sulphur is present in layers of quick sand and gravel.

Process

In this process, three concentric pipes of diameters 25 mm, 76 mm and 152 mm are drilled through the
ground to the sulphur deposits. Super heated steam (170°C) under pressure is sent through the outermost
pipe. This melts the sulphur below (m.p of sulphur = 112°C). Hot compressed air (upto 35 atm) is sent
through the innermost pipe, which froths up the molten sulphur below. The sulphur foam formed rises
up the middle pipe and is collected.
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Advantages

The sulphur extracted in this process is 99-5% pure and doesn’t need further purification.

-

—>Molten sulphur

/ <€—Hot compressed air
—_——

—<«— Superheated
steam
Surface Surface
L~ Y} Compressed air pushes
N/ /‘ " sulphur to the surface
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sulphur
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Figure 9.6 The Frasch process for extracting sulphur

Allotropes of sulphur

245

The phenomenon of existence of an element in more than one physical form is called allotropy; and
the other forms of the same element are called allotropes. Sulphur exists in difterent allotropic forms.
Allotropes have same chemical properties but different physical properties.

The three main allotropic forms of sulphur are:
(1) Rhombic sulphur,

(i1) Monoclinic sulphur and

(i11) Plastic sulphur.

Rhombic sulphur and monoclinic sulphur are crystalline whereas plastic sulphur is amorphous.
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Comparative study of the allotropic forms of sulphur

Other names  Octahedral sulphur, Prismatic sulphur, Gamma-sulphur
alpha-sulphur Beta-sulphur

Preparation Roll sulphur is Roll sulphur is heated on an ~ Roll sulphur is heated
dissolved in carbon evaporating dish till it melts to above 300°C till it
disulphide. This is to pale yellow liquid.This turns to dark brown,
allowed to evaporate on cooling forms a crust on this is poured into cold
slowly by the surface. Holes are pierced  water and the sulphur
slight heating. on the crust and the molten  formed is plastic
Rhombic sulphur sulphur is drained out. Needle ~ sulphur.
crystals are left shaped sulphur (monoclinic
behind. sulphur) crystals are left behind.

Colour Pale yellow Amber Dark brown

Shape/ Octahedral Needle shaped Amorphous

structure — 7

Density 2.08 g/cm’ 1.98 g/m? 1.92 g/cm?

Solubility Soluble in carbon Soluble in carbon disulphide  Insoluble in carbon
disulphide disulphide

Melting point  112.8°C 119°C No sharp melting point

Rhombic sulphur is the most stable form at normal temperature. Monoclinic sulphur and plastic sulphur
change to rhombic form on long standing.

Transition between rhombic sulphur and monoclinic sulphur

Rhombic sulphur is stable below 95.6°C and above this
temperature it changes to monoclinic sulphur. Conversely,
monoclinic sulphur is stable above 95.6°C, but changes to the
rhombic variety below this temperature. Hence 95-6°C is called
transition temperature of these two allotropes of sulphur.

Puckered ring structure of sulphur

Both rhombic and monoclinic sulphur exists in the form of S,

molecules. These S, molecules are in the form of a ring. It forms

a crown shaped molecule with four atoms on the top and four

atoms at the bottom. Figure 9.7
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The rhombic form and the monoclinic form differ in the arrangement of these S, puckered rings. In

rhombic sulphur, these rings fit snugly into each other while in monoclinic sulphur the rings are stacked
one on top of the other.

AV VAN
NN LX)
INNIN AN

Monoclinic sulphur

Rhombic sulphur

Figure 9.8
Action of heat on sulphur

Rhombic
sulphr Remains in solid state in
95.6°C the form of puckered
ring.
Monoclinic
sulphur
119°C
mobile liquid . verone
easily.
160°C
Puckered rings break and long
Viscous liquid }—» chains of sulphur atoms are
formed.
445°C
Sulphur vapour
On cooling
Flower of
sulphur (soild)
Figure 9.9

Chemical properties

1. With non-metals

(1) Oxygen S+0. 300°C SO.
28 + 30, — 280, (trace amounts)
(ii) hydrogen S+ H, — H,S (boiling)
(iii)) Carbon C+ S — CS§, (coke)
(iv) Chlorine 25+ Cl, > S Cl,

(Continued on following page)
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2.With metals

(1) Mercury Hg+ S — HgS
(i) Copper 2Cu+S —> CuS
iii) Iron Fe +S — FeS
(iii)

3.With acids
(1) Sulphuric acid S+2H.SO, = 350, +2H,0
(i) Nitric acid S+ 6HNO, - H,SO, + 6NO, + 2H,O

Uses

Sulphur is used in the manufacture of insecticides, gunpowder, crackers. The most important use of
sulphur is in the vulcanization of rubber.

Compounds of sulphur

Sulphur due to its high reactivity forms a wide variety of compounds.The industrially useful compounds
are sulphuric acid, hydrogen sulphide, and sulphur dioxide.

Hydrogen sulphide (H,S)

Hydrogen sulphide is prepared by the action of dilute hydrochloric acid or dilute sulphuric acid on iron
sulphide.

FeS + I—IZSO4 - FeSO4 + I—IZS
FeS + 2HCI] — FeCl2 + I—IZS

Physical properties

It is heavier than air and dissolves moderately in water due to partial ionization. It is acidic in nature. It
is also known for its characteristic rotten egg smell.

Chemical properties

R educing nature 2HS+ 0O, —> 25+ 2H,0 + CuS
1. with oxygen
2. with metals CuSO, + H,S - H,SO +CuS

(acidified solution of Cu)

3. with potassium permanganate 2KMnO, + 3H, SO, + 5H,S —
K,SO K. SO +2MnSO, + 8H,O +
55

4.with non-metals HZS + Cl2 — 2HC1+ S
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Uses

It is used as a laboratory reagent as it gives coloured precipitates with metal salts. It is also used as a
reducing agent.

Sulphur dioxide (SO,)

Occurrence

Sulphur dioxide exists in trace amounts in the atmosphere in the industrial areas. It is mainly present in
atmosphere due to burning of coal and petroleum products.

Preparation
Copper on treating with concentrated sulphuric acid evolves SO, gas.

Cu + 2H,SO, = CuSO, + 2H,0 + SO,

Physical properties

It is a colourless, pungent smelling gas which is fairly soluble in water. It is heavier than air and boils at
-10°C.

Chemical properties

Acidic nature Sulphur dioxide changes blue litmus to red.
(1) With litmus Sulphur dioxide with water forms an unstable sulphurous acid.
(i) Reaction with water ~ H,O + SO, = H,SO,

Reducing properties Sulphur dioxide on reaction with moisture or water, produces
Bleaching Action nascent hydrogen which helps in the reducing action.
SO, T+ H,O = H,SO, + 2[H] (reducing agent)
The nascent hydrogen produced on being exposed to moisture
acts as a bleach

Addition reactions SO, + Cl, - SO.C],
Oxidising property 2Mg + SO, — 2MgO + MgS
Uses

It is used for the preparation of sulphuric acid and different germicide, insecticides, etc. It is used as a
bleaching agent, and antichlor in textile industry.

Sulphuric acid

Sulphuric acid is the most widely used chemical in the industry. The role of sulphuric acid in chemical
industry is so significant that it is generally termed as the king of chemicals. It is also known as oil of
vitriol as it is being prepared by the distillation of green vitriol (FeSO,.7H,O).
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Occurrence

Sulphuric acid mainly occurs in free state in the hot water of sulphur springs. In combined state, it occurs
in mineral sulphates, such as Epsom salt (MgSO,.7H,O). Glauber’s salt(Na,SO,.10H,0), Green vitriol
(FeSO,.7H,0).

Manufacture of sulphuric acid

The large scale manufacture of sulphuric acid is carried out by the contact process.

Contact process
In this process, the basic raw material required is SO,, which is produced by burning sulphur.
S+0,—-S0,

Manufacture of sulphuric acid from SO, takes place in two steps.

Step |

Sulphur dioxide and oxygen in the ratio of 2 : 1 by volume is passed over vanadium pentoxide, maintained
at 450°C under high pressure conditions. Under these conditions, the sulphur dioxide and oxygen react
with each other to form sulphur trioxide. Platinized asbestos can also be used in place of V. O..

250, + O, = 250,

Step Il
Sulphur trioxide thus obtained is dissolved in sulphuric acid to form pyro sulphuric acid or oleum.

SO, + HSO, - HS,0,

(Oleum)

The pyro sulphuric acid on treatment with water gives out sulphuric acid.
H,S,O, + HO — 2H,SO,

The sulphuric acid prepared by this method is pure and highly concentrated.

Physical properties
It is a colourless, odourless liquid with a density of 1.85g/cc. It has a boiling point of 338°C.

Chemical properties

1. As oxidizing agent
2H,SO, =™ 5 2H 0250, + O,

retort

2.With metals Zn + HZSO4 — ZnSO4 +H,

(Continued on following page)
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3.With bases KOH + HZSO4 - KI—ISO4 + HZO
2KOH + H,SO, = K SO, + 2H,0

4.With non-metals C+ I—IZSO4 — CO2 + 2HZO + ZSO2

5.As dehydrating agent
yertng ag CH,0, —15% 5 6C + 6H,0

Uses

It is used as raw material in the manufacture of fertilizers, batteries, rubber, detergents etc. It is also used
as a dehydrating agent.

Sulphuric acid forms some salts like blue vitriol (CuSO,.5H,0), green vitriol (FeSO,.7H,0),
alum (K,SO,.AL(SO,),.24H,0), ammonium sulphate (NH,),SO,, which play a significant role in
the industries.

Copper sulphate (CuSO,.5H,0)
Copper sulphate is a blue coloured crystalline substance. It loses its crystalline property when heated at

250°C where it loses its 5 molecules of water and becomes white amorphous powder.

In the aqueous state, it can conduct electricity and thus be helpful in electroplating, electrotyping, etc.
It is also used as a germicide due to its poisonous nature.

Green vitriol (FeSO4.7H20)

Green vitriol is a light green crystalline solid. It turns to reddish brown colour on exposure to air due to
aerial oxidation to ferric sulphate. It is used in dyeing industry, tanning industry.

Alum(K SO .AL(SO,)..24H_0)

Alum is a double salt. It is a white crystalline solid soluble in water on heating, it loses its water of
crystallization above 92°C and forms a swollen mass called burnt alum which is used in medicines. It is
mainly used to purify drinking water, as a mordant in dyeing and also in paper and tanning industries.

Ammonium sulphate (NH,) SO,
Ammonium sulphate is the most common nitrogenous fertilizer in agriculture. This is prepared by passing

ammonia gas and carbondioxide through a suspension of powdered gypsum in water.

It is a white crystalline solid which is used for the preparation of alum, ammonium chloride and is
also used as a laboratory reagent.

Chlorine

Chlorine is a non-metal belonging to VIIA group of the periodic table and is called a typical halogen. It
is a highly reactive element and generally exists in combined state. The most widely used compound of
chlorine is hydrogen chloride. On dissolution in water, it gives out hydrochloric acid.



252 Industrial Chemistry

Hydrogen chloride and hydrochloric acid

Hydrogen chloride was first synthesized by Glauber by heating common salt with concentrated
sulphuric acid.

Occurrence

In free state, hydrogen chloride gas is found in trace amounts in volcanic regions. Hydrochloric acid is
secreted as gastric juices in the stomach during digestion.

Laboratory preparation

Metallic chloride on treatment with conc. H,SO, liberates HCI. This when passed through water gives
out hydrochloric acid.

NaCl + H,8SO, —**“— NaHSO, + HCl

Physical properties

It is a colourless gas with pungent odour and has sour taste. It is extremely soluble in water. Its melting
point is =115 °C and boiling point is =85 °C.

Chemical properties

With water HCI+H,0 » HO"+ CI
With ammonia NH, + HCIl - NH 4Cl

Physical properties

It is a colourless gas with pungent odour and has sour taste. It has a boiling point of 109.8°C and is a
corrosive acid.

Chemical properties

1. With water HCl(g) +H,O - HO"+CI"
(dil)
2. With metals Mg + 2HCI — MgCl, + H,
(dil)

Ca + 2HCI - CaCl, + H,

3.With base K,O + 2HCl — 2KCl + HO
(dil)

(Continued on following page)



Industrial Chemistry 253

4. With metal carbonates NH3 + HCl - NH 4Cl
KZCO3 + 2HC] — 2KCl + H:O + CO2

(dil)
5.With metal sulphides Na,S + 2HCI — 2NaCl + H_S
(dil)
6. R educing properties MnO, + 4HCI - MnCL+ 2H,0 + Cl,
(Conc)
7.With metal suphites Na, SO, + 2HCl — 2NaCl + H,O + SO,

Uses

Hydrochloric acid is mainly used in the manufacture of silver chlorides, dyes, drugs and paints. It is used
in the extraction of glue, soldering metals, leather industry, pickling of metals.

Lime

It is also called quick lime, the chemical name of which is calcium oxide.

Manufacture

Principle

Heating of limestone at 1073K-1273K in lime kiln gives out lime. In this the decomposition of calcium

Limestone
N

carbonate takes place. The process is

called calcination.

CaCO, = CaO + CO,

Process Limestone

The manufacturing process is carried

firebox

out in a furnace called lime kiln.

LFIame

L Coal

Limestone is introduced into the

kiln from the top. It is heated to a
temperature of about 1500K. The
complete decomposition of limestone
takes place at around 1273K. Since the
reaction is reversible in nature, an outlet

is arranged at the top of the furnace

through which CO, is expelled during

the process. Lime formed at the bottom
is collected at regular intervals. Figure 9.10 A vertical lime kiln
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Properties of lime

Calcium oxide is an amorphous white solid.
It has a high melting point of 2273K.
Heating it at very high temperature produces white light.

B o=

R eaction with water: Calcium oxide reacts with water to give out calcium hydroxide or slaked lime.
This reaction is highly exothermic. A hissing sound is observed during this reaction. This reaction
is called slaking of lime.

CaO + H,O — Ca(OH), + Heat
5. Reaction with acid: It is a basic oxide and reacts with an acid forming salt and water.
CaO + 2HCl — CaCl, + H,O

Uses of lime

. used as a drying agent.

. used in the manufacture of cement, glass and calcium chloride.

1
2
3. used in the manufacture of washing soda and bleaching powder.
4. used as a lining for furnaces.

5

. extensively used for white washing.

One of the important reactions of CaO is slaking of lime. During slaking of lime, slaked lime is
prepared by the reaction of CaO with water.

Slaked lime (Ca(OH),)

Slaked lime is an amorphous white substance. It is sparingly soluble in water and its solubility decreases
with temperature. It is used in agriculture, in the manufacture of bleaching powder, caustic soda, glass,
etc. and also used for removing temporary hardness of water.

Washing soda

Washing soda is an important constituent of many detergents. The chemical name of washing soda is
sodium carbonate decahydrate with the formula Na,CO,.10H,0O. The anyhydrous form of it is known
as soda ash.

Manufacture

The process employed for the large scale preparation of washing soda is ammonia—soda process or
Solvay process.

Principle
The basic reaction involved in the process is double decomposition reaction between NaCl and CaCO,.

2NaCl + CaCO, —» Na,CO, + CaCl2
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But, the reaction between NaCl and CaCO,,being reversible, cannot be directly used for the process.
Therefore, a process involving other chemical compounds is employed for the manufacture of washing
soda.

Raw materials used

The raw materials used are sodium chloride, ammonia and limestone.
The entire process takes place in various stages.

Stage 1: Saturation of brine solution with ammonia

Brine solution is taken in a saturation tower of the plant. Ammonia gas containing little amount of CO,
is passed into it. Ammonia reacts with CO, to form ammonium carbonate. This ammonium carbonate
renders precipitation of impurities of magnesium, calcium and iron as carbonates.

2NH, + H,O + CO, - (NH),CO,
(NH,),CO, + MgCl, - MgCO, | + 2NH CI

The precipitates are removed by filtration. The filtrate is cooled and sent to the next stage.
Stage 2: Carbonation

This process takes place in the carbonation tower. The tower consists of perforated plates arranged one
above the other.The ammonical brine from saturation tower is dropped into the carbonation tower and
CO, gas is forced to bubble up under pressure at the base. The perforated plates help in the mixing up
of CO, thoroughly with the solution.The pure brine solution in the presence of ammonium hydroxide
reacts with CO, to form sodium bicarbonate and ammonium chloride.

NaCl + NH,OH + CO, = NaHCO, + NH Cl

Stage 3: Filtration

The reaction mixture from carbonation tower is subjected to filtration in a rotary vacuum filter. The
sodium bicarbonate precipitate is separated.The filtrate contains ammonium salts and is sent into ammonia
regeneration tower, where ammonia is regenerated and can be reused.

Stage 4: Calcination

The precipitate of sodium bicarbonate obtained in the third stage is subjected to heating and gives
out sodium carbonate. This on recrystallization from water produces hydrated sodium carbonate, i.e.,
washing soda.

2NaHCO, = Na,CO, + HO + CO,
Na,CO, + 10H,0 — Na,CO,.10H,0

Stage 5: Regeneration of raw materials

The filtrate from the third stage is sent into a regeneration tower. The calcium oxide from lime kiln
dissolves in water to give Ca(OH),.This, on reaction with ammonium salts present in the filtrate, gives
out ammonia again. Carbon dioxide gas produced in stage 4 can be recirculated in the 1st stage.
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CaO + H,0 = Ca(OH),
Ca(OH), + 2NH,Cl — CaCl, + 2NH, + 2H,O

Advantages of solvay process

1. Cheap and abundant raw materials.

2. CO, formed in the process is recycled in the process. So it is not required to take fresh CaCO, each
time.

3. CaCl, is obtained as a by-product.

4. The raw materials are regenerated.

Properties of washing soda

1. It is a white crystalline substance which loses water of crystallization on exposure to air and forms
a monohydrate. Hence, it is called an efflorescent salt. The loss of water takes place in stages.

Na,CO,.10H,0 = Na,CO,.9H,0 - Na,CO, H,0

2. Action of heat: The hydrated salt loses water of crystallization completely to form an anhydrous
salt.

Na,CO,.10H,0 = Na,CO, + 10H,0

Uses of washing soda

used in glass industry

used in soap industry

used in softening of hard water
paper and textile industry
metal refining

used in paints and dyes

used in laundry

® N o R

used in the manufacture of other compounds of sodium

Baking soda

It is an important constituent of baking powder and is used for cooking purposes. The chemical name of
baking soda is sodium hydrogen carbonate or sodium bicarbonate.

Manufacture

Solvay process is employed for the preparation of sodium bicarbonate on a large scale. The precipitate
obtained in stage 3 of Solvay process being sodium bicarbonate can be dried and used as a commercial
sample.

NaCl + NH,OH + CO, = NaHCO, + NH Cl
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Properties of the baking soda

1. Baking soda is a white crystalline solid.
2. It is sparingly soluble in water and gives out an alkaline solution.

3. A solution of sodium bicarbonate on heating evolves CO, gas forming sodium carbonate.
2NaHCO, —## 3 Na,CO, +H,0+CO,

Due to this property, it is added to food stuffs to aerate the dough and gives puffy nature to the food

material made from the dough.
(Flow Chart representing Solvay process for the
Uses of baking soda preparation of washing soda and baking soda)

1. It is used as an antacid.
CaCOs;

2. A mixture of sodium bicarbo-
nate and tartaric acid is called

baking powder. It is an im-

A
1

portant additive for food and | NH,OH | |NaC| | |COz

drinks. Sodium bicarbonate, on Y

decomposition, gives out CO._, L — ) Hydrolysis
y ” +H,0

which causes bread and cakes

to rise. Sodium carbonate pro- | . yoling IE@ Ca(OH),
duced in the process gets neu- m

tralized by tartaric acid present I | +

| Na;COs | H-0 | l
3. Sodium bicarbonate 1is tak- |NH4OH

en as one of the constituents

in baking powder. | Co,

in fire extinguishers. A solu- Figure 9.11

tion of sodium bicarbonate
NH,; + CO, (traces)

Carbonating tower

e

and sulphuric acid is taken
in an extinguisher. These are kept sepa-

rately and they come in contact with each
other when the knob is pressed or the ex-

tinguisher is inverted. When these two solu-
tions react, CO, gas is liberated and it puts
out the fire. These are called soda acid fire-
extinguishers.

Brine

l

recovery tower

tank
Slaked
lime
Ammonia

Saturating

Stea

3

Cooling pipes Ammonical brine
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Bleaching powder

It is the major constituent of domestic cleaning T
agents and is also called the chloride of lime. Fiiter " ey, NH:Cl + alittle of NH.HCO,

The chemical name of bleaching powder is NaHCO. (for ignition)

calcium oxychloride and formula is CaOCL,. Figure 9.12 Flow diagram of Solvay process
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Bleaching powder can be prepared on large scale in Hasenclever plant or in Bachmann plant. In both the

cases, the principle and process are the same.

Principle

Chlorine reacts with dry slaked lime to form calcium oxychloride.

Ca(OH), + Cl, = CaOCl, + HO

Manufacturing process in Hasenclever plant

The plant consists of a number of horizontal cyl-
inders provided with rotating shafts with blades.
Slaked lime is dropped into the topmost cylinder.
The revolving blades allow the downward move-

ment of slaked lime into the other cylinders.

Chlorine gas is introduced into the bottommost
cylinder. The counter currents allow a thorough
mixing of the raw materials and complete con-
version into bleaching powder.

Properties of bleaching powder

1. Bleaching powder is a white amorphous pow-
der with a pungent smell of chlorine. It is con-
sidered a mixed salt of calcium chloride and
calcium hypochlorite. [CaCl, + Ca(OCl),]

Slaked lime
Waste gases‘TlA /Hopper

7 AW 7 AW 7

s = o = W\4:—Cfl1lor|ne

AN
/ / .
7 -l rovcer®

Figure 9.13 Hasenclever plant for the
manufacture of bleaching powder

2. Reaction with moist air: On long standing, bleaching powder undergoes auto-oxidation and

loses chlorine.

6CaOCl, —=2*5CaCl, +Ca(ClO,),

2. Reaction with cold water: On dissolution in water, bleaching powder dissociates to give chloride

and hypochlorite ions.

CaOCl, + 2H,0 — Ca(OH), + HCl + HOCI

HOCl — HCIl+ [O]
hypochlorous acid

HCl - H* + CI'
chloride

3. Reaction with hot water: In hot water, the hypochlorite ion undergoes auto oxidation to give

chlorate ions and chloride ions.
3CIO" — CIO, +2CI
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4. Reaction with dilute acids: On reacting with a small amount of dilute acid, bleaching powder
dissociates to give hypochlorous acid which can furnish nascent oxygen.This is the reaction used for
determing the quality of bleaching powder.

2CaOCl, + H,8O, = CaCl, + CaSO, + 2HOCI
HOCI — HCI + [O]

5. Reaction with excess dilute acid: On reacting with an excess amount of dilute acid, bleaching
powder liberates chlorine gas.

CaOCL, + HSO, = CaSO, + H,O + CL, T

6. Reaction with CO,: On passing CO, gas along with water through a paste of bleaching powder,
chlorine gas is evolved.

CaOCl, + CO, = CaCO, +CL T

Uses of bleaching powder

1. used for the sterilization of drinking water

2. used as a bleaching agent for cotton and paper pulp
3. used in the preparation of chloroform
4.

used as an oxidizing agent and chlorinating agent

Plaster of paris

Plaster of Paris is an important compound used in the construction work and in orthopedics for joining
fractured bones.The chemical name of Plaster of Paris is calcium sulphate hemihydrate with the formula
CaSO,.”2H,0.

Manufacture

Principle

Plaster of Paris is manufactured from naturally occurring calcium sulphate dehydrate, which
is commonly called gypsum. Gypsum is sparingly soluble in water. On heating it carefully at
120°C to 130°C, it loses water of crystallization and becomes CaSO, 2H,O.

CaSO,.2H,0 —X<2 5 CaSO, %H,0 + 1% H,0

Properties of plaster of paris

It is a white amorphous powder. Setting is the most important property of plaster of Paris. On mixing
with water, Plaster of Paris becomes a paste. On standing, this paste sets to a hard mass of gypsum. This
process is called setting.

CaSO,%H,O + 1H,0 = CaSO,2H,0
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Uses of plaster of paris

manufacture of crucibles

making of casts and moulds
dental fillings

surgery for setting fractured bones
preparation of chalks

making false ceilings and giving designs on the walls

N v kb -

for sealing the air gaps in laboratory apparatus for making them air tight

Cement

Cement, more popularly known as Portland Cement, is the most important building material. The
name ‘Portland Cement’ originated on the basis of the fact that it resembled a type of natural limestone
available in an island named Portland.

Manufacture

Limestone and clay are the major raw materials used for the manufacture of cement.

Principle

Limestone dissociates at high temperature and provides calcium oxide required for the process. Clay
provides SiO, and ALLO,, which take part in a series of chemical reactions with calcium oxide to produce
cement.

Process

The manufacture of cement can be done in two stages. The first stage involves the formation of a
homogeneous mixture of the raw materials. This stage can be carried out in two processes, namely, wet
process and dry process.

First stage

(a) Wet process

Limestone is crushed to a fine powder. Clay is purified and mixed with fine powder of lime stone in the
required proportion. A homogeneous slurry is formed by grinding the above mixture with the required
quantity of water.

(b) Dry process
Powdered limestone and clay are mixed in proper proportions. The mixture is then subjected to drying and
pulverization. The uniform, finely powdered mixture obtained is called raw meal.
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Second stage

The 2nd stage of the process is carried out in a rotary kiln. The rotary kiln is made up of steel and consists
of a long cylinder 6 to 10 ft in diameter and 100 to 250 feet in length.It is lined inside with fire bricks.
This cylinder can rotate with a speed of 30 to 60 turns per hour.

The slurry or raw meal formed in the first stage is called charge. The charge is introduced into the
rotary kiln through a conveyer arranged at one end. A burner is arranged at the other end of the kiln,
and it supplies heat to the kiln. The charge introduced at one end slowly moves towards the hot end
of the kiln. As it gets heated up, it loses water and CO,. Limestone provides calcium oxide. SiO, and
AL O, form aluminum silicates. A series of chemical reactions takes place between calcium oxide and
aluminium silicates.

A mixture of calcium silicate, aluminium silicate and calcium aluminium silicate is formed. The
resultant product formed is in the form of hard agglomerate known as clinker. After cooling, the clinker
is ground to a fine powder. 2—3% gypsum is added to this and again made into a fine powder. This fine
grey powder is called cement. It is stored in air-tight bags.

Applications of cement

Cement is 2 homogeneous fine grey powder, which sets after a few hours when mixed with water and
then hardens over a period of time into a hard solid. The addition of gypsum to cement decreases the
setting time of cement. This property of setting to a hard mass makes cement useful in construction work
in various forms such as mortar, concrete, etc.

1. Mortar

A mixture of slaked lime, sand and water is known as mortar or lime mortar. This also has the property
of setting to a hard mass due to the evaporation of water coupled with the slow conversion of calcium
hydroxide into calcium carbonate by atmospheric carbon dioxide. If cement is added to mortar, it is
called cement mortar. It is harder than the ordinary mortar and is water proof.

Ca(OH), + CO, = CaCO, + H,O

Ca(OH), + SiO, = CaSiO, + H,O

2. Concrete

For construction purposes, cement is mixed with sand and small pieces of crushed stones. This mixture
is known as cement concrete. This sets to a hard mass. If steel rods or bars or any other hard material
is embedded in the wet concrete, during setting process, the hard mass holds the steel rod or bar thus
increasing the strength and the hardness of the resulting structure. Because of reinforcement by steel
structure in the concrete, the total system is called “Reinforced Concrete Cement” (RCC).
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Process flow chart for the manufacture of cement

Limestone, clay, and other raw materials

v

Mixing

v

Crushing

v

Calcinations in rotary kiln

v

Clinker formation

Chimne

Rotary furnace —=1«—Gas

Gypsum addition Cooler

v

Grinding to fine powder

Figure 9.14 Figure 9.15 Rotary kiln

Glass

Glass is a transparent or translucent material which finds applications for domestic and industrial purposes.
Chemically, glass is a homogeneous liquid with very high viscosity made by sodium and calcium silicates
with sand. Though these are the major constituents of glass, other compounds are also present in glass
depending on the type of glass. Therefore, it has no definite chemical formula.

Manufacture of glass

The common raw materials used in manufacture of glass are soda ash, limestone and silica sand.

Principle

At high temperature, sodium carbonate and calcium carbonate react with silicon dioxide to give out
sodium silicate and calcium silicate with the liberation of CO, gas.

Na,CO, + SiO, = Na SiO, + CO, T
CaCO, + SiO, = CaSiO, + CO, T

Process

A finely powdered mixture of sodium carbonate, calcium carbonate and silicondioxide is called batch. This
batch is mixed with broken glass pieces called cullet. This mixture is subjected to heating at 1600—1700K.
The impurities called glass gall rise to the surface. Due to the high temperature, the mixture is fused.The
addition of cullet also increases the fusibility of the mixture. SO, present in the reaction mixture reacts
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with sodium carbonate and calcium carbonate to form sodium silicate and calcium silicate. Bubbles
appear during the process due to the evolution of CO, gas. When no more bubbles are observed in the
process, the reaction can be considered to have completed. The entire mass is observed as a clear liquid.

Cooling

The process of cooling is a very important step in the manufacture of glass. It should be done very
carefully. Rapid cooling results in brittle and fragile glass.Very slow cooling gives opaque glass. Hence,
the cooling should neither be too rapid nor too slow. The process of cooling done at a moderate and
uniform rate is called annealing, which results in the formation of good quality glass. The process of
annealing is carried out by passing the liquid glass through a chamber with varying temperature zones
on a conveyer belt.

Process flow chart for the manufacture of glass
Characteristics of glass

Glass is a super cooled liquid with very high viscosity. Due to high viscosity, it appears as solid. Though
it is built up of tetrahedral silicate units, the arrangement of these units is not regular in glass. Hence, it
has no definite softening point.

Glass blowing

This is a technique of shaping of glass articles. This is done by melting glass partially and blowing hot air
by machine. This can be applied only for heat resistant varieties of glass.

Raw materials + Cullet

| Mixing | Burning producer gas

Molten glass

Refining

A\ 4
| Annealing |

| Final product | Air  Producergas Hot gases

Hot bricks

Figure 9.16 Figure 9.17 Manufacture of glass (tank furnace)
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Varieties of glass
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Since glass has a wide range of applications in different fields of industry, it is expected to have the

required characteristics suitable for different purposes. Different characteristics can be attributed to glass

by varying the composition of glass with doping of suitable compounds.

1. Soda Glass or
Soft glass

2. Hard glass

3.Lead crystal glass

4. Pyrex glass

Common type

Na,CO,, CaCO, and SiO,

KZCO3 and CaCO3 and

SiO

2

K,CO,, PbO and SiO,

Si0,, CaO, borax

. Fuses at low temperature
. Brittle

. Cracks easily

. Attacked by chemicals
Cheap

o a0 o

Hard
. Resistant to acids

ISR

a. High refractive index
. Sparkling

o

a. Resistance to
chemicals
. Thermal resistance

o

window glass,
mirrors, common
glassware

hard glass apparatus

expensive glass ware,
decorative items

laboratory apparatus,
injection ampules,
ovenware

5. Optical glass and  SiO, + Pb,O, + K,CO,
Flint glass + CaCO,

. More lusture

. High refractive index
. Soft

. Scratches easily

prisms, lenses, optical
devices

a0 o

Darkens on exposure
to bright light

sun shield goggles,
photo-grey
spectacles

6. Photochromatic ~ SiO, + Na,CO, +
glass CaCO, +AgX

wind screens

of aeroplanes
automobiles, bullet
proof glasses, etc.

7. Safety glass A layer of transparent
plastic between two layers

of glass

Not broken easily

decorative articles,
window panes,
artificial gems

Transition metal oxides Different colours
(trace amount as dopents

are added to impart colour
Flint glass + Cerium oxide Cuts oft UV light

8. Coloured glass

9. Crookes glass Optical lenses

Coloured glasses

Cr,0, Green
MnO, Purple
AuCl, Ruby
CuSO, Blue

Cu,0 Red
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Ceramics

Ceramics are materials containing non-metallic oxides, borides, carbides and nitrides. These are hard and
brittle and are resistant to heat and chemicals. They are non-conductors of electricity. Therefore, ceramics
are used as good insulators. However, silicon carbide is an excellent conductor of electricity.

Ceramics find applications from very simple pottery to very high technological areas of modern science.

Manufacture of ceramics

Principle
The way the ceramics is manufactured is called powder
metallurgy route. In the process, different raw materials Raw materials
(inorganic oxides like clay, lime stone, feldspar, magnetite,
dolomite, synthetic oxides like fused alumina, fused \l’
magnesia, etc.) are mixed in a definite proportion hiliRimg P Ringeraddiitorn
depending on the end product. The mixed oxides are -
calcined and then crushed into different sizes. The
different sized fractions are mixed with binders, pressed | Pressing |
into components and sintered at high temperature. \L
Process flow chart for the manufacture of specific Drying
ceramic products like refractory, pottery or
porcelain. \L
Sintering
Process of the manufacture of specificceramic
products Figure 9.18

(a) Simple pottery

Crushed and finely powdered clay is taken. Water is added to this powder and kneaded to a hard
mass. This mass can be moulded into various shapes on a rotating wheel. Then, these articles are
dried in air. The dried articles are arranged in a kiln and subjected to heating upto 1373K. The
heating is done in a careful and controlled way. It loses water at 923 K and CO, at 1173K. At this
high temperature, SiO, and Al,O, react with each other to form aluminium silicate. On heating
further to a slightly higher temperature, these silicate units cling together and form interlocking
units. Thus, the articles become hard, brittle and porous on heating.

(b) Earthenware and Porcelain ware

Raw materials used for this type of ceramics are kaolin, fine sand and feldspar. The pulverized
mixture of raw materials is kneaded with water into a thick mass. This paste is moulded into various
shapes and then dried in air chambers. These dried articles are subjected to fixing at much higher
temperatures than to what is done in case of simple pottery. The heating of these goes upto 1300 to
1500K.The articles obtained are porous.

Since feldspar contains some metal oxides in addition to SiO, and ALO,, at a high temperature, a
mixture of silicates is formed.The earthenware obtained after the process of firing are porous.To make it
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impervious to liquids, these articles are subjected to a process called glazing. A molten mixture of feldspar,
silica, borax and water is made into a paste by heating. The articles obtained after the process of firing
are dipped in this paste and then they are subjected to reheating strongly. Thus, the pottery gets glazy
appearance and also loses its porocity.

1. Areas of application of ceramic materials
High temperature applications

(1) in refractories

(i) heat insulation material

2. Electrical applications
(1) Electrical insulator used in electric transmission lines
(@i1) Electrical charge arrestor
(1)) Magnetic materials used in power applications, telecommunications, microwave applications, etc.

3. Other applications

Abrasive materials, cutting tools, bioceramics like dental implants, artificial bones, etc.,

Common fertilizers

Plants require around twelve elements for their healthy growth. Among these, the elements required in
major amounts are called macro nutrients. They are nitrogen, phosphorous and potassium.The elements
required in lesser amounts are called micro nutrients. They are calcium, sodium, sulphur and magnesium.
Apart from these, some other elements like copper, molybdenum, manganese, cobalt, zinc, boron and
iron are also required in trace amounts.

Most of these nutrients are available in the form of their compounds in the soil. Plants absorb these
water soluble minerals from soil through roots. Over a period of time, the minerals in the soil get
exhausted and the soils become deficient of these nutrients. Hence, it becomes essential to replenish
the soils with the nutrient elements in order to make them useful for further growth of crops. Those
materials added to the soil for this purpose are called fertilizers.

Fertilizers are basically of two types:
(a) Natural fertilizers

(b) Synthetic fertilizers

1. Natural fertilizers

They include manures like cow dung and compost. Decayed products of animal wastes and plant
wastes also can be used as natural fertilizers.

2. Synthetic or chemical fertilizers

Depending on the macro nutrient available in a particular fertilizer, the fertilizers are classified into
three types.



Industrial Chemistry 267

Nitrogen fertilizers

Any ammonium salt can be used as a nitrogen fertilizer, since all ammonium salts are water soluble. The
most commonly used ones are ammonium nitrate, ammonium chloride, urea and ammonium sulphate.
Among these, urea is the most preferred one due to the easy preparation method and also due to the
presence of high percentage of nitrogen in it.

Preparation of urea

CO, +2NH, 0, NH,COONH,
(Ammonium Carbamate intermediate)
NH,COONH, - NH,CONH, + H,O
Urea

Apart from these, calcium cynamide (CaNCN) and Calcium Ammonium Nitrate (CAN) have wider
uses as nitrogenous fertilizers. They have an added advantage of providing calcium to the soil in addition
to nitrogen.

Phosphate fertilizers

Calcium and ammonium phosphates are the most commonly used ones due to their highly water soluble
nature. Superphosphate of lime which is a mixture of calcium biphosphate and gypsum in 2 : 3 ratio is
used as phosphate fertilizer. In recent times, triple superphosphates are prepared and used in preference
to superphosphate of lime. Ammoniated phosphates are also superior to others as they provide both
nitrogen and phosphorous. Nitrophosphates can also be used for the same purpose.

Preparation of superphosphate of lime
Ca,(PO,), + 2H SO, + 4H,0 — Ca(H,PO,), + 2CaSO,.2H,0

Superphosphate of lime can be prepared by the treatment of powdered phosphate rock with conc.
H_SO,. The mass obtained is hard due to the presence of gypsum.This is crushed to a fine powder and
sold as superphosphate of lime.

Potassium fertilizers

Most of the potassium salts, being water soluble, can be used as potassium fertilizers. They are KCI, K,SO, and
KNO,.They can also be prepared by easy methods, since they are mostly naturally available in crude form.

Preparation

1. Potassium chloride can be extracted from a mineral carnallite which is naturally available. Its formula
is KC1.MgCl,.6H,0O.

2. Potassium sulphate is also present in naturally occurring mineral schonite with formula.
K,SO,.MgSO,.6H,O

3. Potassium nitrate, also known as nitre or Indian Saltpetre, can be prepared from naturally occurring
chilesaltpetre (NaNO,).

Depending on the mode of use, the fertilizers are again classified into three categories.



268 Industrial Chemistry

(a) Single fertilizers
A fertilizer which provides only one macro nutrient is called single fertilizer.

@~ Example NH CI, NH NO,,KCl, Ca(NO,),

(b) Compound fertilizers

A fertilizer which contains two or more macro nutrients in a single compound is called compound
fertilizer.

@~ Example KNO,, (NH),PO,

(c) Mixed fertilizers

The mixture of two or more fertilizers in the required proportions can be used according to the
requirement of the soil. Such fertilizers are called mixed fertilizers.

@ Example Commercial ones such as Nitrophosk.

In addition to these 3 types, micro fertilizers are a class of fertilizers which provide micronutrients for the
soil depending on the requirement.

Talcum powder

It is the most widely used cosmetic containing a mixture of inorganic and organic substances. Basically
the main ingredients are TiO,, ZnO, MgO, Magnesium silicate, salts of stearic acid, calcium or magnesium
carbonate, kaolin, and colloidal clay. Perfumes are added in minor amounts which impart pleasant aroma
to face powder.

test your concepts e~

Very short answer type questions
1. Give the allotropic forms of
(i) Carbon (i1) Phosphorus (i) Sulphur
2. Give the action of metals on HCI, H:SO4 and HNOJ.
3. What is the action of heat on washing soda? Give equation.
4. What is lime? What is the principle involved in the preparation of lime?

5. What happens when bleaching powder is stored over a long period of time? Give equation.



. What is meant by slaking of lime? Give equation.
- The amorphous form of sulphur which is insoluble in CS is

. What is clinker? Why is gypsum added to it?

=T R B )

. What is RCC? How is it made?

10. A mixture of slaked lime, sand and water is known as

11. What is the chemical name of Plaster of Paris? How is it prepared? Give equation.

12. What is the difference between glass and ceramic?

13. Why is glass called a supercooled liquid?

14. What happens when dried pots are subjected to firing?

15. What is meant by superphosphate of lime? Give its composition.

16. What is the need of adding fertilizers to soil at regular intervals?

17. The powdered mixture of raw materials taken for the manufacture of glass is called

18. What is the reason for the shiny glaze of some ceramic articles?

19. A type of glass darkens on exposure to sunlight. What is it? Why does it show that characteristic
property?

20. Give the composition of pyrex glass. Give its uses.

21. What is the composition of the common type of glass?

22. are doped during the manufacture of glass to impart colour.

23. Why is urea the most commonly used nitrogenous fertilizer?

24. Why are potassium fertilizers easily available?

25. How does glass gets its colour?

26. Give an example of a compound fertilizer and give its advantage over the single fertilizer.

27. Why is the same process of manufacture employed for both washing soda and baking soda?

28. Mixture of calcium dihydrogen phosphate and gypsum is called

29. What is green house effect?

30. Mention one property of each blue vitriol, green vitriol and alum.

Short answer type questions

31. What is the chemical name of bleaching powder? How is it prepared?
32. Explain the structure of diamond.

33. Why does SO, act as a bleaching agent?

34. Why is carbon monoxide called a harmful gas?

269



35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.

How is ammonia gas prepared in laboratory?

‘What is meant by annealing? What is its significance?

How is superphosphate of lime manufactured?

What is the composition of baking powder? How does it work?

Explain the difference in the manufacturing process of simple pottery and porcelain ware?
How is urea manufactured? What are the other nitrogenous fertilizers?

What is a soda-acid extinguisher? Explain the working process.

What is glass blowing? Which type of glass is suitable for that purpose? Why?

Give the occurrence of sulphur and phosphorus.

How is hydrochloric acid prepared in laboratory?

‘What is the principle involved in the use of bleaching powder for the sterilization of drinking water?
Explain.

Essay type questions

46.
47.

48.
49.
50.

Explain the extraction of phosphorus.

Explain the puckered ring structure of S, and the arrangement of these in rhombic and monoclinic
sulphur. Also give the flow chart explaining action of heat on sulphur.

Explain the industrial preparation of nitrogen by Haber’s process.
Give a detailed description of the manufacture of cement.

Explain the process of the manufacture of glass. What are its characteristics? Discuss the various types of
glass along with their uses.

CONCEPT APPLICATION X=
—\

[ B N P I

Concept Application Level—1

Direction for questions 1 to 7: State whether the following statements are true or false.
. Fullerene molecules are synthesised by subliming coal using laser radiation.

. HCI can be used to remove rust from iron.

. A fire extinguisher contains sodium bicarbonate and acid.

. Impervious nature of ceramics is the eftect of glazing.

. On long standing, bleaching powder undergoes auto oxidation.
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6. Setting of mortar is the result of reaction between slaked lime and CO, of air.

7. Phosphorous is widely used in match industry due to its low ignition temperature.
Direction for questions 8 to 14: Fill in the blanks.

8. In the preparation of diamonds industrially carbon changes its state from to form.

9. The reaction of NaCl and CaCO, gives sodium carbonate. But this reaction cannot be used for the
manufacture of washing soda since it is

10. is the main ingredient used in the preparation of superphospate of lime.

11. Common name of calcium chloro hypo chlorite is

12. , are produced during the combustion of fossil fuels.
13. The clay used for the manufacture of earthenware is

14. The type of glass which consists of a layer of plastic embedded in between two layers of glass is called

Direction for question 15: Match the entries given in column A with the appropriate ones in
column B.

15.

A. NaCO,+ CaCO, +S8i0, () a Simple Pottery
B. CaOC], () b Fertilizer

C. Fe,0,+ALO, +SiO, () c Glass

D. CaHPO, + CaSO, () d. Cement

E.

CaCO, + S§i0, + ALO, () e Bleaching agent

Direction for questions 16 to 30: For each of the questions, four choices have been provided.
Select the correct alternative.

16. Sugar on treating with H,.SO, produces a black mass. In this H,SO, acts as a

(1) decarboxylating agent (2) dehydrogenating agent

(3) dehydrating agent (4) reducing agent
17. Noble metals get dissolved in aquaregia the composition of aqua regia is

(1) 3HCI + HNO, (2) 3HNO, + HSO, (3) HC1 + 3 HNO, (4) HNO, + 3 H,SO,
18. Which of the following reactions is called slaking of lime?

(1) CaCO, = CaO + CO, (2) CaO + 2HCI - CaCl, + H,O

(3) CaO + H,0 — Ca(OH), + heat (4) CaCO, + NaCl - Na,CO, + CaCl,

N J
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20.

21.

22.

23.

24.

25.

26.

217.

. Identify which contributes for strengthening of lime mortar structures and contributes for Mg

weakening of RCC structures the factor (s).

(1) Usage of water containing dissolved salts. (2) Addition of lime.

(3) Absorption of CO, from atmospheric air. (4) Both (2) and (3)

Bleaching powder is effective with cold water, but ineffective with hot water.This is because of
(1) oxidation of chloride radical (2) reduction of chloride radical

(3) reduction of hypochlorite radical (4) hydrolysis of hypochlorite radical
Which among the following substances is not a component of the mixture used for glazing pottery?
(1) Feldspar (2) Silica (3) Borax (4) Alumina
Which of the following substances is a compound fertilizer?

(1) CAN (2) Urea

(3) Eposom salt (4) Ammonium phosphate

The glass containing litharge as an ingredient makes the optical fibres glow because it

(1) increases the refractive index. (2) has low density.

(3) is highly thermally resistant. (4) scatters all the radiations incident on it.

Which property is imparted to glass by the addition of cerium oxide?

(1) Colour (2) Resistance to breakage

(3) Increase of refractive index (4) Protection from UV light

The composition of flint glass is

(1) SiO, + Na, CO, + CaCO, (2) SiO, + CaCO, + CuSO,

(3) SiO, + K,CO, + CaCO, 4) SiO, + K,CO, + CaCO, + Pb,O,
Which of the following statements is true about glass?

(1) Arrangement of silicate units is similar to that of liquid state.

(2) Arrangement of silicate units is similar to that of solid state.

(3) It has low viscosity and hence is not a true solid.

(4) It has high viscosity with sharp melting point and hence is a solid.

The broken pieces of glass added to the fused raw materials in the manufacture of glass is called
(1) batch (2) glass gall (3) cullet (4) None of these

28. When rain water percolates into the cracks of RCC, it further gets weakened due to the
(1) formation of H,CO, (2) increase in pH value
(3) increase in the percentage of free lime (4) exothermic hydration process
29. Which of the following is not an ingredient of clinker cement?
(1) Calcium silicate (2) Aluminium silicate
(3) Calcium aluminium silicate (4) Gypsum
30. Which of the nitrogenous fertilisers can meet the needs for immediate requirement of crop?
(1) Potassium nitrate (2) Super phosphate of lime
(3) Calcium cyanamide 4) CAN /
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32.
33.
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35.
36.

37.
38.
39.
40.
41.
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43.

44.
45.

Concept Application Level—3

46.
47.
48.

49.

22

“Diamond is a very good conductor of heat”. Justify.
Red phosphorous is used instead of white phosphorous in making matches. Give reasons.

How do you account for increase in viscosity of sulphur with increase in temperature from
160-195°C and subsequent decrease beyond this range?

Sodium and potassium belong to the same group. But potassium carbonate cannot be prepared by
Solvay process like sodium carbonate. Explain with appropriate reasons.

In many cases, there are cement plants near a steel plant. Explain why.

Explain why baking powder containing monocalcium phosphate monohydrate as one of the constituents
is preferred to baking soda for baking or as leavening agent.

Borosilicate glasses are used as laboratory wares. Give reasons.

Explain the effect of process of cooling on the transparency of glass.

The wind screen of a car does not shatter to pieces and scatter when broken. Give reasons.
All concrete structures require perfect curing. What purpose does this process serve?

How can the glossy, impervious nature of ceramics be obtained? Explain.

Older concrete buildings are known to be stronger than newly built concrete structures. How do you
account for this?

The setting and hardening of cement are the two important stages which take place gradually over a
long period of time. Explain the physical and chemical changes associated with them. Justify.

In which respect is triple phosphate, as a fertilizer, superior to super phosphate of lime?

Inorganic nitrogenous fertilizers are basically of two types—nitrate salts and ammonium salts. Which
among these is more preferable? Give reasons in support of your answer.

Photo blackening of photochromatic glass doesn’t occur when exposed to tube light or any lamp light
during night time or in dark. Justify.

Urea is not recommended as a fertilizer in very cold places but recommended for highly acidic soils.
Explain with appropriate reasons.

Usually, salt is sprinkled on pottery at the end of the firing process. Explain the role of salt in this
process.

How does glass find application in telecommunication industry?

Why does glass become opaque on slow cooling?

/
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key points for

-

11.

12.

13.

14.
16.
17.
18.

. Photo chromatic glass. Effect of silver halides.

Very short answer type questions
1.

(i) Crystalline — diamond, graphite and
fullerene
Amorphous — coke, charcoal, lamp
black and gas carbon.
(if) White and red phosphorus
(iii)) Rhombic sulphur, monoclinic sulphur and
plastic sulphur.

. Mg + HCl - MgCL + H,

Zn + HSO, »ZnSO, + H,

3Cu + 8HNO, = 3Cu(NO,), +4H,0 + 2NO
(dil)

. Loses water of crystallization.
. Calcium oxide, decomposition.

. Undergo auto-oxidation.

6CaOCl, = 5 CaCl, + Ca(ClO),),

. Dissolution of lime in water

CaO + H,O — Ca(OH),

. Plastic sulphur

. Mixture of calcium silicate, aluminium silicate

and calcium aluminium silicate.

. Steel rods or bars or any other hard material is

embedded in the wet concrete.
Calcium sulphate hemihydrates. By heating of
calcium sulphate dihydrate.

1 1
CaSO,.2HO, - CaSO, ~H,0 + 1_H,0

Glass is made up of sodium and calcium silicates
with sand. Ceramics are made of non-metallic
oxides, borides, carbides and nitrides.

Due to its high viscosity and does not possess
sharp melting point.

Pots become hard, brittle and porous.
To increase the minerals in the soil.

batch

Due to the formation of sodium silicates.

selected questions

20. SiO,, CaO, borax. Laboratory apparatus, oven ware.

21. Sodium (or) calcium silicates

22. Transition metal oxides

23. Simple method of preparation, high content of
nitrogen.

24. They are naturally available in crude form.

25. By doping

26. KNO, (NH), PO,
It contains two or more macro nutrients.

27. Because decomposition of baking soda gives
washing soda.

28. super phosphate of lime
29. Increase in temperature of the earth

30. Nature of aqueous solution, aerial oxidation and
purification of water respectively.

Short answer type questions

31. (i) Chemical composition
(ii) Preparation

32. (i) Arrangement of atoms
(i) Number of bonds formed by
each atom
(ii1) Structure
(iv) Type of bonds

33. (i) Reaction with moisture
(ii) Products formed
(i) Reactivity of products
34. (i) Reactivity of carbonmonoxide with
haemoglobin
(ii) Products formed
(i) Consequences
35. (i) Reactants used
(i) Reactions involved
(iii) Balanced chemical equations
36. (i) Principle
(i) Results
37. (1) Chemicals used
(ii) Process involved

(iii)) Chemical reactions j
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key points for

40. (i) Chemicals used
(i) Reactions involved
42. (i) Principle
(i) Varieties of glass
43. (i) State of existence

(ii) Free state
(iii)) Combined state

44. (i) Chemicals used
(i) Reactions involved
(iii) Balanced chemical quations

45. (i) Principle
(i) Reactions involved

Essay type questions

47. (i) Shape of molecules
\ (ii) Arrangement of atoms

48.

49.

50.

selected questions

(i) Arrangement of puckered rings
(iv) Changes in structure on heating

(i) Chemicals required
(i) Reaction set up
(1)) Reactions involved
(iv) Balanced chemical equations

(1) Manufacture

(i) Principle

(iii) Process

(iv) Different stages involved

(i) Principle

(i) Process
(iii) Characteristics of glass
(iv) Varieties of glass

Concept Application Level—1

True or false
1. False
. True

. True

. True
. True

2
3
4. True
5
6
7

. True

Fill in the blanks
8. amorphous to crystalline
9. reversible reaction
10. Phosphate rock (Ca, (PO,),)
11. bleaching powder
12. CO,,H,0O

=

13. Kaolin \1,\. ‘
14. safety glass
Match the following
15. A : c

B : e

C

D

E

Multiple choice questions

16.
17.
18.

19.
20.
21.

Choice (3)
Choice (1
Choice (3
Choice (3
Choice (3
Choice (2

)
)
)
)
)
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22.
23.
24.
25.
26.
217.
28.
29,
30.

Choice (4)
Choice (1)
Choice (4)
Choice (4)
Choice (1)
Choice (3)
Choice (1)
Choice (4)
Choice (1)

Concept Application Level—2,3

Key points

31.

32.

33.

34.

276

i)
(i)
(i)
(iv)

@)
(i)
(i)

(iv)
(v)

(vi)

(iv)
v)

(vi)
@)

(i1)

Process of conduction of heat.
Type of bond present in diamond.
Structure of diamond.

Role of structure of diamond on
conduction of heat.

Comparison of properties of red and white
phosphorus

Comparison of the structure of red and
white phosphorus.

Relation between the structure and
property of red and white phosphorous.
Purpose of a matchstick.

Property of phosphorous exploited for this
purpose.

Comparison of red and white phosphorus
with respect to this property.

Structure of stable allotrope of sulphur.
The transformation undergone when
solid sulphur in its stable form is heated.
Structural change that takes place in
sulphur with the change of temperature
from 160°C to 195°C.

Effect of the above change on its viscosity.
Structural change which takes place on
further increase in temperature.

Effect of the above change on viscosity.

Properties of the intermediate products
formed during solvay process.

Reaction that takes place in ammonical
brine solution due to the passage of CO,
through it. _

35.

36.

37.

38.

@)
(i)
(i)
(iv)

(v)
(vi)

Products obtained.

Identification of the product from which
washing soda is prepared.

Physical property of the product that is
exploited for separating the above product
from the other.

Comparison of the physical property of
the corresponding potassium compound
with the above product.

Impurities separated during steel
manufacturing.

Raw material used for the manufacture of
cement.

Relation between the raw material and the
impurities separated during the extraction of
iron in steel plant.

Identification of reaction involved.
Constituent of baking soda.

Chemical change that baking soda
undergoes during the process of baking.
Products obtained.

Role of the gaseous product.

Nature of the solid product and its effect
on the baked product.

(vil) Reaction between baking soda and

monocalcium phosphate.

(viii) Products obtained.

(1x)

M)
(i)

(iif)
(iv)
)
@)
(i)
(iif)

Role of the product in nullifying the effect

in (v).

Properties of borosilicate glass.

Difference between the constituents present
in ordinary glass and borosilicate glass.
Eftect of the constituents on the physical
properties.

Constituent that is responsible for the
change in physical properties.

Role of this constituent to make the glass
suitable for laboratory wares.

Relation between process of cooling and
physical changes that take place in glass.
Reelation between structure and rate of
cooling.

Change in arrangement of constituents of
glass during cooling.



40.

42.

43.

(i)
(i)
(iv)

@)
(i)
(i)

(iv)

@)
(if)
(iif)
(iv)

(1)
(i)

(iif)
(iv)
(v)

Effect of the change in arrangement of
constituents on physical properties of glass.
Relation between the arrangement of
constituents and transparency of glass.

Process of manufacture of wind screen
of a car.
Type of glass used as wind screen.

Reason for scattering of glass when broken.

Role of additional material used to prevent
the scattering of glass.

Changes involved during curing.
Constituents of cement.

R eaction that takes place between
constituents of cement and water.
Products obtained.

Change in the crystalline structure of the
product after the reaction.

Role of this particular type of crystalline
structure for the setting of cement.

Steps involved in the manufacture of
ceramics.

Substance generally used for glazing.
Change in physical state of the above
substance at high temperatures.

Reaction between the above substance and
silica.

Nature and eftect of the product

formed on nature of ceramics.

Process of hardening of concrete.
Constituents present in cement.
Changes that the constituent undergo
during curing.

Comparison of time taken by the
constituents for the above change.

Composition of cement.

Reaction of water with the major
component of cement.

Phenomenon associated with the above
reaction.

Effect of the above phenomena on the
setting of cement.

Type of changes involved in the above
phenomena.

45.

46.

47.

(v)
)

(i)
(iif)
(iv)

@

(ii)
(iif)
(iv)

)
(vi)

Effect of these changes on the structure of
silicates.

Properties of the constituents of the given
fertilizer.

Comparison of constituents of triple
phosphate and super phosphate of lime.
Reactions which take place after addition of
the respective fertilizer to soil.

Products obtained.

Effect of the product which is not
assimilated by the plant on the nature and
utility of the soil.

The form in which the plant assimilate
nitrogen from fertilizer.

Identification of the salt which cannot be
directly assimilated.

Comparison of time required for the
assimilation of the two fertilizers given.
Relation between usage of fertilizer and
requirement of the soil.

Composition of photogrey lenses/
photochromatic glass.

Nature (microscopic or macroscopic) of
components of photochromatic glass.
Arrangement of components of photo
chromatic glass.

Type of chemical change taking place on
exposure to sunlight.

Nature of the particles formed.
Combination of the particles formed.

(vii) Effect of this combination on colour.

(viii) Comparison of sun light and other sources

(ix)
M
(i)

(i)
(1v)

)

of light.

Reelation between the above required
chemical change and

the source of light used.

Structural formula of urea.

Identification of the characteristic reaction
undergone by urea for usage as fertiliser.
Conditions required for the above reaction.
Nature of the products formed in the above
reaction.

Bacterial action on one of the products
formed.
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48.

278

(vi) Comparison of basic strength of urea with ~ 49. (i)
one of the product formed.

(vii) Nature of the acid required to neutralise (i)
the basic character.

(viii) Effect of pH on the characteristic (iif)
reaction of urea.

(ix) Relation between the temperature (iv)
of surroundings and the extent of
characteristic reaction of urea.
(1) Change that takes place during firing of 50. (@)

pottery is presence of salt.

(i1) Product obtained due to the reaction (i)
between NaCl and a constituent of pottery.

(i) Physical state of the product at high
temperature. (ii1)

(iv) Effect of the physical state on the surface (v)
of the pot.

Property of glass required for
telecommunication industry.

R equirements of optical fibre materials
used in telecommunications.

Phenomenon taking place during
propagation of signals.

Property of glass exploited for the above
phenomena.

Changes that takes place during slow
cooling.

Comparison of arrangement of molecules/
ions present in glass during the slow and
fast cooling.

Conditions that make an object opaque.

Effect of arrangement of molecules/ions on
the optical property of glass.
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Organic
Chemistry-I

INTRODUCTION

There are one hundred and eleven elements in the periodic table. Among all these, carbon is an element
which acquires special status due to its characteristic properties. The chemistry of carbon compounds is
studied as a separate branch called organic chemistry in contrast to the inorganic chemistry of the rest
of the elements. However, elemental carbon and a few compounds of carbon like oxides, carbonates,
sulphides and carbides are considered as inorganic substances.

Initially, the basic distinction between inorganic and organic compounds was considered to be the
source of origin of these compounds. Inorganic compounds were believed to have mineral origin
whereas organic compounds were believed to have plant and animal origin.

This kind of distinction stemmed from a vital force theory. According to this theory, a vital force is
responsible for the synthesis of organic compounds and this is provided by living beings like plants and
animals. The name ‘organic’, meaning living system, also originated from the above concept.

The idea of vital force theory was dispelled when German scientist, Fredrich Wohler, prepared urea by
heating ammonium cyanate. Urea, being a component part of urine, is an organic compound. Synthesis
of this compound from an inorganic salt paved the way for further research in this field and organic
chemistry received a boost in the later years. The special status given to carbon compounds is now
attributed to certain characteristic features of carbon and not to the source of origin of the compounds.

The basic characteristic which distinguishes carbon from other elements is its ability to form millions of
compounds. Formation of such innumerable number of compounds by carbon can be further attributed
to certain unique features possessed by carbon.
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280 Organic Chemistry—I

Unique features of carbon

(i) Catenation property: The ability of an atom to join with the other atoms of the same element
and form long chains is called catenation. Carbon is an element which shows maximum catenation.

The ability of catenation can be explained on the basis of the electronic configuration of carbon.

Electronic configuration — 1s* 2s*  2p 2p) 2p;
b [y (1] ]

Ground State — 1 2s' 2p' 2p] p!

Excited State —

There are four unpaired electrons in the excited state of a carbon atom and this gives tetravalency for
carbon. As a result of this, carbon can form strong carbon-carbon covalent bonds. This gives the scope
for formation of long chains of carbon.

Carbon atom can form long chains of thousands of atoms or rings of various sizes and chains and rings
can have branches and cross-links.

(i) Multiple bond formation: Due to the presence of four unpaired electrons in the valence shell

of a carbon atom in its excited state, there is a possibility of formation of double bonds or triple
bonds between carbon atoms. This ability to form multiple bonds also gives rise to various types
of carbon chains.
All the organic molecules are generally represented by the ‘molecular formulae’ (which gives
the number of atoms of the constituent elements) and the structural arrangement of atoms is
represented by ‘structural formulae’ (which gives the exact arrangement of atoms of different
elements).

(1) Isomerism: Isomerism is the phenomenon in which two or more organic molecules have the
same molecular formula but differ in the structural arrangement of atoms. Those compounds are
called isomers. Due to the difference in structure, the various organic compounds differ in their
physical properties and to some extent in their chemical properties. Hence, isomerism is another
feature which contributes to the existence of a large number of compounds of carbon.

Classification of organic compounds

Though carbon forms millions of compounds, it combines only with a few elements, chiefly with
hydrogen. The others are oxygen, nitrogen, halogens, sulphur, magnesium etc. On this basis, organic
compounds which contain only carbon and hydrogen are called hydrocarbons and those which contain
other elements in addition to carbon and hydrogen are called organic compounds with hetero atoms.

On the basis of structure, bonding and chemical behaviour, the hydrocarbons are classified into two
main categories, namely, aliphatic hydrocarbons and aromatic hydrocarbons.

(i) Aliphatic hydrocarbons: These include open-chain compounds and cyclic compounds based on
the skeleton of carbon chain present, aliphatic hydrocarbons are categorised into two classes.
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(a) Acyclic hydrocarbons (or) open-chain hydrocarbons

These hydrocarbons contain straight chain or branched chain of carbons with or without multiple
bonds. On this basis, they are further classified into saturated and unsaturated hydrocarbons.

1. Saturated hydrocarbons: In this type of acyclic hydrocarbon molecules, there are no
multiple bonds present in the carbon skeleton. Such type of hydrocarbons are referred to as
saturated hydrocarbons, called alkanes. In saturated hydrocarbons, valencies of all carbon atoms
are satisfied by single covalent bonds. General formula of saturated hydrocarbons is C H, , ..

They are commonly called ‘paraffins’.

@ Example
H HH H H H
|1 |
B I R O I
HHH H CH;H

2. Unsaturated hydrocarbons: If in the carbon skeleton of the acyclic hydrocarbon molecules
there are one or more multiple bonds present between carbon atoms, they are called unsaturated
hydrocarbons. Based on the type of multiple bond they are further classified as alkenes and
alkynes.

Alkenes

Unsaturated hydrocarbons containing at least one carbon-carbon double bond are called alkenes.
General formula of alkenes is C H, (assuming only one double bond).

They are commonly called ‘Olefins’.

@ Example
H H H
1|{1|{ |1
H-C=C-C-H
H-C=C-H, |
H
Alkynes

Unsaturated hydrocarbons containing at least one carbon-carbon triple bond are called alkynes.
General formula of alkynes is, C H,  (assuming only one triple bond).

They are commonly called ‘Acetylenes’.
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@ Example

H

C

|
H-C=C-H HC=C-C-H
H

(b) Alicyclic hydrocarbons (or) cycloalkanes: The aliphatic saturated hydrocarbons in which
the carbon atoms are joined together to form a cyclic ring are called alicyclic hydrocarbons.
They are represented by general formula C H,

@ Example
(i) C,H,:Cyclopropane (ii) C,H,:Cyclobutane
CH,
HZC CH2
CH2 —CH2 H2C CH2

(ii)) C.H,: Cyclopentane

HZC —CHZ

Aromatic compounds

Aromatic compounds are benzene and the compounds that resemble benzene in chemical behaviour.

@ Example
C,H, : Benzene
Structural formulae: C,,H, : Naphthalene
| H H
J | |
H X A C C
~ ¢ Ao AN
T 1
C C u C C
W Ne” Dw SN NP N
| 07
H H H
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However, there are certain other cyclic compounds in which the ring has atoms other than carbon
atoms. Such compounds are called heterocyclic compounds.

Heterocyclic compounds
The cyclic compounds in which the ring is made up of carbon atoms chiefly and other heteroatoms like
O, N and S (ring made of more than one kind of atoms) are known as heterocyclic compounds.

@ Example

Pyrrole C,H,N Pyridine: C.H,N

gc — CH
N\ i
HC CH c
h NH/ H\C/ AN . A
HC —cH | | |
// SN
Furan: C,H,O HC \\CH H 7N N = H
A%
Hydrocarbons
|
\Z \Z

Aliphatic hydrocarbons

Aromatic hydrocarbons

E.g., CsH¢ Benzene

\7

Acyclic aliphatic
(Open - chain hydrocarbons)

\%

Cyclic aliphatic (or) cycloalkanes (or)

Alicyclic compounds (Closed chain aliphatic hydrocarbons’

Saturated acyclic
(Only single bonds)

E.g., C4H,, Cyclohexane

Unsaturated acyclic
(At least one multiple bond)

‘Alkanes’
E.g., CoHe \l/ \l/
Ethane Alkenes Alkynes
(Double bond) (Triple bond)
E.g., CzH4 Eg, CZHZ
Ethene Ethyne
Figure 10.1

The organic compounds with heteroatoms can be formed by replacing one or more carbon atoms
of the corresponding hydrocarbon with another atom or a group of atoms. Hence, these are called
derivatives of hydrocarbons.The atom or group attached to the hydrocarbon part is responsible for the
physical and chemical properties of the compound and hence is called a functional group. Therefore,
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based on the nature of the functional group attached to the carbon skeleton, they are further classified

into various classes.

- OH R - OH Alcohol CH,OH Methyl alcohol
C,H,OH Ethyl alcohol
H R - CHO Aldehyde HCHO Formaldehyde
Ne—
-€=0 CH,CHO Acetaldehyde
0 0O O Acetone
I 1 Ketone I
-C- R-C-R CH;—C-CH;
0 (0] H Formic acid
I [l Carboxylic acid > C=0
-C-OH R-C-OH OH
-X R-X Alkyl halide CH,CI Methyl chloride
CH.CI Ethyl chloride

Nomenclature of organic compounds

Prior to the end of the nineteenth century, the names of the various organic compounds were based
on either the source of origin of the compound or on some specific property of the compound. For
example, methane gas is found to get released in marshy places. Hence, it is called marsh gas. Since it
easily catches fire, it is called fire damp. In fact, the name methane also originated on the basis of the
same concept.

Methane is the parent hydrocarbon of methyl alcohol, CH,OH. Methyl alcohol was originally
obtained by the destructive distillation of wood and was named as “wood alcohol”. From this arose
the word methyl, which is a combination of two greek words methu (wine) and hule (wood). Another
example of this way of naming compounds is acetic acid, which is the chief constituent of vinegar (Latin:
acetum i.e., vinegar).

This method of naming the organic compounds at random could be justified as long as vital force
theory could hold good. In the later period, the synthesis of many organic compounds in the laboratory
opened new vistas to the branch of organic chemistry. In order to give names for the huge number of
organic compounds used all over the world, a more systematic method of nomenclature was required.
The names which were in use till then are retained and are now called trivial names or common names.

The International Union of Pure and Applied Chemistry IUPAC) developed a systematic approach
to the nomenclature of organic compounds which is purely based on its structure and reflects the
physical and chemical properties.
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IUPAC nomenclature of hydrocarbons

The TUPAC name of a hydrocarbon basically contains two parts.

(1) Root word

(i) Primary suffix

(i) Root word: It indicates the number of carbon atoms in the chain. For naming the root word,

the trivial names of the first four members of alkanes are taken as the basis. Beyond that, greek
numerals are used for indicating the number of carbon atoms.

Meth
Eth
Prop
But
Pent
Hex
Hept
Oct
Non
Dec

O 0 NNV AN~

—_
o

(i) Primary suffix: Primary suffix indicates saturation or unsaturation of a hydrocarbon. This is
attached to the root word.

Saturated hydrocarbon — ane
Double bonded unsaturated hydrocarbon — ene
Triple bonded unsaturated hydrocarbon — yne

@~ Example H,C — CH, — CH, — propane
H,C — CH, = CH, — propene
H,C-C=CH - propyne

Rules for naming of a hydrocarbon

(i) The longest possible continuous chain of carbon atoms is selected as the parent hydrocarbon.The
root word corresponding to the number of carbon atoms in the longest chain is noted.

@ Example
P c Longest chain with 6 carbon atoms. The

root word corresponding to this is ‘hex’.
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(i1) The selected longest chain should possess the double bond or triple bond in case of unsaturation
in the chain.

Longest chain with 4 carbon atoms. The
@ Example [¢c_c—_c= N g :
ple [c-¢ (|: =CH. | root word corresponding to this is ‘but’.

C

(1)) The longest carbon chain selected is numbered in such a way that the multiple bonded carbon or
the carbon having alkyl substituent gets the least number.

Univalent group formed after the removal of one hydrogen atom from alkane is called alkyl group.

Parent hydrocarbon alkyl group (formula) alkyl group (name)
CH, (methane) —CH, methyl

C,H, (ethane) - CH, ethyl

C,H, (propane) -CH, propyl
CH,, (butane) -CH, butyl

The position number is added before the root word to indicate the position of multiple bond or
substituent. (alkyl or functional group)

@ Example

Double bonded carbon is given 2nd position by

CH;-CH,-CH=CH-CH; E— . . .

5 4 3 5 1 numbering the carbon atoms in the chain.

2 — Pentene
The carbon chain containing four carbon atoms
1 2 3 4 —> . . .
H:C — CH — CH, — CH, is numbered in such a way that the carbon having
constituent methyl group gets the least position.
CH;

2 — Methylbutane

Isomerism in hydrocarbons

The existence of an organic compound with the same molecular formula and different structural
formulae is called isomerism.

The isomerism can be of various types depending on the type of variation in the structures of the
molecules.

(i) Chain isomerism: The phenomenon in which two or more organic compounds have the same
molecular formula but differ in the arrangement of carbon atoms in the longest chain.

All types of hydrocarbons (alkanes, alkenes and alkynes) with more than 3 carbon atoms exhibit this
type of isomerism.

The molecule in which all carbon atoms are arranged in a straight chain is called n—isomer. The
molecule in which there is a branched chain arrangement in the molecule a prefix iso or neo is used
depending on the type of branching.
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@ Example

1. Pentane
Chain isomers
H,C-CH,-CH,-CH,- CH,

H;C-CH,—-CH,-CH-CH;
I
CH,
Isopentane

CH,
I
H;C-C—-CH;
I
CH,
Neopentane
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2. Pentene
H,C=CH-CH,-CH,-CH,

n — Pentene

CH;

|
H,C=CH- CH- CH;
Isopentene

3. Pentyne
HC = C—CI—IE—CI—IZ—CI—I3
n — Pentene

HC=C-CH-CH;

|
CH;

Isopentyne

(i) Position isomerism: The phenomenon in which the hydrocarbon has the same chain but
differs in the position of multiple bonds or constituents on the parent chain is called position

isomerism.

This is exhibited by unsaturated hydrocarbons (alkenes and alkynes) with more than 3 carbon
atoms (or) saturated hydrocarbons with substituents as side chain.

@ Example
(1) Butene
Molecular formula — C H,
H,C-CH,-CH = CH,

1 — Butene
H,C-CH = CH - CH,
2 — Butene

(ii1) 5-carbon chain with methyl substituent.

1 2 3 4 s
H;C -CH.—-CH-CH,-CH;
I

CH,
3 — Methylpentane
1 2 3 4 5

H;C - CH-CH, - CH, - CH;
I
CH,;
2 — Methylpentane

Pentyne
Molecular formula — C5Hs
CH,-CH,-CH,-C=CH

1 — Pentyne
CH,-CH,-C=C-CH,
2 — Pentyne



288 Organic Chemistry—I

Homologous series

A series of organic compounds in which each member differs from the next member by a constant
amount when arranged in an increasing order of their molecular weights is called a homologous series.

The adjacent members of this series differ by 14 in their molecular weights or — CH, group and

can be represented by the same general formula. The members show a regular gradation in physical
properties, similar chemical properties and hence can be prepared by similar methods.

Homologous series of alkanes (general formulaC H, )

Methane CH, I|{
H-C-H

;

Ethane C,H, H H
aoCCon

i
Propane CH H H H

H H H
Butane CH,, I|'I TI I|'I I'|I
T
H HH H
Pentane CH, H HH H H

| T
YT

H HH HH
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Homologous series of alkenes (general formulaC H, )

H H
Ethene CH, | |
i H-C=C-H
H H H
I
1 — Propene C,H, H-C=C C-H
|
H
H H H H
L
1 — Butene C,H, H_(|:_(|:_C=C_H
H H
ERE
1 — Pentene CH,, H-C-C-C-C=C-H

H HH H

Homologous series of alkynes (general formulaC H, )

Ethyne C,H, H-C=C-H
1 — Propyne CH, H
|
H—?—CEC—H
H
1 — Butyne C4H6 H H
||
H—f—(f—CEC—H
H H
1 — Pentyne C.H, H H H
|1
H-C-C-C-C=C-H
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Comparative study of methane and ethane

Occurrence

Methane gas is found in marsh gas, natural gas, coal gas, gobar gas, sewage gas, bio gas etc. Ethane is
available in a smaller percentage in natural gas.

Preparation of methane and ethane

(i) Decarboxylation of sodium salt of carboxylic acids

Methane can be prepared by heating a mixture of sodium acetate and soda lime in a hard glass
test tube.

CaO

CH,COONa + NaOH —;— CH, + Na,CO,
Ethane can be prepared in the similar fashion by taking sodium proanoate instead of sodium
acetate.

C,H.COONa + NaOH —5—= CH, + Na CO,

(i) Preparation by reduction of alkyl halides

Methyl iodide is reduced to methane by nascent hydrogen produced by the action of Zn/Cu
couple on ethyl alcohol.

CH,I + 2[H] - CH, + HI
Ethane on the other hand can be prepared by reduction of ethyl iodide by nascent hydrogen.

C,H]I + 2[H] - CH, + HI

(i) Preparation by hydrolysis of carbides

Pure methane can also be prepared by the action of water on aluminium carbide (Al,C,).
Al C, + 12H,0— 4Al(OH), + 3CH,

Physical properties

These are colourless, odourless, tasteless gases which are insoluble in water, but soluble in non-polar
solvents like alcohol, carbon tetrachloride etc.

Chemical properties

(i) Substitution reaction

Substitution reaction is a characteristic reaction of alkanes. Here one or more hydrogen atoms of
methane or ethane are substituted by some other functional group. If the substitution is carried
out by halogen, the reaction is called halogenation. The products depend upon the amount of
chlorine.
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(i1)

(i)

CH, + Cl, —¥» CH,Cl + HCI
(monochloromethane)
In excess chlorine the reactions are
CH, + 2Cl, - CH,CI, , 2HCI
(dichloromethane)
CH, + 3Cl, — CHCI, + 3HCI
(trichloromethane)
CH, + 4Cl, —» CCI, + 4HCI
(tetrachloromethane)
CH, + Cl, - CH/CI + HCI
(Monochloroethane)
CH, + 2Cl, - CH,CL + 2HCI
(dichloroethane)
CH, + 3ClL, - CH,.CL + 2HCI
(Trichloroethane)
CH, + 4Cl, - CH,CI, + 4HCI
(tetrachloroethane)
CH, + 5Cl, —» C,HCL+ 5HCI
(Pentachloroethane)
CH, + 6Cl, — CCI + 6HCI

(hexachloroethane)

Combustion

In excess of O,, these burn with a pale blue flame to form CO, and H,O.
CH, + 20, —==* CO, + 2H,0 + heat

2C H, + 70, —==% 5 4CO, + 6H,0 + heat

In inadequate supply of air, CO gas and water vapours are formed.
2CH, + 30, —» 2CO + 4H,0
2CH, + 50, > 4CO + 6H,0O

Pyrolysis (or) cracking
Heating to a very high temperature in the absence of air is called cracking or pyrolysis. Methane

decomposes to carbon and hydrogen when heated to 1000°C in the absence of air.
CH, ——— C +2H,
Ethane when heated to 450°C in absence of air, decompose to give ethylene, methane and hydrogen.

3C,H, ¢, 2C H, + 2CH, + H,
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Conversions of methane/ethane into useful organic compounds

(a)

(b)

(©)

Alkane to alcohol

Formation of ethyl/methly alcohol from their respective alkanes is also a two-step reaction.

1st step

When equal volumes of alkane and chlorine gas are made to react they form their respective
alkyl chlorides on exposure to sunlight.

CH, + Cl, — CH,CI + HCl

C,H, + Cl, =¥ C H.Cl + HCI

2nd step

Alkyl chloride so formed when treated with aqueous KOH solution, and gets hydrolysed to the
corresponding alcohol

CH,CI + (ag.) KOH — CH,OH + KCl

C,H.CI + (aq.) KOH — C,H,OH + KCl

Alkane to aldehyde

Formation of formaldehyde from alkane is a 3-step reaction.
1st step

Conversion of alkane to alkyl chloride

2nd step

Conversion of alkyl chloride to alcohol

3rd step
When alcohol vapour is passed over heated cupric oxide, it gets oxidized to aldelyde.
CH,OH + CuO —~“— HCHO + Cu + H,0
(Formaldehyde)
C,H,OH + CuO —~— CH,CHO + Cu + H,0
(Acetaldehyde)

Alkane to carboxylic acid

Formation of carboxylic acid from alkane involves a 3-step reaction.

1st step

Conversion of alkane to alkyl chloride

2nd step

Conversion of alkyl chloride to alcohol

3rd step

Alcohol so obtained when treated with acidified KMnO, gets oxidized to carboxylic acid.
CH,OH + KMnO, —*— HCOOH + MnO, + KOH

C,H,OH + KMnO, —*— CH,COOH + MnO, + KOH
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Uses
(i) As a fuel

Methane and liquified ethane are used as nonpolluting fuels in automobile industries and other
industries also.

(i) As source of important organic compounds
These are used for the manufacture of important organic compounds like alcohol, aldehyde,
carboxylic acid which are widely used in the paint industry and other different industries for the
manufacture of adhesives, plastics, artificial fibre etc.

(iii) In fertilizer industry

Hydrogen obtained by the pyrolysis of methane is used in the manufacture of ammonia which is
further used for the manufacture of nitrogenous fertilizers.

Ethene

The smallest alkene is an ethene. It is an unsaturated hydrocarbon having a carbon-carbon double
bond. Out of those, one is a strong sigma bond and another one is a weak pi bond. Its common name
is ethylene.

Molecular formula: C JH, I|—I H

Structural formula: H-C=C-H

Laboratory preparation of ethene

(i) Dehydration of ethyl alcohol

Ethyl alcohol on heating with conc. H,SO, at 170°C produces ethene. Aluminum sulphate is
added to this mixture to avoid frothing during the heating of the mixture.

C,HOH —2*>5HC =CH, + HO

The above reaction can also be carried out by using AL,O, at 350°C.

C,HOH 42> H,C=CH, + HO

350°C

A mixture of 1 part
of ethyl alcohol + 2
parts of conc.

H,SO, + aluminium
sulphate

-
<«— Ethenegas

__|— Gasjar

+«—— Bunsen burner

Water

Figure 10.2 Laboratory preparation of Ethene
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Dehalogenation of 1, 2-dibromoethane

1, 2-dibromoethane when heated with Zn dust along with 95% alcohol converts to ethene.

T '
H-C-C-H+Zn % H-C=C-H+ZnBr,
Br Br

Physical properties

Ethene is a colourless, tasteless gas with a peculiar odour. It is insoluble in water, but soluble in non-polar

organic compounds like ether, alcohol, benzene etc.

Chemical properties

)

(a)

(b)

(©)

Addition reaction

Ethene is an unsaturated hydrocarbon with a single T bond between the carbon atoms. Addition
of a molecule of hydrogen, halogen, hydrogen halide or ozone to ethene under specific conditions
results in breakage of T bond, forming corresponding addition compounds.

Catalytic hydrogenation: Equal volumes of ethene gas and hydrogen when passed over heated
nickel or platinum at 300°C form ethane.

H H HH
| | Ni catalyst | |
H-C=C-H +H, —g.c> H-C-C-H
‘ |
HH

Halogenation (Addition of halogen): Alkenes are readily converted to corresponding
saturated dihalide upon addition of halogen.

Ethene is readily converted to dichloroethane, (ethylene dichloride) when it is made to react with
chlorine, in the presence of inert solvent CCl,.

H.C = CH, + Cl, -5 H,C - CH,

|
c1 cl

1, 2 — Dichloroethane

H'_»C = CH'_» + BI"_» % H'_vC - CH2

[
Br Br

1, 2 — Dibromoethane

Decolourization of bromine is the test for identification of carbon — carbon multiple bond or
unsaturation.

Addition of halogen acid: When ethene gas is passed through concentrated halogen acids like
HCI, HBr or HI, formation of respective addition compounds takes place.
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(d)

(e)

®

H H HH

H-C=C-H+Conc. HCl —>H-C-C-H

H Cl

(Monochloroethane)

H H H H

H-C=C-H+Conc. HBr —> H-C-C-H

||
H Br

(Monobromoethane)

Ozonolysis: On the addition of ozone to an unsaturated hydrocarbon, it forms an intermediate
ozonide which on further hydrolysis in the presence of zinc dust gives corresponding carbonyl
compound (aldehydes and ketones). This reaction is used to identify and locate the multiple
bonds in an unsaturated hydrocarbon.

When a molecule of ozone is added to ethene at room temperature it forms a compound
called ethene ozonide which on hydrolysis in the presence of zinc dust gives two molecules of
formaldehyde.

H H H H H H
| O e |
H-C:C—H+O3—' H—C/ C—HT)H—lcl +H—|C|
| | :
0 (0] (0] (0]
Ethene ozonide

Addition of sulphuric acid: An additive compound, ethyl hydrogen sulphate is formed when
ethene gas is passed through cold conc. H SO, at room temperature. This on further hydrolysis
with water, gives ethyl alcohol.

H H H H
|| ||
H-C=C-H +Conc. H,80, > H-C-C-H —23C
H,0
H OSO:H
(ethyl hydrogen sulphate)
H H

H-C-C-H+H.SO,

H OH
(ethyl alcohol)

Hydroxylation (Introduction of — ‘OH’ groups): Hydroxylation is a reaction which involves
oxidation followed by subsequent hydrolysis in the presence of suitable oxidising agents.
Ethylene when subjected to hydroxylation in the presence of cold, dilute, alkaline potassium

permanganate (Baeyer’s reagent) gets oxidized to ethylene glycol. (a dihydroxy alcohol containing
two — ‘OH’ groups on adjacent carbons).
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In this reaction, KMnO, gets decolourized which is a test for unsatauration.

Cold.dil

3H,C = CH, + 2KMnO, + 4H,0  —3 ¢yi60

3CH,—CH, + 2MnO, + 2KOH
ethylene | |

OH OH
ethylene glycol

(i) Combustion
Ethene gas completely burns with a pale blue, sooty flame in excess of air forming CO, gas and
water vapour.

€xcess

CH,+30, —— > 2CO,+2H0O
The reaction is highly exothermic.

(1) Polymerization
Polymerization is a process in which a large chain like molecule of higher molecular mass is
formed due to combination of smaller molecules of similar structure with low molecular mass.
The large molecule is called polymer and the constituent smaller molecules are called monomers.
Ethene gas when passed through catalysts like HF and H, SO, at a high temperature (2000°C) and
under high pressure (1500 — 2000 atm) polymerizes to form polyethene.

Catalyst \

IIH:C = CH:
Ethene (or) ethylene

+H.C-CH: %,
Polyethene (or) polyethylene

High temp and pressure 4

Conversion of ethene into useful organic compounds
Conversion of ethene into ethyl alcohol, acetaldehyde and acetic acid.

When ethene is treated with concentrated HCI, monochloroethane or ethyl chloride is produced.

CH, + HCl - C,H.CI
Ethyl chloride.
Ethyl chloride on hydrolysis with aqueous KOH solution forms ethyl alcohol.

C,H.Cl + (ag)KOH — KCI + C,H.OH
(Ethyl alcohol)

When ethyl alcohol vapours are passed over heated cupric oxide at 300°C, they oxidize to form
acetaldehyde, whereas when ethyl alcohol is treated with acidified potassium dichromate, it gets oxidized
to acetic acid.

300 °
C:HsOH + CuO 4 CH3CHO +Cu+ H‘_?O
(Acetaldehyde)

C-H,OH +2[0] —=U «H,COOH + H-0

KaCrnOr (Acetic acid)
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Uses

(i) Ethylene is used in the manufacture of the above mentioned organic compounds which have a
wide application in organic chemical industries.

(1) Itis used in the manufacture of polythene which has an extensive use for different purposes like
bags, bucket and various other things.

(i11) Ethylene is used for the manufacture of ethylene glycol which is used as an anti-freeze.

(@iv) Itis also used for artificial ripening of fruits like bananas and mangoes.

Ethyne

The simplest alkyne possible is ethyne. The trivial or common name of ethyne gas is acetylene. It is an
unsaturated hydrocarbon where carbon-carbon triple bond is present. Among these, one is a strong sigma
bond and other two are weak pi-bonds.

Molecular formula: C JH,
Structural formulaa H-C=C -H

Laboratory preparation of ethyne gas

(i) Hydrolysis of calcium carbide: Calcium carbide on reaction with distilled water evolves
acetylene gas.

CaC, + 2H,0 — Ca(OH), + C,H,

Distilled water —C}_

Thistle funnel

- Acetylene

“T— ogas

+— Gasjar

Calcium carbide

Water

Figure 10.3 Preparation of acetylene gas
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(i) Dehalogenation oftetrahaloethane:A mixture of95%ethylalcoholand1,1,2,2-tetrabromoethane
along with zinc dust when heated gently evolves acetylene gas.

]|3r ]Tr
ethyl _
H-C_-C-H +2ZHWHC—CH+2ZHBI'2
Br Br

Physical properties

It is a colourless, tasteless gas with a characteristic garlic odour. It is insoluble in water, but dissolves in
organic solvents like CCl, benzene, ether, etc. It is slightly lighter than air as its vapour density is 13.

Chemical properties of acetylene

(i) Addition reaction: Due to the presence of two weak pi bonds, ethyne molecule is highly
reactive. Since two T bonds are present in a molecule of ethyne, addition of two molecules of
halogen, hydrogen, hydrogen halide, etc., is possible.

(a) Catalytic hydrogenation: A mixture of one volume of ethyne gas and two volumes of
hydrogen gas when passed over heated nickel at 300°C ethane gas is produced.

CH;
HC=CH+H, - M, H,C=CH,+H, N, |
300°C 300°C
CH;
Ethane

(b) Halogenation: Addition of a molecule of halogen to ethyne molecule in the presence
of CCl, gives 1,2 — dihaloethene which undergoes further addition of another halogen
molecule to give 1,1,2, 2 — tetrahaloethane.

When this reaction takes place with bromine, bromine water gets decolourized.

HC=CH+Cl, —4 5 HC =CH + C1,—%4 5 CHCL,

Ethyne | | |
Cl C1 CHCl,
1, 2 — Dichloroethene 1, 1, 2, 2 — Tetrachloroethane

(c) Addition of halogen acids: Halogen acids like HCI, HBr form addition compounds with
ethyne when the gas is passed through them.This reaction takes place in two stages:

HCECH+H—BI'—)H3C=CH+H—BI'—)CH3

Br CHBr,
1, 1-Dibromoethane

HC=CH+H-Cl—> H,C=CHCl + HC1 - CH;

CHCl,
1, 1-Dichloroethane.
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(d) Ozonolysis: Addition of a molecule of ozone to a molecule of ethyne at room temperature
gives an addition compound, ethyne ozonide which on further hydrolysis with zinc dust
gives glyoxal.

/A
HC =CH+ 0, — HC - CH + H.O0 —Z* » CHO + HCOOH

Acetylene || dust |
0-0 CHO
Acetylene ozonide glyoxal

(i) Combustion: It burns in air with the evolution of a large amount of heat. CO_ and water vapour
are the products if it burns in excess supply of air.

2CH, + 50, ——— 4CO, +2H,0O
(iii) Action with ammonical cuprous chloride: A reddish brown precipitate of cuprous acetylide

is obtained when acetylene gas is passed through ammonical cuprous chloride solution.

HC = CH + 2CuCl + 2NH OH — CuC = CCu + 2NHCI + 2H,0
(Cuprous acetylide)

(iv) Action with ammonical silver nitrate: White precipitate of silver acetylide is formed when
acetylene gas is passed through ammonical silver nitrate solution.

HC =CH+2AgNO +2NH OH — AgC =CAg+2NH NO +2H,0
(Silver acetylide)

(v) Polymerization: Ethyne gas when passed through red hot Cu tube gives benzene.

|
300 °C Red hot = C
3HC=CH ——>" . ¢7  c-H
copper tube
Ethyne | ||
H-C S C-H
AN (|: -~
H
Benzene

Uses
(1) Oxy-acetylene flame is used for cutting and welding metals.
(i

(iii

) Acetylene lamps are used for illumination purpose.
) Ripening of fruits like apples, mangoes takes place in the atmosphere of acetylene.
(iv) Acetylene gas is hydrogenated to ethene which gets polymerized to form polyethylene which is

very useful in packaging industry.



300 Organic Chemistry—I

Tests carried out for the distinction of saturated and unsaturated hydrocarbons

(i) Decolourization of bromine water: Reddish brown coloured solution of bromine in CCI,
disappears when unsaturated hydrocarbons (alkenes or alkynes) are passed through it. Saturated
hydrocarbons do not respond to this test.

(i) Decolourization of alkaline potassium permanganate: Pink colour of potassium
permanganate fades away when an unsaturated hydrocarbon (alkene or alkyne) is passed through
the alkaline potassium permanganate solution.

Test to distinguish alkene and alkyne: (ethene and ethyne)

Formation of metal acetylides

Acetylene can form red precipitate of copper acetylide when it is passed through ammonical cuprous
chloride solution. Alkenes do not respond to this test.

test your concepts e e

Very short answer type questions

1. Which characteristics of carbon are responsible for the existence of a large number of organic compounds?
. Urea, an compound, was manufactured from ammonium cyanate, which is an compound.
. Differentiate the ground state and excited state electronic configuration of carbon atom.

. Why are oxides and carbonates of carbon considered to be inorganic compounds?

. Which property of carbon gives rise to the structural isomerism of organic compounds?

(= NS B S

. Organic compounds having the same molecular formula, but different structural formulae are called

7. Compare the structure of straight chain, branched chain and closed chain of carbon.

8. What is the diftference between structural formula and condensed formula of organic molecules? Which
of the two is more helpful to predict the chemical reaction?

9. What are hydrocarbon derivatives?
10. Position isomers differ in the position of
11. Give the products obtained on decarboxylation of sodium ethanoate and sodium propanoate.
12. C H, and C H_ are both hydrocarbons. What is the difference between them?
13. Saturated compound obtained by treating acetylene with HBr is

14. Ethylene when subjected to hydroxylation in the presence of Baeyer’s reagent gets oxidized to



15. can form a red precipitate when it passes through ammonical cuprous chloride solution.

16. What do you mean by an alkyl group?

17. Observe the molecular formulae and classify the following hydrocarbons into alkanes, alkenes and

alkynes.
@ CH, (i) C,H, (i) CH, (iv) CH, (v) C.H,
(vi) C,H, (vii) C,H, (vii)) C.H, | (ix) CH,, x CH,,

18. n-propane does not exhibit chain isomerism. Why ?

19. 1-pentene and 3-methyl-1-butene are isomers.

20. The hydrocarbon obtained by treating sodium ethanoate with soda lime is
21. What is pyrolysis of methane? What is the use of this reaction?

22. Name the following compounds

H ? H HH H H
(ﬂHﬁ—é—C—é—GL (ii) H_é_é:é_é_H
L 4 ’
H H H
(i) H,C- C=CH ) H_é_é_é_CH3
b

v) HC-C=C-CH,
23. Write the structural formula of the third compound of homologus series of alkane.

24. Complete the structures of following hydrocarbons by placing hydrogens only

@) C-C=C-C @)C=C—CFC
C
(iii) C—C—?—C Gv) C=C-C
C

v)C-C-C-C-C
25. How is the position of alkyl group determined from the IUPAC name of the hydrocarbon?
26. Polymerization of ethylene gives

27. Draw the structural formulae of n-Pentane and Isopentane.
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28. How can we understand the position of a double bond or triple bond from the name of the hydrocarbon?
29. Saturated compound obtained by the addition of halogen to acetylene is

30. Draw the structural formula of the second compound of the homologous series of alkene.

Short answer type questions

31. Write the structural reactions for the laboratory preparation of methane and ethane with a brief
description.

32. Give the structural formulae of first four homologues of alkanes and alkenes.
33. Explain hydroxylation of ethene.

34. Describe the formation of ethyl alcohol from ethane.

35. Write the different products obtained by the chlorination of ethane.

36. What is chain isomerism? How many structural isomers are possible for the compound with molecular
formula CH,?

37. Give the two reactions of acetylene which are used to distinguish it from alkenes.

38. Which reagents oxidize ethyl alcohol to acetaldehyde and acetic acid? Why are two different reagents
required for these conversions?

39. Describe the process by which methane converts to formaldehyde.

40. Write the laboratory preparation of ethyne gas in brief.

41. Describe the halogenation of acetylene gas.

42. How is acetylene gas produced from 1, 1, 2, 2- tetrabromoethane?

43. Give the reactions representing the combustion of methane, ethane and ethyne.
44. Why do alkenes and alkynes undergo addition reaction, while alkanes do not?

45. Describe the catalytic hydrogenation of ethene gas.

Essay type questions

46. Compare ozonolysis of ethene and ethyne in detail along with the reactions.
47. What is polymerization? Describe the polymerization of ethene and explain how it is useful.
48. Describe the different addition reactions of ethene.

49. (i) Describe in detail one test to distinguish saturated hydrocarbon from unsaturated hydrocarbon.
(i) Describe in detail one test to distinguish ethene and acetylene.

50. Describe the following conversions:
(1) ethene to acetic acid

(1) acetylene to acetaldehyde

(iii) methane to formic acid
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CONCEPT APPLICATION

B4

Concept Application Level—1

Directions for questions 1 to 7: State whether the following statements are true or false.

1
2
3
4.
5
6
7

Both alkenes and cycloalkanes both can be represented by the same general formula.

The general formula C H, is valid for any alkene with any number of multiple bonds.

Acetone is the common name of propanone.

The number of carbons present in iso-pentane and 2 — methylpentane are same.

1, 2-dibromoethane gives corresponding alkyne by treating with Zn dust under suitable conditions.
[somers always show same chemical properties.

Ethylene when subjected to hydroxylation in the presence of Baeyer’s reagent gets oxidised to glyoxal.

Direction for questions 8 to 14: Fill in the blanks.

8.

9.

10.
11.
12.

13.

14.

When methane is mixed with excess chlorine and the mixture is exposed to sunlight, the final product
1s

The compound formed when ethyl alcohol is treated with conc. H,SO, at 170 °C is .

By treating alkylchloride with aq. KOH is produced along with KCL

Pyrolysis of methane takes place in of air and the products are and

Decolorization of KMnO, solution takes place when it reacts with ethene. The final product of this
reaction which is used as anti-freeze is

Difterence in molecular weight between two successive compounds in alkane homologous series is

C.,H,  and C H, are the examples of and hydrocarbons respectively.

Direction for question 15: Match the entries in column A with the appropriate ones in

column B.
15.
ColumnA Column B

A. Unsaturated hydrocarbon () a. CH,

B. Aromatic hydrocarbon () b. CH,

C. Branched chain alkane () c. CHCI,

D. Saturated hydrocarbon () d CH,

derivative
E. Action of water on () e. (CH,),CHCH,CH,

aluminium carbide
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N

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

22

Direction for questions 16 to 30: For each of the questions, four choices have been provided.
Select the correct alternative.

16.

Controlled hydrogenation of ethyne gives which of the following compounds?

(1) Ethane (2) Ethene (3) Methane (4) None of these

Which of the following compound can be used to prepare ethene from ethyl alcohol?

(1) ALO, (2 HSO, (3) CaO (4) Both (1) and (2)
Catalytic hydrogenation of ethene produces

(1) ethane (2) acetylene (3) methane (4) ethyne
Number of moles of oxygen required for the combustion of one mole of an alkane is equal to

(1) n+1 @ "= ® 5 @ n

The ratio of the difference between number of hydrogens present in propane and propyne, propane
and propene is
1 1:2 2 2:1 3) 3:2 4)2:3
Which of the following groups consists of triple bond?
(1) -CH, 2 CH, 3) C.H, 4) CH,,
What is the correct structural formula of 3 — methyl-1-pentyne.
1) H H H @ I|{ I|{ I|{
I .
H—C—C—C—C=CH H—C—C—C—C=CH
S R
H H I!I H H CH;
3 Cas H @ CH; H
| |
H—CEC—C|—C|—CH3 HC=C —C — C — CH;
|
H CH3 CH3 H
Which of the following compounds cannot exhibit chain isomerism?
(1) Propane (2) Butane (3) Pentane (4) Hexane
Polymerization of acetylene gives rise to
(1) polyethylene (2) polyacetylene (3) benzene (4) polypropene

Which of the following hydrocarbons can decolorize the alkaline potassium permanganate solution?
(1) CH, (2 CH, ) CH, 4) CH,

Identify the organic compound which can react with only one mole of sodium metal in the presence
of strong base.

(1) Propyne (2) Ethyne (3) 2-butyne (4) Ethene

J
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27. Ethylene glycol is used as
(1) antifreezer (2) fuel

(3) refrigerant (4) an agent for ripening of fruits

28. Which of the following components is present in major proportions in LPG and why?

(1) Methane because it is easily liquefiable.

(2) n-butane because it is easily liquefiable.

(3) Iso octane because it reduces knocking property.
(4) n-propane because it has high calorific value.

29. A molecule of hydrocarbon X’ can add upon 2 molecules of Br,.X’ on ozonolysis gives two different
products which can not be further oxidised. Identify X’.

(1) H,C = CH- CH = CH, () HC = CH
(3) HC-C=CH (4) HC-CH = CH - CH,
H

30. Products obtained at the end of the reaction when H,C — C = C — CH, is subjected to ozonolysis are

CH,
(1) acetaldehyde (2) propanaldehyde
(3) acetone, acetaldehyde (4) acetone, formaldehyde

Concept Application Level—2

31.Is it possible to separate isomeric n-alkane and iso-alkane by fractional distillation? Explain with
appropriate reasons.

32. How do you affect the following conversions?
(a) Ethane to methane
(b) Ethyne to ethyl alcohol

33. Higher alkanes, i.e., hexadecane (an alkane with 16 carbon atoms) are used as lubricant oils. Justify the
statement with appropriate reasons.

CCl,
34. () A + Br, 75 TC Br + Br, —C (i) CH, 2223 Z;/f“mch »c KoH, p,
alcohol

HC-Br

Give IUPAC names of A, C, D in both (i) and (ii) set of reactions.

35. Compared to other hydrocarbons, methane is more effective as a fuel in a gas turbine or
steam boiler for electricity generation. Give reasons.
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36.

37.

38.
39.

40.

41.
42.

43.

44.

45.

46.
47.

48.
49.

50.

S2

Give the role of the following reagents in the respective reactions.
(a) Quicklime in decarboxylation of salts of carboxylic acids

(b) Zinc dust in ozonolysis.

Identify A, B, C, D is the given following conversions and write their structural formulae.
? -
KMnO/HT[O] l/go%oo ]
5
d CHsy —> C
C:H, Daq‘ KOH C

Why is the dipole moment of all alkanes zero?

Both methane and ethane can be used as fuels. By giving the balanced equations corresponding to the
reactions responsible for the above use, justify which is a better fuel.

P)
CH, + Cl, ———— CH,Cl + HCl.Is it possible to carry out the reaction under incandescent bulb?
Justify.
How is polyvinyl chloride obtained from acetylene?

The first homologue of the series with general formula C H, on oxidation with alkaline KMnO,
gives a compound is added to water which is used as a coolant in automobiles. Identify the compound
and explain the purpose of its addition to water.

Methanol and ethane have almost the same molecular weight. But boiling point of methanol is 65°C
and ethane is —89°C. Explain why?

Write the possible structural isomers for the compound with molecular formula C.H,  and explain
how these isomers can be identified with ozonolysis.

What is the role of sunlight in the halogenation of a hydrocarbon?

Concept Application Level—3

‘What is Teflon? Why is it used as an electrical insulation?

The tendency of halogenation of alkanes decreases in the order Cl, > Br, > I . Give reason and also
explain how flourination of alkanes can be carried out?

Why is tetra chloroethene extensively used for the purpose of dry cleaning?

Methane is made to react with chlorine and iodine in closed containers in two separate reactions in
presence of sunlight. The yield of CH_I was much less when compared to the yield of CH,Cl. Given
reason. However, if the reaction is carried out in presence of HNO,or HIO, the yield of CH [ is found
to increase. How do you account for this?

Propane and butane are used as propellants in aerosol sprays. Why?

/
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10.
11.

12.

13.
15.
16.

17.

18.

21.

22.

Very short answer type questions
1.

Catenation property, multiple bond formation,
isomerism.

2. organic, inorganic

3. In ground state two unpaired electrons are

available. Hence in excited state four unpaired
electrons are available.

. Depends upon its origin and properties.
. Catenation and multiple bond formation.
. Comparison of arrangement of carbon atoms.

. Condensed formulae represents number of

atoms of the constituent elements. Structural
formulae represents exact arrangement of atoms
of different elements.

. Compounds formed by replacing one or

more hydrogen atoms of the corresponding
hydrocarbon with another atom or a group of
atoms.

substituents, multiple bonds

CH,COONa + NaOH —3— CH, + Na,CO,

C,H,COONa+NaOH —3— C_H, + Na,CO,

C,H, is aliphatic hydrocarbon. C H, is aromatic
hydrocarbon.

1,1 - dibromoethane

CH,

The hydrocarbon with consists of one hydrogen
less than corresponding alkane.

CH,CH ,CH,CH,CH,/ are alkanes

10?

CH,CH,CH,CH, ,C, H ,are alkenes
Structure of n-propane and isopropane both are

same.
(i) Cracking

(i) Utility of product produced on pyrolysis
(i) Pentane (ii) 2-butene
(iii) Propyne (iv) 2-methyl butane

(v) 2-butyne

key points for
selected questions

23.
1
I
HC|CCH
|
H H H

24. (i) H,C-HC = HC - CH,
i
(i) HC=C —(f — CH;
CH;4
ya:!
(iii) H;C - CH, - C\— CH;
CH;
(iv) H,C = CH - CH,
(v) HC-CH,-CH,-CH, - CH,
25. The carbon atom present in long chain which
consists of alkyl group should get least number.
26. Polythene
27. CH, - CH,- CH, - CH, - CH,

H
H;C

N
H,C /C —CH, —CH;4
29. 1,1, 2,2 - tetrahaloethane

Short answer type questions

33. (i) Reagent used for hydroxylation
(i) Reaction involved
(iii) Product formed

34. (i) Halogenation (chlorination)
(i) Reaction with aqueous KOH solution
(1)) Reactions involved

35. Various products formed by substitution of
different number of hydrogens

36. (i) Arrangement of carbon atoms in chain.
(i) Number of chain isomers.

37. Formation of metal acetylides

/
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38.

39.

40.

41.

44.

45.

(1) CuO and KMnO,

(i) CuO - mild oxidizing agent and
KMnO, — strong oxidising agent

(i) Halogenation of methane

(i) Reaction with aqueous KOH

(iii) Oxidation

(iv) Reactions involved

(i) Principle
(i) Chemical required

(iif) Experimental setup

(iv) Equation

(i) Reactants
(i) Reactions involved

(iii) Products formed

(i) Types of bonds in alkenes and alkynes
(if) Changes in bonds during addition reactions

(i) Chemical/catalyst required
(i) Reaction involved

(iii) Products formed

key points for
selected questions

Essay type questions
46. (i) Formation of ozonide
(ii) Formation of formaldehyde
(i) Formation of glyoxal + HCOOH
47. (i) Definition
(ii) Formation of polyethene
(i) Uses of Polyethene
48. (i) Addition of H, — hydrogenation
(i) Addition of CL/Br, — halogenation
(iii) Addition O, - ozonolysis
(iv) Hydroxylation (reaction with KMnO )
(v) Reaction with H SO,
(vi) Addition of HCI/HBr
49. (i) Bromine water.

(ii) Formation of metal acetylides

Concept Application Level—1

True or false

1s

2
3
4.
5
6
7

True
. False
. True
False
. False
. False
. False

Fill in the blanks
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8
9

. Cl,

. ethene

10. alcohol ﬁ |

11. absence C,H,
12. ethylene glycol
13. 14

14. aliphatic, aromatic

Match the following
15. A : d

B :a

C:e

D :eg

E :b



Multiple choice questions
Choice (2)
Choice (4)
Choice (1)
Choice (3)
Choice (2)
Choice (3)
Choice (2)
Choice (1)
Choice (3)
Choice (4)
Choice (1)
Choice (2)
Choice (2)
Choice (3)
Choice (3)

16.
17.
18.
19.
20.
21.
22,
23.
24.
25.
26.
27.
28.
29.
30.

Concept Application Level—2,3
Key points

31.

32.

33,

M)
(1)

(ii)
()

®)

@)
(i)
(iif)
(iv)

Principle of fractional distillation.

Comparison of structure of isomeric

alkanes.

Effect of structure on boiling points. The

type of bond breakage in the reaction.

(i) Different reactions involved in
conversions.

(i1) Identification of reaction and reagents

associated with decrease in number of

carbon atoms.

(i) Identification of reactant which can
give ethyl alcohol.

(i1) Identification of respective steps

involved in getting the reactant from

the unsaturated hydrocarbon (ethyne).

State and nature of higher alkanes.

Structure of higher alkanes

R equisite for lubricant oil

Relation of structure with boiling point

34. ()
(i)

(iii)
(iv)

35 (i)
(i)
(iii)

36. (a)

(b)

(©

37. (a)

(b)

(©)

Identification of nature of the compounds
A,C,D.

Identification of A based on type of
product formed and reagents used.
Identification of C.

Identification of from D with the given
specific reagent.

Comparison of combustion of methane
and other hydrocarbons.

Comparison of calorific value of methane
with other hydrocarbons.

Relation of calorific value with fuel
efficiency.

Nature of CaO, Zn dust

(1) Chemical equation corresponding to
decarboxylation of salts of carboxylic
acids.
Products and biproducts obtained.
Eftect of biproducts on the purity of
the mainproduct in cancelling the

(i)
(iif)
above effect.

(iv)
(M)

Nature and role of quick lime

Nature of the biproduct formed upon
ozonolysis.

Eftect of the biproduct on the main
products formed.

(i)
(i1i)) Nature and role of zinc dust in
compensating the above effect.
Identification of A, B, C, D based on
reactants and reagents given.

(1) Identification of functional groups in
C and B based on the given reagents.

(i1) Identification of D and the reagent
used for getting D.

(i) Identification of the nature of initial

hydrocarbon.

(iv) Identification of reagent which can

give ‘B’ from the given hydrocarbon.
(1) Identification of functional groups in
B and C from the reagent used.

(i1) Identification of nature of
hydrocarbon (C, H,).
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38.

39.

41.

42.
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M)
(1)
M
(1)
(i)
(iv)
(v)
(vi)
(vii)

(viii)

(i)
(i)

o)
(i)

(i11) Identification of reagent for the
conversion of C H, to C.

(iv) Identification of ‘A’ on the basis of
given reagent and functional group of
‘B’

Structure of alkanes.

Eftect of structure on Dipole moment.

Comparison of AH values of the two

equations.

Comparison of percentage composition of

hydrogen in methane and ethane.

Relation between percentage of hydrogen

and calorific value.

Balanced chemical equations for

combustion of methane and ethane.

Comparison of AH values.

Calculation of amount of energy released

per gram of methane and ethane from AH

values.

Relation between amount of energy

released and the efficiency of the fuel.

Comparison of amount of harmful

product formed per unit weight of

hydrocarbon.

Conditions required to carry out the
reaction.

Relation between the conditions and the
process taking place in the reaction

Heat produced by incandescent bulb.
Comparison of heat produced by
incandescent bulb and the actual
conditions required for reaction.

Formula of polyvinyl chloride.
Identification of a characteristic reaction
which leads to the formation of PVC.
Identifications of reagent, for the
conversion of acetylene to the
corresponding monomer of PVC.

Identification of first homologue.
Identification of the product of the first
homologue upon oxidation with alk.
KMnO,.

43.

44.

45.

46.

47.

(iii)
(iv)

(v)
()
(i1)
@
(i1)

(i)

(i)
(iv)

@)
(i)

(i)
(iv)

Prerequisite of a substance to act as
coolant.

Changes that take place in physical
properties of water upon addition of the
product obtained in (i).

Effect of change in physical property of

water on efficiency of its action as coolant.

Comparison of forces existing among
methanol and ethane molecules.

Effect of the extent of intermolecular
forces of attraction on boiling points.
Comparison of the products obtained on
ozonolysis.

Identification of nature of hydrocarbon
(saturated/unsaturated) from given
molecular formula.

Number of possible isomers based on
number of carbon atoms, nature of
hydrocarbon and arrangement of carbon
atoms.

Reactive centres required for addition of
Q.

Identification of nature of products
obtained by ozonolysis.

Comparison of products of ozonolysis of
different isomers.

Properties of UV rays of sunlight.
Effect of UV rays on the mechanism of
reaction.

Comparison of Teflon.
Nature of the atoms participating in bond
formation.

Strength of the bond.
Influence of this bond on the properties.

Type of reactions taking place with CL,,
Br

Energy changes involved in multi step
reactions of halogenation.

Identification of the rate determining step.
Comparison of AH values of chlorination,

bromination and iodination.



)

(vi)

(vii)

(viii)

48. ()
(i)

(i)
(iv)

Comparison of the factor determining
the rate of reaction of chlorination,
bromination and iodination.

Energy changes involved when
flourination takes place

Its effect on reaction.

Conditions to be created for flourination
to proceed in normal way.

Nature of tetrachloro ethene.

R equisites for a solvent used for dry
cleaning purpose.

Comparison of properties of tetrachloro
ethene with dry cleaning solvent.
Intermolecular forces present in tetra
chloro ethene.

49.

50.

(i)
(i)
(iv)

@)
(i)
(i)

Comparison of reactions of methane with
ClL and L.

Compari;on of products obtained from
chlorination and iodination.

Comparison of reactivities of biproducts
produced in above two reactions.

Eftect of the biproduct produced in
iodination on nature and yield of the
reaction.

Conditions or suitable reagents required to
increase the yield.

Physical properties of propane and butane.
Role of propane and butane as propellants.
Significance of propellent in an aerosol

spray.
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11

Organic
Chemistry-li

INTRODUCTION

Organic chemistry is the branch of chemistry which profoundly influences the human society.

312

This is because it plays a major role in all walks of our lives. Carbon forms millions of compounds
though it combines only with few elements like hydrogen, oxygen, nitrogen, halogens and sulphur.
The compounds containing only carbon and hydrogen are called hydrocarbons. The compounds
which possess other elements in addition to carbon and hydrogen are called organic compounds with
heteroatoms. The atom or group of atoms present in a molecule of an organic compound which is
responsible for the characteristic properties of the compound is called functional group. The organic
compounds containing each type of heteroatoms can be further classified on the basis of the nature
of the functional group.

Our daily needs of life such as food, clothing, soaps and detergents, medicines etc., take their origin
from organic compounds. Some of them are very essential for sustenance of life while some others
tremendously contribute to improve the quality of life. The special significance of organic chemistry
owes not only to the uniqueness of carbon to form innumerable compounds, more astonishingly, with a
limited number of elements but also to the immense industrial importance associated with the organic
compounds.

Nomenclature of organic compounds

According to IUPAC system, which follows the same pattern for all families of organic compounds, the
name of an organic compound can be divided into three major parts, namely:

(1) Root word (i) Primary suffix (i) Secondary suffix
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Thus, for the organic compounds with functional groups corresponding secondary suftix is added
along with root word and primary suffix.

Secondary suffix

This is the part of the name which follows the primary suffix. It represents the functional group attached
to the carbon chain. ‘e’ of the primary suffix is replaced by the corresponding secondary suffix

—OH (hydroxyl) Alcohol —ol Alkanol
-CHO Aldehyde —al Alkanal

:C =0 Ketone —one Alkanone
—-COOH Carboxvylic acid —oic acid Alkanoic acid

Rules for IUPAC Nomenclature of Organic Compounds

(i) At first, the longest continuous carbon chain which includes the ‘functional group’ is selected.
Then the carbon chain is numbered from the end nearer to the functional group. The carbon
bearing the functional group should get the least number.

@ Example
3 2 1
H,C —CH,— CH,— OH
1 — Propanol
(1) If both the functional group and the alkyl substituent are present in an organic compound,

the numbering of the parent carbon chain is given from the end nearer to functional group.
(the carbon atom bearing functional group should get the least number in preference to the

substituent)
3 2 1
H,C — CI—|I — CH, — OH
CH

3

2 — Methyl propanol

(i) If both the alkyl substituent and the halogen group are present in an organic compound, then the
carbon chain is numbered from the end nearer to halogen group. (the carbon bearing the halogen
group should get the least number)
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The prefixes (of both alkyl and halogen group) are to be arranged in alphabetical order while
writing the name of the compound.

5 4 3 2 1
H,C — CH — CH, — CH — CH,

| |
CH, cl

2 — Chloro — 4 — methyl pentane

When the substituent like alkyl group is present in an organic compound, the corresponding
prefix ‘alkyl’ is used and when the hetero atom like halogen is present the corresponding prefix
‘halo’ (like chloro, bromo, iodo etc.) is used and the corresponding IUPAC name is ‘haloalkane’.

(iv) When more than one alkyl substituent is present on the parent carbon chain, then the numbering
is given in such a way that the ‘sum of the locants’ is least.
1 2 3 4 5
HC —CH—CH—CH,—CH,
| |
CH, CH,
2,3 — dimethyl pentane.
(v) If‘sum of the locants’ is equal, then the numbering of carbon chain starts from the end nearer to
the smaller alkyl group.
6 5 4 3 2 1
H,C—H,C—HC—CH—CH,—CH,

| |
CH, — CH,

|
CH,

4 — Ethyl — 3 — methylhexane

IUPAC nomenclature for esters and ethers

The IUPAC names of majority of the organic compounds with different functional groups are given by
following the above rules. But IUPAC nomenclature of some functional groups such as ethers and esters
follows a slightly different trend.

Ethers

Ethers are a class of compounds which contain an oxygen atom bonded to two alkyl groups.

General molecular formula C H, O.

2n+2

Functional group — O —

General formula R' —O — R (R, R' — same or different alkyl groups)
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Nomenclature

The first name is given ‘alkoxy’ for the smaller alkyl group (‘R’) attached to ‘O’ and is followed by a
second name ‘alkane’, for the larger alkyl group (R') attached to ‘O’.

Thus, the general IUPAC name for ethers is ‘Alkoxy alkane’.

@ Example
HC—O —CH, Methoxy methane.
HC—O —CH,—CH, Methoxy ethane.
Esters

These are derivatives of carboxylic acids where carboxylate group is attached to two alkyl groups.
General molecular formula C H, O,

Functional group (||)

General formula (I?
R'—C—O—R

(R'" — H or alkyl group R— alkyl group)
Esters are functional derivatives of carboxylic acids since they contain the common ‘acyloxy’
(0)
[

group namely ‘R—C—0—
(0)

Nomenclature The ‘R’ group attached to ‘O’ (R —(|3|—O— R) is given the first name as
corresponding ‘alkyl’ and the remaining structure is given the second name ‘alkanoate’
Thus, the [IUPAC name for esters is ‘Alkyl alkanoate’.

@ Example

H— (”: — O0—CH, Methyl methanoate
0]

HiC—C—O0—CH;  Methyl ethanoate.

Isomerism

Just like hydrocarbons, organic compounds with any functional group can exhibit chain isomerism.
Position isomerism in these compounds arises due to the difference in the position of functional group
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on the carbon chain. In addition to these two types, some of these compounds also exhibit other types
of isomerism namely functional isomerism and metamerism.

(i) Functional isomerism: Compounds with the same molecular formula but different functional
groups are called functional isomers and this phenomenon is called functional isomerism.

@ Example

Two functional isomers are possible with the molecular formulae C,H,O.

One isomer with an alcoholic functional group (R—OH) and the other with an ether linkage or
functional group (R—O—R)
(a) Molecular formulae: C,H O

Il-I H H H
| | l

H H H H
Ethyl aclohol Dimethyl ether
IUPAC :Ethanol UPAC : Methoxy
methane

(b) Molecular formulae: C.H O

[ [
H;C—CH,—C—H H;C—C—CH;
Propanaldehyde Acetone
IUPAC : Propanal IUPAC : Propanone

Two functional isomers namely propionaldehyde and acetone are possible for the molecular
formulae.

(0]
C,H,O, one with aldehydic functional group (R—(IJI—H) and the other with ketone functional group

(R—(':'—H).

(i) Metamerism: The isomers in which there is unequal distribution of carbon chain or atoms
on either side of the functional group are called metamers and this phenomenon is termed
‘metamerism’. Thus metamers differ in the size of an alkyl group or chain on either side of the
functional group.

This is exhibited by compounds having divalent functional groups.
@ Example
Molecular formula: C,H, O
HC—CH,—0O0—CH,—CH, HC—O—CH,—CH,—CH,
Diethyl ether — Methyl propyl ether
IUPAC : Ethoxyethane IUPAC : Methoxypropane
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Functional groups containing oxygen

Alcohols

The class of compounds where the alkyl chain is attached to —OH group is called alcohols. They are represented
as R-OH where ‘R’ stands for alkyl group. The general formula of alcohols is C H, ,  OH.The common
names for alcohols are given by using the name of the alkyl radical. [IUPAC name of alcohols is alkanols.

@ Example
H,C-CH,- OH
Common name — ethyl alcohol
IUPAC name: eth + ane + ol — ethanol.

Homologous series of alcohols

Methane CH, CH, - OH Methyl alcohol =~ Methanol
Ethane H,C - CH, H,C - CH,-OH Ethyl alcohol Ethanol
Propane HC-CH,-CH, H.C-CH,-CH,-OH Propyl alcohol  1-Propanol

Butane HC-CH,-CH,- CH, H,C-CH,-CH,-CH,-OH n-butyl alcohol 1-Butanol

Methyl alcohol and ethyl alcohol

Methyl alcohol is also known as wood alcohol since it can be prepared by destructive distillation of
wood. Ethyl alcohol is also known as grain alcohol.

Methods of preparation

Boiling methyl halides with aqueous sodium Boiling ethyl halides with aqueous sodium hydroxide
hydroxide or aqueous potassium hydroxide. or aqueous potassium hydroxide.

CH,Cl + NaOH (aq) — CH,OH + NaCl C,H,Cl + NaOH (aq) — C,H,OH + NaCl
From water gas: From ethene:

Wiater gas when mixed with hydrogen and passed ~ Ethene on reaction with conc. H,SO, at very high
over heated catalyst like chromic oxide or zinc pressure and at 80°C gives ethyl hydrogen sulphate
oxide at 350°C gives methyl alcohol. which on boiling with water gives ethyl alcohol.

Cr,0,/Zn0 H,C = CH, + H,SO, = CH, - CH,- HSO,

[CO,+ H,] + H,
= = = 350°C

CH,OH
CH,.CH,.HSO,+ H,0 70 - 80°C

OH + H,SO,

H,C - CH-
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On large scale, ethyl alcohol can be manufactured by fermentation of molasses or starch.

Fermentation of molasses

Fermentation is the process of decomposition of a complex organic compound into simpler compounds
by means of microorganisms. Molasses is the mother liquor left after the crystallization of cane sugar
from sugar cane juice.

Principle

Dilute solution of molasses which contains sucrose on standing for few days after the addition of yeast
cells undergoes decomposition to form ethyl alcohol. This is due to the presence of enzymes such as

invertase and zymase in the yeast cells.

[nvertse

C121_122()11 + Hzo 30°C 3 C6H1206 + C6H1206
Sucrose Glucose  Fructose
Zymse
CH_ O, e ,JH,OH + 2CO,

Ethyl alcohol

Process of fermentation

Molasses contains 30% - 40% uncrystallized sugar. This is diluted by adding water and the percentage of
sugar is brought down to 10%. Sulphuric acid is then added to maintain the pH of the solution at 4. Salts
like ammonium sulphate or ammonium phosphate are added to this solution. These salts act as food for
the yeast cells.

Yeast is added to the solution and the solution is allowed to stand as such for 24-72 hours. The
temperature is maintained at 30°C. The fermented liquor is known as wash. It contains 15%-20% ethyl
alcohol. When this is subjected to fractional distillation, 93% to 95% ethyl alcohol is obtained. This is
called rectified spirit. 100% ethyl alcohol can be obtained by adding anhydrous CaO to the rectified
spirit. 100% ethyl alcohol is known as absolute alcohol. For industrial use, 5% methyl alcohol is added
to ethyl alcohol. This is called denatured spirit.

Fractional distillation of wash gives 96% ethyl alcohol known as rectified spirit. The remaining water
also can be removed by the treatment of rectified spirit with quick lime. 100% ethyl alcohol is called
absolute alcohol.

Uses of ethyl alcohol

(1) Industrial solvent: Since a wide range of organic compounds are soluble in ethyl alcohol, it is
the most common industrial solvent. To discourage its misuse as beverage, 5% methyl alcohol is
added to this, thus making it unfit for drinking. This is called denatured spirit.

(i) In medicines: Many medicines contain alcohol as one of the constituents in small quantitie

(ii1) As beverage: Different brands of alcoholic beverages contain different percentages of alcohol.
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Beer 3-5

Cider 24

Wine 8-10
Gin, Brandy, Whisky, Rum 35—40

From starch

Instead of molasses, starch can also be taken as the starting material for the manufacture of ethyl alcohol.
Starch is warmed with freshly germinated barley called malt at 50°C for one hour. Malt contains diastase
enzyme. Starch is converted to maltose sugar by hydrolysis in the presence of diastase. The remaining
process continues in the same manner as in molasses, except that the enzyme maltase carries out the
fermentation process of sugar which is in the form of maltose.

n diastase n
(CeH1005)n + —H0 — C2:HOn
starch maltose

Ci2H2Opy + H20% 2C¢H,.06
Glucose

C¢H,,06 + H,O —2™m3¢_y 2C,H;OH + 2CO,

Spurious alcohol

Manufactured ethyl alcohol is available cheaply. But, heavy excise duty and taxes are imposed on the
alcohol in order to discourage people from getting addicted to drinking alcohol. The industrial alcohol
is not taxed heavily. Since this is available at cheaper rates, this is diluted and sold as alcohol for drinking
purpose. As this contains toxic substances like methyl alcohol, pyridine or copper sulphate etc.,the alcohol
also becomes toxic. This is called spurious alcohol. Spurious alcohol can also be made by subjecting
jaggery to fermentation. During this process, methyl alcohol and acetaldehyde are also formed. These
impurities impart toxic effect to ethyl alcohol.

Physical properties

Colourless liquid Colourless liquid

Strong odour Sweet smell

Inflammable Inflammable

Highly toxic Less toxic with a burning taste

Soluble in water and organic solvents Soluble in water and organic solvents

Boiling point 64.5°C Boiling point 78.1°C

Consumption can cause blindness and even death. Consumption for long period can cause damage of

liver, kidneys etc.
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Chemical properties

Reaction with active metals
With sodium, products are sodium methoxide and
hydrogen.

2CH,OH + 2Na — 2CH,ONa + H,
Sodium ethoxide

Reaction with PCl3

Products are methyl chloride and phosphorous acid.

3CH,OH + PCL, — 3CH,Cl + H PO,

Chloromethane

Reaction with acetic acid (Esterification)

Product formed is methyl acetate.

CH,0OH + CH,COOH — CH,COOCH,
methylacetate
+ H,O

Reaction with conc. H,SO, (Dehydration)

Product is dimethyl ether obtained at 140°C.

conc.
H SO,
2CH,OH ———> CH,0CH, + H,O
140°C -

Oxidation

Passing methyl alcohol vapour over hot copper gives
formaldehyde or methanal.

Cu
CH,OH ———> HCHO + H,
300°C 2

methanal

On treating with alkaline KMnO , the product
formed is formic acid.

alk. KMnO,
—> HCOOH

or acidified
K,Cr,O,

CH,0H + [O]

methanoic acid

With sodium, products are sodium ethoxide and

hydrogen

2C,H,OH + 2Na — 2C H.ONa + H,
Sodium ethoxide

Products are ethyl chloride and phosphorous acid.
3C,H,OH + PCl, — 3C H.Cl + H,PO,

Chloroethane

Product formed is ethyl acetate.

C,H,OH + CH,COOH — CH,COOC_H, + H,O
ethyl acetate

Product depends upon the temperature. At
140°C diethyl ether is obtained and at 170°C ethane is
obtained.

conc.

H,SO,
2CHOH —— CHOCH, + HO
: 140°C ; > :

Diethyl ether

conc.

H SO, _
CHOH — - HC=CH,+HO

170°C ethene

On passing ethyl alcohol vapours over hot copper
catalyst at 300°C gives acetaldehyde or ethanal.

Cu
CZHSOH W CH3CHO +H,

On treating with alkaline KMnO4, the product obtained
is acetic acid or ethonoic acid.

alk. KMnO,
CH,OH + [0] ———» CH,COOH
- or acidified . .
K.Cr,0, ethanoic acid
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Uses
-

Used as a solvent. Used as a solvent for many organic compounds.

Used in paints and varnishes Pure and dilute alcohol is used as

In the manufacture of other industrially useful organic ~ a beverage.

compounds In the manufacture of many organic compounds

Ex: including dyes, synthetic rubber, varnishes, paints, perfumes,

(i) Formic acid — antiseptic and tanning of leather. antiseptics etc.
(i) Formaldehyde — preservative for biological
specimens.

For making industrial alcohol.

Isomerism in alcohols

Alcohols exhibit three types of isomerism
(1) Chain isomerism
(1) Position isomerism

(ii1) Functional isomerism
(1) Chain isomerism: These isomers differ in the arrangement of carbon atoms in the chain.

@ Example

n-butyl alcohol and Isobutyl alcohol
Molecular Formula: C H,,0

Stuctural formulae: CH; - CH, - CH, - CH, OH
1 — Butanol
CH; - CH- CH, OH

CH;
2-Methyl-1-proponol

(i1) Position isomerism: The isomers differ in the position of functional group (—“OH’ group) on
the carbon chain.

@ Example

1-Propanol and 2-Propanol
Molecular Formula: C,H.O
Stuctural formulae:
CH; — CH; — CH, OH
1 — Propanol
CH; — C|I‘I — CH;
OH
2 — Propanol
(i) Functional isomerism: These are the isomers which differ in the nature of functional groups.
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@ Example
CHO:
H,C — CH,— OH H,C— O —CH,
Common name: Ethanol Methoxy methane
TUPAC: Ethyl alcohol Dimethyl ether

Aldehydes and ketones

The class of compounds in which there is a >C = O group are called carbonyl compounds. the general

formula of the carbonyl compounds is C H, O. If the carbonyl compound contains >C = O group

linked to hydrogen on one side and alkyl group on the other side, that class of compounds are called
aldehydes. If the carbonyl group is linked to two same or different alkyl groups on either side, the class
of compounds are called ketones.

H
Aldehydes are represented by a general formula, \C -0
L
R
R\
Ketones are represented by a general formula, C=0
/
R'

IUPAC names of aldehydes are ‘alkanals’ and those of ketones are ‘alkanones’.

@ Example
CH,CHO H,CCOCH,
Common name: Acetaldehyde Acetone
IUPAC name: — ethanal — Propanone

Homologous series of aldehydes/ketones

HCHO Formaldehyde Methanal
CH,CHO Acetaldehyde Ethanal
CH,CH,CHO Propanaldehyde Propanal
CH,COCH, Acetone (Dimethyl ketone) Propanone
CH,CH,COCH, Ethyl methyl ketone Butanone

Formaldehyde (methanal)

Preparation: Methyl alcohol on controlled oxidation in the presence of a catalyst gives formaldehyde.

2CH,OH —5;5—> HCHO + 2H,0
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Physical properties

Colour Colourless

State Gas

Odour Strong smell

Boiling point 252K

Solubility Highly soluble in water

Chemical properties

(i) Oxidation: Methanal on oxidation in presence of oxidizing agents such as HNO, or acidified
K.Cr,O, or acidified KMnO, gives formic acid (methanoic acid).

HCHO + [O] - HCOOH

i1) Oxidation in presence of Tollen’s reagent (Ammonical silver nitrate solution):
| Y g

Formaldehyde on heating with tollen’s reagent gets oxidized to formic acid.Ag" ions get reduced
to metallic silver. As a result of this, a shining silver mirror is formed along the inner walls of the
test tube.

HN,OH
HCHO + AgNO, T HCOOH+NH NO,+NH,+Ag+ H,0

(i) Oxidation in presence of Fehling’s reagent: Fehling’s reagent is an alkaline cupric salt solution
dissolved in sodium potassium tartarate (Rochelle salt). Formaldehyde on heating with Fehling’s
reagent in hot water gives a red precipitate of cuprous oxide. Methanal gets oxidized to methanoic
acid.

HCHO + 2Cu(OH), +NaOH —2— HCOONa+Cu,0+ 3H,

(iv) Reduction: Methanal on reduction in the presence of palladium gives methyl alcohol.

HCHO +H —— CH,OH
(v) Addition of HCN: A double bond is present between carbon and oxygen in formaldehyde.
The T bond can be broken during addition of another molecule. On the addition of HCN to
the double bond, hydrogen is added to oxygen and cyanide is added to carbon thereby giving an
addition compound cyanohydrin.

H H OH
N N/
C=0+HCN-> C
7 RN

H H CN

Methanal eyanohydrin
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Uses of methanal
(1) The aqueous solution of methanal is called formalin. It acts as a disinfectant. Hence, it is used for
the preservation of biological specimens.

(i1) Methanal is used for the manufacture of a plastic called bakelite which is used for making electric
switches.

(ii1) Methanal is also taken as a raw material for the manufacture of dyes, medicines etc.

Acetone or propanone

Preparation

An aromatic hydrocarbon, cumene on reaction with oxygen gives an intermediate product which on
reaction with acid gives propanone along with phenol.

(|:H3 (|:H3
CH; —CH+0,>H,C—C—0—0O—H i CsHsOH + CH3COCH;
| Phenol  Propanone
C6H5 C6H5
Cumene

Physical properties

Colour Colourless
Nature Volatile liquid
Boiling point 329 K
Solubility Soluble in water

Chemical properties

(i) Reduction: Propanone on reduction with LiAlH, or NaBH, gives 2 — propanol.

NaBH,
CH3COCH3 W} H3C —CH— CH3

|
OH
2 - Propanol

(i) Oxidation: Propanone on oxidation with potassium permanganate in acidic medium gives

ethanoic acid.

KMnO/H*

CH,COCH, —5— CH, COOH

Ethanoic acid
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(i) Addition of HCN: When HCN is added to the > C = O bond in propanone, hydrogen is

added to oxygen and cyanide is added to carbon. It gives propanone cyanohydrin.

OH

|
H:C — ﬁ—CH3+HCN—> H:C— C—CH;

|
0 CN
Propanone cyanohydrin

Uses of acetone

(1) An important solvent for organic compounds.
(i1) Used in the manufacture of nail polish remover

(i) Making artificial leather and synthetic resin.

Isomerism in aldehydes and ketones

(1) Aldehydes exhibit chain isomerism due to the variation in the length of the carbon chain.

@ Example
n — Butyraldehyde and Isobutyraldehyde
CH,—CH,—CH,—CHO
n — Butyraldehyde
CH

3
|
CH,—CH—CHO
Isobutyraldehyde

Ketones also exhibit chain isomerism.

@ Example
O
|
CH;— CH,—C—CH,—CH;
Diethyl ketone
CH; O

| [
CH;— CH— C — CH;
Isopropyl methyl ketone

(i) Aldehydes cannot exhibit position isomerism.This is because ~=CHO group is a chain terminating
group and it should be always placed in first position. Ketones exhibit position isomerism due to

the location of carbonyl group in different positions.
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@ Example

1 2 3 4 5
CH;— CH,—C—CH,—CHj

I
(0]
3-Pentanone
1 2 3 4 5
H;C — C—CH,— CH,—CHj;
|

O 2 - Pentanone

(ii1) Aldehydes and ketones are functional isomers to each other. Functional isomerism arises when
two or more compounds has the same molecular formula but different functional groups.

@ Example
Propanal and Propanone
Molelcular formula: C,H,O 0
CH, — CH, — CHO I
. H;C— C—CH;
Propanal Propanone
Carboxylic acids o

The organic compounds which contain — ¢ —QH (carboxyl group) as functional group are known
as carboxylic acids, since this group is a combination of carbonyl group (>C = O) and hydroxyl group
(-OH).The general molecular formula of carboxylic acids is ‘C H, O,’. Since they show significant
acidity, they are called acids.
Nomenclature
The common names of these acids are mostly derived from the source of their origin.

@ Example
Formic acid (Formica — ants)

Acetic acid (Acetum — vinegar)

According to IUPAC system, these compounds are named by adding a secondary suftix ‘oic acid’ to
the corresponding ‘alkane’. These are named as alkanoic acids.

Homologous series of carboxylic acids

HCOOH Formic acid Methanoic acid
CH,COOH Acetic acid Ethanoic acid
CH,CH,COOH Propionic acid Propanoic acid

CH,CH,CH,COOH Butyric acid Butanoic acid




Organic Chemistry—II 327

Acetic acid (ethanoic acid)

It is the most important fatty acid which, as a dilute solution, is used as a preservative for foods such as
pickles, vegetable sauce etc.

Methods of preparation

(1) Ethyl alcohol on oxidation by air in the presence of acetobacter - a bacterial enzyme, gives acetic
acid.
tobact.
CH, CH,OH + [0] =" CH, COOH + H,0
(i) Commerical preparation — Acetic acid can be obtained by the reaction between methyl
alcohol and carbon monoxide in presence of iodine and rhodium as a catalyst.

I-Rh
CH,0H + CO —*—— CH,COOH

Physical properties

Colour Colourless liquid
Odour Pungent smell
Boiling point 391 K

Solubility Soluble in water

Chemical properties

(1) Acidic character:When acetic acid reacts with metals/alkalies the corresponding salt is formed.

@ Examples
2CH,COOH + 2Na —> 2CH,COONa + H,
CH,COOH + NaOH —» CH, COONa + H,0
CH,COOH+Na, CO, —> CH,COONa+CO,+ H,0O

(i1) Reaction with alcohols: Acetic acid reacts with alcohols to give the corresponding ester. This
reaction is known as esterification.

@ Examples
CH,COOH + CH,OH —> CH,COOCH, + H,0O

Methyl acetate
CH,COOH + C, HLOH —— CH,COOC_H, + H,O
Ethyl acetate

(ii1) Decarboxylation: Sodium or potassium salt of acetic acid on reaction with soda lime gives methane
due to the removal of CO, from the carboxylic acid.
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CaO
CH,COONa + NaSOH —— CH, + Na,CO

3

Uses of acetic acid

(i) Reagent in laboratory.
i1) In the preparation of synthetic vinegar.
prep Y g

(i) For the preparation of white lead.

Isomerism in carboxylic acids
(1) Just as other compounds, carboxylic acids also exhibit chain isomerism due to the variation in the
nature of carbon chain.
@ Example

n-Butryic acid and Isobutryic acid

CH; - CH, - CH; - COOH
n — Butyric acid
CH;

CH; — CH — COOH
Isobutyric acid

(1)) Carboxylic acids do not exhibit position isomerism like aldehydes due to the fact that -COOH
group is the chain terminating group.

(1)) Functional isomerism: Carboxylic acids show functional isomerism with esters.

@ Example
CH,CH,COOH CH,COOCH,
Propanoic acid Methylacetate

It is quite obvious that the various organic compounds associated with various functional groups are
the essential components of biomolecules. However, the biomolecules generally possess high molecular-
weight organic compounds. This is because they may contain long chains of hydrocarbons as in the case
of oils and fats or they may be formed by the polymerization of simpler organic molecules as in the case
of carbohydrates and proteins. Hence the study of biomolecules is closely associated with the study of
organic chemistry.

Carbohydrates

Carbohydrates are the ultimate source of most of our food materials. Apart from this, they are mostly
present in cotton and wood in the form of cellulose. Therefore, carbohydrates provide us with all basic
necessities of life like food, clothing and shelter. Since carbohydrates are produced during the process of
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photosynthesis and consumed by animals as a source of energy, the study of carbohydrates, in addition to
giving an understanding of the commodities of daily use, also gives scope for understanding the various
biochemical processes involving their formation and usage.

These are an important class of organic molecules containing carbon, hydrogen and oxygen and
defined as polyhydroxy aldehydes, polydroxyketones or compounds which produce these on hydrolysis.
They are so named since they were considered to be hydrates of carbon with general formula C,(H,0),
They are also called saccharides due to the similarity in taste to sugar which is known as saccharum.

Classification

Carbohydrates are broadly classified on the basis of the products formed on hydrolysis. The three main
categories of carbohydrates are
(1) Monosaccharides
(i) Oligosaccharides
(ii1) Polysaccharides

Monosaccharides

The class of carbohydrates which cannot be hydrolysed into simpler saccharide units are called
monosaccharides. They may contain chains of 3—10 carbon atoms and can be represented by a general
formula (CH,O), . Since they contain one carbonyl group and remaining are hydroxyl groups, they are

termed as polyhydroxy aldehydes or ketones. Monosaccharides are further classified into ‘aldoses’ and
‘ketoses’, which contain ‘aldehyde’ and ‘ketone’ functional groups respectively.

Structure of glucose and fructose

H
|
H—C=0 aldehyde group H—C—OH
H—(|3—OH ketone group
HO—(|3—H HO—(|3—H
H—Cl—OH H—C—|OH
H—Cl—OH H—C—|OH
H—Cl—OH H—C—|OH
: b

Glucose (aldose)

Fructose (ketose)

Depending on the number of carbon atoms in the chain, they are further classified into various type
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3 Trioses Glyceraldehyde

4 Tetroses Erythrose

5 Pentoses Arabinose, Ribulose
6 Hexoses Glucose, Fructose

Galactose, Mannose

Oligosaccharides

The class of carbohydrates which on hydrolysis gives 2-9 monosaccharide units are called oligosaccharides.
Most common oligosaccharides give two or three or four monosaccharide units on hydrolysis and are
named as disaccharides, trisaccharides and tetrasaccharides respectively.

In the case of oligosaccharides, the different monosaccharide units are joined by means of glycoside

bonds. A glycoside bond is a bond formed by the loss of one water molecule between the carbonyl group
and hydroxyl group of the monosaccharide units.

Disaccharide Sucrose C,H,O,, Glucose, Fructose

Disaccharide Maltose C,H,O,, Glucose, Glucose

Disaccharide Lactose C,H, 0O, Glucose, Galactose

Trisaccharide Raffinose CH,. O, Glucose, Fructose, Galactose
Tetrasaccharide Stachyose C,H,0O,, Glucose, Fructose and 2 moles of Galactose
Polysaccharides

The class of carbohydrates which can be hydrolysed into a number of monosaccharide units. The number
of units can range from hundreds to thousands also. They can be further classified on the basis of
the kind of monosaccharide units formed by hydrolysis. They are represented by a general formula
C (H,0), _,or (CH, O,

n n’

The polysaccharides which on hydrolysis give only one kind of monosaccharides are called homopol-
ysaccharides and those which give different kinds of monosaccharides are called heteropolysaccharides.

In contrast to monosaccharides and disaccharides which are called sugars, polysaccharides are called
non sugars due to their bland taste.

Sweetness of a carbohydrate results from the interaction of the hydroxyl groups with the taste receptors
on the tongue.The various carbohydrates differ in their relative sweetness for which sucrose is taken as
the standard.
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Comparative study of various simple carbohydrates

Glucose ~ CH O, — CHO group Honey,ripe Soluble in water, 74
(Grape (aldehyde) grapes, some  give reactions of
sugar) fruits, blood  aldehydes and are
and urine of called reducing
mammals sugars.
Fructose =~ CH O, R Fruits, Soluble in water, 173
(Fruit >C =0 group honey non-reducing (maximum)
sugar) R (Keto group) sugars.
Sucrose C,H,O, Glycoside Sugar cane  Soluble in water, 100
(table bond between  and beet non reducing
sugar) one glucose root sugars.
or (cane unit and one
sugar) fructose unit
Maltose C,H,O, Glycoside bond Germinating Soluble in water, 32
between two cereals. reducing sugars.
glucose units
Lactose C,H,0,, Glycoside Milk Soluble in water. 16
bond between Non reducing
one glucose sugar.

unit and one
galactose unit

Identification tests for some carbohydrates

Carbohydrates that reduce Tollen’s, Fehling’s and Benedict’s reagent are called reducing sugars. All
monosaccharides (Aldose or ketose) are reducing sugars.

Both glucose and fructose (monosaccharides) give positive result for Tollen’s, Benedict’s and
Fehling’s test.

(i) Tollen’s test: A little amount of glucose or fructose is dissolved in water and the solution is taken
in a clean dry test tube. In another test tube, a little amount of silver nitrate is dissolved in 5%
NaOH solution. A grey precipitate of silver hydroxide is formed.The precipitates are dissolved by
adding few drops of ammonium hydroxide.

Ammonical silver nitrate solution so obtained is called Tollen’s reagent. Addition of this reagent
to glucose or fructose solution followed by heating in water bath lead to the formation of shining
silver mirror on the walls of the test tube due to the reduction of Ag" ions to Ag.

(i) Benedict’s test: Measured proportions of sodium citrate and sodium carbonate are dissolved
in water. In this solution, copper sulphate is dissolved. The resulting solution is called Benedict’s
reagent. Addition of Benedict’s reagent to glucose or fructose solution followed by heating in water
bath results in the formation of a red precipitate. This is due to the reduction of Cu** to Cu*'.
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Fehling’s test: Fehling’s reagent is an alkaline solution of cupric ion complexed with sodium or
potassium tartarate ions. When this reagent is added to glucose or fructose solution followed by
heating in water bath results in the formation of red precipitate, due to the formation of cuprous
oxide. (Reduction of Cu*? to Cu*')

Sucrose, a disaccharide, does not give positive result to Tollen’s or Benedict’s or Fehling’s test. Hence,
it is called non-reducing sugar.

The addition of a few drops of concentrated HCI to the sucrose solution results in the hydrolysis
of sucrose to glucose and fructose. Glucose and fructose being reducing sugars gives Tollen’s test,
Benedict’s test and Fehling’s test.

Starch, a polysaccharide is insoluble in water. A thick paste can be made with hot water. Further
addition of hot water gives a clear solution of starch.

Test for starch: Addition of 1% iodine solution in alcohol or KI solution to starch solution gives
blue colour.

Manufacture of sucrose

The main sources of sucrose being sugar cane and beetroot, sucrose can be manufactured from both the

sources. However, sugarcane is the most common source for the manufacture of sucrose.

Principle

Sugarcane contains 10-15% of sucrose by weight. Sugar cane juice on purification followed by

concentration and crystallization results in the formation of colourless crystals of sugar.

To account for this, lime and Ca(OH), are added, which is studied under three different headings.

Process: The process of manufacture of sucrose is carried out in four different steps.

)

(i1)

Extraction of juice from sugar cane: Sugar cane is subjected to washing and then when put
in cutting machines gets chopped into small pieces. These pieces are then sent into roll crushers
where crushing takes place to extract juice from sugar cane. Addition of water in this stage
enhances the efficiency of the extraction.This process results in the extraction of 93% of the juice.
The remaining cane left after extraction is called bagasse. It is considered as a byproduct of sucrose
manufacture as it can be used as fuel in some industries for the manufacture of paper, cardboards
and the generation of electricity.

Purification of sugar cane juice: The sugar cane juice is slightly acidic in nature and contains
some impurities and suspended particles. Acidity should be removed from sugar cane juice
before subjecting it to further process. This is because if the juice is acidic, during the process of
concentration, some amount of sugar is lost due to hydrolysis.

(a) Defecation: This process involves the addition of calcium hydroxide which neutralizes the
juice and also removes the suspended impurities in the form of precipitates.

(b) Carbonation: This step involves the passage of carbon dioxide gas through the juice obtained
from the first step. In this process, excess lime is removed as carbonates some colouring matter
and some inorganic salts are removed and settled as mud. The juice is then filtered.
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(c) Sulphitation: The juice obtained after filtration in the above step is subjected to treatment
with sulphur dioxide. It being a good bleaching agent decolourises the juice.This also serves
to neutralize excess of lime carried from the first step. Calcium sulphite so formed is removed
by filtration.

The precipitates obtained in the last step is called press mud and is used as a fertilizer.

(iii)) Concentration and Crystallisation of juice: The juice obtained at the end of second stage
is called ‘clarified juice’ which contains 85% water. When it is subjected to evaporation, the
percentage of water is reduced to almost half. Further concentration of juice is carried out
initially at low pressure and later in vacuum.The concentrated juice is taken in vacuum pans and
concentrated till super saturated solution is obtained.

(iv) Isolation and drying of crystals: The juice remaining at the end of the third stage contains
10% water. Since it is a supersaturated solution, sucrose crystals are separated out by the process
called centrifugation.The sugar crystals obtained are then exposed to hot air to remove the minor
traces of water.

The mother liquor left after the crystallization of sucrose from sugar cane juice is called
molasses. This is a very important byproduct of sugar industry.

Proteins

Among all biomolecules, proteins are the most important ones. The diverse functions performed by
proteins in the biological system make them the most vital substances of life. The name proteins has been
originated from the Greek word ‘proteios’ which means ‘of prime importance’ as all living cells invariably
contain them. Proteins are the most abundant organic molecules to be found in living cells and 50% of
their total dry mass is protein.

Due to the diversity of the structure, proteins have a wide range of structural and metabolic activities
in the biological systems of various living organisms.

@ Example
(@
(i

(i

) Proteins in hair—Keratin

) Insulin in pancreas

) Enzymes like cellulase, amylase.
(iv) Blood contains a red pigment called haemoglobin which is also proteinic in nature.

Structure of protein

Proteins are high polymers or polyamides, (of high molecular mass) where a single protein molecule
consists of hundreds to thousands of amino acid units. These units consist of twenty-odd amino acids
combined in different ways, thus forming a large number of protein molecules. Therefore, amino acids
are considered as the basic units of protein molecules.

Basically, there are twenty five different amino acids commonly found in proteins. All these amino
acids can be synthesised by plants from the basic raw materials like CO,, water and other inorganic
compounds of nitrogen. The animals do not have the ability to synthesize these amino acids on their
own. Hence, they depend on plants for these amino acids.Thus they obtain ten amino acids directly from
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the food they consume. These amino acids are termed as essential amino acids. By making use of these
amino acids, the other amino acids can be synthesized and such amino acids are termed as non essential
amino acids.

This classification of amino acids as essential and non-essential amino acids does not actually reflect
their relative significance. Instead, the classification implies the ability of the living systems to synthesise
a particular amino acid within the system.

Nomenclature of amino acids

The general formula of amino acid can be given as R — CH — COOHwhere ‘R’ is an alkyl group.

|
NH

Amino acids are named as amino carboxylic acids according to the IUPAC system.Their trivial names
have generally originated from their sources. They are preferably indicated by a three letter symbol.
While writing genetic code, they are represented by one letter code. The various amino acids differ in
the characteristic feature of the nature of alkyl side chain.

Structure of amino acids

Every amino acid molecule has a central carbon atom to which one acidic carboxyl group (COOH) and
one basic amino group (— NH,) are attached. Apart from these two functional groups, the other two
valencies of carbon are satisfied by an alkyl group and a hydrogen atom.The uniqueness and specificity
of each amino acid can be attributed to the nature of the alkyl group attached.

Some simple essential amino acids

H.C Valine Val \Y%
AN
CH
H.,C
H;C Leucine Leu L
N
CH—CH, —
/
H;C
Isoleucine Ile I

H;C—CH,—CH —

CH;
HN =C—NH— (CH»);— Arginine Arg. R
NH,
HN — (CH,)), — Lysine Lys K
H,C — CHOH — Threonine Thr T

CH,—CH,— Phenylalanine Phe F
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Some simple non-essential amino acids

—H Glycine Gly G
— CH, Alanine Ala A
o Glutamine Gln Q

|
H:N—C —CH,— CH,

HOOC — CH, —CH, — Glutamic acid Glu E
(0] Asparagine Asn N
l

H.N—C—CH,—

HO — CH, — Serine Ser S

HS — CH, — Cysteine Cys C

HO —CH, —CH,— Tyrosine Tyr Y

Properties of amino acids

(1) Amino acids are polar covalent compounds.
(i) They are crystalline substances which are soluble in water.
(i11) They have high melting points.
(iv) Since each molecule of amino acid contains an acidic — COOH group and a basic — NH, parts,

they exhibit amphoteric nature. The amino acid has the tendency to transfer the H" ion from —
COOH group to — NH, group.As a result of this, the molecule carries a negative charge on one
end and positive charge on the other end. It is this charge separation which makes the molecule
dipolar and the dipolar ions thus formed, are called zwitter ions.

@ Example
H H
H;C —(Ij — COOH H,C —(lj —COO
NH; NH;”
Amino acid Zwitter ion

(v) Peptide bond formation is the characteristic property of amino acids. Since amino acids have two
functional groups, two similar or dissimilar amino acids can combine together by the elimination
of a water molecule. The bond formed is called peptide bond. A number of amino acids can join
together by means of a number of peptide bonds and the resultant molecule is called polypeptide.
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Formation of peptide bond

SN | foF

N—C—C —| OH+H | —N—C —COOH
! 7
-H,O H
H 1( O R
\ I |
/N —‘f —1+—C —NH —+—C — COOH
H H Peptide
bond

Synthesis of proteins from amino acids

Innumerable number of proteins are formed from the twenty-odd amino acids available. This is possible
because the sequence in which amino acids are linked with each other changes from one protein to the
other. The proteins differ in number and sequence of the amino acids. Due to this, the proteins perform
different functions in the biological systems.A slight variation in the number or sequence of amino acids
in a protein makes the protein ineffective for carrying out the respective function.

Blood contains an important protein called heamoglobin. This protein performs the function of
absorbing oxygen to form oxyhaemoglobin which performs important metabolic process. Hemoglobin
is made up of 574 amino acids in a specific sequence.Variation of even one amino acid in the sequence
makes haemoglobin ineffective for carrying oxygen in the blood. This leads to a disease called “Sickle
cell anemia”.

A part of normal sequence hemoglobin: -Val — His — Leu —Thr — Pro — Glu — Glu — Lys.

A part of sickle cell anemia sequence haemoglobin: - Val — His — Leu — Thr — Pro — Val —
Glu - Lys

Significance of carbohydrates and proteins

Energy cycle

The chemistry of biomolecules is closely associated with the sources of energy in plants and animals.
These sources of energy being carbohydrates, the energy cycle involves the various steps associated with
the production and consumption of these nutrients.

Solar energy is the primary source of energy for all natural processes. Green plants trap the solar
energy and carry out the process of photosynthesis which is highly endoergic process of conversion of
carbon dioxide and water vapour to glucose and oxygen. The oxygen so liberated during the process of
photosynthesis is taken up by the animals by means of respiration. Carbohydrates which are consumed
by the animals are subjected to oxidation in the living cells with the help of oxygen present in blood.
The energy liberated during the above process is stored in living cells in ATP (Adenosine Triphosphate)
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molecules. Each ATP molecule hydrolyses to give Adenosine diphosphate and HPO,~ with the liberation
of 36 K cal of energy. This energy is utilised for various metabolic activities.

ATP + HO ——> ADP + HPO_ + energy

Each ATP molecule can store 36 K cal of energy. In the absence of metabolic activities in the living
system, the energy remains stored in the ATP molecules. During the process of metabolism, these ATP
molecules undergo hydrolysis, thereby, releasing the required amount of energy.

All these processes involve the role of enzymes which are biocatalysts. Enzymes as well as ATP
molecules are constituted by proteins.

‘ Sun ‘ ‘ Atmosphere
Solar energy (_)
Photosynthesis
‘ Glucose ‘ ‘ Oxygen ‘ Respiration
Conversion C
[ Polysaccharides in plants |
Consumption Q

\ Polysaccharides in animals \

Conversion
C Glucose l + ‘ Oxygen in blood ‘

[Eners ]+ [0, +

‘ ADP and HPO,~ M Energy }—>‘ Metabolic activities

Figure 11.1 Energy cycle

Food stuffs rich in carbohydrates and proteins

The various food materials contain varying amounts of carbohydrates and proteins. The amount of
energy released in kilocalories by the combustion of one gram of the food is called calorific value.
Depending on the amount of carbohydrates present in various food stuffs, they differ in their calorific
values. For example, the calorific value of glucose is 3.81 cal/gram. The nutritive value of the food
material ultimately depends on its calorific value. The calorific value of the same food item also varies
for the cooked and the uncooked state of food.

Rice 110 Egg 173
Paratha 360 Milk 85

Green vegetables 130 Butter 730
Bread 245 Oil/ghee 900

Pulses 345 Chocolate bar 545
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Walking 228
Golf 300
Bicycling 414
Swimming 420
Tennis 426
Running 870

The amount of energy so released is utilised for doing various anabolic activities. Just as the various stuffs
have different calorific values, the various anabolic activities also require variable amounts of calories. The
quantity and the quality of the food material to be consumed depends not only on the nutritive values of the
food stuffs, but also on the regular activities performed by the individuals.

Oils and fats

In addition to carbohydrates and proteins, oils and fats form another important class of nutrients.
Carbohydrates are considered as immediate sources of energy and proteins are responsible for structural
and metabolic activities whereas oils and fats act as the most important reservoirs of energy. In addition
to being rich in nutritive value, oils and fats serve as important raw materials for the manufacture of
soaps, vanaspathi ghee, paints and varnishes. Seeds of plants are the sources of vegetable oils, rich sources
of essential fatty acids. Animal sources of fats are milk, ghee, eggs, fish and meat.

Structure and chemical composition of oils and fats

With respect to chemical composition, oils and fats are known as triesters of glycerol or
triacylglyerol associated with long chains of fatty acids.

Glycerols are trihydric alcohols where the three carbon atoms can be attached to three — OH groups.
Fatty acids are carboxylic acids with long carbon chains ranging from 14 to 22 carbon atoms. If the
fatty acid molecule contains one or more double bonds, it is called an unsaturated fatty acid. Glycerol,
which undergoes condensation with three molecules of fatty acids, loses three molecules of water to form
corresponding triesters, called as triglyceride or triacylglycerol.

Example
(@) (0]
[l [l
‘sz—OH HO—C—R CH,.—O—C—R
CH —OH + HO—ﬁ—RI - CH —O—ﬁ—RI
(0] ‘ (0]
CH,—OH HO—F —R" CH,— O— C—R"
4 g
Glycerol Carboxylic acid Triglyceride

R,R', R'"are alkyl groups
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Classification of oils and fats

The triglycerides which are solids at room temperature are called fats and the triglycerides which are
liquids at room temperature are called oils.

This difference in phase in triglycerides depends on the extent of unsaturation present in the fatty
acid part of the triglycerides. In the case of fats, the extent of unsaturation is less and hence they exist as
solids. In the case of oils, the extent of unsaturation is more and hence they exist as oils.

Saturated oils or fats are glycerides of lauric acid (C, ,H,,COOH) and stearic acid (C,,H,, COOH)
which are saturated fatty acids.
@ Examples Coconut oil, butter — Lauric acid

Animal fat — stearic acid

Unsaturated oils are glycerides of unsaturated fatty acids like oleic acid (C ,H,,COOH) or linoleic
acid (CH,,COOH).

@ Examples Cotton seed oil, animal fat — Oleic acid
Linseed oil — Linoleic acid

They can be solidified by converting the unsaturated fatty acid into the corresponding saturated fatty
acids. This can be done by subjecting the oils to a process called hydrogenation.

Generally, the term ‘oils’ can be applicable to both unsaturated oils and saturated oils. However, the
term ‘fats’ is confined to saturated oils only.

Hydrogenation of oils

The process involves the passage of hydrogen gas through the unsaturated oil at 200°C temperature
and 5 atm pressure in the presence of nickel catalyst. The carbon-carbon double bonds in the fatty acids
are broken due to the addition of hydrogen to these bonds. Therefore, the unsaturated oils get converted
to saturated fats, thereby leading to solidification. The solidified fat thus formed has a higher melting
point.

Hence, this process is also called hardening of oils. The process of hydrogenation carried out is
generally partial since complete hydrogenation gives very hard fats unsuitable for cooking purposes. Fats
so obtained are more resistant to spoilage in addition to having a better taste and odour.

Ni
Ol +H, _— Fat
(Unsaturated) GOO °(3 (saturated)
5 atm

Physical properties of oils and fats

(1) Generally odourless and tasteless
(i) Immiscible with water and lighter than water
(1) Highly soluble in organic solvents
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Uses

(1) Various vegetable oils such as groundnut oil, coconut oil, sunflower oil, etc. are used for

cooking.
(i1) The hydrogenated oils such as dalda, vanaspathi, ghee etc. are also used for cooking purposes.
(i) Some oils like coconut oil, mustard oil, olive oil etc. are used for cosmetic purposes.
(iv) Cod liver oil and eucalyptus oil have medicinal value.
(v) Oils and fats find industrial applications in the Manufacture of soaps, paints, varnishes,

detergents, etc.

Important applications of organic chemistry

There are many organic compounds which are useful for various purposes in our daily life. They include
plastics, rubber, synthetic fibres, dyes, medicines, cosmetics, petroleum products etc. Among these,
plastics and synthetic fibres are made up of synthetic polymers which are obtained from simple organic
molecules. ‘Polymers’ as the name itself suggests are giant organic molecules made up of many simpler
units which may be identical or not. The simple compounds which join together to give polymers
are called monomers. Polymers are otherwise called macromolecules. The process of formation of
polymers from the corresponding simple monomer molecules is called Polymerization. Polymers can
be naturally occurring or they may be man made.

Synthetic polymers

Some of the natural polymers such as starch, proteins, nucleic acids, rubber, silk etc. are available in living
systems whereas many polymers can be prepared in a laboratory from simple organic compounds.These
are called synthetic polymers in order to distinguish them from natural polymers.

There are two types of polymerizations.
(1) Addition polymerization

(i) Condensation polymerization

(1) Addition polymerization: This reaction involves joining the individual organic molecules by
breaking of T bonds and adding the molecules together.

The macro molecules formed are called addition polymers.

Example

H,SO,

2H2C = CH'_» W CH'_» — CH2 — CH2 — CH: —

IlCH'_» = CH2 % _(‘ CH'_» —C H'_v —)— n
ethylene or polyethylene or
cthene polythene
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Some examples of addition polymers

Ethene H,C = CH, Polyethene {CHZ— CHo} Toys, pipes, bags,
- containers.

Vinyl chloride CH,=CH—CI PVC {CI—L— CH } Floor tiles, toys,
(Polyvinyl | ! rain coats.
chloride) Cl

Tetrafluo- CF, = CF, Teflon -{CFZ— CF, 5— Non-stick

roethene cookware coating

Propene CH,—CH=CH,  Polyprene —éCI—I — CH, )- Fibres for carpets,

| " fishing nets
CH;,

Isoprene H,C =C-CH=CH, Natural -{CI—L—C=CH —CH., } Water proof

Rubber i | " 7" materials sheets,
CH, CH, balls, tyres, shoes

1,3-butadiene H,C = CHCH = CH, Synthetic ‘GCHz_ CH=CH — CH:%‘ Same as natural

rubber rubber
Buna - s
Chloroprene HC=C—CH= Neoprene {CI—L— C=CH— CH»} Insulating material,
CH, ) | " /n conveyor belts in
) Cl mines, synthetic
Cl fibre.

(i) Condensation polymerization:A reaction in which the joining of monomer molecules involves
a loss of simple molecules such as water or ammonia is called condensation polymerization. The
resulting products are called condensation polymers.

This type of polymerization is possible only between the molecules having two reactive sites or
functional groups.The classes of organic compounds which involve in this process are generally
alcohols, carboxylic acids, amines and amides.

The basic reactions involve the formation of ester group or amide group.

@ Example
H,S0,
RCOOH + HOR! — = RCOOR! + H-O
H
RCOOH + N -R! - RCONHR' + H,O
/
H

(R & R' - alkyl groups)
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Some examples of condensation polymers

Ethylene glycol + CH,OH OOCH, Terylene (or) Manufacture of
Dimethyl terephthalate | +CH (Polyester) synthetic fabric
4
Dacron

CHOH  “coocH,
Hexamethylene diamine ~ H,N (CH,), NH, Nylon — 6,6 Manufacture of
+ adipic acid + (Polyamide) synthetic fabric.

HOOC — (CH,)), —

COOH

Classification of polymers

Polymers can be classified into three types depending on the structure and physical properties. They are
(1) Elastomers

(i1) Fibres and

(111) Plastics
(1) Elastomers/Rubber

Elastomers are polymers which exhibit the unique property of high elasticity. They can be
stretched to 5 to 10 times their original length under tension and their original dimension can be
reversed back on the release of the load. Thus elasticity is the characteristic property.

Elastomer/rubber is an addition polymer. Naturally available rubber can be formed from latex
of rubber trees. The basic monomer units in rubber are isoprene units. This polymer is highly
elastic in nature. This natural rubber is subjected to a process called vulcanization which makes
the rubber temperature resistant. Vulcanisation is the process of heating of natural rubber with
sulphur which improves the elasticity as well as reduces the sticky nature of rubber. During this
process, different isoprene units are joined together by C — S — S — C bonds. Synthetic rubbers are
also addition polymers.

@ Example
Buna — S, Thiokol,

Elastomers can be of two types - natural and synthetic elastomers.

Natural rubber is the example of natural elastomer and examples of synthetic elastomers are Buna-S
rubber and Neoprene.

Characteristics

(a) The material is soft.

(b) It can withstand very high strain.
(i1) Fibres

Fibres are polymers which have the characteristic property of high tensile strength and can be
elongated into long thin threads.
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@ Examples

Cellulose is a natural polymer,a main constituent, present in natural fibres such as cotton, wool and silk.

Synthetic fibres are nylon, polyester, terylene, orlon, rayon.

Characteristics

(a) High tensile strength
(b)
©

(d) Resistance to aerial oxidation

Ability to withstand pressure and temperature (sun light and ironing)

Resistance to chemical reactions with alkalis and solvents of dry cleaning

Preparation of synthetic fiber

From a polymeric material, the synthetic fibre can be obtained by spinning. Spinning of fibre can be of
various types.

1. Melt spinning: The molten polymer when pumped through a porous spinneret jet followed by
cooling gives fibre.

@ Examples Nylon and Dacron

2. Dry spinning: The polymer is made to dissolve in a organic solvent that has a low boiling point.
It is pumped through spinneret.The solvent is evaporated by sending hot air around the spinneret.
Thus, a fibre is obtained.

@ Examples Cellulose acetate and Orlon
(1) Plastics
The polymers which can be extended as sheets or pipes or which when dissolved in suitable
solvents form paints and emulsions or which can be moulded into various shapes are called

plastics. For making various types of plastics, small amounts of other compounds are added to the
polymeric organic compound. These compounds which are added are called fillers, plasticizers,

lubricants.
Styrene Polystyrene Insulating materials,packing,
TV, refrigerator lining
Vinyl Polyvinyl Pipes, floor coverings,
Chloride chloride (PVC)  gramophone records
Characteristics

(a) Tough and hard materials.

(b) High resistance to chemical reactions with water, heat and pressure, atmosphere.
(c) Ease of fabrication.

(d) Ease of colour mixing.

(e) Resistance to corrosion.



344 Organic Chemistry—II

Adhesives

The substance which is used for attaching materials at their surfaces are called adhesives.

(i) Natural adhesives: Natural adhesives are made from bones of animals and fish, milk protein
casein, vegetable protein, egg albumin, blood albumin, starch etc.

@ Examples Gum-Arabica, shellac, glue etc.

(ii) Syntheic adhesives: Synthetic adhesives can be obtained from derivatives of cellulose. The
additional materials such as wetting agents, fillers and preservatives are added to adhesives.

@ Examples Epoxy resins, silicones, phenol-urea formaldehyde resin, polyvinyls, polystyrenes,
polyamides.

Characteristics
(1) It should be capable of holding the material together by surface attachment.
(i) It should dry at a faster rate.
(ii1) The solvents should not react with the material to which the adhesive is applied.

Cosmetics

Cosmetics is a class of materials used for cleaning or beautification of a person. They include creams,
talcum powders, cleaning lotions, nail polishes etc.

(1) Cold creams: They are emulsions of oil in water used to protect skin from external eftects.
Characteristics

(a) Should melt at body temperature.
(®

) Should easily spread over the skin.
(c) Should not be sticky and greasy.

(d) Should act as a shield to hot sun, cold weather and wind.

Ingredients of cold cream: Almond oil, bees wax, rose water, butter, olive oil, borax and paraftin
Wax.

(i) Nail polish: It is a polymeric resin applied on nails for cosmetic purpose.
Characteristics

(a) Non toxic nature.

(b)

©

(d) Should be available in attractive colours.

Faster evaporation of solvents and faster drying.

Water insoluble nature.

Ingredients of nail polish: Organic polymer, a plasticizer, colouring pigments, perfume, low boiling
solvent. The polymeric resin may be a derivative of nitrocellulose. Plasticizer can be castor oil. The low
boiling solvents can be alcohols, benzene etc.

Dyes

The substances are organic colouring materials which can impart colours to various fibres.
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Characteristics
(1) Resistance to sunlight.
(i) Resistance to soaps and detergents.
(i11) Ability to spread uniformly over the fabric.
(iv) Resistance to water.
(v) Resistance to heat and temperature.
(vi) Ability of easy drying.

Structural aspects of the ingredients of dyes

All dyes are basically aromatic organic compounds. The unsaturated group of the organic molecule
which imparts colour to the fabric are called chromophores.

@ Example _NO,,—-NO,-N=N —,\C = O,}j = S groups.The other part of the molecule
/ /

intensifies the colour of the dye. In addition to this, it is this part which forms bonds with the fibre. These
are called auxochromes.

@~ Example -COOH, -OH, -SO H, -NH,, -NHR groups.

Classification of dyes

On the basis of the nature of chromophore present in the dye, the dyes are classified into various types.
Some of these types of dyes are:

-NO, Nitro dye Martius yellow
-NO Nitroso dye Naphthol green
-N=N Azo dye Methyl orange,

Bismarck brown
-C=0 Quinone dye Indigo

Dyes can be classified into various types on the basis of the method of application.

Acid dye Acid medium Orange I

Basic dye Basic medium Malachite green
Direct dye Neutral medium Martius yellow
Mordant dye Insoluble and applied Alizarin

along with soluble dye
Vat dyes Reduced form Indigo
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(i) Acid dyes

These are water soluble anionic dyes that are applied to fibre such as silk, wool, nylon. Attachment to the
fibre is attributed to salt formation between anionic groups in the dye and cationic group of the fibre.

(ii) Basicdyes

Basic dyes are water soluble cationic dyes. Those are mainly applied to acrylic fibres, but find some use
for wool and silk also. Basic dyes are also used for the colouration of paper.

(iii) Direct dyes

The dying with direct dyes is normally carried out in neutral or slightly alkaline dye bath at or near
boiling point, with the addition of NaCl or Na,SO . Direct dyes are used for cotton, paper, leather, wool,
silk and nylon.They are also used as pH indicators.

(iv) Mordant dyes

These dyes cannot dye the fabric directly, When some substances called mordants are added to these dyes,
they can produce wash-fast colours. The mordants include salts of some metals like aluminium, iron and
chromium. Acidic dyes require basic mordants and basic dyes require acidic mordants.

@ Example Alizarin

(v) Vat dyes

These are a kind of developed dyes. The actual dye is colourless. On application to the fabric, it gets
oxidized and converted to the coloured form.The colourless form is called leuco form.

@ Example Indigo

Drugs

The word ‘drug’is derived from the french word ‘drogue’ which means a dry herb.This is because, in the
ancient times, drugs were extracted from various plant parts.

A drug can be defined as a substance which is used for prevention, diagnosis, treatment or cure of a
disease in human beings or animals.

Characteristics of an ideal drug
@
(i

) Localized site of action
)

(1)) Should have negligible side effects
)
)

Efficient in action

(iv) Should not cause any damage to host tissues

v

Therapeutic action of drugs

Should not acquire tolerance on prolonged usage

It is the effect of a particular drug on localized site to produce a desired action on the desired physiological
process. Based on the physiological action or therapeutic action, drugs are classified into six types.
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Drugs acting on central nervous system
Drugs acting on peripheral nervous system

Cardiovascular drugs

Vitamins

Hormones

)
)
)
(iv) Chemotherapeutic drugs
)
)
)

Drugs acting on central nervous system: These drugs either to stimulate or depress the action of
brain and spinal chord. These are also called tranquilizers.

@ Example Meprobamate, amytal (barbiturates)
(i) Drugs acting on peripheral nervous system:These drugs act to stimulate or block temporarily the
action of body nerves. These are also called analgesics.
@ Example Aspirin, paracetamol, Benadryl
(i1) Cardiovascular drugs: These drugs act on the blood vessels and on the functioning of heart. That

means, they may be cardiotonic, antihypertensive, hypocholestemics.Some drugs also act on renal
system and they are called diuretics.

@ Example Aspirin, naproxen
(iv) Chemotherapeutic drugs: Treating the disease by chemical substances is called chemotherapy.
Chemotherapy is the use of drugs to kill an invading microorganism present in the body cells

without causing any damage to the host cells. These are further classified into various types based
on their action on the type of microorganism.

(a) Antimalarial drugs
@ Example chloroquine

(b) Antiseptics
@ Example dettol, boric acid

(c) Antifungals
@ Example sulphadiazine

(d) Antibiotics
@ Example erythromycin, tetracycline, chloramphenicol, pencillin

(e) Antiviral drugs
@ Example Aureomycin

(f) Anti-tuberculosis drugs
@ Example Rifampicin, Cycloserine
Vitamins

These are compounds which are required by the animals in small quantities for their metabolic activities
and for the maintenance of normal health. They form part of the food materials consumed. However,



348

Organic Chemistry—I1

their deficiency causes various diseases. Hence, the supplementation of vitamins to the body in the form
of drugs is essential in times of need.

A Retinol Night blindness

B, Thiamine Beriberi

B, Riboflavin Tongue sores and sores at mouth corner
B, Nicotinic acid Pellagra

B, Pantothenic acid No deficiency symptoms reported
B, Pyridoxine Convulsions

B, Cyanocobalamin Anaemia

C Ascorbic acid Scurvy

D Calciferol Rickets

E Tocoferol Infertility

K Phyloquinone Bleeding or Haemorrhage

Hormones

These are chemical substances produced by endocrine glands inside the human or animal body. They
control the metabolic rate, hence act as metabolic catalysts E.g., Insulin secreted by pancreas controls the
glucose levels in blood. But, deficiency of these hormones in the body results in physiological disorders
or disease. In order to cure these disorders, the hormones should be given externally as a drug. These
drugs also form the part of antifertility drugs and are known as contraceptives.

Pharmaceutical formulations

Pharmaceutical formulations are the various forms in which drugs are given to the patients. A drug can
not be directly consumed by a patient due to its unpleasant taste, smell and appearance. Above all, the
drug when passing through the system may show harmful effects on the various parts of the body. It has
to be released at its site of action in required amounts at regular intervals.

Due to these reasons, a drug is mixed with other ingredients and modified into various forms like
tablets, capsules, syrups, tonics, ointments, injections, powders etc.

(1) Tablets: To the powdered drug, suitable gum is added, dose is determined and then moulded into
solid form called ‘tablets’.

Mode of preparation

(@) Dry method: All ingredients are granulated and screened through a mesh sieve.The dry granules
are compressed and packed.

(b) Wet method: The granulated drug and other ingredients are dispersed in a binder excipient
uniformly and screened through a mesh sieve. The granules are dried on trays in hot air ovens and
compressed to get tablets and the tablets are packed.
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(ii) Capsules: When the drug is bitter or when it causes harm to the intestinal walls or when the
drug is to be absorbed slowly, it is made into capsule form.These are also prepared in the same
manner as the drug in the form of powder or granules is filled in an outer covering.

(i1i) Syrups and tonics: The drug is dissolved in a suitable solvent and made into a colloid or
suspension. Flavouring agents and colours are also added to these to give them good taste, odour
and appearance. Most of the pediatric drugs are in these formulations.

(iv) Injections: When the drug action is required immediately, drug formulations are introduced
directly into the body fluids such as Injections.

The drug is made to dissolve in a suitable solvent to form a solution.These are the formulations
where the drug is directly injected into the muscles or nerves.

Soaps and detergents

Soaps

Soap is the sodium or potassium salt of a long chain of fatty acids.

Principle

Hydrolysis of triglycerides in the presence of alkali give salts of the corresponding fatty acids and glycerol.
This reaction is known as saponficaiton of ester.

R COOR! + NaOH —=— RCOONa + R'OH
Triglyceride Soap  Glycerol

Process: The process of manufacture of soap is carried out in three steps.

(1) Hydrolysis
This step is carried out in a stainless steel tower. Coconut oils or cotton seed oil or animal fat is
taken in the tower. Superheated steam is passed through the oil at 240 — 250°C under a pressure
of 4.1 mega pascals for 2—3 hours in presence of zinc oxide or calcium oxide catalyst. The oil gets
hydrolysed to give a mixture of fatty acids and glycerol.

Glycerol, being highly soluble in water, is separated by distillation, leaving behind fatty acids.

(i) Separation
The fatty acids obtained are used further for the preparation of soap. In this step the mixture of
fatty acids is separated and required fatty acid is used for further process. The mixture is dried and
separated by fractional distillation. The fatty acids required are chosen, mixed in required ratios
(this dictates the quality of soap) and sent for neutralization.

(ii1) Neutralization
The fatty acids are neutralized by using bases. The type of base used depends on the type of soap
to be manufactured. Different salts of fatty acids have different uses in soaps.
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| |
CH-0-COC;;H;; + 3NaOH — CHOH + 3C,;H;;COONa

éHz—O—COC17H33 éHZOH oo
glyceride glycerol
|
Toilet soap KOH
Laundry soap NaOH
Water proof texture Ca(OH),,Al(OH),
Dry cleaning Triethanol ammonium hydroxide

Certain other additives are also added to soap to give them certain extra features.

Deodorant soap 3,4, 5, tribromosalicylanilide
Shaving soap/Slow drying lather Stearic acid
Transparent soap Glycerine

All soaps Perfumes, soda ash, sodium bicarbonate

A large variety of soaps are available in the market for various purposes. The best quality soap is the
one which gives maximum lather with water. Soap however, does not form lather with hard water.

Detergents

Detergents are sodium salts of alkyl benzene sulphonate or fatty alcohol sulphates.

Manufacture of detergents

Manufacture of detergents also involves 3 stages
(1) Treating alkyl benzene or fatty alcohol with Oleum, (H,SO, + SO,) gives alkyl benzene sulphonate
or fatty alcohol sulphate respectively.

(i) Alkyl benzene sulphonate and fatty alcohol sulphate are acids and are treated with sodium
hydroxide. Sodium salt of alkyl benzene sulphonate and fatty alcohol sulphate are formed.

(ii1) In this step, builders like salt, soda ash, sodium bicarbonate are added to the sodium salt of alkyl
benzene sulphonate or fatty alcohol sulphate to give detergents.

H,S0, NaOH ]
nC, H, CHOSOH ———— nC, H,CHOSO, Na*

nC, H,,CH,OH

Lautyl alcohol Sodium laurylsulphate

A wide variety of detergents are manufactured and are available with different trade names in the
market.
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Cleansing action of soaps and detergents

The basic principle behind the working of soaps and detergents is the same. Soap, being sodium or
potassium salt of stearic acid, can be ionized into stearate ions and Na® or K* ions. Stearate ion is
hydrophobic in nature which consists of long chain of hydrocarbon which forms the tail part and
carboxylic acid which is hydrophilic in nature forms the head part.

CH,(CH,) .CH,COONa —3L 5 cH (CH,) CH,COO™ + Na*

Soap Stearate ion
CH,(CH,),.CH,COO" = CH,(CH,),,CH, hydrophobic tail
COO " hydrophilic head
CH3 CH3
| e HO | .
CI—I3(CH2)9—CH—@—SO3N:1 i CH;(CHz)g—CI—I—@—SQzI—H N4

Sodium salt of alkyl benzene sulphonic acid
(Detergent)

Na* ions

Figure 11.2 (a) A soap molecule (b) Cross section of a soap micelle in water

Advantage of detergents over soap

Detergents are sodium or potassium salts of alkyl sulphonic acids. The hydrocarbon tail part remains the
same as is soap whereas the head part contains — SO, end instead of COO~ end. Cleansing action of
detergents is the same as that of a soap.

2RCOO™ Na* + MgSO, —> (RCOO),” Mg** + Na SO,
(Hard water)

s som o —f (o e s
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Soaps are efficient in action only when they are used with soft water. But when they are used with
hard water, they cannot work efficiently. Hard water contains Ca** and Mg*? ions.When soap dissolves in
hard water, these ions form insoluble salts with stearate ions of soap.Thus, the stearate ion concentration
available for micelle formation gets reduced.

Detergents are more efficient than soaps since the calcium or magnesium salts of sulphonic acid
formed are soluble in Hard water and, therefore, do not cause any precipitation.

Disadvantages of using detergents

Though detergents are more efficient than soaps, they are disadvantageous as they add to water pollution.
This is because of the fact that the branched chain of hydrocarbon parts of detergent molecules is
resistant to degradation and persist for a longer time in the environment.

This difficulty could be overcome by reducing the extent of branching to minimum thus rendering
faster degradation of detergent molecules. These are termed as biodegradable detergents.

Petroleum and petrochemicals

Petroleum is a dark viscous oily liquid with unpleasant odour, which originates at depths of thousands of feet
below the earth’s surface. It is also called rock oil (Petra means rock and oleum means oil) or crude oil.

Composition

Petroleum mainly consists of a complex mixture of hydrocarbons, predominantly alkanes (straight and
branched chain —C, to C,) and cycloalkanes. And aromatic hydrocarbons are present in considerable
amounts in the same petroleum deposits. In addition to these, compounds of oxygen, nitrogen and
sulphur are also found in petroleum in minor proportions. However, the composition of petroleum is
variable depending upon the place of its origin.

Extraction of petroleum

All crude oil deposits contain a gaseous mixture of lower alkanes called natural gas. Methane is the major
constituent of natural gas. Petroleum is found floating on the layer of salt. Petroleum can be obtained
by drilling a deep well through the various layers under the earth’s surface till the oil bearing stratas are
reached. During the process of drilling, pressure created in the underground reservoir allows the gases
to fizz out of solution pushing crude oil to the surface. Pipes are introduced up to the oil level through
which the crude oil can be drawn out. But, by this method only 20% of crude oil gushes out. To draw
more petroleum out, either water or compressed air is pumped through the outer pipe and oil is drawn
out through the inner pipe.

Processing of petroleum

The crude oil extracted from the earth’s crust contains a lot of impurities. It has to be first processed in
oil refineries. The petroleum drawn out by the process of drilling is transported through pipes to the
oil refineries and distilled. This oil is of two kinds. One is heavy oil or lubricating oil which is used as
such. The second one is light oil which must be subjected to a series of operations for purification and
separation.



Organic Chemistry—II 353

The purification of crude oil involves two major steps

1st Step: Removal of impurities: Since crude oil is present with a layer of salt beneath earth’s surface,
it contains salt water as the major impurity. This water can be removed by passing the crude oil sample
between two highly charged electrodes. Water droplets are attracted towards the electrodes and separated
out.The oil so obtained is devoid of water and is subjected to treatment with copper oxide. The sulphur
compounds present in the oil react with copper oxide forming copper sulphide which is removed by
filtration.

2nd Step: Fractional distillation: After the removal of impurities, the crude oil obtained is a pure mixture
of hydrocarbons. This method involves heating of the mixture over a specific range of temperature in
a fractionating column with a long tube. This allows separation of various components of the mixture
according to their boiling points.

The crude oil is taken in an iron retort ; g”fordensetflgases
. . Fetroleum ether
and heated up to 350°C—400°C. The various 3 Petrol
components in the oil evaporate at this 4. Naphtha
temperature. The vapours so obtained are g' g?erg:le ne
passed through a fractionating column. The 7. Heavy oil
fractionating column consists of a number of 5. Cride ofl
hori 1 stainl | . 11 evlindrical 9. Tray
orizontal stainless steel trays in a tall cylindrica 10. Pipe
tower. The vapours when passed through this 11. Chimney
column cool down and get condensed. The 12 hc:;st'eercap
condensation takes place at different heights
of the fractionating column. The high boilin .
g g g Figure 11.3

components get condensed first leaving behind

the low boiling components. The liquids formed by condensation are collected in different trays and are
collected separately. At the end of the fractional distillation, a cake like solid residue remains in the retort.
This is called ‘asphalt’.(crude oil rich in naphthalenes)

The various components obtained at various stages can be used for different purposes.These products which
are derived from crude oil by this refining process are used as fuels. Depending on the actual composition of
fraction and the purpose for which it is used, these fractions are subjected to further purification.As a result,
these products get freed from corrosive constituents and also from unpleasant odours.

Petroleum gas  Below 30°C C,to C, Fuel, for making
carbon black
Crude naphtha 30°C-150°C a) Petroleum ether (below  Solvent
90°C) (C.—C) Motor Fuel
b) Gasoline or Petrol Dry cleaning
(90°C-120°C)
C=C)
¢) Benzene (120°C-150°C)
(C9_C10)

(Continued on following page)
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Kerosene Oil 150°C-300°C C,,—€C, Cooking fuel
illuminant oil gas
Fuel oil 300°C-350°C C,—C,, Motor fuel, cracking
a) Gas oil stock for gasoline.

b) Diesel oil
¢) Furnace oil

Lubricating oil  350°C—400°C C,—C,, Paint oil, lubricants

Paraffin wax Above 400°C C,, and above Candles, matches,
paints, water proofing,
ointments, protective
paints.

Petrol or gasoline

It is the most important product of petroleum. It is mainly used as a fuel for automobiles. This is also used
as a solvent for the dry-cleaning of clothes. The petrol which is directly obtained by fractional distillation
of crude oil is called straight run petrol.

Petrol can also be manufactured by a process of cracking of heavier petroleum products.

Cracking

Decomposition of long chain hydrocarbons into simple hydrocarbons at high temperature and pressure
in presence of catalysts. The petrol so obtained is more efficient than the straight run petrol.

Cooking gas/domestic gas

Cooking gas is technically called Liquefied Petroleum Gas (LPG). It is a mixture of propane, propene and
butane with little amount of ethane. This gaseous mixture when subjected to high pressure gets liquefied.
This liquefied mixture is kept in cylinders at high pressure and is used as cooking fuel and also as motor
fuel.

Petrochemicals

Petroleum is an important raw material for the manufacture of industrial chemicals. These products
obtained from crude petroleum are called petrochemicals. Petrochemicals find extensive applications in the
manufacture of plastics, synthetic fibres, synthetic rubber, pesticides, detergents, dyes, drugs etc.

Methane Methyl chloride, methyl alcohol, chloroform etc.

Ethane Ethyl chloride, ethyl alcohol, acetic acid, nitro ethane

(Continued on following page)
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Ethylene Glycol,Vinyl chloride, 1, 3-butadiene
Propane Nitro propane

Propylene Allyl alcohol, butadiene

Butylene Butyl alcohol, butadiene

Thus petroleum forms the most important raw material for the manufacture of various fuels Nevertheless,
the significance of petroleum is being shifted to the manufacture of petrochemicals which form the back
bone of organic chemical industry. Therefore, researches are going on for development of alternative sources
of energy in place of petroleum for a rational and judicious use of this exhaustible natural resource.

test your concepts e e«

Very short answer type questions

1. What are the difterent parts of the IUPAC name of an organic compound?

N8

. Give IUPAC names for the following: O

[
() HC — O — C H, ) H,C—CH;—C —CH,

3. Give common names for the following: O

()HCHO (2) CH,CHO (3) CHr|(3| —CH,
. Why aldehydes can not exhibit position isomerism?
. How is petrol obtained from heavier fractions of petroleum distillation?
. What is petroleum? Give its composition. Also mention the other names of petroleum.
. State the functions of the two parts of a dye.

. What are mordant dyes? Give an example.

O 0 N N U1

. What are the types of synthetic polymers? Give one example each.

10. What is meant by pharmaceutical formulations? Name the different types of formulations of a drug.
11. ITUPAC name of ethylmethylketone is

12. What is meant by rectified spirit? How is absolute alcohol different from rectified spirit?

13. How is ethyl alcohol prepared from starch? Give equation.

14. 1-Propanol and 2-Propanol are isomers.

15. Why are carbohydrates called saccharides?



16.
17
18.
19:
20.
21.
22.
23.

24.
25.

26.

27.
28.

29.
30.

‘What are oligosaccharides? Give some examples.

What are the types of isomerism exhibited by ketones?

‘What is the general formula of polysaccharides? Give examples.
‘What is meant by vulcanization?

Give the reactions of ethyl alcohol with H,SO,

What is absolute alcohol? How is it obtained from rectified spirit?

Worite the chemical reactions involved in the manufacture of ethyl alcohol form sucrose.

Maltose is an example of .

(1) oligosaccharide (2) homopolysaccharide

(3) heteropolysaccharide (4) monosaccharide

What are essential amino acids? In what way are they different from non essential amino acids?

Name some disaccharides. Give the formula.
What is zwitter ion? Why do amino acids form zwitter ions?
The secondary suftix ‘al’ indicates functional group in the compound.

What is a glycoside bond? How is it formed?

Give the composition of denaturated spirit?

Define the following
(a) Soap

(b) Detergent

(c) Fats

(d) Oils

(e) Unsaturated oils
(

f) Saturated oils

Short answer type questions

31.

32.

33
34.
35.
36.
37

38.

356

Give the structures of the following compounds.

(a) 2 — butanol (b) 3 — bromopentane

(c) 2 —chloro — 2 — propanol (d) 2 — propanone

What is secondary suffix? Give the different functional groups with their secondary suftixes.
Give equations for the addition of HCN to an aldehyde and a ketone.

‘What is meant by spurious alcohol? Why is it fatal?

How are carbohydrates classified? Explain.

Draw the structures of glucose and fructose.

What are Tollen’s reagent and Fehling’s reagent? How do they help in identification of caronyl
compounds?

Give characteristics of synthetic fibres. How do they differ from other types? Give two examples.



39.
40.
41.
42.
43.
44.
45.

What are the characteristics of a dye?

Define a drug. List out the characteristics of an ideal drug.

Explain the cleansing action of soap.

Explain the process of hydrogenation in detail and give its advantages.
‘What is the significance of proteins?

‘What are proteins? How are they formed?

What are the products of hydrolysis of sucrose, maltose and lactose?

Essay type questions

46.
47.

48.
49.

50.

CONCEPT APPLICATION g

Concept Application Level—1

Explain the process of fermentation of molasses.

What are reducing and non reducing sugars? Give examples. What are their sources? How are they
distinguished from each other?

What are synthetic polymers? How are they classified? Give the characteristics of each type.

Write the differences between soap and detergents. List the differences in the process of manufacturing
soap and detergents.

Explain the refining of crude oil.

Direction for questions 1 to 7: State whether the following statements are true or false.

1. Ethyl alcohol on oxidation with acidified K ,Cr,O_ gives ethanal.

2. Propionic acid is the IUPAC name of carboxylic acid with three carbon atoms.

O
I

3. The — C— NH— bond is called glycoside bond.
4. Proteins are the polymers of aminoacids.

5. Antiseptics are a class of chemotherapeutic drugs.

6. Lauric acid and stearic acid are unsaturated fatty acids.

7. Both glucose and sucrose give Fehling’s test.
Direction for questions 8 to 14: Fill in the blanks.

8. The part of IUPAC name of the organic compound which denotes functional group is called
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10. is the additive used in transparent soaps.

9. Structural formula of methoxy propane is

11. Diethyl ketone and isopropyl methyl ketone are called

12. The part of the dye molecule which forms bonds with fibre is called

13. The addition compound obtained by treating propanone with hydrogen cyanide is
14. is obtained by the saponification of oils.

Direction for question 15: Match the entries in column A with the appropriate onesin
column B.

15.
|
A. Chloramphenicol () a. vitamin A
B. Alizarine () b. copolymer
C. Zymase () ¢. addition polymer
D. Alkyl benzene sulphonate () d. fermentation process
E. Nylon-66 () e. antibiotic
E  Polyprene () f.  mordant dyes
G. Retinol () g. detergent

Direction for questions 16 to 30: For each of the questions, four choices have been
provided. Select the correct alternative.

16. Detergents are less or non bio-degradable when compared with soaps. For detergents
to be bio-degradable in nature, the non-polar part of the molecule should

(1) consist of a hydrocarbon with more branching.

(2) consist of a hydrocarbon with more number of branches and unsaturation.
(3) have straight or open chain hydrocarbons.

(4) be replaced by aromatic rings substituted by alkyl groups.

17. The secondary suffix, ‘- one’ indicates the following functional group in the compound.

H

(1) — COOH @ >c=o
R /

G >c=zo 4 — OH
R/

18. In case of oligosaccharides, the monosaccharide units are joined by
(1) glycoside bonds (2) peptide bonds  (3) dative bonds  (4) covalent bonds

component migrates towards

(1) cathode due to zwitter ion formation

K (2) anode due to the conversion of zwitter ion to positiveion.

19. When an amino acid solution which is slightly alkaline is subjected to electrolysis, the resulting

J
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31.

N

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

Concept Application Level—2

22

(4) one component towards cathode and the other towards anode due to the zwitter ion formation.

(3) migrate to cathode due to the conversion to negative ion.

By treating methyl alcohol with conc. H,SO, at 140°C.Which of the following products is formed?
(1) Ethene (2) Dimethyl ether (3) Methyl ethylether (4) Ethyne

The salt like structures of amino acids are called

(1) zwitter ions (2) peptide bonds

(3) essential amino acids (4) proteins

Which of the following enzymes is used to convert glucose into ethyl alcohol?

(1) Diastase (2) Maltase (3) Zymase (4) Invertase
Which of the following carbohydrates is the sweetest sugar?
(1) Glucose (2) Fructose (3) Cellulose (4) Maltose

Give the corresponding functional isomer of the product formed when ethanol is treated with ethanoic
acid.

(1) Propanoic acid (2) Ethyl ethanoate (3) Butanoic acid (4) Butanone
Which of the following is the antiviral drug?

(1) Chloroquine (2) Tetracycline (3) Aureomycin (4) Sulpha diazine
Tollen’s reagent contains

(1) silver nitrate (2) copper nitrate

(3) copper sulphate (4) ammonical silver nitrate

Sucrose doesn’t respond to tollen’s test. But, it gives a positive result after boiling with
conc. HCIL. It is due to the

(1) cleavage of glycosidic linkage

(2) formation of glycosidic linkage

(3) formation of a compound containing carboxylic acid group
(4) isomerization to glucose units

In deodorant soaps, the additive added in deodorant is

(1) glycerol. (2) stearic acid.

(3) potassium bicarbonate. (4) 3, 4, 5-tribromosalicylaldehyde
Which of the following comes under natural adhesives?

(1) Epoxyresins (2) Polyamides (3) Glue (4) Polyvinyls
Which among the following is a chromophore of azo dyes?

1) > C= 2 -NO (3 -N=N@4) -NO,

A—> B+[H]— CH,-CH,

aq.KOH
C 2

: /
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32.

33.

34.

35.

36.

37.
38.

39.
40.

41.
42.

43.
44.
45.
Concept Application Level—3

46.
47.

22

Fill up the blanks in the above figure and identify the compounds A, B and C. Also mention
the type of reactions involved.

Write the possible isomers for the following molecular formulae.
(@ C,HO (b) CHO, () CH,O

How are the following conversions affected?

(a) Ethanol to methanoic acid

(b) Ethene to oxalic acid.

How do you bring about the following conversions?
(a) Ethene from ethanal  (b) Ethyne to acetic acid (c) Acetylene to oxalic acid
A compound ‘X’ has molecular, formula C, H,O Both X" and its functional isomer “Y” are treated with

a solution of AgNO, dissolved in NH OH separately. What observations do you find in both cases?
Justify with equations.

Compound ‘A’ on treatment with copper at 300°C gives ‘B’ and a gas ‘C’. It is possible to get back
‘A’ from B and C. In presence of ‘D’. Both B and A on treatment with certain reagent gives same
compound ‘E’, which on treatment with ‘A’, gives compound F with fruity smell. Identify the
compounds and isomer of ‘F’.

What is the working principle of a dye? Why does a dye generally fade?

Predict the products formed by the oxidation of glucose with bromine water and concentrated nitric
acid respectively.

Ethyl alcohol obtained by the fermentation of molasses can be purified by fractional distillation to give
95% ethyl alcohol. Further purification is possible by adding a salt such as potassium acetate to ethyl
alcohol and then subjecting to fractional distillation.

How can vulcanization improve the quality of rubber?
Explain the application of mordant dyes to the fabric?

Both sucrose and maltose contain glucose units. But sucrose is a non reducing sugar and maltose is a
reducing sugar. How do you account for this?

Generally, colours of clothes fade away on repeated washing or on exposure to intense sunlight gradually.
Explain with reason.

Supplementation with ‘B’ vitamin is more widely recommended than supplementation with any other
vitamin. Justify.

Among all disaccharides, possessing one or two glucose units, sucrose is the only non reducing sugar.
How do you account for this?

Explain how proteins help to maintain pH of the body.

The amount of ethyl alcohol in blood of a person can be analysed by using a breathalyzer which
contains acidified K,Cr,O.. Explain the principle involved. j
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49.

50.

purposes?

8. What is meant by copolymer? Why are copolymers preferred to other polymers for various

24

Three samples of amino acids A, B and C are taken in neutral, acidic and basic mediums respectively.

Comment on the behaviour of these samples when subjected to an electric field and explain how

amino acids in the form of proteins help in maintaining the pH of body fluids.

Ketones do not respond to Tollen’s test or Fehling’s test. However, fructose which contains keto group

responds to Tollen’s test or Fehling’s test. How do you account for this?

J

key points for

-

1.

2.

3.

5.
6.

10.

11.
12.

(i)
(i)

(i)
(i)
(i)

4. — CHO group is a chain terminating group and
it should be always placed in first position.

Very short answer type questions

Root word
Primary Suffix
Secondary Suffix
Methoxy ethane
Butanone

®

)

(i) Formaldehyde
Acetaldehyde

Acetone

Cracking.

Dark viscous oily liquid with unpleasant odour
and mixture of hydrocarbons. Rock oil, crude oil.

. Chromophore which imparts colour to the fibre,

auxochrones which forms bonds with the fibre

8. The dyes which require mordants.

. Polymers prepared in laboratory from simple

organic compounds.

The various forms in which drugs are given to
the patients. Tablets, capsules, syrups and tonics.

butanone

93% to 95% ethyl alcohol is 100% called
rectified spirit. 100% ethyl alcoho is called
absolute alcohol.

diastase
. (C,H,0) +n/2H,0—%= 5 n/2C H, O,

14.
15.
16.

17.
18.
19.

20. 2C,H.OH =22, C H.OC H, + H,0
C,H,OH =0, H,C = CH, + H,O
21. 100% ethyl alcohol. By adding anhydrous CaO

22.

24.

25.

selected questions

C,H,0,+H,0— 35C H,O,
C6H1206+ I—IZO&) 2C2 HSOH + 2C02
position

Due to similarity in taste to sugar.

The class of carbohydrates which on hydrolysis
gives 2-9 monosaccharide units

Chain, position, functional isomerism

(C()I_Ilo()s)rl

Vulcanisation is the process of heating of natural
rubber with sulphur.

to the rectified spirit.
Invertare
C IZHZZO 1 1+HZO 30°c C()HIZO + C()HIZ + Of)

Glucose Fructose

2C,H.OH , 2CO,

Sucrose

zymare

C6H1206 —0c
Ethyl alcohol

Essential amino acids cannot be synthesized by
the body. Where as non essential amino acids
can be synthesized by the body

Sucrose (C, H,, O,,), Maltose (C, H,, O,)

/
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key points for

26. Dipolar ions, due to the presence of acidic and
basic groups in the same molecule.

28. A glycoside bond is a bond formed by the loss
of one water molecule between the carbon
group and hydroxyl group of monosaccharide.

29. 95% ethyl alcohol + 5% methyl alcohol

30. (a) Sodium or potassium salt of long chain fatty

acids

(b) Sodium slats of alkyl benzene sulphonate.

(c) Triglycerides which are solids at room
temperature

(d) Triglycarides which are liquids at room
temperature

(e) Glyceriaes of unsaturated fatty acids

() Glycerides of saturated fatty acids.

Short answer type questions

31. Identify the respective functional group
according to [IUPAC nomenclature and give
the structural arrangement atoms.

32. Part of [UPAC name which represents
characteristic functional group.

O

Il
33. (i) Addition of HCN on _ C— group .
(i) Hydrogen adds on oxygen and cyanide

O

I
group adds on ‘C’ of —_ C— group.
(iii) Results in the formation of corresponding
cyanohydrins.

35. Based on the number of monosaccharide units
produced upon hydrolysis.

37. Aldehydes undergo oxidation with Tollen’s
reagent and Fehling’s reagent which is a
distinguishing test from ketones.

38. (i) Higher tensile strength.
(i) High resistance to aerial oxidation
(iii) High resistance to chemical reaction with

lkalis.
K a

selected questions

39. (i) Resistance to sunlight, soaps, detergents,
water, heat.
(i) Ability to spread uniformly and easy drying.

40. (i) Site specificity and efficiency of action.
(i) Negligible side effects which doesn’t cause
any damage to host tissues

41. (i) Hydrolysis of soap
(i) Interaction of polar head part of soap with
soft water and hard water

42. (i) Addition of ‘H,’ on unsaturated oil in
presence of catalyst.
(i) Temperature and pressure at which
hydrogenation is carried out.
(i11) Chemical reaction
(iv) Uses: in cooking, cosmetics and for
medicinal purpose.

43. (i) Form basic structural material of living cells.
(i) As enzymes, they catalyse biochemical
reactions.
(iii) As hormones, they regulate metabolic
processes.

44. (i) Definition
(i) Different amino acid units join together by
peptide linkage to form protein molecules.

45. The products obtained by the breakdown of

given oligosaccharides upon addition of water.
(Hydrolysis)

Essay type questions

46. (i) Experimental set-up
(i) Raw-materials
(i) ‘Process’ which include different steps
including enzymatic reactions — (Enzymes
produced by yeast)

47. (i) Sugars that reduce Tollen’s, Fehling’s and
Benedict’s reagent
Example: Glucose and Fructose.
(i) Sugars that does not reduce Tollen’s and
Fehling’s reagent. Example: Sucrose.

48. (i) Type of preparation.
(i) Type of polymerization. j

362



-~

49. Difterences of soaps and detergents:
(1) Composition
(i) Difference in the polar and Non-polar parts
(Head and tail)
(ii1)) Deficiency of action with respect to Hard
water and soft water.
(iv) Pollution.

\_

key points for
selected questions

50. (i) Principle based on difference in boiling
points.
(i) Fractional distillation—Experimental set-up
and procedure.

J

Concept Application Level—1

True or false
1. False

. False

. False

. True

. True

. False

. False

N N A W

Fill in the blanks
8. secondary suffix
9. CH,~O-CH -CH —CH,
10. Glycerol
11. metamers
12. auxochrome
OH

|
13. Propane cyanohydrin (H,C — C —-CH,)
|
CN
14. Soap

Match the following
15.

Multiple choice questions

16.
17.
18.
19.
20.
21.
22,
23.
24.
25.
26.

O O % >
Tt oa oo

F :c
G :a

Choice (3)
Choice (3)
Choice (1)
Choice (2)
Choice (2)
Choice (1)
Choice (3)
Choice (2)
Choice (3)
Choice (3)
Choice (4)

KEY

o
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27. Choice (1)
28. Choice (4)
29. Choice (3)
30. Choice (3)

Concept Application Level—2,3

Key points

31. (i) Type of reaction possible with alcoholic

KOH and aqueous KOH.

(i) Identification of ‘B’ based on the product of
its hydrogenation.

(iii) Identification of the type of reactions
possible with alcoholic KOH and aqueous
KOH.

(iv) Identification of ‘A’ and ‘C’ based on ‘B’.

(v) Identification of the reagent required to
convert the given alkane to ‘A’.

32.General formulae and the structural formulae.

33. (a) Identification of the functional group
which can be oxidized to -COOH group.

(b) Identification of reagent that can oxidise

double bond.

(¢) () Identification of immediate
corresponding organic compound and
reagent from which methanoic acid can
be obtained

(i) Identification of reactant and suitable
reagent from which above compound
is obtained.

(iii) Identification of suitable reagent
and conditions for formation of (ii)
compound from ethanol.

(d) () Identification of corresponding
immediate functional group which
can give — COOH group and also the
reagent required.

(i) Identification of reaction which can
give the compound with the above
functional group.

(iii) Identification of series of steps involved
in the formations of above compound
(ii) from ethane.

34. (a) Structures and their characteristic chemical
reactions.
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Conversion of ethanal to
corresponding alcohol.

(i) Conversion of alcohol to
corresponding unsaturated
hydrocarbon.

Conversion of ethyne to corresponding
aldehyde.

(ii) Conversion of aldehyde to
corresponding acid.

Conversion of ethyne to corresponding
diol.

(ii)) Conversion of diol to oxalic acid.

® @

© @O

@ @

35. (i) Identification of the functional group
having one oxygen atom in it.

(i) Identification of isomer of organic
compound namely X andY from given
molecular formula.

(iii) Prediction of functional groups in X andY
on the basis of isomerism.

(iv) Nature of the reagent given.

(v) Requisite of an organic compound to
respond to the reagent given.

(vi) Comparison of type of products formed.

36. (i) Nature/property of the reagent namely
copper at 300°C

(i) Property exploited by the specific reagent
used namely Cu at 300°C.
(iii) Prediction of functional groups of A and B
from the nature of reagent used.
(iv) Identification of ‘D’ based on ‘B’ and ‘A’.
(v) Identification of functional groups of
‘E’ from B and A based on the usage of
common specific reagents.
(vi) Identification of F from the reaction
between E and B.
(vii) Prediction of functional isomer of ‘F’ based
on nature of functional group and its
molecular formula.

37. (i) Composition of the dye.
(i) Group responsible for electronic transition.
(i) Type and nature of the dye used for fabric.
(iv) Comparison of structure of the dye and
detergent.
(v) Comparison of affinity of dye to the fabric
and detergent.



38. (i) Strength of given oxidising agents.

(i1) Conversion of carbonyl group to
corresponding acid (by suitable oxidizing
agent).

(ii1)) Conversion of both carbonyl group and
hydroxyl group to corresponding acid (by
suitable oxidizing agent).

Significance of 95% ethyl alcohol wrt

fractional distillation.

(i) Nature of ethyl alcohol obtained by

fermentation of molasses.

Purpose of fractional distillation.

Physical property of ethyl alcohol exploited

for the purpose.

(v) Change in physical property when 95%
ethyl alcohol is obtained.

(vi) Eftect of the above change on the state

of ethyl alcohol when the process to

continued.

(vii) Eftect of addition of potassium acetate on
the above physical property.

(viii) Relation between the effect and the
process carried out.

40. (i) Process of vulcanization.

(i1) Type of bonding between the added

element and major constituent of rubber.

(i11) Effect of these bonds on physical properties
of rubber.

41. (i) The role of mordants in fixing dye to the
fabric.
(i) Working principle of a dye.
(i1i)) Composition of mordants.

(iv) The type of association between dye and
fabric.

(v) Role of mordants in developing the above
type of association.

42. (i) Composition and structure of sucrose and
maltose.

(i) Functional group responsible for reducing
nature.

(i11) Type of bonding present in these tow sugar.

(iv) Eftect of oxidizing agents on these
molecules.

43.

44.

45.

46.

47.

(1) The parts of the dye molecule.
(ii) Components of a dye molecule.

(ii1)) Requisite for an organic compound to
exhibit colour.

(iv) Components of dye which imparts colour
and intensifies colour.

(v) Type of attractions between the component
of dye molecule and fabric.

(vi) Changes that take place in the dye when
fabric is washed successively.

(vii) Effect of solar radiation on the colour of
fabric.
(i) Nature and relative requirement of vitamin ‘B’.

(i) Comparison of solubilities of vitamin B
with other vitamins.

(i)

Comparison of functions of vitamin B with
other vitamins.

(i) Requisite for reducing sugar.

(i) Composition of monosaccharide units
present in sucrose.

(iif)
(iv)

Type of glycosidic linkage in sucrose.

Requisite of a disaccharide to be a reducing
sugar.

(v) Comparison of different groups present in
other disaccharides.

Comparison of position of glycoside
linkage in sucrose and other disaccharides.
(i) Dipolar nature of amino acids of proteins.
(1) Functional groups present in proteins.
Effect of these functional groups on the PH.
(1) Exhaled air composition of an alcoholic or
drunken person.

(i) Composition of exhaled air of alcoholic
person.

(i)
(iv)

Nature of substance present in breath alyser.

Changes that take place in breath alyser
when the above substance reacts with the
component of exhaled air of alcoholic
person.

365



48. (i) Chemical units present in co-polymers and

49. (i) The functional groups present in amino

366

(v) Identification of colours of the reagent and

one of the biproducts.

(vi) Relation between change in colour

observed and the nature of product formed.

other polymers.

(i1) Comparison of physical properties of co-
polymer and other polymers.

(i11) Eftect of structural units of different
polymers on degration of polymers.

acid.

(1)) Composition and structural formula of
amino acid.

(i11)) Nature of amino acid that exists under
neutral conditions.

(iv) The constituents of acid and base.

(v) Change in structure and nature of
amino acids in acidic and basic solutions
respectively.

(vi) Effect of change in structure of amino
acid on migration to different electrodes
respectively.

(vii) Relation between the change in structure

of amino acid and the change in nature of
body fluid.

(viii) Effect of the above change on pH.

(ix) Significance of maintaining pH of body
fluids.

50. (i) The requisite for Tollen’s test or Fehling’s test.

(i) Nature of functional group which responds
to the given tests.

(iii) Composition, structural formula and
functional group of fructose.

(iv) Requisite of a monosaccharide to respond
to tollen’s or fehling’s test.

(v) Changes that take place in fructose upon
hydrolysis.

(vi) Eftect of above change on reactivity of
fructose towards tollen’s or fehling’s reagent.



