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FORE WARD

Education plays an important role in the modern society. Many innovations can be
achieved through Education. Hence the Department of Education is giving equal
importance to non-formal education through Open Distance Learning (ODL) mode on
the lines of formal education. This is the first State Open School established in the
country in the year 1991 offering courses up to Upper primary Level till 2008. From
the academic year 2008-2009 SSC Course was introduced and Intermediate Course
from the year 2010-2011. The qualified learners from the Open School are eligible for
both higher studies and employment. So far 7,67,190 learners were enrolled in the
Open Schools and 4,50,024 learners have successfully completed their courses.

With the aim of improving the administration at the grass-root level the Telangana
Government re-organized the existing Districts and formed 31 new Districts. The
formation of new Districts provide wide range of employment and Business
opportunities besides self employment. Given the freedom and flexibilities available,
the Open School system provides a second chance of learning for those who could not
fulfill their dreams of formal education.

Government of Telangana is keen in providing quality education by supplying study
materials along with the text books to enable the learners to take the exam with ease.
Highly experienced professionals and subject experts are involved in preparing
curriculum and study material based on subject wise blue prints. The study material for
the academic year 2018-19 is being printed and supplied to all the learners throughout
the state.

I wish the learners of Open School make best use of the study material to brighten
their future opportunities and rise up to the occasion in building Bangaru Telangana.

With best wishes.........

e

S. Venkateshwara Sharma
DIRECTOR,
Telangana Open School Society,
Hyderabad
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HOW TO USE THE STUDY MATERIAL

Your learning material has been developed by a team of physics experts in open and
distance learning. A consistent format has been developed for self-study. The following points
will give you an idea on how to make best use of the print material.

Title is an advance organisor and conveys an idea about the contents of the lesson.
Reflect on it.

Introduction highlights the contents of the lesson and correlates it with your prior
knowledge as well as the natural- phenomena in operation in our immediate environment.

Read it thoroughly.

E Objectives relate the contents to your desired achievements after you have learnt the
lesson. Remember these.

Content of the lesson has been divided into sections and sub-sections depending on
thematic unity of concepts. Read the text carefully and make notes on the side margin
of the page. After completing each section, answer intext questions and solve numerical
problems yourself. This will give you an opportunity to check your understanding. You
should continue reading a section till such time that you gain mastery over it.

At some places you will find some text in italics and bold. This indicates that it is important.
You must learn them.

Solved Examples will help you to understand the concepts and fix your ideas. In fact,
problem solving is an integral part of training in physics. Do them yourself and note
the main concept being taught through a particular example.

E_ Activities are simple experiments which you can perform at your home or work place
using readily available (low cost) materials. These will help you to understand physics
by doing. Do them yourself and correlate your findings with your observations.

E Intext questions are based on the concepts discussed in every section. Answer these
questions yourself in the space given below the question and then check your answers
with the model answers given at the end of the lesson. This will help you to judge your
progress. If you are not satisfied with the quality and authenticity of your answers, turn
the pages back and study the section again.

E What have you learnt is essentially summary of the learning points for quick
recapitulation. You may like to add more points in this list.

:l Terminal exercises in the form of short, long and numerical question will help you to
develop a perspective of the subject, if you answer these meticulously. Discuss your
responses with your peers or counsellors.

~ Answers to in text questions : These will help you to know how correctly you have
answered the intext questions.

Audio: For understanding difficult or abstract concepts, audio programmes are available
|_‘ on certain content areas. You may listen to these on FM Gyanvani or may buy the CDs
from Priced Publication Unit, NIOS.

|I1:|: Video: Video programmes on certain elements related to your subject have been made
" to clarify certain concepts. You may watch these at your study center or may purchase
these CDs from Priced Publication Unit, NIOS.

www| These are few selected websites that you can access for extended learning.

Studying at a distance requires self-motivation, self-discipline and self-regulation.
Therefore you must develop regular study habit. Drawing a daily schedule will help
you in this endeavour. You should earmark a well-ventilated and well-lighted space in
your home for your study. However, it should not be noisy or distract your concentration

from your work.
. J
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MOLE CONCEPT

As you are aware, atoms and molecules are so small that we cannot see them with our
naked eyes or even with the help of a microscope. Any sample of matter which can be
studied consists of extremely large number of atoms or molecules. In chemical reactions,
atoms or molecules combine with one another in a definite number ratio. Therefore, it would
be pertinent if we could specify the total number of atoms or molecules in a given sample of
a substance. We use may number units in our daily life. For example, we express the number
of bananas or eggs in terms of 'dozen'. In chemistry we use a number unit called mole
which is very large.

e
@ Objectives

After studying this lesson you will be able to :

° state the need of SI units;

° list base SI units;

. explain the relationship between mass and number of particles;

. define Avogadro's constant and state its significance;

. calculate the molar mass of different element and compounds and

. define molar volume of gases at STP.

1.1. SI Units (Revisited)

Measurement is needed in every walk of life. As you know that for every measurement
a 'unit’ or a 'reference standard' is required. In different countries, different systems of units
gradually developed. This created difficulties whenever people of one country had to deal
with those of another country. Since scientists had to often use each other's data, they faced
a lot of difficulties. For a practical use, data had to be first converted into local units and
then only it could be used.



In 1960, the 'General Conference of Weights and Measures." the international authority on
units proposed a new system which was based upon the metric system. This system is called
the "international System of Units' which is abbreviated as SI units from its French name,
Le Systeme Internationale d'Unites. You have learned about SI units in your earlier classes
also and know that they are based upon seven base units corresponding to seven base physical
quantities. Units needed for various other physical quantities can be derived from these
base SI units. The seven base SI units are listed in Table 1.1

Table 1.1 : SI Base Units

Physical Quantity Name of SI Unit Symbol of ST unit
Length Metre m
Mass Kilogram kg
Time Second S
Electrical current Ampere A
Temperature Kelvin K
Amount of substance Mole mol
Luminous intensity Candela cd

For measuring very large or very small quantities, multiples or sub-multiples of these units are
used. Each one of them is denoted by a symbol which is prefixed to the symbol of the unit. For
example, to measure long distances we use the unit Kilometer which is a multiple of metre, the
base unit of length. Here Kilo is the prefix used for the multiple 10°. Its symbol is k which is
prefixed to the symbol of metre, m. Thus symbol of kilometer is km and

1 km=1.0x 10° m = 1000 m

Similarly, for measuring small lengths we use centimetre (cm) and millimetre (mm) where
lkm=1.0x102m=0.01 m
lkm=1.0x10°m=0.001 m

Some prefixes used with SI units are listed in Table 1.2.

Table 1.2 : Some Prefixes used with SI Units

Prefix Symbol Meaning Example

Tera T 1012
Giga G 10°
Mega M 10°

1 terametre (Tm)=1.0x 10” m
1 gigametre (Gm)=1.0x 10°m

1 megametre (Mm) = 1.0 x 10°m




Kilo k 10° 1 kilometre (km)=1.0x 10°m
Hecta h 102 1 hectametre(hm)=1.0x 10’ m
Deca da 10! 1 decametre (dam)=1.0x 10'm
Deci d 107" 1 decimetre (dm)=1.0x 10" m
Centi c 107 1 centimetre (cm)=1.0x 102 m
Milli m 107 1 millimetre (mm)=1.0x 10° m
Micro 1) 10°° 1 micrometre (mm)=1.0x 10°m
Nano n 10”° 1 nanometre (nm) =1.0x 10°m
Pico p 107" 1 picometre (pm) =1.0x 102 m

Before proceeding further try to answer the following questions:

1. Name the SI Unit of mass

1) Ms il) ms

1.2 Relationship between Mass and Number of Particles

Suppose you want to purchase 500 screws. How, do you think, the shopkeeper would give you
the desired quantity? By counting the screws individually? No, he would give the screws by weight
because it will take a lot of time to count them. If each screw weighs 0.8g, he would weight 400g
screws because it is the mass of 500 screws (0.8 x 500 = 400g). You will be surprised to note that
the Reserve Bank of India gives the desired number of coins by weight and not by counting. This
process of counting by weighing becomes more and more labour saving as the number of items
to be counted becomes large. We can carry out the reverse process also. Suppose we take 5000
very tiny springs (used in watches) and weigh them. If the mass of the springs is found to be 1.5g,
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we can conclude that mass of each spring is 1.5+ 5000=3 x 10 g.

Thus, we see that mass and number of identical objects or particles are inter-related. Since atoms
and molecules are extremely tiny particles it is impossible to weigh or count them individually.
Therefore we need a relationship between the mass and number of atoms and molecules (particles).
Such a relationship is provided by 'mole concept'.

1.3 Mole - A Number Unit

Mass of an atom or a molecule is an important property. However, while discussing the quantitative
aspects of a chemical reaction, the number of reacting atoms or molecules in more significant than
their masses. Let us understand this with the help of the following activity.

Aim : To study whether during a reaction, the reactants react with each other in a simple ratio by
mass.

What is required?

China dish, sulphur powder, iron powder, a magnet and a magnifying glass.
What to do?

Mix 1g each of iron and sulphur powders in china dish and heat them till the reaction is complete
and the mixture becomes a hard mass. Now break it into small pieces. Repeat the procedure with
a mixture of 2g of iron and 1g of sulphur powder.

What to observe?

. Pieces obtained from the ‘reaction mixture containing iron and sulphur in 1:1 ratio by
mass (1g each) when observed through a magnifying glass show some yellowish
particles of sulphur. When a magnet is brought near them, they are not attracted showing
that there is no unreacted iron.

. Pieces obtained from the reaction mixture containing iron and sulphur in 2:1 ratio by
mass (2g iron and 1g sulphur) do not show yellow particles of unreacted sulphur but
are attracted by the magnet. This shows the presence of some unreacted iron.

Conclusion

You can conclude that iron and sulphur do not react with each other in a simple mass ratio.
When taken in 1:1 ration by mass (Fe:S), some sulphur is left unreacted and when taken in
2:1 ration by mass (Fe:S) some iron is left unreacted.

Let us now write the chemical equation of this reaction

Fe + S — FeS



From the above chemical equation, it is clear that 1 atom of iron reacts with 1 atom of sulphur to
form 1 molecule of iron (II) sulphide (FeS). It means that if we had taken equal number of atoms
of iron and sulphur, both of them would have reacted completely. Thus we may conclude that
substances react in a simple ratio by number of atoms or molecules.

From the above discussion it is clear that the number of atoms or molecules of a substance is
more relevant than their masses. In order to express their number we need a number unit. One
commonly used number unit is ‘dozen’, which, as you know, means a collection of 12. Other
number units that we use are ‘score’ (20)) and ‘gross’ (144 or 12 dozens). These units are useful
in dealing with small numbers only. The atoms and molecules are so small that even in the minute
sample of any substance, their number is extremely large. For example, a tiny dust particle contains
about 10'* molecules. In chemistry such large numbers are commonly represented by a unit known
as mole. Its symbol is ‘mol’ and it is defined as.

A mole is the amount of a substance that contains as many elementary entities (atoms,
molecules or other particles) as there are atoms in exactly 0.012 kg or 12g of the
carbon-12 isotope.

The term mole has been derived from the Latin word ‘moles’ which means a ‘heap’ or a
‘pile’. It was first used by the famous chemist Wilhelm Ostwald more than a hundred
years ago.

Here you should remember that one mole always contains the same number of entities, no
matter what the substance is . Thus mole is a number unit for dealing with elementary
entities such as atoms, molecules, formula units, electrons etc., just as dozen is a number
unit for dealing with bananas or oranges. In the next section you will learn more about this
number.

1.4 Avogadro’s Constant

In the previous section we have learned that a mole of a substance is that amount which
contains as many elementary entities as there are atoms in exactly 0.012 kilogram or 12
gram of the carbon-12 isotope. This definition gives us a method by which we can find out
the amount of a substance (in moles) if we know the number of elementary entities present
in it or vice versa. Now the question arises how many atoms are there in exactly 12g of
carbon-12. This number is determined experimentally and its currently accepted value is
6.022045 x 10%. Thus 1 mol = 6.022045 x 10* entities or particles, or atoms or molecules.

For all practical purposes this number is rounded off to 6.022 x 10%.

The basic idea of such a number was first conceived by an Italian scientist Amedeo
Avogadro. But, he never determined this number. It was determined later and is known
as Avogadro’s constant in his honour.

This number was earlier known as Avogadro’s number. This number alongwith the unit, that
is, 6.022 x 10* mol™" is known as Avogadro constant. It is represented by the symbol N,.
Here you should be clear that mathematically a number does not have a unit. Avogadro’s
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number 6.022 x 10 will not have any unit but Avogradro’s constant will have unit of mol . Thus
Avogradro’s constant, N, = 6.022 x 10 mol"".

Significance of Avogadro’s Constant

You know that 0.012kg or 12g of carbon-12 contains its one mole of carbon atoms. A mole may
be defined as the amount of a substance that contains 6.022 x 10> elementary entities like atoms,
molecules or other particles. When we say one mole of carbon-12, we mean 6.022 x 10* atoms
of carbon-12 whose mass is exactly 12g. This mass is called the molar mass of carbon-12. The
molar mass is defined as the mass (in grams) of 1 mole of a substance. Similarly, a mole of
any substance would contain 6.022 x 10* particles or elementary entities. The nature of elementary
entity, however, depends upon the nature of the substance as given below:

S.No. Type of Substance Elementary Entity

1. Elements like Na, K, Cu which Atom
exist in atomic form

2. Elements like O, N, H, which Molecule
exist in molecular form (O,, N,, H))

3. Molecular compounds like NH,, H,0, CH, Molecule

4. Ions like Na*, Cu?*, Ag*, CI°, O* Ton

5. Ionic compounds like NaCl, NaNO,, K SO, Formula unit

Formula unit of a compound contains as many atoms or ions of different types as is given
by its chemical formula. The concept is applicable to all types of compounds. The following
examples would clarify the concept.

Formula Atoms / ions present in one formula unit
H,0 Two atoms of H and one atom of O

NH, One atom of N and three atoms of H

NaCl One Na* ion and one CI ion

NaNO, One Na* ion and one NO, ion

K,SO, Two K* ions and one SOZ: ion

Ba,(PO,), Three Ba®* ions and two POj_ions

Now, let us take the examples of different types of substances and correlate their amounts and the
number of elementary entities in them.



1 mole C =6.022 x 10® C atoms

1 mole O, =6.022 x 10* O, molecules

1 mole H O =6.022 x 10> H,O molecules

1 mole NaCl =6.022 x 10* formula units of NaCl
1 mole Ba?* ions =6.022 x 10* Ba* ions

We may choose to take amounts other than one mole and correlate them with number of particles
present with the help of relation :

Number of elementary entities = number of moles x Avogadro’s constant

1 mole O, =1x(6.022x 10¥) =6.022 x 10> molecules of O,
0.5 mole O, =0.5x(6.022 x 10*) =3.011 x 10* molecules of O,
0.1 mole O, =0.1x(6.022 x 10*) =6.022 x 10** molecules of O,

N :
Le; Intext Questions 1.2

1. A sample of nitrogen gas consists of 4.22 x 10* molecules of nitrogen. How many moles of
nitrogen gas are there ?

2. In a metallic piece of magnesium, 8.46 x 10** atoms are present. Calculate the amount
of magnesium in moles.

3. Calculate the number of Cl, molecules and CI atoms in 0.25 mol of Cl, gas.

1.5 Mole, Mass and Number Relationships

You know that 1 mol = 6.022 x 10* elementary entities
and Molar mass = Mass of 1 mole of substance

= mass of 6.022 x 10 elementary entities.

As discussed earlier the elementary entity can be an atom, a molecule, an ion or a formula
unit. As far as mole - number relationship is concerned it is clear that one mole of any
substance would contain 6.022 x 10% particles (elementary entities). For obtaining the molar
mass, i.e., mole-mass relationship we have to use atomic mass scale.



1.5.1 Atomic Mass Unit

By international agreement, a unit of mass to specify the atomic and molecular masses has been
defined. This unit is called aromic mass unit and its symbol is ‘amu’. The mass of one C-12 atom,
is taken as exactly 12 amu. Thus, C-12 atom serves as the standard. The Atomic mass unit is
defined as a mass exactly equal to the 1/12th of the mass of one carbon-12 atom.

Mass of one C-12 atom
12

1 amu=

Atomic mass unit also called unified atomic mass unit whose symbol is ‘u’. Another name of
atomic mass unit is dalton (symbol Da). The latter is mainly used in biological sciences.

1.5.2 Relative Atomic and Molecular Masses

You are aware that atomic mass scale is a relative scale with C-12 atom (also written as 12C)
chosen as the standard. Its mass is taken as exactly 12. Relative masses of atoms and molecules
are the number of times each atom or molecules is heavier than '/ ,th of the mass of one C-12
atom. Often, we deal with elements and compounds containing isotopes of different elements.
Therefore, we prefer to use average masses of atoms and molecules. Thus

Average mass of 1 atom of the element

Relative atomic mass =
'/ ,th of the mass of one C-12 atom

Average mass of 1 molecule of the substance

and Rleative molecular mass = i /_th of the mass of one C-12 atom

Experiemnts show that one O-16 atom is 1.333 times as heavy as one C-12 atom. Thus
Relative atomic mass of O-16 =1.333 x 12 =15.996 = 16.0

The relative atomic masses of all elements have been determined in a similar manner. Relative
molecular masses can aslo be determinsed experimentallty in a similar manner. In case we
know the molecular formula of a molecule. we can calculate its relative molecular mass by
adding the relative atomic masses of all its constituent atoms. Let us calculate the relative
molecular mass of water, H20.

Relative molecular mass of water, H,O = (2 x relative atomic mass of H) + (relative atomic
mass of O)

=2x1)+(16)=2+ 16 = 18.

The relative atomic and molecular masses are just numbers and dimensionless, unit-less
quantities.



1.5.3 Atomic, Molecular and Formula Masses

From the definition of atomic mass unit, we can calculate the atomic masses. Let us again take the
example of oxygen-16 whose relative atomic atomic mass is 16. By definition.

mass of one O-16 atom

Relative atomic mass of O-16 =16 = l/lzth of the mass of one C-12 atom

Since 1 amu = 1/uth the mass of one C-12 atom

.16 — _mass of one O-16 atom

1 amu
Mass of one O-16 atom = 16 amu
Or Atomic mass of O-16 = 16 amu

From this example we can see that numerical value of the relative atomic mass and atomic mass is
the same. Only, the former has no unit while the latter has the unit amu.

Molecular and formula masses can be obtained by adding the atomic or ionic masses of all the
constituent atoms or ions of the molecule of formula unit respectively. Let us understand these
calculations with the help of following examples.

Example 1.1 : Calculate the molecular mass of ammonia, NH.,.
Solution : One molecule of NH, consists of one N atom and three H atoms.

Molecular mass of NH, = (Atomic mass of N) + 3 (Atomic mass of H)
=[14+ (3x1)] amu
=17 amu
Example 1.2 : Calculate the formula mass of sodium chloride (NaCl).
Solution : One formula unit of sodium chloride consists of one Na*ion and one CI ion.

Formula mass of NaCl = (Ionic mass of Na*) + Ionic mass of (Cl )
=25 amu + 35.5 amu

=58.5 amu

You would have noticed in the above example that ionic mass of Na*ion has been taken as 23
amu which is the same as the atomic mass of Na atom. Since loss or gain of few electrons does not
change the mass significantly, therefore atomic masses are used as ionic masses. Similarly we
havetaken ionic mass of Cl as 35.5 amu which is the same as the atomic mass of Cl .



1.5.4 Molar Masses

We know that molar mass is the mass of 1 mol of the substance. Also, 1 mol of any substance is
the collection of its 6.022 x 10* elementary entities. Thus

Molar mass = Mass of 6.022 x 10* elementary entities.
i) Molar mass of an element

You know that the relative atomic mass of carbon-12 is 12. A 12g sample of it would contain
6.022 x 10 atoms. Hence the molar mass of C-12 is 12g mol™!. For getting the molar masses
of other elements we can see relative atomic masses.

Since the relative atomic mass of oxygen -16 is 16, a 16g sample of it would contain 6.022 x 10%
oxygen atoms and would constitute its one mole. Thus, the molar mass of O-16 is 16g mol™.
Relative atomic masses of some common elements have been listed the Table 1.3.

Table 1.3 : Relative atomic masses of some elements (upto 1st place of decimal)

Element Relative Element Relative
Atomic Mass Atomic Mass
Hydrogen, H 1.0 Phosphorus, P 31.0
Carbon, C 12.0 Sulphur, S 32.1
Nitrogen, N 14.0 Chlorine, C1 35.5
Oxygen, O 16.0 Potassium, K 39.1
Sodium, Na 23.0 Iron, Fe 55.9

ii) Molar mass of a molecular substance

The elementary entity in case of a molecular substance is the molecule. Hence, molar mass
of such a substance would be the mass of its 6.022 x 10% molecules, whcih can be obtained
from its relative molecular mass or by multiplying the molar mass of each element by the
number of its moles present in one mole of the substance and then adding them.

Let us take the example of water, HZO. Its relative molecular mass is 18. Therefore, 18g of it
would contain 6.022 x 10** molecules. Hence, its molar mass is 18 g mol. Alternately we
can calculate it as :

Molar mass of water, H O = (2 x molar mass of H) + (molar mass of O)
=(2x 1 g mol") + (16g mol ™)
= 18g mol"!

Table 1.4 lists molecular masses and molar masses of some substances.
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Table 1.4 : Molecular masses and molar masses of some substances

Element or Compound Molecular mass / amu Molar mass / (g mol")

0, 32.0 32.0

P, 124.0 124.0

S, 256.8 256.8

H,0 18.0 18.0

NH, 17.0 17.0

HCl1 36.5 36.5

CH,CI, 85.0 85.0

iii) Molar masses of ionic compounds

Molar mass of an ionic compound is the mass of its 6.022 x 10% formula units. It can be
obtained by adding the molar masses of ions present in the formula unit of the substance. In
case of NaCl it is calculated as.

Molar mass of NaCl = molar mass of Na* + molar mass of CIl-

(23g mol ™) + (35.5g mol™!)

58.5 g mol™!

Let us take some more examples of ionic compounds and calculate their molar masses.

Example 1.3 : Caclulate the molar mass of
i) K,SO4 ii) Ba,(PO,),

Solution :

1) Molar mass of K SO, = (2 x molar mass of K*) + (molar mass of SO?,)

= (2 x molar mass of K*) +
(molar mass of of S + 4 x molar mass of O)

[(2x39.1)+ (32.1 + 4 x 16)] g mol']
(78.2 + 32.1 + 64) g mol! = 174.3 g mol™!

ii)  Molar mass of Ba,(PO,), = (3 x molar mass of Ba*") + molar mass of PO’))

= (3 x molar mass of Ba*") +
2 (molar mass of P + 4 x molar mass of O)

[Bx137.3) +2 (31.0 + 4 x 16.0)] g mol']
(411.9 + 190.0) g mol! = 601.9 g mol!
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Now you have learned about the mole, mass and number relationships for all types of substances.
The following examples would illustrate the usefulness of these relationships.

Example 1.4 : Find out the mass of carbon-12 that would contain 1.0 x 10'° carbon-12 atoms.
Solution : Mass of 6.022 x 10* carbon-12 atoms = 12g

12x1x10"
Mass of 1.0 x 1019 carbon-12 =———— ¢
6.022 x 10

=199x 10* g

Example 1.5 : How many molecules are present in 100g sample of NH, ?
Solution : Molar mass of NH, = (14 + 3) gm mol"' = 17 g mol!

. 17g Sample of NH, contains 6.022 x 10>’ molecules

6.022 x 10” molecule
17g

Therefore, 100g sample of NH, would contain x 100g

=35.42 x 10% molecules

=3.542 x 10%* molecules

Example 1.6 : Molar mass of O is 16g mol™. What is the mass of one atom and one molecule of
oxygen?
Solution : Mass of 1 mol or 6.022 x 10* atoms of O = 16g.
l6g
6.022 x 10”
= 2.66 x 10*g.

Mass of 1 atom of O =

Since a molecule of oxygen contains two atoms (O,).

its mass =2 x 2.66 x 10%g =5.32 x 103g.

N .
Le: Intext Questions 1.3

1. Calculate the molar mass of hydrogen chloride, HCI.

2. Calculate the molar mass of argon atoms, given that the mass of single atom is 6.634 x 10*°kg.
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3. Calculate the mass of 1.0 mol of potassium nitrate, KNO, (atomic masses : K =39 amu;
N =14 amu, O = 16 amu).

4. The formula of sodium phosphate is Na,PO,. What is the mass of 0.146 mol of Na,PO,?
(atomic masses : Na = 23.0 amu, P=31.0 amu; O = 16.0 amu)

1.6 Mass, Molar Mass and Number of Moles

Mass, molar mass number of moles of a substance are inter-related quantities. We know
what :

Molar mass (M) = Mass of one mole of the substance.

Molar mass of water is 18g mol™. If we have 18g of water, we have 1mol of it. Suppose we
have 36g water (18 x 2), we have 2 mol of it. In general in a sample of water of mass
(n x 18) g, the number of moles of water would be n. We may generalize the relation as

mass of the substance

Number of moles (amount) of a substance =
molar mass of the substance

m
S
m= nxM

These relations are useful in calculations involving moles of substance.

Example 1.7 : In a reaction, 0.5 mol of aluminium is required. Calculate the amount of
aluminium required in grams? (atomic mass of Al =27 amu)

Solution : Molar mass of Al = 27g mol!

Required mass = no. of moles x molar mas.

(0.5 mol) x (27g mol™)

13.5¢

1.7 Molar Volume, Vi

Molar volume is the volume of one mole of a substance. It depends upon temperature and
pressure. It is related to the density, by the relation.

Molar mass

Molar volume = Density
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In case of gases, we use thier volumes at standard temperature and pressure (STP). For the
purpose 0°C or 273 K temperature is taken as the standard temperature and 1 bar pressure is
taken as the standard pressure. At STP, the molar volume of an ideal gas is 22.7 litre*. You will
study that gases do not behave ideally and therefore their molar volume is not exactly 22.7 L.
However, it is very close to 22.7L and for all practical purposes we take the molar volume of all
gases at STP as 22.7 L mol..

N :
Le: Intext Questions 1.4

1.  How many moles of Cu atoms are present in 3.05 g of copper (Relatine atomic mass of Cu
=63.5)

2. Anpiece of gold has a mass of 12.6 g. How many moles of gold are present in it ? (Relative
atomic mass of Au=197)

3. Inacombustion reaction of an organic compound, 2.5 mol of CO, were produced. What
volume would it occupy at STP (273K, 1 bar) ?

* Barlier 1 atmosphere pressure was taken as the standard pressure and at STP (273K, 1 atm) the molar
volume of an ideal gas was taken as 22.4 L mol!. The difference in the value is due to the change in the
standard pressure (1 bar) which is slightly less than 1 atm.

725
Fﬁ%’j What You Have Learnt

o Mole is the amount of a substance which contains as may elementary entities as there
are atoms present in 0.012 kg or 12g of C-12. Thus mole denotes a number.

. The number of elementary entities present in one mole of substance is 6.022 x 10%,

. The mass of one mole of a substance is called its molar mass. It is numerically equal
to relative atomic mass or relative molecular mass expressed in grams per mole
(g mol™!) or kilogram per mole (kg mol™!).

. Molar volume is the volume occupied by one mole of a substance. One mole of an
ideal gas at standard pressure and temperature, STP (273 K and 1 bar) occupies 22.7
litres.

. In ionic substances, molar mass is numerically equal to the formula mass of the
compound expressed in grams.

° If the molar mass of a substance is known, then the amount of a substance present in
a sample having a definite mass can be calculated. If M is the molar mass, then, the

. . m
amount of substance n, present in a sample of mass m is expressed as n = —.
M
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H Terminal Exercise

1.

*

10.

How many atoms are present in a piece of iron that has a mass of 65.0 g/ (atomic mass; Fe
=55.9 amu).

A piece of phosphorus has a mass of 99.2 g. How many moles of phosphorus, P, are
present in it ? (atomic mass, P = 31.0 amu)

Mass of 8.46 x 10?* atoms of fluorine is 266.95g. Calculate the atomic mass of fluorine.
A sample of magnesium consists of 1.92 x 102 Mg atoms. What is the mass of the
sample in grams ? (atomic mass - 24.3 amu)

Calculate the molar mass in g mol™! for each of the following.

1) Sodium hydroxide, NaOH

ii)  Copper Sulphate CuSO,.5H,0

iii) Sodium Carbonate, Na,CO,.10H,O

For 150 gram sample of phosphorus trichloride (PCL,), calculate each of the following:
i) Mass of one PCl, molecule.

ii) The number of moles of PCl, and Cl in the sample.

ii1) The number of grams of C1 atoms in the sample.

iv) The number of molecules of PC1, in the sample

Find out the mass of carbon-12, that would contain 1 x 10" atoms.

How many atoms are present in 100g sample of C-12 atom?

How many moles of CaCO, would weigh 5g ?

If you require 1.0 x 1023 molecules of nitrogen for the reaction N, + 3H, = 2NH,.
i) What is the mass (in grams) of N, required ?

ii) How many moles of NH; would be formed in the above reaction from 1.0 x 10*
molecules of N, ?

iii) What volume would NH, gas formed in ii) occupy at STP ?

Za\
m Answers to Intext Questions

1.1
1.

2
3.
4

1.2

Kilogram

Mg

i)h ii) n

i) Megasecond, 10° s

ii) millisecond, 107 s.

4.22 x 10” molecules
Moles of N, gas = = — =0.70 mol
6.022 x 10~ molecules mol
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] 8.46 x 10™ atoms
2. Amount of magnesium (moles = = 7 =14.05 mol
6.022 x 10~ atoms mol

3. No.of Cl, molecules in 0.25 mol CI, =0.25x 6.022 x 102 molecules
=1.5055 x 10% molecules

Since each Cl2 moecule has 2 Cl atoms, the number of Cl atoms = 2 x 1.5055 x 10% =
3.011 x 10% atoms.

1.3

1.  Molar mass of hydrogen chloride = molar mass of HCl
=1 mol of H + 1 mol of Cl
=1.0 g mol! + 35.5 g mol’!
=36.5 g mol"
2. Molar mass of argon atoms = mass of 1 mol of argon
= mass of 6.022 x 10* atoms of argon.
=6.634 x 10* kg x 6.022 x 10* mol!
=139.95 x 10° kg mol!
=39.95 g mol"!

3. Molar mass of KNO3 = mass of 1 mol of K + mass of 1 mol of N + mass of 3 mol of O.

Since molar mass of an element is numerically equal to its atomic mass but has the
units of g mol” in place of amu =39.1g+140g+3x16.0¢g

- Molar mass of KNO, =39.1g+14.0g+48.0g=101.1 g mol"

4. Mass of 1 mol of Na,PO, = 3 x (mass of 1 mol of Na) + mass of 1 mol of P +
4 x (mass of 1 mol of oxygen)

=3(23.0g)+31.0g+4(16.0) g
=69.0g+31.0g+640g=1640¢g
. Mass of 0.146 mol of Na,PO, =0.146 x 164.0 g=23.94 ¢

14
' 3.05¢g
1.  Moles of Cu atoms in 3.05 g copper = 63.5 g mol’ = 0.048 mol
126 g
2. Moles of gold, Au = 197 g mol” = 0.064 mol

3. Molar volume of any gas at STP (298 K, 1 bar) =22.7 L
. 'Volume occupied by 2.5 mol CO, at STP=2.5x22.7L =56.75L
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2
CHEMICAL ARITHMATICS

We know that atoms of different elements combine in simple whole- number ratios to form
molecules. For example, hydrogen and oxygen atoms combine in the mass ratio of 1:8 and
form water, H,O. However, it is impossible to deal with individual atoms because they are
so tiny we can neither see nor weigh them. Therefore, we must increase the size of these
quantities to the point where we can see them and weigh them. With the help of mole
concept it is possible to take a desired number of atoms / molecules by weighing (please
refer to lesson-1). Now, in order to study chemical compounds and reactions in the laboratory,
itis necessary to have adequate knowledge of the quantitative relationship among the amounts
of the reacting substances that take part and products formed in the chemical reaction. This
relationship is know as stoichiometry. Stoichiometry (derived from the Greek stoicheion =
element and metron = measure) is the term we use to refer to all the quantitative aspects of
chemical compounds and reactions. In the present lesson, you will see how chemical
formulae* are determined and how chemical equations prove useful in predicting the proper
amounts of the reactants that must be mixed to carry out a complete reaction. In other
words we can take reactants for a reaction in such a way that none of the reacting substances
is in excess. This aspect is very vital in chemistry and has wide application in industries.

&N - .
@ Objectives
After reading this lesson, you will be able to:
° Define empirical and molecular formulae;

° Differentiate between empirical and molecular formulae;

. Calculate percentage by mass of an element in a compound and also work out empirical
formula from the percentage composition;

° Establish relationship between mole, mass and volume;

o Calculate the amount of substances consumed or formed in a chemical reaction using
a balanced equation and mole concept, and

. Explain that the amount of limiting reagent present initially limits the amount of the
products formed.
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2.1. Molecular and Empirical Formulae

In your previous classes, you have studied how to write chemical formula of a substance.
For example, water is represented by H,O, carbon dioxide is represented by CO,, methane
is represented by CH,, dinitrogen penta oxide is represented by N,O,, and so on. You are
aware, formula for a molecule uses a symbol and subscript number to indicate the number
of each kind of atoms present in the molecule (subscript 1 is always omitted). Such a formula
is called molecular formula as it represents a molecule of a substance. A molecule of water
consists of two hydrogen atoms and one oxygen atom. So its molecular formula is written
as H,0. Thus a molecular formula shows the actual number of atoms of different elements

in a molecule of a compound.

There is another kind of formula, the empirical formula of a compound, which gives only
relative number of atoms of different elements. These numbers are expressed as the simplest
ratio. For example, empirical formula of glucose, which consists of carbon, hydrogen and
oxygen in the ratio of 1:2:1 is CH,O (empirical formulae are also called simplest formulae).
Molecular formula = X where X is empirical formula and n is an integer). For example
molecular formula of glucose is C.H ,0O, which is 6 x its empirical formula. Thus, while
empirical formula gives only a ratio of atoms, the molecular formula gives the actual number
of atoms of each element in an individual molecule. In some cases the ratio of atoms shown
in a molecular formula cannot be reduced to smaller integers. In such cases molecular and
empirical formulae are the same, for example, sucrose C H,, O, which is popularly known
as cane-sugar. In case of certain elements, a molecule consists of several atoms for example

P,, S,, etc. In such cases, empirical formula will be symbol of the element only.

As you know, common salt, which is chemically called sodium chloride is represented as
NaCl. This salt is ionic in nature and does not exist in molecular form. Therefore, NaCl is
its empirical formula which shows that sodium and chlorine atoms are present in NaCl in
the ratio of 1:1. Similar is the case with all ionic substances. KCl, NaNO,, MgO are examples
of empirical formulae as these are all ionic compounds. Table 2.1 provides a few more
examples.

Table 2.1 : Molecular and Empirical Formulae

Substance Molecular formula Empirical formula
Ammonia NH, NH,
Carbon dioxide CO2 CO2

Ethane C2H6 CH3
Fructose CéleO6 CHzO
Sulphur S, S
Benzene C6H6 CH
Sodium chloride - NaCl
Calcium oxide - CaO
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2.2. Chemical Composition and Formulae

How much carbon is present in one kilogram of methane whose molecular formula is CH,?
How much nitrogen is present in one kilogram of ammonia, NH, ? If we have prepared a
substance that is made of 58.8% carbon, 28.4% oxygen, 8.28% nitrogen and 6.56% hydrogen,
what is its empirical formula? You have studied atomic masses, formulae, and the mole
concept. Can we solve the problem using these basic concepts? The answer is ‘yes. Atomic
masses, formulae and the mole concept are the basic tools needed to solve such problems.
What is percentage composition? Let us take up this aspect in a little detail and try to
understand.

2.2.1 Percentage Composition

If we know the formula of a compound, we can find out how much of each of the elements
is present in a given quantity of the compound. Aluminium is obtained from its oxide.
AL O, (which is found as the ore, bauxite). From the formula we can calculate how much
aluminium can be obtained, at least in principle, frm a given amount of aluminium oxide.
Calculation is done by making use of the idea of percentage composition.

Percentage mass of an element in a compound

mass of element in one molecular formula or in one empirical formula
molecular mass or empirical formula mass of compound

= x 100

Mass of element in 1 mol of compound

- Molar mass of compound x 100

Let us calculate percentage composition of aluminium oxide, Al,O,

Mass of aluminium in 1 mol Al,O,

Percentage of Aluminium = Molar mass of ALO, x 100

Molar mass of A1,0,=(2x27.0) g+ (3x16.0) g=102.0¢g
Since 1 mol of A1,0, contains 2 mol of Al atoms, the mass of Alis 2 x 27.0 g =54.0 g Al

540¢g

Percentage of Aluminium = 102—0g x 100 = 52.9%

We can calculate percentage of oxygen in the same way. One mole of Al,0, contains 3
mole of O atoms, that is, 3 x 16.0g oxygen therefore

3x160g

Percentage of oxygen = T()g x 100 =47.1%
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Example 2.1 : Butanoic acid, has the formula C,H,O,. What is the elemental analysis of
butanoic acid ?

Solution : Molecular formula of the butanoic acid is C JHO,.

In one mole of butanoic acid there are 4 mol of carbon atoms. 8 mol of hydrogen atoms and
2 mol of oxygen atoms. Thus, 1 molar mass of butanoic acid will be equal to the sum of 4 x
molar mass of carbon atoms, 8 x molar mass of hydrogen atoms, and 2 x molar mass of
oxygen atoms.

Molar mass of butanoic acid =4x 12.0g+8x1.0g+2x16.0g=88.0¢g

48.0¢g

Percentage of C by mass = 8800 o x 100 = 54.5%
80¢g

Percentage of H by mass = 8800 g x 100 =9.1%
320¢g

Percentage of O by mass = 2809 p x 100 = 36.4%

The percentage of O is butanoic acid can also be calculated as follows :
Percentage of O by mass = 100 - (Percentage of C by mass + Percentage of H by mass)

=100 - (54.5+9.1) =36.4%

2.2. Determination of Empirical Formulae -

Formula Stoichiometry

We have just seen that if we know the formula of a compound we can calculate the percentage
composition. Now the question arises, can we determine the formula of the compound if we
know the percentage composition of compound. The answer will be ‘yes’, but this formula
will not be molecular formula; instead it would be empirical formula as it would give
simplest ratio of different atoms present in a compound. Normally we determine the percentag
composition of different elements present in an unknown compound and determine its
formula. Let us take a simple example of water. Water consists of 11.11% hydrogen and
88.89% oxygen by mass. From the data, we can determine empirical formula of water. Now
if we assume that we have a 100.00 g sample of water, then the percentage composition tells
us that 100.0 g of water contains 11.11 g of hydrogen atoms and 88.89 g of oxygen atoms.

From the atomic mass table, we find that 1 mol of hydrogen atoms has a mass of 1.0 g, and
1 mol of oxygen atoms has a mass of 16.0 g. Now we can write unit conversion factors so
that the mass of hydrogen can be converted to moles of H atoms and the mass of oxygen can
be converted to moles of O atoms. Since 1 mol of H atoms has a mass of 1.0g we get the
conversion factor as
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1 mol H atoms
1.0gH

Therefore

1 mol H atoms

11.11gH=(11.11 g H) 10gH =11.11 mol H atoms

Similarly conversion factor for oxygen will be
1 mol O atoms

16.0g O
1 mol O atoms

Therefore, 88.89 g O = (88.89 g O) 16020 = 5.55 mol O atoms

Thus in water, the ratio of moles of hydrogen atoms to moles of oxygen atoms is 11.11:5.55.

Since a mole of one element contains the same number of atoms as a mole of another
element, the ratio of moles of atoms in a compound is also the ratio of the number of
atoms. Therefore, the ratio of hydrogen atoms to oxygen atoms is 11.1:5.55. Now by dividing
each by the smaller of the two numbers we can convert both numbers to integers.

11.11 5.55
—— =2 and
5.55 5.55

= 1.

Thus ratio hydrogen and oxygen atoms in water is 2:1 and empirical formula of water is
H. O.
2

N :
Le; Intext Questions 2.1

1. For the compound Fe O,, calculate percentage of Fe and O.

2. State percent composition for each of the following :
(a) C in SrCO, b) SO, in H,SO,

3.  What are the empirical formulae of substances having the following molecular

formulae ?
HO, CH, LiCO, CHO, S, HO, BH, O, S.0, NO,

272 67127 277472 27767 379

4. A compound is composed of atoms of only two elements, carbon and oxygen. If the
compound contains 53.1% carbon, what is its empirical formula.
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2.4 Chemical Equation and Reaction Stoichiometry

You have studied that a reaction can be represented in the form of a chemical equation. A
balanced chemical equation carries a wealth of information qualitative as well as quantitative.
Let us consider the following equation and learn what all information it carries.

4Fe(s) + 30,(g) — 2Fe,O0,(8) ... (2.1)
(1) Qualitative Information
Qualitatively the equation (2.1) tells that iron reacts with oxygen to form iron oxide.

(2) Quantitative Information

Quantitatively a balanced chemical equation specifies numerical relationship among
the quantities of its reactants and products. These relationships can be expressed in
terms of :

i)  Microscopic quantities, namely, atoms, molecules and formula units.

ii) Macroscopic quantities, namely, moles, masses and volumes (in case of gaseous
substances) of reactants and products.

Now let us again take the reaction (2.1) given earlier and get the quantitative

information out of it.

2.4.1 Microscopic Quantitative Information
The reaction (2.1)
4Fe(s) + 30,(g) — 2FeO(s) ... 2.1

tells that 4 atoms of iron react with 3 molecules of oxygen to form 2 formula units of iron
oxide. Often this information is written below each reactant and product for ready reference
as shown below :

4Fe(s) + 30,(g) —> 2Fe O,(s) ... 2.1

4 atoms of Fe 3 molecules of O, 2 formula units of Fe O,

2.4.2 Macroscopic Quantitative Information

The microscopic quantitative information discussed in the previous section can be converted
into macroscopic information with the help of mole concept which you have learnt in
unit 1.

a) Mole Relationships

We know that Avogadro number of elementary entities like atoms, molecules, ions or formula
units of a substance consitute one mole of it. Let us multiply the number of atoms, molecules
and formula masses obtained in the previous section (Eq. 2.1a) by Avogadro’s constant, N
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4Fe(s)  + 30,(g) — 2Fe,0,() e 2.1)

4 atoms of Fe 3 molecules of O2 2 formula units of Fe203

4 x N, atoms of Fe 3 x N, molecules of O, 2 x N, formula units of Fe O,(s)
4 mol of Fe 3 mol of O, 2 mol of Fe O,

We may rewrite the above equation as

4Fe(s) + 30,(2) —> 2FeO,8) L (2.1b)
4 mol of Fe 3 mol of O, 2 mol of Fe O,

The above equation (2.1b) gives us the mole relationship between reactants and products.
Here 4 mol of Fe react with 3 mol of O, and produce 2 mol of Fe,O,.

b) Mass Relationships

The mole relationships which you have learnt in the previous section, can be converted into
mass relationship by using the fact that mass of one mole of any substance is equal to its
molar mass which can be calculated from its formula with the help of relative atomic masses
of its constituent elements.

In the reaction that we are discussing, the relative atomic masses of iron and oxygen are
55.8 and 16.0 respectively. Therefore.

i)  molar mass of Fe = 55.8 g mol’!

ii)  molar mass of O, = 2x 16.0 =32 g mol"

iii) molar mass of Fe, O, =(2x55.8+3 x 16.0) g mol"
= 159.6 g mol!

Using these molar masses we can convert the mole relationship given by equation 2.1b into
mass relationship as given below :

4Fe(s) + 30,(g) — 2Fe 0,(s)

4 mol Fe 3 mol O, 2 mol Fe,O,

(4 x55.8) gFe 3x32)g0, — (2 x 159.6) g Fe O,
223.2 g Fe 96 ¢ O, 319.2 g FeO,

Thus 223.2 g iron would react with 96g oxygen and produce 319.2 g iron oxide, We may
rewrite the above equation as

4Fe(s)  + 30,(g) — 2Fe,0,() e (2.1¢)
223.2 g Fe 96 g O, 319.2 g Fe,0,
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¢)  Volume Relationships

We know that one mole of any gas occupaies a volume of 22.7 L* at STP (standard
temperature and pressure 0°C and 1 bar pressure). We can use this information to arrive at
volume relationships between gaseous substances. The reaction that we are considering
involves only one gaseous substance, O,. We may rewrite the equation (2.1b) as

4Fe(s) + 30,(2) — 2Fe,O,(8) . (2.1)
4 mol 3 mol 2 mol
(3x22.7)L at STP
68.1 L at STP

Thus 4 mol of iron would react with 68.1 L of oxygen at STP to produce 2 mol of iron
oxide. (The volume relationship becomes more useful for reactions involving 2 or more
gaseous substances).

We can express microscopic as well macroscopic quantitative relationships involved in the
above reaction as shown below.

4Fe(s) + 30,(2) — 2Fe,0,(s)

4 atoms 3 molecules 2 formula units
4 mol 3 mol 2 mol

2232 ¢g 96 g 3192 g

- 68.1 L at STP -

We may use even mixed relations. For example, we may say 4 mol of iron would react with
68.1 L (at STP) of oxygen to produce 319.2 g of iron oxide.

Let us understand these, relationships with two more examples.

a) Let us work out the mole, mass and volume relationships for the reaction involved in
manufacture of ammonia by Haber’s process.

Microscopic relationship N, (2) + 3H, (2) — 2NH, () (2.2
Microscopic relationships 1 Molecules 3 Molecules 2 Molecules
1) Moles 1 mol 3 mol 2 mol
ii) Mass 28 g (3x2.0) = 6.0g (2x17.0)=34 ¢
ii1) Wolume 1x227L (3 x22.7) (2 x22.7)
=22.7L =68.1 L =454 L
or 1 vol 3 vol 2 vol

* Earlier, the standard pressure was taken as 1 atmosphere and the volume of one mole of gas at STP was
taken as 22.4 L.
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b) Let us take one more reaction, the combustion reaction of butane and work out the different
types of relationships. The reaction is :

2CH,, () + 130, (g) —> 8CO, (g2) + 10H,0 (g)

2 molecues 13 molecules 8 molecules 10 molecules

2 mol 13 mol 8 mol 10 mol
2x(4x12+10x1g) (13x32) g 8x(12+2x16) g 10x(2x1+16)g
116g 416g 352 ¢ 180g
2x22.7=45.4L 13x22.7=295.1 L 8x22.7=181.6 L 10x22.7=227 L
2 vol 13 vol 8 vol 10 vol

Now let us use the mole, mass and volume reationships to make some calculations.

Eaxmple 2.2 In the manufacture of ammonia by Haber process, nitrogen reacts with hydrogen
at high temperature and high pressure inthe presence of a catalyst and gives ammonia.

N,(g) + 3H,(g) — 2NH,(s)

How much hydrogen would be needed to produce one metric ton of ammonia ?

Solution : We should first find out the mass relationships for the reaction.

N, (2) + 3H, (2) —> 2NH (s)
1 mol 3 mol 2 mol
1x28g =28 ¢ 3x2g=60¢g 2x17g=34¢g

We know that :
1 metric ton = 1000 kg = 10° kg = 10° g
From the mass relationship 34 g NH, requires 6.0 g H, for its manufacture.

Ry . 6.0x10° S
- 10°¢ NH, would require BT g=1.76 x 10°g of H,.

Thus 1 metric ton of ammonia will be obtained by using 1.176 x 10°g of Hydrogen.

Example 2.3 In a rocket motor fuelled by butane, C,H, , how many kg of O, should be provided

477107
with each kg of butane to provide for complete combustion ?

Solution : The combustion reaction of butane is
2CH, (2) + 130, (g) —> 8CO, + 10H,0(s)
2 mol 13 mol
2x58=116¢ 13x32=416¢
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Thus, to completely burn 116g butane, exygen required is 416 g.

Therefore, to completely burn 1 kg (1000 g) butane, oxygen required will be

416 x 1000

=22 0
16 =2

3586 ¢ O,

3.586 kg O, =3.59 kg O,

Example 2.4 When lead sulphide; PbS and lead oxide, PbO, are heated together the product are
lead metal and sulphur dioxide, SO,.

PbS(s) + 2PbO(s) _heat  3pp (1) + SO,(g)

If 14.0 g of lead oxide reacts according to the above equation, how many (a) moles of lead (b)
grams of lead, (c) atoms of lald and (d) grams of sulphur dioxide are formed?

(Atomic mass : Pb =207.0, S =32.1;0=16.0

Solution : For each part of the question we well use the balanced equation

PbS(s) + 2PbO(s) _heat  3pp (1) + SO,(g)

1 mol 1 mol 3 mol 1 mol

Now formula mass of PbO = (207.0 + 16.0) = 223.0 amu

Thus, one mole of lead oxide formula units have a mass of 223.0 g. Therefore, 14.0 g of

14.0 g PbO
223.0 g mol”' PbO

PbO is = 6.28 x 102 mol PbO

a)  The balanced equation show that 2 mol of PbO form 3 mol of Pb. Therefore, 6.28 x
1072 mol of PbO form

6.28 x 1072 mol PbO x w =9.42 x 10”2 mol Pb
2 mol PbO

b)  The atomic mass of Pb is 207.0; this tells us that one mol of lead has a mass 207.0g.
Thus, 9.42 x 102 mol of Pb has a mass of

942x10’2m01PbXM—195 Pb
' lmolPb o8
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¢) 9.42x 107%mol of Pb is
9.42 x 1072 mol of Pb x 6.022 x 10? atoms mol' = 5.67 x 10 Pb atoms

d)  The balanced equation shows that 2 mol of PbO form 1 mol of SO,.

1 mol SO,

628 x 102 mol PbO x ——————
2 mol PbO

=3.14 x 107 mol SO,
Now the relative molecular mass of SO, = 32.1 + 2 (16.0) = 64.1
Molar mass of SO, = 64.1 g mol™!
Therefore 3.41 x 10 mol of SO, molecules have a mass of 3.14 x 107> mol x 64.1 mol™

=20l¢g

N .
Le: Intext Questions 2.2

1. How many grams of NH, can be made according to the reaction
N,(g) + 3H,(g) —> 2NH,(s)
from (a) 0.207 mol of N, (b) 22.6 g of H,

2. In reaction
CH,(g) + 30,(g —> 2CO, () + 2H,0(1)

How many (a) moles of O, are consumed and (b) moles of H,O are formed when
4.16 x 10 mol of C_H, react ?

2.5 Limiting Reagents

We generally find that substances which react with each other are not present in exactly the
same proportionion a reaction mixture as stated by a balanced chemical equation. For
example, if 2 mol each of hydrogen and oxygen are mixed and a spark is passed through the
mixture, water is formed according to the equation.

2H, + O, —> 2H,0

2 mol 1 mol 2 mol

Here, 2 mol of hydrogen react with only 1 mol of oxygen, and 1 mol of oxygen therefore
remains unreacted. In this example hydrogen is said to be the limiting reagent or reactant
because its amount becomes zero and the reaction therefore stops before the other reactant;
that is, the oxygen is used up. The amount of hydrogen present initially limits the amount of
product that is formed.
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Example 2.5 3 mol of sulphur dioxide SO, is mixed with 2 mol of oxygen O,, and after reaction
is over sulphur trioxide, SO, is obtained.

1) Which is the limiting reagent ?
i)  What is the maximum amount of SO, that can be formed ?
Solution: i)  We must first write the balanced equation

250, + 0, — 2SO0,

According to the above equation
a) 2 mol of SO, that can be formed from 3 mol of SO,.

.. Amount of SO, that can be formed from 3 mol of SO,

2 mol SO,

=3 mol SO,) x )

2 mol 0, =3 mol SO,

b) 2 mol of SO, can be formed from 1 mol of O,. Therefore, the amount of SO, that can be
formed from 2 mol of O,.

2 mol SO,

=(2mol 0) x 1 =4 mol SO,

mol O,

According to the definition, the limiting reactant is that reactant which gives the smallest amount.
In this case SO, is the limiting reactant.

(i) The maximum amount of product that can be obtained is the amount formed by the limiting
reagent. Thus a the maximum amount of SO, that ca be obtained is 3 mol.

Example 2.6 2.3 g of sodium metal is introduced into a 2L flask filled with chlorine gas at STP
(273 K, 1 bar). After reaction is over, find :

1) What is the limiting reagent in this reaction?

ii)  How many moles of sodium chloride are formed ?

iii))  Which substance is left unconsumed at the end of the reaction ? Find out its mass in
grams.

iv)  What percentage of the substance present in excess is converted into sodium chloride ?
(Given : Na =23, Cl =35.5)

Solution :
2 Na (s) + Cl2 (2) — 2NaCl
2 mol 1 mol 2 mol
or 22.7 L at STP
23¢g

1) Moles of sodium introduced = = 0.1 mol

23 g mol”
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From the above equation, it is clear that 2 mol NaCl is formed from 2 mol Na

2x0.1
Therefore 0.1 mol Na can produce = > = (0.1 mol NaCl
Molar volume at STP =22.7 L
Therefore moles of chlorine in 2 L volume at STP = ————— =0.088 mol
22.7L mol

From equation : 1 mol C1, can produce 2 mol NaCl
Therefore 0.088 mol CI, can produce 2 x 0.088 = 0.176 mol NaCl.
i)  Sodium being the limiting reagent, as calculated in (1), the moles of NaCl produced = 0.1 mol

iii)  From above equation, 2 mol NaCl is produced from 1 mol Cl,

1x0.1
Therefore 0.1 mol NaCl is produced from —y = 0.05 mol Cl,

Initial moles of Cl, = 0.088 mol

Moles of Cl, left unconsumed = (0.088 - 0.05) mol = 0.038 mol

Therefore, mass of Cl, left unconsumed = 0.038 g x 71.0 g mol™" = 2.698 g
(because molar mass of Cl, =2 x 35.5=71.0 g mol™)

iv)  Moles of Cl, comsumed = 0.05 mol out of 0.088 mol

0.088

.. Percent of Cl2 consumed and converted into NaCl = x 100 = 56.8%

Eaxmple 2.7 : 2.0 g mixture of MgCO, and CaCO, are heated till no further loss of weight
takes place. The residue weighs 1.04g. Find the percentage composition of the mixture.
Mg =24,Ca=40,C=12,0=16)

Solution : Mixture of MgCO, and CaCO, taken = 2.0 g
Let the mass of MgCO, be = x g
Therefore the mass of CaCO, =(2.0-x) g

The decomposition reactions are

MgCO, (g) — MgO (s) + CO,(9) (i)
(24+12+48) g (24+16) g
84¢g 40 g (Residue)
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CaCo, (g) —> CaO (s) + CO, (2) (i1)
(40+12+48) g (40+16) g
100 g 56 g (Residue)

Form the equation (1)
84 g MgCO, leave aresidue = 40 g

) ) 40x
x g MgCO, will leave residue = ” g

Form the equation (i)

100 g CaCO, leave a residue = 56 g

. . 56x(2.0-x)
(2.0 - x ) g CaCO, will leave residue = T
) 40x 56x (2.0 -x) )
Total mass of the residue = ” + 100 =1.04 g (given)

40 x 100x + 84 x 56 x 2 - 84 x 56x 84 x 100 x 1.04

4000x + 9408 - 4704x = 8736
9408 - 8736 = (4704 - 4000)x
672 = 704x
Therefore, mass of MgCO, in the mixture = x = % =096 ¢
Therefore, percentage of MgCO, = — x 100 = 48%

and percentage of CaCO, = 100 - 48 = 52%

(7N
Fﬁ%’j‘ What You Have Learnt

. A chemical formula is used not only to represent the name of a compound but also to
indicate its composition in terms (i) relative number of atoms and (ii) relative number

of moles of atoms.

. A molecular formula of a substance shows (i) the number of atoms of different elements
in one molecule. (ii) the number of moles of atoms of different elements in one mole

of molecule.

. An empirical formula shows only a ratio of (i) number of atoms, and (ii) moles of

atoms in a compound.
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Molecular formula is always an integral multiple of the empirical formula
The empirical formula of a compound can be determined from its chemical analysis.

In order to determine a compound’s molecular formula, molecular mass also must be
known.

Stoichiometry is the quantitative study of the composition of chemical compounds
(compound or formula stoichiometry) and of the substances consumed and formed in
chemical reactions (reaction or equation stoichiometry).

Chemical equations specify not only the identities of substances consumed and formed
in a reaction, but also relative quantities of these substances in terms of (a) atoms,
molecules and formula units and (b) moles of these entities.

A balanced chemical equation demonstrates that all the atoms present in the reactants
are accounted for in the product; atoms are neither created nor destroyed in a reaction.

The stoichiometric rations among the moles of reactants shown in a balanced equation
are useful for determining which substance is entirely consumed and which substance(s)
is (are) left over.

ﬁ Terminal Exercise

1.

Write empirical formulae of the following compounds:
CO, Na,S0O,, CH,, HO,, KCI

477107 272

The empirical formula of glucose is CH,O which has a formula mass of 30 amu. If the
molecular mass of glucose is 180 amu. Determine the molecular formula of glucose.

What is ratio of masses of oxygen that are combined with 1.0 gram of nitrogen in the
compound NO and N, O, ?

A compound containing sulphur and oxygen on analysis reveals that it contains 50.1%
sulphur and 49.9% oxygen by mass. What is simplest formula of the compound?

Hydrocarbons are organic compound composed of hydrogen and carbon. A, 0.1647 g
sample of a pure hydrocarbon on burning in a combustion tube produced 0.5694 g of
CO, and 0.0845 g of H O. Determine the percentage of these elements in the
hydzrocarbon.

On combustion 2.4g of a compound of carbon, hydrogen and oxygen gave 3.52 of CO,
and 1.44 g of H,O. The molecular mass of the compound was found to be 60.0 amu.

a) What are the masses of carbon, hydrogen and oxygen in 2.4 g of the compound ?
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10.

I1.

12.

13.

b) What are the empirical and molecular formulae of the compound ?

1) What mass of oxygen is required to react completely with 24g of CH, in the following
reaction?

CH,(2 + 20,( — CO, (2) + 2H,0()

Inthe reaction H, + Cl, — 2HCI1

How many grams of chlorine, Cl, are needed to react completely with 0.245 g of
hydrogen, H,, to give hydrogen chioride, HC1 ? How much HCl is formed ?

3.65 g of H, and 26.7 g of O, are mixed and reacted. How many grams of H O are
formed ?

Cuastic soda NaOH can be commercially prepared by the reaction of Na,CO, with

slaked lime, Ca(OH),. How many grams of NaOH can be obtained by treating 3.0 kg
of Na,CO, with Ca(OH), ?

A potable hydrogen generator utilizes the reaction
CaH, + HO — Ca(OH), + 2H,
How many grams of H, can be produced by a 100 g cartridge of CaH, ?

The reaction 2Al + 3MnO —> AL O, + 3Mn proceeds till the limiting substance is
consumed. A mixture of 220g Al and 400g MnO was heated to initiate the reaction.
Which initial substance remained in excess and by how much ? (Al = 27, Mn = 55).

KClO, may be prepared by means of following series of reactions

Cl, + 2KOH — KCI + KCIO + H,O
3KCIO —> 2KCIl + KCIO,

4KCIO, — 3KCIO, + KCI

How much Cl, is needed to prepare 400 g KCIO, by the above sequence ?
(K=39,C1=355,0=16,H=1)



14.

15.

2.0 g of mixture of Na CO, and NaHCO, was heated when its weight reduced to 1.876
g. Determine the percentage composition of the mixture.

Calculate the weight of 60% sulphuric required to decompose 150g of chalk (calcium
carbonate). Given Ca =40, C =12, O =16, S=32)

Zo)
m Answers to Intext Questions

2.1

1.

3x560+4x16.0

Molar mass of Fe3O4

(168.0 + 64.0) = 232.0 g mol™!

P t fF 168.0 100 = 72.41%

ercentage o € = 232.0 X = . 0

Percentage of O - 640 x 100 = 27.59%
232.0

a) Molar mass of SrCO, = 87.6 + 12.0 + 48.0 = 147.6 g mol"!

Percentage of carbon C in SrCO, = x 100 = 8.13%

147.6
b) Molar mass of H,SO, = 2.0 + 32.1 + 64.0 = 98.1 g mol"

Molar mass of SO, = 32.1 + 48.0 = 80.1 g mol"!

Percentage of SO, in H,SO, = w x 81.65%
Substance Empirical formula
HO, HO

CH, CH,

Li,CO, Li,CO,
C,H,0, CH,O

S, S

H O H,0

B_H, BH,

03 03

S.0, SO,

N2O3 N203
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4.  Percentage of carbon = 53.1%
Percentage of Oxygen = 46.9%
Suppose we take 100g of the substance then moles of carbon = m g =4.43 mol
le of 0 .93 mol
mole of oxygen = Teo ~ % mo
| ) £Cand O 443 293
molar ration o an =503 293
=150:10r3:2

Empirical formula of the compound is C,0,.

1.  Inequation
N, (g) + 3H, (2) — 2NH,(s)

1 mol 3 mol 2 mol

0.207 mol N, gives 0.414 mol of NH,
0.414 mol of NH, = 0.414 mol x 17.0 g mol"' = 7.038 of NH,

22.6
22.6 g of Hydrogen = S0 - 11.3 mol of hydrogen

11.3 mol of hydrogen will give 2/3 x 11.3 mol of NH, =7.53 mol
Therefore, Mass of NH, = 7.53 mol x 17.0 g mol"' = 128.01 g

2. CH,(g + 30,(gy — 200, (g9 + 2H,0(g)

1 mol 3 mol 2 mol 2 mol

a) 4.16 x 10? mol of C H, will consume 3 x 4.16 x 10> mol of oxygen
=12.48 x 10* =1.248 x 10" mol of O,

b)  moles of H,O formed =2 x4.16 x 10 mol
= 8.32 x 10 mol of H,O
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3
ATOMIC STRUCTURE

Chemistry has been defined as the study of matter in terms of its structure, composition and
the properties. As you are aware, matter is made up of atoms, and therefore an understanding
of the structure of atom is very important. You have studied in your earlier classes that the
earliest concept of atom (smallest indivisible part of matter) was given by ancient (600-400
BC) Indian and Greek philosophers. At that time there was no experimental evidence. The
origin of the concept of atom was based on their thoughts on ‘What would happen if we
continuously keep dividing matter’. John Dalton revived the concept of atom in the beginning
of nineteenth century in terms of his atomic theory which successfully explained the laws
of chemical combination. Later experiments showed that the atom is not indivisible but has
an internal structure.

In this lesson you will learn about the internal structure of an atom which will help you to
understand the correlations between is structure and properties. You would learn about these
in the later lessons.

e
L@J Objectives

After reading this lesson you will be able to:

. recognize the fundamental particles of atom;

o describe Rutherford’s experiment and explain its results;

o define electromagnetic radiation;

. list and define the characteristic parameters of electromagnetic radiation;
o discuss line spectrum of hydrogen;

. explain Bohr’s postulates and discuss his model;

. draw energy level diagram of hydrogen atom showing different series of lines in its
spectrum,;

-35-



. explain wave particle duality of matter and radiation;
. formulate Heisenberg’s uncertainty principle;

. explain the need for quantum mechanical model;

. draw probability pictures of an electron in an atom,;
. list quantum numbers and discuss their significance;
° draw the shapes of s,p and d orbitals;

. recognize nodal plane;

. explain Pauli’s exclusion principle;

. define Aufbau principle and

. explain Hund’s rule of maximum multiplicity.

3.1 Fundamental Particles of Atom

In 1897 J.J. Thomson discovered electron as a constituent of atom. He determined that an
electron had a negative charge and had very little mass as compared to that of the atom.
Since an atom was found to be electrically neutral it was inferred that some source of positive
charge must be present in the atom. This soon led to the experimental discovery of the
proton, which is a positively charged subatomic particle. Proton was found approximately
1840 times heavier than an electron. Further experiments revealed that the atomic masses
were more than that expected from the presence of just protons and electrons in the atom.
For example, the mass of helium atom was expected to be double that of hydrogen atom but
was actually found to be almost four times the mass of hydrogen atom. This suggested the
presence of neutral particles with mass comparable to that of protons in the atom. Sir James
Chadwick discovered this neutral particle and called it neutron subsequently in 1932. Thus
we may conclude that atoms are not indivisible but are made up of three fundamental particles
whose characteristics are given in Table 3.1.

Table 3.1 Fundamental particles and their characteristics

Particle Symbol Mass/ kg Actual Charge / C Relative charge
Electron e 9.109 389 x 10! - 1.602 177 x 10" -1
Proton )/ 1.672 623 x 107 1.602 177 x 10" +1
Neutron n 1.674 928 x 107 0 0

Since atoms are made up of still smaller particles, they must have an internal structure. In
the next section we shall take up some of the earlier ideas about the internal structure of
atom.
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N :
LQ. Intext Questions 3.1

1.  Compare the mass of an electron with that of the proton.

3.2 Earlier Models

Once it was established that the atom is not indivisible, the scientists made attempts to
understand the structure of the atom. A number of models have been proposed for the internal
structure of the atom. The first attempt to describe the structure of atom in terms of a model
was made by J.J. Thomson.

3.2.1 Thomson’s Model

On the basis of his experiments on discharge tubes. Thomson proposed that atoms can be
considered as a large positively charged body with a number of small negatively charged
electrons scattered throughout it. This model (Fig. 3.1) was called as plum pudding model
of the atom.

Fig 3.1 : A pictorial representation of Thomson’s plum-pudding model

The electrons represent the plums in the pudding made of positive charge. It is sometimes
also called as watermelon model. In this, the juicy pulp of the watermelon represents the
positive charge and the seeds represent the electrons.

J.J. Thomson Ernest Rutherford

(1856-1940) (1871-1937)
Won Nobel Prize in Physics in 1906 Won Nobel Prize in Chemistry in 1908
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3.2.2 Rutherford’s Experiment

Ernest Rutherford performed an experiment called ‘God Foil Experiment’ or ‘a- ray scattering
experiment’ to test the structure of an atom as proposed by Thomson. In this experiment a
beam of fast moving alpha particles (positively charged helium ions) was passed through a
very thin foil of gold. He expected that the alpha particles would just pass straight through
the gold foil and could be detected by a photographic plate. But, the actual results of the
experiment (Fig. 3.2) were quite surprising. It was observed that most of the o - particles
did pass straight through the foil but a number of particles were deflected from their path.
Some of these deflected slightly while a few deflected through large angles and about 1 in
10,000 o- particles suffered a rebound.

«electron
E nucleus
Source of lead plate photographic  gold foil
alpha particles plate
Fig. 3.2 Schematic representation of Rutheford’s Fig. 3.3 : Schematic representation
o—ray scattering experiment. of Rutherford’s model

These results led Rutherford to conclude that:

o the atom contained some dense and positively charged region located at the center of
the atom that he called as nucleus.

o all the positive charge of the atom and most of its mass was contained in the nucleus.

o the rest of the atom must be empty space which contains the much smaller and
negatively charged electrons (Fig. 3.3).

The model proposed by Rutherford explained the observation in the o-ray scattering
experiments as shown below in Fig. 3.4.

/’ deflected %,
unacriecte
» ‘,JJ

o-rays

Large angle

deflection Small angle

Fig. 3.4 Explanation of the results of o—ray deflection Fig. 3.5 : Failure of Rutherford’s

scattering experiment. model
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However, there was a problem with the Rutherford’s model. According to the Maxwell’s
theory of electromagnetic radiation, a charged particle undergoing acceleration would
continnously emit radiation and lose energy. Since the electron in the atom is also a charged
particle and is under acceleration, it is expected to continuosly lose energy. As a consequence,
the eletron moving around the nucleus would approach the nucleus by a spiral path (Fig.
3.5) and the atom would collapse. However, since it does not happen we can say that the
Rutherford’s model failed to explain the stability of the atom.

The next attempt to suggest a model for atom was made by Neils Bohr-a student of
Rutherford. This model used the concept of quantisation of energy of electrons in the atom.
Since this fact was suggested by line spectrum of hydrogen atom it is worthwhile to
understand the meaning of a spectrum. For this we begin with the understanding of the

nature of an electromagnetic radiation.

PN .
Le: Intext Questions 3.2

1. List the three consituent particles of an atom.

3.3 Electromagnetic Radiations

Electromagnetic radiation is a kind of energy, which is transmitted through space in the
form of electric and magnetic fields. These do not require any medium to propagate. Visible
light, radiant heat, radio waves, X-rays and gamma radiation are some of the examples of
electromagnetic radiations. According to the Maxwell’s theory, an electromagnetic radiation
can be visualised as oscillating electric and magnetic fields. These travel as waves in the
planes perpendicular to each other and also the direction of propagation. (Fig. 3.6 (a) ).
These radiations travel with the velocity of light (3.0 x 10®ms™).
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(a) (b)

Fig. 3.6 : (a) An electromagnetic wave showing electric and magnetic fields travelling
in planes perpendicular to each other and also to the direction of propagation
(b) Characteristics of electromagnetic wave

3.3.1 Characteristic Parameters of Electromagnetic Radiations

The electromagnetic radiations are characterized by a number of parameters. These are

Amplitude : This is refers to the maximum height to which the wave oscillates. It equals
the height of the crests or depth of the troughts.

Wavelength : It is the linear distance between two consecutive wave-crests or wave-
troughts as shown in Fig. 3.6(b). It is represented by a Greek letter lambda (A) and is
expressed in terms of m, cm, nm or Angstrom (1A° = 10'° m).

Frequency : It is defined as the number of wave crests or wave troughs that pass through
a given point per second. It is represented by a Greek letter nu (v) and is expressed in
terms of s*! (second inverse or per second). It is also called as Hz (Hertz).

Wave number : It equals the number of waves per unit length. It is denoted as V (nu bar)
and is equal to the reciprocal of the wavelength. The SI of v is m! (meter inverse). However,
sometimes it is also expressed as cm™! (centimeter inverse).

1

V= x ... (3.1)
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Velocity : it is defined as the linear distance travelled by the wave in one second. The
velocity in meters per second can be obtained by multiplying frequency in Hertz (s) with
wavelength in meters.

c=VA or V= 0 ... (3.2)

The velocity of a radiation depends on the medium. In vaccum the velocity is equal to
3.00 x 108 m s

The electromagnetic radiations also show the characteristics of particles. These are called
as quanta. These quanta are actually bundles of energy. A quantum of visible light is called
a photon. The energy of the quantum (or photon) is proportional to the frequency of the
radiation. The two are related as

E=hv ... (3.3)
The energy of the quantum can also be related to the wavelength or wave number as
E=h % or E=hcv e (3.4)

the energy of photon can be readily calculated from these equations if we know the frequency,
wavelength or wave number.

Example 3.1 : A microwave radiation has a frequency of 12 gigahertz. Calculate the energy
of the photon corresponding to this radiation. (& = 6.626 x 10 J s and 1 gigahertz = 10° Hz.)

Solution : The energy is given by the expression, E = hv
Substituting the values we get,

E=6.626x 10*Jsx 1.2x 10°s!'=7.95x 10**]

Example 3.2 : The green light has a wavelength of 535 nm. Calculate the energy of a
photon of green light.

Solution : We know that
6.626 x 1077 3.0x 10° ms”
E=py=he  (0020X10 J)XCOXIOMS) 5o, 5,
A 535x 10° m

3.3.2 Electromagnetic Spectrum

Depending on their characteristics (wavelength, frequency and wave number)
electromagnetic radiations are of many types and constitute what is called as an
electromagnetic spectrum. (Fig. 3.7) The part of the spectrum that we can see is called
visible spectrum and is a very small part of the overall spectrum.
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Fig. 3.7 : The electromagnetic spectrum

N .
LQ Intext Questions 3.3

1.  Whatis an electromagnetic radiation ?

2. List any three characteristics of electromagnetic radiation.
3. What is wave number? How is it related to wave length ?

4. What is the difference between a ‘quantum’ and a ‘photon’ ?

3.4 Line Spectrum

You know that when we pass a beam of sunlight through a prism we get a range of colours
from violet to red (VIBGYOR) in the form of a spectrum (like rainbow). This is called a
continuous spectrum because the wavelengths of the light varies continuously that is without
any break. Let us take another example. You are aware of the flame tests for identifying
cations in the qualitative analysis. Compounds of sodium impart a bright yellow colour to the
flame, copper gives a green flame while strontium gives a crimson red coloured flame. If we
pass such a light through a prism it gets separated into a set of lines. This is called as line

spectrum. Fig. 3.8 differentiates between a continuous and a line spectrum.

Prism

Fig. 3.8 : (a) a Continuous slpectrum b) a Line spectrum
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3.4.1 Line Spectrum of Hydrogen Atom

When an electric discharge is passed through a discharge tube containing hydrogen gas at
low pressure, it emits some light. When this light is passed through a prism it splits up into
a set of five lines. This spectrum is called the line spectrum of hydrogen (Fig. 3.9).

410 nm

. 434 nm
1 486 nm

(Il EM radiation
; 7
Disch .
lsTcusgge prism 657 num Johann Balmer
(1825-1898

Fig. 3.9 : A schematic diagram showing line spectrum

of hydrogen in the visible range

On careful analysis of the hydrogen spectrum it was found to consist of a few sets of lines
in the ultraviolet, visible and infrared regions. These sets of lines were observed by different
scientists. These spectral emission lines could be expressed in the form of a general formula
as :

o,

1 1_1
V= T=R, [—2— ;f ] em”; R,=109677cm'* .(3.5)

Where n  and n, are positive integers (n, < n ) and R, is called Rydberg’s constant. The
different sets of lines observed in the hydrogen atom spectrum, their discovers and the
values of n and n, are given in the Table 3.2.

Table 3.2 : Summary of the emission lines observed in hydrogen spectrum

Series n, n, Region of spectrum
Lyman 1 234.... Ultraviolet

Balmer 2 3,4,5.... Visible

Paschen 3 4.5.6.... Infrared

Bracket 4 5,6,7.... Infrared

Pfund 5 6,7,8.... Infrared

The line Spectrum of hydrogen atom was explained by Bohr’s model, which is discussed in
section 3.5
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Example 3.3 : Calculate the wavelength of the Balmer line corresponding to n, = 3.

- 1 1
Solution : According to Balmer series =R, [? - F}
2

Where R, = 109,677 cm™!

Forn, = 3 \_/=109,677[%—3i2}=109,677(%j

1 36
Since v'" T 109,677x5
=6.56x 10° cm

= 656 nm
3.4.1.a Planck’s Quantam Theory

The wave nature of light could explain the phenomenon of diffraction and interference. However,
following are some of the observations which could not be explained with the help of
electromagnetic theory. (called classical physics)

e The nature of emission of radiation from hot bodies.

e Reflection of electrons from metal surface when radiation strikes it.
e Variation of heat capacity of solids as a function of Temperature.

e Line spectra of atoms with special reference to hydrogen.

The First concrete explanation for the above observations was given by Max Planck in
1900.

According to his theory light is emitted or absorbed in small packets of
energy called photons. Each photon has a definite amount of energy

associated with it.

the photons travel with a velocity, equal to velocity of light. The Energy

of radiation (E) is proportional to its frequency (V).
Eoav;E=hv
h is called the plank's constant.

h =6.6256 x 10 Js = 6.6256 x 10 erg.s
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Planck’s theory successfully explains the emission
of radiation from a hot body (black body radiations). When
solids are heated they emit radiation over a wide range of
wavelengths.

Example : When iron rod is heated in a furnace, it first

Intensity

turns to dull red and then becomes more and more red as

Bk
the temperature increases. As this is heated further, the Y "\\ .
radiation emitted becomes white, then blue. In terms of A
frequency, it means that the radiation emitted goes from a e et e
lower frequency to higher frequency region of Wavelength J (nm)

electromagnetic spectrum. The ideal body, which emits and
absorbs all frequencies is called a black body and the
radiation emitted by such a body is called black body

Fig. 3.9.a Radiations emitted by a
black body at different

radiation. A hallow sphere coated inside with platinum black temperatures

and having a small hole in its wall acts as a near black
body.

The exact frequency distribution of the emitted radiation i.e intensity of the radiation versus frequency
give curves. Such curves obtained at different temperatures of the black body is shown in Fig. 3.4.1(a).

The study of the curves shows that the nature of the radiation depends on the temperature of the black
body. If the energy emitted is continuous the curve should be as shown by the dotted lines, but it is not
SO.

The following conclusions are drawn from the study of the shape of the curves.

e Atagiven temperature, the intensity of the radiant energy increases with the wave length,
reaches a maximum and then decreases.

e Asthe temperature increases, the peak of the curve shifts to lower wavelength.

The above experimental results could not be explained satisfactorily on the basis of the wave theory of
light. The salient features of Planck’s theory are

*  The oscillating particle in the black body does not emit energy continuously.

* Radiation is emitted only in discrete quantities, Planck gave the name
QUANTUM to the smallest quantity that can be emitted or absorbed in the
form of electromagnetic radiation.

*  The phenomenon of wave propagation of radiant energy in the form of quanta
is called quantization of energy.

* Energy is emitted or absorbed in simple integral multiples of a quantum. It
cannot be in fractional values.

* E=n.hv; where n = an integer.

-45-



3.4.1.b Explanation of Photo Electric Effect

When a clean surface of an alkali metal (Ex:
Potassium, Rubidium etc) is exposed to a beam
of light, ejection of electrons from the metal
surface takes place. Only if the frequency of
incident light is greater than a certain minimum
value, characteristic of the metal. This
phenomenon is known as photo electric effect.

It is observed that violet light is able to eject
electrons from potassium but red light which is
of lower frequency has no effect. The explanation
from the frequency dependence of the
photoelectric effect is given by ALBERT
EINSTEIN. He could explain the photoelectric
effect using Planck’s quantum theory of
electromagnetic radiation as a starting point.
Einstein argued that the wave model of light
cannot explain the observed facts. However, if
light is regarded as consisting of particles (called
photons) such that the energy (E) of a photon is
related to the frequency (v) by the relation.

E = hv; where h = Planck’s constant.

It is easy to understand photoelectric effect.

At}
Balinry

Fig. 3.9.b Equipment for studying the
photoelectric effect. Light of a particular
frequency strikes a clean metal surface inside a
vaccum chamber. Electrons are ejected from
the metal and are counted by a detector that
measures their Kinetic energy.

When photon of sufficient energy strikes an electron in the atom of the
metal, it transfers its energy instantaneously to the electron during the
collision and the electron is ejected without any timelog or delay.
Greater the energy possessed by the photon, greater will be the transfer
of energy to the electron and greater the kinetic energy of the ejected
electron.

When a photon strikes the surface of the metal, the energy (hv) of the
photon is absorbed by the electron in the metal and a part of this energy
is used to set free the electron from the attractive forces in the metal.
The remaining energy of the photon appears in the form of the kinetic
energy of the released electron.

Thus we can write hv = W+K.E where, hv = Energy of the photon.

W = Energy required to overcome the attractive forces on the electron
in the metal. Also called work function.

K.E = Kinetic energy of emitted electron.
s hv=hv_+1/2mV?
M, = mass of electron; v = velocity of ejected electron.

v, = Threshold frequency.
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3.5 Bohr’s Model

In 1913, Niels Bohr (1885-1962) proposed another model of the atom where electrons move
around the nucleus in circular paths. Bohr’s atomic model is built upon a set of postulates,
which are as follows :

1.

3.

The electrons move in a definite circular paths around the nucleus (Fig. 3.10). He
called these circular paths as orbits and postulated that as long as the electron is in a
given orbit its energy does not change (or energy remains fixed). these orbits were
therefore refered to as stationary orbits or stationary states or non radiating orbits.

©

Fig. 3.10 : Bohr’s model Bohr won the Nobel Prize in
Physics in 1922 for his work.

The electron can change its orbit by absorbing or releasing evergy. An electron at a
lower (initial) state of energy, E, can go to a (final) higher state of energy, E, by
absorbing (Fig 3.11) a single photon of energy given by

E=hv=E,-E - (3.6)

Similar, when electron changes its orbit from a higher initial state of energy E, to a
lower final state of energy E,, a single photon of energy h, is released.

Fig. 3.11 : Absorption and emission of photon causes the electron to change its energy level.

The angular momentum of an electron of mass m_ moving in a circular orbit of
radius r and velocity v is an integral multiple of h/2m.

nh
m,vr = —
27

where n is a positive integer, known as the principal quantum number.
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Bohr obtained the following expressions for the energy of an electron in stationary states of
hydrogen atom by using his postulates.

1
Energy of the orbit, E, =—Ry pes ... (3.8)
mz’e*
Bohr could correlate R, to other properties as Ry = 8hZe? ' ... (3.9)
0
where,
m = mass of the electron h = Plank’s constant
z = nuclear charge g, = permitivitty of the medium

e = electronic charge

The negative sign in the energy expression means that the there is an attractive interaction
between the nucleus and the electron. This means that certain amount of energy (called
ionisation energy) would be required to remove the electron from the influence of the nucleus
in the atom. You may note here that the energies of the Bohr orbits are inversely proportional
to the square of the quantum number n. As n increase the value of the energy increases
(becomes lesser negative or more positive). It means that as we go farther from the nucleus
the enrgy of the orbit goes on increasing.

3.5.1 Bohr’s Theory of Hydrogen atom:

Hydrogen atom contains a single proton in its nucleus with +e. An electron with —e revolve
round the nucleus in a circular orbit of radius ‘r’. As per coulomb’s law, electrostatic force of
attraction between the nucleus and the electron is given by

_ 2

Attractive force = 62
-

This is columbic force of attraction of the electron towards the nucleus. For the atom to be stable an

equal centrifugal force must act away from the nucleus. This centrifugal force arises as a result of the

2
electron revolving around the nucleus in the circular orbit. It is equal telg where m is mass of electron

revolving around the nucleus in the circular orbit and 'r' is the radius of the orbit.

Therefore altrative force of the electron revolving round the nucleus in a stationary orbit

a2 a2 2
62 =V or € 2 --—- (1)
r r r
As per Bohr’s quantum condition
2n
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nh n’h?
2 -
271tmr (or) V== 41’mr?

SV = - (2)

Substitute the value of V? in equation (1) above

-e>  mn’h’ (or) 1 = n*h?
2 4mmir? 4m*me?

if r is represented as r_for n" orbit

n’h?
Radius of nth orbit (r ) = Arme? T 3)

Substitute the values of h=6.256 x 10*" erg.sec
n=23.14

(mass of electron) m=9.1 x 1028 g
(Charge on electron) e = 4.802 x 10'? e.s.u in equation (3)

we get  Radius of n™ orbit (r ) = 0.529 x 10® n* cm

If n = 1 Bohr’s orbit (r) = 0.529 x 10® cm = 0.529 A°.

Since ‘n’ can have values 1,2,3...... a simple integer. It is obvious that orbits of only certain
finite radii are possible and electron could occupy possibly only these permitted orbits. These
simple whole numbers denoted by ‘n’ are called Principal Quantum numbers.

Energy of electron:

The total energy of electron revolving in an orbit is obtained by summing up its kinetic energy
and potential energy.

- . 1
Kinetic energy due to motion of an electron = 5 mv?
(m is the mass of electron and v is its velocity)

Potential energy of electron due to position = -¢*/r

l mv? - -¢? _ e’ _iz_ mvz_iz
Total energy of electron =K.E+PE= 75 r  or r o T
Therefore total energy of electron (E) = —2
r
) ) o n2h2
Substituting the value of 't' = APme?
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242l
Energy of electron in nth orbit=E = -e*4mme’

2n%h?
-2’ me* 1
En = T X P

Except of 'n' all the other terms in the above equation are constant we can write

E = 'Ig where K =
n

n

2m*me*
n2

Substituting the values of m,e,h and T we have

E eV.

:—21.72;(10‘12 erg = —21.72;(10'19 Jor —132.6
n n n n

Thus, we can conclude that the energy of an electron (E) can have only certain discrete restricted values
depending upon the value of ‘n’. This is termed as quantization of energy of the electron. An electron
revolves only in certain orbits of fixed radii and also it has only certain allowed energy levels. These
orbits are also termed as main energy levels or the principal Quantum states.

In the equation energy of anelectron  E = 'IE
"on

the energy of an electron is inversely proportional to the square of the principle quantum number n. As
the value of n increases, radius of the orbit increase and the absolute value of energy of an electron also
increases effectively.

As the value of n decrease, the radius of the orbit as well as the absolute value of its energy decreases.
This increases the stability of the atom. When the electron of a hydrogen atom revolves in the first orbit,
energy is at its lowest possible value and hence confers maximum stability to the hydrogen atom. This is
termed as ground state of the hydrogen atom.

When the electron is free from the influence of nucleus the energy is taken as zero. The electron in this
situation is associated with the stationary state of principle Quantum number.

(n) = o and is called as ionized hydrogen atom. When the electron is attracted by the nucleus and is
present in orbit n the energy is emitted and it’s energy is lowered. This is the reason for the presence of
negative sign in the equation for energy and depicts its stability relative to the reference state of zero
energy and n = oo,

3.5.2 Explanation of Line Spectrum of Hydrogen Atom

As per the second postulate mentioned above, the energy emitted in the transition of a single
electron from an initial stationary state of energy E, to a final stationary state of energy E, is
givenasho=E, - E. Substituting the expresisons for energy from Eq. 1.8 we can get the
formula given in eg. 3.5. Thus Bohr’s model providess an explanation for the observed line
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spectrum of hydrogen as summarized in Table 3.2 Fig. 3.12 shows the energy level diagram
for hydrozen atom and the transitions responsible for the observed line spectrum.

O _____________________

BBBB
[l
J;(JIO\S

B
IR=)
W

+ *Paschen seried rared)

J“" = dn=2
3
[

Energy sw——jp

Lyman series (ultraviolet)

_tr_y__t_v n=1

Fig. 3.12 : Energ}z level diagram for H-atom, showing various transitions responsible
for the observed line spectrum.

PN .
Le_‘ Intext Questions 3.4

1.  What is the difference between a line spectrum and a continous spectrum ?
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6.  State photoelectric effect.

7. Define threshold energy.

3.6 Wave - Particle Duality

In section 3.3 you have learnt about the wave nature of light. As you are aware that some of
the properties of light e.g. diffraction and interference can be explained on the basis of its
wave nature. On the other hand some other properties like photoelectric effect and scattering
of light can be explained only on the basis of particle nature of light. Thus light has a dual
nature possessing the properties of both a wave and a particle, i.e., light could under some
conditions behave like a particle and other conditions behave as a wave.

In 1923 a young French physicist, Louis de Broglie, argued that if light can show wave as
well as particle nature, why should particles of matter (e.g., electron) not posses wave like
characteristics ? He proposed that matter particles should indeed have a wave nature and
said that a particle of mass m moving with a velocity v has an associated wavelength, e
(some times called de Broglie wavelength) given by the formula;

A= Lo A= L ... (3.10)

my p

Where p (=mv) is the momentum of the particle. The de Broglie wavelength of a body is
inversely proportional to its momentum. Since the magnitude of 4 is very small, the
wavelength of the objects of our everyday world would be too small to be observed. Let us
make a calculation to see this.

Example 3.4 : Calculate the de Broglie wavelength associated with a cricket ball weighing
380g thrown at a speed of 140 km per hour.

Solution : Mass of the cricket ball = 380g = 380 x 10~ kg = 0.38 kg
Speed or Velocity = 140 km/hr = (140 x 1000) / 3600

=38.89 ms’!
The wavelength associated with the cricket ball will be

dr-Broglie

h 6.626x107°*JS (1892-1987)
=—2= ) de-Broglie proposed the
mv (O.380kg)(38.89ms ) theory of wave-particle

dualism as a part of his PhD

=448 x 103 m (J — kg m? S'z) thesis in 1924. He got the

physics Nobel Prize in 1929

If the electrons show wave nature then a beam of these electrons is expected to show
diffraction which is a property of waves. In 1927 G.P. Thomson and C.J. Davidson
demonstrated the diffraction of electron waves by the crystal lattice of nikel (Fig. 3.13).
Thus electrons also show a dual nature. That is, sometimes these show particle nature while
at some other times they show wave nature.
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Fig. 3.13 : Electron diffraction Werner Heisenberg
pattern from nickel crystal (1901-1976)

Heisenberg got the phys.
Nobel prize in 1932

3.7 Heisenberg’s Uncertainty Principle

An important consequence of the wave-particle duality of matter and radiation was discovered
by Werner Heisenberg in 1927 and is called the uncertainty principle. According to this
principle it is not possible to simultaneously measure both the position and momentum (or
velocity) of an electron accurately. In simple words we may state that more accurately you
measure a particle’s position, the less accurately you’re able to measure its momentum, and
vice versa. Mathematically, the Heisenberg principle can be expressed in terms of an
inequality.
h

Ax Ap > —
p_4TC

....(3.11)
Where Ax and :&p are the uncertainities in the measurements of position and momentum
respectively. If the position of an object is known exactly (i.e., Ax = 0), then the uncertainly
in the momentum must be infinite, meaning that we cannot say anything about the velocity.
Similarly, if the velocity is known exactly, then the position would be entirely uncertain
and the particle could be anywhere. It means that we cannot say anything about the position
of the particle. In actual practice none of the two properties can be measured with certainly.
Due to the small value of the Planck’s constant, i (6.626 x 10* J s) this principle is not
relevant while making measurements of large objects like car, bus or aeroplane etc. It is
relevant, only when you are making measurements on very small objects such as electrons.

Heisenberg’s principle questioned the validity of Bohr’s model. It is so because according
to Bohr’s model we can precisely calculate the radius of the orbit (i.e., the position of the
electron) and the velocity of electron in it. But it is not possible according to Heisenberg’s
principle. It motivated many scientists to develop newer models of the atom using the dual
nature of the electron. This resulted into the development of a Quantum mechanical or
Wave Mechanical Model of the atom discussed in the next section.
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PN .
Le: Intext Questions 3.5

1.  What do you understand by wave-particle duality ?

3.  Compute the de-Broglie wavelength associated with an electron moving which a
velocity of 100 km / second? (m_ = 9.1 x 107" kg)

3.8 Wave Mechanical Model of atom

Wave Mechanical Model of atom was proposed by Erwin Schrodinger - an Austrian physicist
in 1926. This model is basically a formalism or a mathematical recipe, which is based on
some postulates that have no foundation in classical physics. The correctness of these
postulates can be justified in terms of the correctness of the results predicted by them.
According to this Model, the motion of electron inside the atom could be described in terms
of a mathematical function called, wave function, ¢ (Greek letter, psi). The wave functions
are assumed to contain all the information about the electron and are obtained by solving a
differential equation called Schrodinger wave equation (SWE). The square of the wave
function ¢* is a measure of the probability of finding an electron in a three dimensional
space around the nucleus.

On solving the SWE for hydrogen atom we get a number of wave functions, which are
characterized by three quantum numbers viz.,

o Principal quantum number, n
° Azimuthal quantum number, [

o Magnetic quantum number, m,

These quantum numbers arise in the process of logically solving the wave equation. Every
electron in an atom has a unique (different) set of quantum numbers which help to describe
the three dimensional region where there is maximum probability of finding the electron.
This region is called as atomic orbital or simply orbital.

3.8.1 Significance of Quantum Numbers

The three quantum numbers describe the size, shape, and orientation of the atomic orbitals
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in space. There is an additional quantum number which does not follow from the Schrodinger
wave equation but is introduced to account for electron spin. The fourth quantum number
thus help in designating the electrons present in the atom. Let us understand the significance
of each of these quantum numbers.

Principal quantum number, n

The principal quantum number, n describes the energy level (or principal shell) of the
electron within the atom. n can have only positive non zero integral values (i.e., n =
1,2,3,4.....). This means that in an atom, the electron can have only certain energies. Thus
we may say that n quantizes energy of the electron. The principal quantum number also
determines the mean distance of the electron from the nucleus, i.e., its size. Greater the
value of n farther is the electron from the nucleus.

Each principal shell can accommodate a maximum of 2n? electrons, i.e.

n=1 number of electrons : 2
n=2 number of electrons : 8
n=3 number of electrons : 18 and so on...

Azimuthal quantum number, /

The azimuthal quantum number, / is related to the geometrical shape of the orbital.
The value of / may be zero or a positive integer less than or equal to n-1 (n is the principal
quantum number), i.e., [ = 0,1,2,3....... (n-1). Different values of [ corrrespond to different
types of subshells and each subshell contains orbitals of a given shape.

I = O, corresponds to s-subshell and contains the orbital with spherical shape called as s-
orbital.

I =1, corresponds to d-subshell and contains the orbitals with a dumb-bell shape called as
as p-orbitals. Therer are three p-orbitals in each p-subshell.

I = 2, corresponds to p-subshell and contains the orbitals with a cloverleaf shape called as
as d-orbitals.

I = 3, corresponds to f-subshell and contain f orbitals. There are seven f-orbitals in each f-
shubshell.

The shapes of s, p and d orbitals will be discussed in the next subsection.
Magnetic quantum number, m,

The quantum number, m, describes the direction or orientation of the orbital in space.
The quantum number m, may have any intergral value from - [ to + [. For example, for [ = 1;
m, can have the values as -1,0 and 1.

Magnetic quantum number, m_

The quantum number, m_ describes the spin of the electron i.e., whether it is clockwise
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or anticlockwise. The quantum number, m_does not arise while solving SWE. The clockwise
and anticlockwise direction of electron spin has arbitrarily been assigned the value as + 1/2
and -1/2 respectively.

To sumup, let us take an example of an electron belonging to the third shell (n=3). This
electron can be in as s-subshell (I = 0) or a p-subshell (I = 1) or a d-subshell (I = 2). If it
happens to be in a p-shell it may be in any of the three possible p-orbitals (corresponding to
m, = -1, 0 + 1 directed along x, y or z - axis. And within the orbital it may have clockwise
(m_ = +'/)) or anti-clockwise (m_ = -'/)) direction of electron spin. The possible values of
different quantum numbers for an electron belonging to the third shell are given in
Table 3.3.

Table 3.3 : The quantum numbers for an electron belonging to the third shell

Principal Azimuthal Magnetic Magnetic spin
quantum quantum quantum quantum
number, n number, / number, m, number, m_
3 0 0 +1/2
-1/2
1 -1 +1/2
-1/2
0 +1/2
-1/2
+1 +1/2
-1/2
2 -2 +1/2
-1/2
-1 +1/2
-1/2
0 +1/2
-1/2
+1 +1/2
-1/2
+2 +1/2
-1/2

You may note here that the third shell can contain a maximum of 18 electrons and each of
them, has a distinct set of four quantum numbers.
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PN .
LG: Intext Questions 3.6

1.  What do you understand by a Wave Function ?

3. What are quantum numbers? List different quantum numbers obtained from
Schrodinger Wave Equation ?

3.8.2 Shapes of Orbitals

We have defined an orbital as “the three dimensional region of space around the nucleus
where there is maximum probability of finding the electron”. Lets us try to understand the
meaning of an orbital by taking the example of 1s orbital (n =1 ; /=0). This can be understood
in terms of a radial probability curve. Such a curve gives the variation of the probability of
finding the electron as a function of distance from the nucleus. For 1s orbital the radial
probability curve (Fig. 3.14 (a)) shows that the probability of finding the electron in 1s
orbital increase as we move away from the nucleus and reaches a maximum at a certain
distance (=0.0529 nm or 52.9 pm for hydrogen atom) and then decreases as we go further
away from it and at a certain distance it becomes close to zero. The curve shows the radial
probability for a given direction. The

12

8

N\ |
\

04 - J
0 , 04 0.8
Distance from the nucleus
(in nm)
1s orbital
(a) (b)

Fig. 3.14 : (a) Radial probability curve for ls orbital (b) Boundary surface diagram for 1s orbital

probability would be same for all possible directions. if we put all such curves together it
would give a spherical distribution of the electron probability. Since the radial probability
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does not become zero at any distance, we cannot specify the size of the sphere. Therefore, the
orbital is represented as a boundary surface diagram, which may be thought as a region of
space, which contains 95% of the probability of finding the electron, as indicated in Fig. 3.14
(b). Thus the 1s orbital is represented as a sphere.

=
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N

0.4 0.8

Radial prol:iabilftf
— [}

=

=

Distance from the nucleus (nm) 2s orbital
(a) (b)

Fig. 3.15 : (a) Radial probability curve for 2s orbital (b) Boundary surface diagram for 2s
orbital

Similarly, the Fig 3.15 (a) gives the radial probability curve for a 2s orbital while the Fig 3.15
(b) shows the boundary surface diagram for the same. You can note two things here. First
you may note that for a 2s orbital the boundary surface diagram is bigger as compared to a 1s
orbital. Secondly, the radial probability curve shows two maxima. The probability initially
increases, reaches a maxima then it decreases and comes close to zero. It increases again and
decreases as we move further away from the nucleus. The region where the probability comes
close to zero (before increasing again) is called a spherical node. There are n-1-1 spherical
nodes in an orbital.

A node is a region in space where the probability of finding the electron is close to zero.

p- orbital: Now when we draw the shape of a p orbital (n = 1; /= 1) we get a shape as shown
in the Fig. 3.16. This picture shows the shape of one of the three possible p orbitals which is
directed towards the z-axis; P,. You may note that the probability picture for a P, orbital
consists of two lobes; one along the positive z-axis and the other along the negative z-axis.
Another important feature of a p-orbital is the absence of the electron probability in the XY-
plane. Such a plane is called a nodal plane. The shapes of the three p-orbitals are given in
Fig. 3.17

X Y X Y X Y
z z 2
Px Py Pz
Fig. 3.16 : A p-orbital Fig. 3.17 : The boundary showing a nodal
surface diagrams (shapes) plane of the p-orbitals
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The Fig. 3.18 gives shapes of five possible d-orbitals. The d-orbitals also contain nodal planes.
The five d-orbitals have different shapes but they all have same energies i.e., these are
degenerate.

1.  What are the shapes of s, p and d orbitals ?

3. What do you understand by
1) a spherical node ?
ii) a nodal plane ?

3.8 Electronic Configuration of Elements

You have so far learn that an atom consists of a positively charged nucleus surrounded by
electrons present in orbitals of different shapes and sizes. These orbitals are part of different
shells and sub-shells and are characterized by the three quantum numbers viz. n, [ and m,.
Let us now take up the distribution of electrons in these shells and sub-shells. Such a
distribution of electrons is called Electronic Configuration and is governed by three basic
rules or principles.
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3.9.1 Aufbau (or building up) Principle

This principle is concerned with the energy of the atom and states that the electrons should
occupy. The electrons occupy the orbitals in such a way that the energy of atom is minimum.
In other words the electrons in an atom are filled in the increasing order of their energies.
Now, how does one know the increasing order of the orbital energies? You have learnt
above that the principal quantum number determines the energy of the orbitals. Higher the
value of n higher the energy. This is true only for hydrogen atom. For other atoms, we need
to consider both n and /. This means that different sub-shells in a given shell have different
energies. The order of orbital energies can be determined by the following (n + [) rules.

Rule 1 : An orbital with a lower value for (n + [) has lower energy. For example, the 4s
orbital (n + [ = 4 + 0 = 4) will fill Ibefore a 3d orbital (n + [ =3 +2 =5).

Rule 2 : If the value of (n + [) is same for two orbitals then the orbital with lower value of
n will be filled first. For example, the 3d orbital (n + [ = 3 + 2 = 5) will fill before a 4p
orbital (n+1=4+1=)5).

Following these rules the increasing order of the orbital energies comes out to be

Is < 2s < 2p<3s <3p<4s <3d<4p <55 <4d < 5p < 6s

3.9.2 Pauli’s Exclusion Principle

This principle concerns the spin of electrons present in an orbital. According to the Pauli’s
principle, no two electrons can have all the four quantum numbers to be same. For
example, if a given electron in an atom has the set of four quantum numbers asn =2, [ =1,
m, = 1 and m_= +1/2 then no other electron in the atom can have the same set of quantum
numbers.

As you know that an orbital is characterized by three quantum numbers so the electrons
occupying a given orbital would have same values of these three quantum numbers. These
electrons are distinguished in terms of their spin quantum number, m_. Since the spin quantum
number can have only two values so only two electrons can occupy a given orbital. In fact
this fourth quantum number was introduced through Pauli’s principle only.

3.9.3 Hund’ Rule

This rule concerns the distribution of electrons in a set of orbitals of the same energy, i.e.
constituents of a subshell. According to this rule if a number of orbitals of the same sub-
shell are available then the electrons distribute in such a way that each orbital is first singly
occupied with same spin. For example, the six electrons in carbon distribute as

2 2 1 1 0 2 2 2 0 0
Is* 2s 2px2py2pZ and not as Is*> 2s 2px2py2pZ

Since electrons repel each other, they remain as far as possible from one another by occupying
different orbitals.
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The rules discussed above can be used to write the electronic configuration of different elements.
There are two common ways of representing the electronic configurations. These are

a) Orbital notation method : In this method the filled orbitals are written in the order of
increasing energies. The respective electrons in them are indicated as superscripts as shown
in the example given below. For example, the electronic configuration of nitrogen atom
(atomic number 7) is written as 1s*> 2s*> 2p' 2p', 2p',.

b) Orbital diagram method : In this method the filled orbitals are represented by circles or
boxes and are written in the order of increasing energies. The respective electrons are
indicated as arrows whose direction represents their spin. For example, the electronic
configuration of nitrogen in the orbital diagram notation can be written as

s 2s 2p

NI (11T

Electonic configuration can also be written in a short hand form. In this method the last
completed orbital shell is represented in terms of a noble gas. For example, the electronic
configuration of lithium and sodium can be written as

Li [He]2s!
Na [Ne]2s!

The electrons in the noble gas configuration are termed as core electrons while the ones in
the outer shell are called valence electrons.

N .
Le: Intext Questions 3.8

1.  What do you understand bythe electronic configuration of an atom ?

4. Which of the following orbitals wil be filled first ?
1) 2p or 3s
i1) 3d or 4s



(D)
(ﬁ%’j What You Have Learnt

Atoms are made up of three fundamental particles namely, electrons, protons and
neutrons.

J.J. Thomson made the first attempt to describe the structure of an atom in terms of a
model called plum pudding model. According to this atoms can be considered as a
large positively charged body (pudding) in which a number of small negatively charged
electrons (plums) are scattered..

According to the Rutherford’s model, the positive charge of the atom and most of its
mass is contained in the nucleus and the rest of the atom is empty space which contains
the much smaller and negatively charged electrons.

Electromagnetic radiation is a kind of energy, which is transmitted through space in
the form of electric and magnetic fields. It travels with the speed of light and does not
need any medium to travel.

The electromagnetic radiations are characterized by a number of parameters like,
amplitude, wavelength, frequency, wave number and velocity.

In 1913, Niels Bohr proposed ‘Planetary Model for atom. According to the model the
electrons move in definite circular paths of fixed energy around a central stationary
nucleus. The electrons can change their orbits by absorbing or emitting a photon of
energy (= hl) equal to the difference of the energies of the orbits.

Bohr’s model did explain for the stability of atom and the line spectrum of hydrogen.
The model however was unable to explain the spectra of atoms other than hydrogen.

Louis de Broglie, argued for the dual nature of electron and proposed that matter

particles should have a wave nature. The associated wave length, is given by the
_ h _h

formula; A= oor A= P

This was experimentally verified by Thomson and Davisson by diffraction of electron

waves by the crystal lattice of nickel.

The wave-particle duality of matter led Werner Heisenberg to propose the uncertainty
principle. According to which it is not possible to measure simultaneously both the
position and memontum of a particle with a infinite precision.

The dual nature of electron and Heisenberg’s uncertainy principle led to the
development of wave mechanical model.

According tot he Wave Mechanical Model, the motion of electron inside the atom can
be described in terms of a mathematical function called, wave function, ¢. This wave
function contains all the information about the system and can be found by solving a
wave equation called Schrodinger wave equation.
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The square of the wave function, y? is a measure of the probability of finding the electron
in a certain three dimensional space around the nucleus. This region is called as atomic
orbital or simply orbital.

These wavefunctions are characterized by three quantum numbers. These quantum
numbers describe the size, shape and orientation of the atomic orbitals in space. Every
electron in an atom has a unique set of quantum numbers.

The principal quantum number n concerns the quantisation of the energy of the electron
while the Azimuthal quantum number, [ is related to the shape of the orbital. The
magnetic quantum number m, describes the direction or orientation of the orbital in
space.

An additional quantum number, m_is introduced to account for electron spin. This
quantum number does not follow from the wave mechanical model and describes the
spin of the electron.

Different orbitals have different shapes. An s orbital is spherical; p orbitals are dumb-
bell shaped; d orbitals have cloverleaf shape while f orbitals have a eight lobed shape.

The distribution of elections in the shells and subshells is called Electronic
Configuration. If is governed by three rules which are Aufbau principle; Pauli’s
exclusion principle and Hund’s Rule of maximum multiplicity.

According to Aufbau principle the electrons in an atom are filled in the increasing
order of their energies which is determined by (n + 1) rules.

According to the Pauli’s exclusion principle, no two electrons can have all the four
quantum numbers to be same.

While filling electrons in the orbitals of same subshell, according to Hund’s rule,
each orbital is first singly occupied with same spin then the pairing up takes place.

The photons travel with a velocity equal to the velocity of light. The energy of radiation
(E) is proportional to its frequency (V)

Eoav;E=hv
h is a Planck’s constant

h =6.6256 x 10°* ]S

The phenomenon of ejection of electrons from the metal surface when light is exposed on
it is called photo electric effect.

H Terminal Exercise

1.

a)  What are the three fundamental particles that constitute an atom ?

b)  Compare the charge and mass of an electron and of a proton.
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10.

What do you think is the most significant contribution of Rutherford to the development
of atomic structure ?

What experimental evidence shows the dual nature of light?

a)  Compute the energy of FM radio signal transmitted at a frequency of 100 MHz.
b)  What is the energy of a wave of red light with A = 670 nm?

In what way was the Bohr’s model better than the Rutherford’s model ?

What are the drawbacks of Bohr’s Model ?

What led to the development of Wave Mechancial Model of the atom ?

What do you understand by an orbital ? Draw the shapes of s and p-orbitals.

Explain the Hund’s rule of maximum multiplicity with the help of an example.
Explain Planck’s Quantum theory.

The threshold energy (work function) of a metal is 4.2 ev. If radiation of 2000 A° falls on
the metal, what is the kinetic energy of the fastest photoelectron?

Za\
ﬁ Answers to Intext Questions

3.1
1.

Proton is heavier than electron. The ratio of their masses is
—m/m = 1.672 623 x 107 kg

" 9.109389x 10" kg
= 1836

Main constituent particles like proton, neutron and electron etc. present in the atom
come in the category of fundamental particles.

Neutron

Electron, proton and neutron
The aim of Rutherford’s experiment was to test the Thomson’s plum-pudding model.

According to Rutherford’s model for atom, the positive charge of the atom and most
of its mass is contained in the nucleus. The rest of the atom is empty space which
contains the much smaller and negatively charged electrons.

Rutherford’s model was rejected because it could not explain the stability of the atom.
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3.3

3.4

Electromagnetic radiation is a kind of energy which is transmitted through space in the
form of electric and magnetic fields. It travels with the speed of light and does not need
any medium to travel.

The different characteristics of electromagnetic radiation are
i) Ampliture

i1) Wavelength,

iii) Frequency,

iv) Wave number and

v) Velocity

The wave number is defined as the number of waves per centimeter. It is equal to the
reciprocal of the wavelength.

A quantum of visible light is called photon. The energy of the quantum (or photon) is
proportional to the frequency of radiation.

A line spectrum consists of a series of discrete lines of characteristic wavelengths
while a continuous spectrum contains a broad band of radiations containing all possible
wavelengths in the range i.e., wavelengths of the radiation varies continuously.

The main postulates of Bohr’s model are

i) The electrons move in a definite circular paths called as stationary orbits or
stationary state around a central stationary nucleus.

i1)  The electrons can change their orbits by absorbing or emitting a photon of energy
(= hl) equal to the difference of the energies of the orbits.

iii) The angular momentum of the electron is quantised.

The energy of a Bohr’s orbit increases with an increase in the value of the principal
quantum number, n. In fact it becomes lesser and lesser negative.

The smallest packet of energy is called quantum.
6.625 x 107 Joules — second

When light is exposed to clean metallic surface, electrons are ejected from the surface.
This effect is called as photo electric effect.

The minimum energy required for emission of photo electrons is called threshold energy.
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3.5

3.6

The wave-particle duality refers to the fact that light and the material particles like
electrons could sometimes behave as a particle and as a wave at other times.

The wave nature of electron was established by the diffraction of electron waves by
the crystal lattice of nickel.

Mass of the electron = 9.1 x 107! kg
Speed or Velocity = 100 km s = 105 m s

Using equation, the wavelength associated with the electron will be

-34
p=o OB2OCS g oex0m
mv  (9.1x10™"kg)(105ms™)

According to Heisenberg’s Uncertainty Principle it is not possible to measure both
the position and momentum of a particle with any degree of certainity. More accurately
we measure a particle’s position, the less accurately we are able to measure it’s
momentum and vice versa.

It is a mathematical fucntion that describes the motion of an electron inside the atom.
It contains all the information about the system and can be found by solving a wave
equation called Schrodinger wave equation.

An orbit refers to definite cirular paths of fixed energy around a central stationary
nucleus while an orbital refers to the three dimensional region of space around the
nucleus where there is a probability of finding the electron.

The quantum numbers are integers that characterize the wavefunctions. These are
obtained in the process of solving Schrodinger wave equation and every electron in an
atom has a different set of quantum numbers. The three quantum numbers obtained
from Schrodinger Wave Equation are

i The principal quantum number, n
ii.  Azimuthal quantum number, / and
iii. The magnetic quantum number m,
The principal quantum number, n is concerned with the energy of the electron in a

shell. The quantum number [ is related to the geometrical shape of the orbital and the
quantum, number, m, describes the orientation of the orbital in space.
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3.7

3.8

s-orbital  : spherical;
p-orbitals : dumb-bell shaped ;

d-orbitals : cloverleaf shaped.

The 2s orbital is spherical in shape similar to the 1s orbital. However there are two
differences. Firstly, the size of a 2s orbital is bigger as compared to a 1s orbital and
secondly, it contains a spherical node.

1) It is a spherical region of zero probability in an s orbital (other than 1s).

i1) It is a planar region in an orbital (other than s orbitals) where the probability or
finding the electron is zero.

The 3s orbtial will have two spherical nodes.

The distribution of electrons in the shells and subshells of an atom is called Electronic
Configuration.

Pauli’s principle states that an atom no two electrons can have same set of the four
quantum numbers.

Aufbau principle states that the electrons in an atom are filled in the increasing order
of their energies which is determined by (n + /) rules.

There are two (n + [) rules. These are
An orbital with a lower value for (n + /) is filled first.

If the value of (n + [) is the same for two orbitals then the orbital with lower value of
n will be filled first.

D2p:(n+Dfor2p=2+1=3;for3s(n+1)=3+0=3;Rule?2
in)ds:(nm+1l)fords=4+0=4;for3d(n+1)=3+2=5;Rulel
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PERIODIC TABLE AND
ATOMIC PROPERTIES

We have seen different heaps of onions & potatoes at vegetable shop. Imagine, they are
lying mixed and you want to buy 1kg of onion. What will happen? You will have to wait for
long to sort that and then weight them. When you possess a variety of material substances,
you have to keep them classified for an easy access and quick use. You cannot afford to mix
clothes with eatables, cosmetics or books. Classification assures you that your eatables are
in the kitchen, books on the study table or rack and your cosmetics are on the dressing table.
Shopeekers, business houses, storekeepers, administrators, managers, information technology
experts and scientists etc. have to keep their materials duly classified.

Chemists faced a similar problem when they were to handle a large number of elements.
The study of their physical and chemical properties and keeping a systematic record of
them had been a great challenge to chemists. Classification of elements finally could be
possible due to pioneering work of a few chemists. In the present lesson we shall discuss
the need, genesis of classification and periodic trends in physical and chemical properties
of elements.

Fe
@ Objectives

After reading this lesson you will be able to:

o recognise the need for classification of elements;

° recall the earlier attempts on classification of elements;
o define modern periodic law;

. name the elements with atomic number greater than 100 according to IUPAC
nomenclature;

. co-relate the sequence of arrangement of elements in the periodic table with the
electronic configuration of the elements.

o recall the designations of the groups (1-18) in the periodic table;

. locate the classification of elements into s-, p-, d- and f- blocks of the periodic table and
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o explain the basis of periodic variations of
a) atomic size b) ionic size

c) ionization enthalpy d) electron gain enthalpy within a group or a period.

4.1 Early Attempts

Attempts were made to classify elements ever since the discovery of metals or may be even
earlier. J.W. Dobereiner in 1817 discovered that when closely related elements are grouped
in a set of three, the atomic weight of the middle element was almost the arithmetical mean
of the two elements in the group e.g.,

Element Lithium Sodium Potassium
Atomic weight 6.94 22.99 39.10
mean atomic weight ~ -------- 23.02 -

He called such a group of three elements a triad. He could group only a few elements due to
lack of knowledge of correct atomic weights of the elements at that time.

In 1863, J.A.R. Newlands, developed a system of classification of elements and entitled it
as Law of Octaves. He arranged the elements is such a way that every eighth element had
similar properties, like the notes of music. The law could not apply to a large number of
known elements. However, the law indicated very clearly the recurrence of similar properties
among the arranged elements. Thus the periodicity was visualised for the first time in a
meaningful way.

Periodicity : Re-occurrence of properties after regular intervals.

More signifcant results were obtained when Lother Meyer’s work reflecting the periodicity
was found to be based on physical properties of the elements. He clearly showed that certain
properties showed a periodic trend.

4.2 Mendeleev’s Periodic Table

In 1869, Mendeleev’s a Russain Chemist made a thorough study of the relation between
the atomic weights of the elements and their physical and chemical properties. He then
constructed a table in which elements were arranged in order of their increasing atomic
weights. It was also found that every eighth elements had properties similar to that of the
first element. Thus, there was a periodic occurrence of elements with similer properties.

One of the most striking application of Mendeleev’s classification of elements was that in
his periodic table (Table 4.1) he left gaps for elements which were yet to be discovered. He
also predicted the properties of these elements. However, Mendeleev’s periodic table did
not provide any place for isotopes and noble gases which were discovered later on.
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Table 4.1 Mendeleev’s Table of 1871

£ P * o - 4
3 1 11 HI v \ VI VI VII
Oxide RO RO R,0 RO R,0 RO, RO RO
Hydride RrH . RH, Ri{: RHi RH ’ ];{ki; QRIZ;I :,7_: )
“Periods A B A BA BA BA B A B3A B ‘{mnsiuon
d \ " series
1 H
1,008
2 Li Be B . C N o F
6939 9012 1081 12.011 14007 15999 18.998
3 Na Mg Al S P S a
22.99 24.31 2998 2809 30974 32.06  35.453
4First K a % Ti V & MnF Co N
Series:3g 102 40.08 4496 4790 5094  50.20 54.94 55.85 58.93 5871
Second Cu Zn Ga Ge  As Se Br
series:  63.54 6537 6572 7259 7492 7896  79.909
5 First . Rb Sr Y Zr  Nb Mo TcRu Rh Pd
Series:gs47. 8762 . 8891 9122 9291 9594 99 101.07 102.91 106.4
Second Ag Cd In Sn Sb Te I
series:  107.87 11240 114.82 118.69 12175 127.60 126.90 4
6 First Cs Ba La HE T W Os I Pt
SEries:13290  137.34 13891 17849 18095 183.85 1902 1922 19549
Second Au Hg TI . Pb . Bi
SErIes:  196.97  200.59 204.37 207.19  208.98

The extent of knowledge regarding the chemical properties of the elements and his insight
into the system of periodicty possessed by the elements under certain arrangement have no
parallel in the history of chemistry. This work laid strong foundation of the fundamental
principles of the periodic law. One of his most important conclusions was that the elements if
arranged according to their atomic weights, exhibit an evident systematic reoccurence of
properties (periodicity of properties) and even the properties of some elements were listed
much before their discovery. Mendeleev’s periodic Table (Table 4.1) was quite useful till the

discovery of atomic number there existed certain inherent defects which opposed the system.

4.3 Modern Approach

Atomic number was discovered in 1913 by a team lead by Moseley. The periodic table based
on atomic number is termed as Modern Periodic Table. Moseley arranged all the elements
according to increasing atomic number and showed that the properties of elements are periodic
function of their atomic numbers.

Modern periodic law : The properties of the elements are periodic function of their atomic
numbers.

4.4 Long Form of Periodic Table

The arrangement of elements in the long form of periodic table is a perfect matching of
electronic configuration of the elements on one hand and physical and chemical properties of
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the elements on the other. Some important considerations of the modern atomic structure
applied to the clasffication of elements are discussed below :

i)

ii)

An atom loses electrons from or gains electrons in the outermost shell of an atom during
a chemical reaction.

The sharing of an electron or electrons by an atom with other atom or atoms is largely
through the outer most shell. Thus the electrons in the outermost shell of an atom largely
determine the chemical properties of the elements.

We may therefore conclude that the elements possessing identical outer electronic configuration
should possess similar physical and chemical properties and therefore they should be placed
together for an easy and systematic study.

Keeping in mind the reasoning given above, when all the known elements are arranged in a
table according to their increasing atomic number, the properties of the elements show
periodicity (reappear at definite intervals). The periodicity is shown in Table in 4.2

4.5 Structural Features of the Long Form of Periodic Table

In this table there are 18 vertical columns called GROUPS. They are numbered from 1
to 18. Every group has a unique configuration.

There are seven horizontal rows. These rows are called PERIODS. Thus the periodic
table has seven periods, numbered from 1 to 7.

There are a total of 114 elements known to us till today. Of all the known elements 90
are naturally occurring and others are made through nuclear transformations or are
synthesised artificially. Either way they are Manmade Elements, but you will find the
term specifically applied to transuranic elements (elements listed after uranium) only.
First period consists of only two elements (very short period). Second and third periods
consists of only eight elements each (short periods). Fourth and fifth periods consist of
18 elements each (long periods). Sixth period consists of 32 elements (long period).
Seventh period is yet incomplete and more and more elements are likely to be added as
the scientific research advances.

There are also nick names given to the groups or a cluster of groups on the basis of the
similarly of their properties, as given below :

Group 1 elements except hydrogen, are called Alkali Metals

Group 2 elements are called Alkaline Earth Metals

Group 3 to 12 elements are called Transition Metals.

Group 16 elements are called Chalcogens

Group 17 elements are called Halogens

Group 18 elements are called Noble Gases.

Apart from what has been said above elements with atomic numbers 58 to 71 are called
Lanthanoids - or Inner Transition elements (First series). Elements from atomic numbers 90
to 103 are called actinoids - Inner Transition elements (Second series). All elements except
transition and inner transition elements are also collectively called Main Group Elements.
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4.6 Position of Metals, Non-Metals and Metalloids

In order to locate the position of metals, non-metals and metalloids in the periodic table, you
may draw a diagonal line joining the elements boron (At. no. 5) with that of tellurium (At. no.
52) and passing through silicon and arsenic. Now we are in a position to make the following
observations.

i) The elements above the diagonal line and to the far right are non-metals (except selenium
which shows slightly metallic character also). The non-metallic character is more marked
the farther an element is from the diagonal line and up.

i)  The elements below the diagonal line and to the left are metals. (Hydrogen is a non-
metal and is an exception) The metallic character is more marked the farther an element
is from the diagonal line and down. All lathanoids and actinoids are metals.

111) The elements along the diagonal line are metalloids and possess the characteristics of
metals as well as of non-metals. In addition germanium, antimony and selenium also
show the characteristics of metalloids.

PN .
LG: Intext Questions 4.1

1.  Classify the elements of group 14, 15 and 16 into metlas, non-metals and metalloids.

3. Name the group number for the following types of elements.
1) Alkaline earth metals
i1)  Alkali metals
iii) Transition metals
iv) Halogens

v)  Noble gases.

4.7 Catagorisation of Elements into ‘s’, p’, ‘d’, and ‘f’ Blocks

Grouping of elements in the periodic table can be done in another way also, which is more
related to their electronic configuration. Under this categorisation, the location of the
differentiating electron (the last electron) is most important. If, for example, the electron
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has gone to ‘s-subshell’, the elements will fall in ‘s-block’ and if the last electron goes to ‘p-
subshell’, then the element will belong to p-block. Similarly if the defferentiating electron
enters the d-subshells of an atom, then the elements comprising all such atoms will belong to

d-block.

p-Block
d-Block

S-Block

f-Block

Fig. 4.1 : Blockwise categorization of elements

There are minor exceptions in Mn and Zn configurations. You will study more about the
reasons for such exceptions in Lesson 23.

The grouping of elements explained above can be related to the type of elements disussed
earlier.

1) s-block elements : All alkali metals and, alkaline earth metals.
i)  p-block elements : All elements of group no. 13 to group no. 18.

iii) d-block elements : All elements from group no. 3 to group no. 12 except Lanthanoids
and Actinoides.

iv) f-block elements : Lanthanoids (at no 58 to 71) and Actinoids (at no. 90 to 103)
This is shown in Fig. 4.1
Nomenclature of Elements with Atomic Numbers greater than 100

The naming of the new elements was earlier left entirely to its discoverer. The suggested
names were then later ratified by ITUPAC. But due to certain disputes that arose over the
original discoverer of some of the elements of atomic numbers greater than 104, the IUPAC
in 1994 appointed a Commission on Nomenclature of Inorganic Chemistry (CNIC). After
consultation with the Commission and the chemists around the world, the IUPAC in 1997
recommended a nomenclature to be followed for naming the new elements with atomic
numbers greater than 103 until their names are fully recognised.
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o The names are derived directly from the atomic number of the element using the following
numerical roots for 0 and number 1-9.

0 =nil 3=tri 6 = hex 9 =enn
I =un 4 = quad 7 = sept
2=bi 5 = pent 8 = oct

. The roots are put together in the order of the digits which make up the atomic number
and ‘ium’ is added at the end.

° Names, thus derives, and the [UPAC approved names of some elements with atomic
numbers greater than 103 are listed in Table 4.3

Table 4.3 Nomenclature of elements with atomic numbers greater than 103

Atomic Name Symbol IUPAC approved IUPAC
Number Name Symbol

104 Unnilquadium Ungq Rutherfordium Rf

105 Unnilpentium Unp Dubnium Db

106 Unnilhexium Unh Seaborgium Sg

107 Unnilseptium Uns Bohrium Bh

108 Unniloctium Uno Hassium Hs

109 Unnilennium Une Meitnerium Mt

110 Ununnillium Uun

111 Unununnium Uuu

112 Ununbium Uub

113 Ununtrium Uul

114 Ununquadium Uugq

115 Ununpentium Uup

4.8 Periodicity in Atomic Properties

The term periodicity is used to indicate that some characteristic propeties occur in the periodic
table after definite intervals, however with a varying megnitude. Thus after starting from a
certain point on the periodic table, we are almost certain that the movement in particular
direction will show steady increase or decrease of a said property.

4.9 Atomic Size

In homonuclear diatomic molecules the distance from the centre of one nuclus to the centre
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of another nucleus gives the bond length and half of this bond length is atomic radius. (Fig.
4.2). The first number of each period is the largest in size. Thus we can say that the group 1
atom are the largest in their respective horizontal rows. Similarly, atoms of group 2 elements
are large but are definitely smaller than the corresponding atoms of group 1. This is due to the
reason that the extra charge on the nucleus draws the electrons inward resulting in smaller
size for the atoms under reference. This trend of decrease in size of atoms, continues from left
to right. An example is shown in Fig. 4.3. However there may be some exceptions and there
will be other reasons to explain them.

Fig. 4.2 : Atomic radium = 1/2d ,, = r

Li Be BC NOTF

Fig. 4.3 : From left to right, size of atoms decrease in the periodic table

In going down the group of elements (in any particular column) the atomic size increases at
each step.

This increase may be explained in terms of a new electron shell being added, when we pass
from one element to another in a group.
4.9.a Types of atomic radius

The atomic radius cannot be determined exactly. But the inter-nuclear distance of the bonded
atoms can be measured using x-ray difraction or other methods.

The atomic radius depends on many factors like the number of bonds formed by the atom,
nature of bonding, oxidation state etc.

The types of atomic radius are considered based on nature of bonding. They are
1. Crystal radius or Atomic radius
2. Vander waal's radius.
3. Covalent radius .

Crystalline Radius :

This type of radius is applicable for metal atoms.

Half of the distance between the centres of the nuclei of two adjacent metal atoms in the metallic
crystal is called crystal radius or atomic radius.

It is measured in IA°=10* cm=10""m=0.1 m
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Inm=10° m

Example : The distance between two Na Atoms =3.72 A°
Crystal radius of Na=3.72/2 =1.86 A°

Vander Waal's radius :

This type of radius is used only for molecular substances present in the solid state.
‘Vander Waal's radius is distance between the centres of two atoms of different molecules which are
closest to each other.

These atoms which approach closest to one another do not form chemical bond. But remain together
due to Vander waal's forces of attractions.

For example the distance between two adjacent Chlorine atoms of different molecules is 3.6A°— Then
the Vander Waal's radius of Chlorine is 3.6/2 = 1.80 A°

Vander Waal forces of attraction are weak so it is found that Vander Waal's radius is 40% more than
half of the distance between two nuclei of chemically bonded atoms.

Covalent radius :

This radius is generally used while referring to non-metals.
It is half of the distance between the nuclei of two atoms held together by a covalent bond.

For Example the inter nuclear distance between Chlorine atoms in a molecule is 1.98A. The covalent
radius of chlorine is one half of the inter nuclear distance.

ie. 1.98/2 = 0.99A°

A C Al
o @@
A B

Vander waal and Covalent radii in chlorine.

Vander waal's radius = AC=AC=r=1.8A°
Covalent radius = AB=r=0.99A°

The inter nuclear distance = AA distance = 3.6A°
vander waal's radius = AA1/2=3.6/2=180A"

PN :
Le: Intext Questions 4.2

1. Give the order of penetration of orbitals toward, nucleus for a given principal quantum number.

2. Define shielding effect.

3.  Define covalent radius of elements.



4.10 Ionic Size

An ion is formed when an atom undergoes a loss or gain of electron.

Mg — M* (g) + e (cation formation)

M(g+e — M (g (anion formation)

A cation is formed when an atom loses the most loosely bound electron from its outermost
shell. The atom acquires a positive charge and becomes an ion (a cation). A cation is smaller
than its atom. On the removal of an electron, the positive charge of the nucleus acts on
lesser number of electrons than in the neutral atom and thus greater pull is exerted by the
nucleus, resulting in a smaller size of the cation.

An anion is bigger than its atom because on receipt of an electron in the outermost orbit the
number of negative charges increase and it out weights the positive charges. Thus the hold
of the nucleus on the shells decrease resulting in an increase in the size of the anion.

A cation is always smaller than its atom and an anion is always bigger than its atom
e.g. Na* is smaller than Na, CI is bigger than CI.

In the main groups, the ionic radii increase on descending the group e.g., Li* = 0.76 A°,
Na* = 1.02 A°, K* = 1.38 A°, etc. it is due to the addition of extra shell at each step.

There is a decrease in the ionic radii of the positive ions on moving from left to right
across a period in the periodic table. Na* = 1.02 A°, Mg** = 0.72 A°, AI** = 0.535 A°,
etc. It is due to the increase in the number of charges on the nucles and also due to the
increase in the charge on the ion.

The ionic radii of the negative ions, also decrease on moving from left to right across
a period. e.g. O = 1.40 A°, F = 1.33 A°, etc. This is partly due to increase in the

number of charges on the nucleus and also due to the decreasing change on the ion.

PN .
Le; Intext Questions 4.3

1.

Write the names of the elements with atomic numbers 105, 109, 112, 115 according to
IUPAC nomenclature.

Arrange the following in the order of increasing size.
Na*, AI**, O*, F~

How does the size of atoms vary from left to right in a period and on descending a
group in the periodic table ?



4.11 Ionization Enthalpy

Ionization Enthalpy is the energy required to remove the most loosely bound electron from an

isolated atom inthe gaseous state for one mole of an element. It is expressed in kJ mol™! (kilo
joules per mole)

M(g) + IE — M*(g) + e
As we move from left to right in the periodic table, there is a nearly regular increase in the

magnitude of the ionization enthalpy of elements.

Similarly, on moving down a group the magnitude of the ionization enthalpy indicates a
regular decline. The ionization enthalpy of the first member of any group is the highest within
that group and the ionization enthalpy of the last member in the same group, is the least. This
is shown an table 4.4

Table 4.4 : First ionization enthalpies of the elements (in kJ mol™)

1 H He
1311 2372
2 Li Be B C N O F Ne
520 899 801 1086 1403 1410 1681 2081
3 Na Mg o Al Si P s Ar
496 737 . 577786 1012 999 1255 1521
4 K Ca Se Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr

L] . . L] . . - - L] L] - L] - - . . . .

419 590 631 656 650 652 717 762 758 736 745 906 579 760 947 941 1142 1351
5 Rb Sr Y Zr Nb Mo Te Ru Rn Pd Ag Cd In Sn Sb Te 1 Xe

403 549 616 674 664 685 703 711 720 804 731 876 558 708 834 869 1191 1170
6 Cs Ba La H Ta W Re Os Ti Pt Au Hg TI Pb Bi Po At Rn
376 503 541 760 760 TI0 759 840 900 870 889 1007 589 1007 589 715 703 813
7 Fr Ra Ac ‘
912 1037

The variation in the magnitude of ionization enthalpy of elements in the periodic table is
mainly dependent on the following factors :
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b)

c)
d)

The size of the atom
The magnitude of the nuclear charge on the atom,
The extent of screening

The type of orbital involved (s, p, d or f)

In small atoms, the electrons are tightly held whereas in large atoms the electron are less
strongly held. Thus, the ionization enthalpy decreases as the size of the atom increases.

When an electron is removed from an atom, the effective nuclear charge, i.e., the ratio
of the number of charges onthe nucleus to the number of electrons, increases. As a
result the remaining electrons come closer to the nucleus and are held more tightly. The
removal of a second electron, therefore, requires more energy. e.g., Mg* is smaller than
the Mg atom. The remaining elctrons in Mg* are more tightly held. The second ionisation
enthalpy is, therefore, more than the first ionisation enthalpy.

Since the orbitals (s, p, d and f) have different shapes, the ionization enthalpy depends
on the types of electrons removed. e.g. an electron in an s orbital is more tighly held as
compared to an electron in a p orbital. It is because an s electron is nearer to the nucleus
as compared to a p electron. Similarly a p-electron is more tightly held than a d-electron,
and a d-electron is more tightly held than a f-electron. If all other factors are equal, the
ionization enthalpies are in the order s > p > d > f.

These factors taken together contribute largely to decid the extent of the force of attraction
between the nucleus and the electrons around it. The resultant of these factos thus determine
the magnitude of ionization enthalpy of any element. You can see the variation in the magnitude
of the ionization enthalpy of elements with atomic number in the Fig. 4.4.

He

Ne

1500

Tonization energy (kJ mol™!

Atomic number

Fig. 4.4 : Variation of ionization enthalpy of elemetns.
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It is clear from Fig. 4.4 that

i)

The metals of group 1 (Li, Na, K, Rb, etc.) have the lowest ionization enthalpies in their
respective periods.

The noble gases (He, Ne, Ar, Kr, Ze and Rn) have the highest ionization enthalpies in
their respective periods. It is because the energy required to remove an electron from
a stable fully filled shell is very large.

The values of ionization energies do not increase smoothly. e.g. the first ionization
enthalpy of B (boron) is lower than that of Be (beryllium); the ionization enthalpy of
Al (aluminium) is lower than that of Mg (magnesium); the first ionization enthalpy of
O (oxygen) is lower than that of N (nitrogen). it can be explained as follows.

The first ionization enthalpies of Be and Mg are higher than those of their preceding
elements because the electrons are removed from the fully filled s-orbitals.

The first ionization enthalpy of N is higher than that of O because from N, the electron
is to be removed from a half-filled p-orbitals.

Ionization enthalpy is the energy required to remove the most loosely bound electron
form an atom (in the gaseous state) for one mole of an element. It is an absolute value
and can be determined experimentally.

Factors effecting Ionization energy

The magnitude of Ionization potential of an atom depends on the following factors :

1. Atomic radius

2. Nuclear Charge

3. Screening or shielding effect on the outer electrons
4. Extent of penetration of orbitals of valence electrons.
5

. The nature of sub shells; Whether half filled or completely filled with electrons
or not.

1. Atomic radius: As the atomic size increases valence electrons move farther from the

nucleus and so are held by weak nuclear attraction. So less energy is enough for the
removal of the outer most electron of an atom. Hence, as the atomic radius increases, the
Ionization energy decreases.

. Nuclear Charge : The Number of electronic shells remain same, as the nuclear charge

increase, the outer electrons are more strongly held by the nucleus due to attractive
forces As a result, the energy required to remove the most loosely held electron from the
atom is more. Hence IP increases, as the nuclear charge increases.

Element Li Be C N F
Nuclear Charge 3 4 6 7 9
Ionization Potential ev- 539 | 932 | 11.25|14.52 (1742

-81-



3. Screening effect: In an atom having more than one electron, the valance electrons are attracted
by the nucleus and at the same time repelled by the inner core of electrons. The electrons
present in the inner orbits screen the electrons present in the outer most orbit from being attracted
by the nucleus. Hence, the nuclear attraction on the outer most electron decreases. This influence
of the inner core of electrons on the attraction of the nucleus towards outer electrons is referred
screening effect.

Screening Effect o i
Ip
The screening efficiency of orbitals falls off in the order s>p>d>f

4. Extent of penetration of Orbitals of valence electrons: For a given quantum number the
s-orbital penetrates more towards nucleus because of its spherical and symmetrical shape. So
an electron of an s-orbital requires large amount of energy to be removed. In the same shell P-
electrons require less energy to remove. Hence the Ionization energy follows the sequence of
the extent of penetration of the orbitals s>p>d>f.

5. Completely filled or half filled sub shells: Completely filled or half filled electronic sub
energy levels impart greater stability to the atom ie. the element. Such atoms required more
energy for Ionization. Hence, they have more Ionization energy values.

4.12 Electron Gain Enthalpy

Every atom, in general, has a tendency to gain or loose electrons in order to acquire a noble
gas configuration. The atom which have five, six or seven electrons in their outermost shell
show tendency to accept electrons and attain the nearest noble gas configuration. Halogens,
for example, have seven electrons in their outermost orbit. Thus they show a tendency to
accept, one more electron and attain the nearest noble gas configuration. The energy change
(AE) for this process is called electron gain enthalpy of that atom.

Electron gain enthalpy is the energy released or adsorbed for one mole of neutral atoms
in a gaseous state when electron is accepted by each atom.

X(g) t e — X(g)

Where X represents an atom.

Cl(g) + e — CI(g): AE = -349 kJ mol"!

The negative value shows release of energy and hence tendency to greater stabilisation.
The eletron gain enthalpy becomes more in negative from left to right in a period. This is
because it is easier to add an electron to a smaller atom since the added electron would be
closer to the positvely charged nucleus. Halogens release maximum energy when they accept
an electron. On the otehr hand, metals do not accept electrons and show a high positive
value for AE. Thus electron enthalpy can be positive or negative.

Electron gain enthalpies becomes less in negative as we go down the group showing that
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the electropositive character of the atoms increases. This is because the size of the atom
increases down the group and the electron added goes to the higher shells. Electron affinity
values for some elements are shown in table 4.5, along with their position in the periodic
table. The electron gain enthalpy of chlorine is more in negative value as compared to that of
fluroine. This is due to the small size of the F atom. As the electron approaches the small F
atom, it expriences a repulsion from other electrons.

Table 4.5 : Electron gain enthalpy in kJ mol!

1 2 13 14 15 16 17 18

H He

-73 +98

L Be B C N . O F Ne
-596 © -267 - 154 -7 -111 -328 +116

3 Na a Ar
53 : -349 +96

4 K Br Kr
-48 =325 +96

5 Rb ] _ I Xe
-47 =295 +77

6 Rn
+68

4.13 Electronegativity

It is an indicator of the extent of attraction by which electrons of the bond pair are attracte by
an atom linked by this bond. The value of electronegativity is assigned arbitrarily to one atom
such as hydrogen. Then the value of electronegativity is assigned to all other atoms with
respect to hydrogen. One such scale is the Pasuling Scale of electronegativity (Table 4.6).

Electronegativity is defined as a measure of the ability of an atom to attract the electron
pair in a covalent bond to itself.

In a homonuclear diatomic molecule such as hydrogen (H,) or fluorine (F,), the electron pair
of the covalent bond in each molecule experiences equal attraction by each atom. Thus non of
the two atoms is able to shift the bond pair of electrons to itself. However in a heteronuclear
diatomic molecule, the bond pair electrons get shifted towards the atom which is more
electronegative than the other. For example, in HF or HCI the bond pair of electrons are not
shared equally but the more electronegative atom F or Cl is able to shift the bond pair towards
itself, resulting in the polarization of the molecule.

A large difference between electronegativities of the two atoms indicates highly ionic character
of the bond between them. For example Cs*F . On the other hand, zero difference in the
electronegativities between the two atoms indicates that the percentage ionic character is zero.
Therefore the molecule is purly covalent e.g. H,, Cl,, N, etc.
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The most electronegative elements have been placed on the farthest right hand upper corner
(noble gases are not included). The value of electronegativity decreases as we go down in
any group and increases from left to right in the period. Thus fluorine is the most
electronegative and caesium is the least electronegative element. (We have not considered

Table 4.6 : Electronegativities of elements on Pauling Scale.

Li Be B C N 0 F
1.0 15 20 25 30 35 40
Na Mg Al Si p S a
09 12 15 18 2.1 25 30
K Ca Se Ge As Sc Br
08 10 13 1.7 1.8 21 25
Cs Ba

07 09

Francium being radioactive).

' ,
@»A. Intext Questions 4.4

1.

What is the correlation between atomic size and ionization enthalpy.

Which species, in each pair is expected to hav higher ionization enthalpy.

i) ,Li, Na i) N, P

iii) ,Ca, Mg iv) Al Si
v)  Cl, Ar vi) Arand K
vii) LAl C

Account for the fact that there is a decrease in first ionization enthalpy from Be to B

and Mg to Al.
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(D)
(ﬁ%’j What You Have Learnt

The classification of elements makes their systematic.

The arrangement of elements in the long form of the periodic table depends on their
electronic configuration.

The properties of the elements are periodic function of their atomic number.
All the known elements are arranged in 18 groups in the long form of periodic table
There are seven horizontal rows (periods) in the long form of the periodic table.

Elements of groups 1 and 2 are known as alkali metals and alkaline earth metals
respectively.

s, p, d and f are the four blocks in the periodic table classified on the basis of their
outer most electrons residing in s, p, d and f sub-shell.

The elements can be classififed into metals, non-metals and metalloids on the basis of
their properties and their position in the periodic table.

The atomic size, ionic size, ionization enthalpy, electron gain enthalpy and
electronegativity show regular trends along a group and a period.

Various type of atoms radius possible for atoms

Factors which effect the Ionization potential of different atoms.

H Terminal Exercise

1.
2.

Define modern periodic law.

Refer the periodic table in Table 4.2 and answer the following questions.

1)  The elements placed in group number 18 are called ................

ii)  Alkali and alkaline earth metals are collectively called ................ block metals.
iii) The general configuration for halogens is ................

iv) Name a p-block elements which is a gas other than a noble gas or a halogen.
v)  Name the groups that comprise the ‘s’ block of elements.

vi) Element number 118 has not yet been established, to which block, will it belong?

vii) How many elements should be there in total if all the 7s, 7p, 6d and 5f blocks are
to be full ?

Describe the variation of Electron Affinity and lonization Enthalpy in the periodic
table.
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4.  Define the following :
a) Electron gain enthalpy b) Ionization enthalpy

c¢) lonic radius d) Electronegativity

bt

What is electronegativity ? How is it related to the type of bond formed ?

Why is the electron gain enthalpy of Cl more in negative value as compared to that of F ?
Name the different types of atomic radius

What is shielding effect?

° ® =N

Explain 3 factors which influence the Ionization energy.

i

Answers to Intext Questions

—

4.1
1. Metals Non metals Metalliods
Sn, Pb C Si, Ge
Sb, Bi N, P As
Te, Po O,S Se
2. Potassium is mroe mettalic than aluminum.
3. 12 i) 2 iii) 3-12 iv) 17 v) 18
4. Np, Lw, No, Rf, Hs.
4.2
1) s>p>d>f

2)  Protection of outer electrons from nuclear attraction by electrons present in inner shells of
an atom.

3)  Covalent radius is half of the distance between the nuclei of two atoms held together by a
covalent bond.

4.3

1. i) Unnilpentium
i1) Unnilennium
iii) Ununbium

iv) Unnunpentium
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i)

iii)

4.4

Al**, Na*, F, 02"

The atomic size decreases from left to right across a period and increases on moving
down the group.

s>p>d>f

Protection of outer electrons from nuclear attraction by electrons present in inner shells of
an atom.

Covalent radius is half of the distance between the nuclei of two atoms held together by a
covalent bond.

Ionization enthalpy decreases with increase in atomic size and vice-versa.

i) Li i) N iii) Mg iv) ,Si

V) ,Ar vi) (AT vii) C

The electronic configuration of Be is 1s* 2s? whereas that of B is 1s? 2s? 2p'. In case of
Be, the electron is to be removed from completely filled s orbital whereas in case of B
it is to be removed from a singly occupied p orbital. Fully-filled orbitals are more

stable. Hence, ionization enthalpy decreases from be to B. Similarily it decreases
from Mg to Al

The nole gases have fully filled and are stable. Hence, they have the highest ionization
enthalpies in their respective periods.

Fluorine.
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SENIOR SECONDARY COURSE
CHEMISTRY

Student's Assignment - 1

Maximum Marks : 50 Time : 2.30 Hrs.

INSTRUCTIONS :

Answer all the questions on a separate sheet of paper.

Give the following information on your answer sheet.

Name

Enrolment Number
Subject

Assignmnet Number
Address

Get your assignment checked by the subject teachmer at your study centre so that you
get positive feedback about your performance.

Do not send your assignment to APOSS

Write down symbols for prefixes micro and mega.

Write the empirical formula of C,H, and C_ H,.

State charles’ law and given mathematical expression for it.

Express 4.6 x 10" m in terms of pico metre.

What is the SI unit for measuring electric potential.

Atomic mass of C-12 is 12. What is the mass of one C-12 atom ?

Write down the names of four quantum numbers.

State Heisenberg’s uncertainly quantum numbers.

How many moles of oxygen atoms are present in 2 moles of CuSO,.5H,0 ?
Define Orbital. (1x10=10)

Calculate the mass of one molecule of benzoic acid, C JH,COOH (Atomic masses;

C=12,H=1, O =16).
Write the empirical formulae of the following C.H.,N,O,,C.H O,NH..
What are anode rays ? Give their two important properties.

Given values of n, [ and m quantum numbers of an electron which is present in
3p, orbital

Write electronic configuration of chromium (atomic number = 24)

Which of the following orbitals is not possible 3p, 4s, 2d, 5f.
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g)
h)

)

j)

a)

b)

c)

d)

b)

Write two differences between atom and ion.
What are electromagnetic radiations.

A solution of ferric sulphate containing 0.280 g of ferric ions is treated with an
excess of a solution of Ba (OH),. Calculate the weight of the precipitate formed
if they react as

Fe, (SO,), + 3Ba (OH), (aq) —> 2Fe (OH), (s) + 3BaSO, (s)
(Atomic Masses : Fe =56, Ba=137,0=16,H=1, S =32)
Calculate and compare the energies of two radiations having wavelengths

A, = 4000A and A, = 8000A. (2x10=20)

Using de Broglie expression, calculate the momentum of a moving particle whose
wave length (A) is 200 pm. (pm = picometers)

Determine the molecular formula of a compound which contains 2.19%H; 12.8%
C and 85.1% Br. 1g of the compound in gaseous state occupies 119 mL volume
at STP. (Atomic masses : C =12, H= 1, Br = 80)

Calculate the wave length and frequency of the spectral line in Lyman series of
hydrogen spectra which has minium frequency.

1.84 g of a mixture of CaCO, and MgCO, are heated strongly to decompose (as
given below) till no forther loss of weight occurs.

CaCO, — CaO0O + CO,
and MgCO, — MgO + CO,

The residue weighs 0.96g. Find the percentage composition of mixture (Atomic
masses : Mg =24, Ca=40,C=12,0=16) (3x4=12)

What is the uncertainty in the velocity of a moving cricket ball having mass
150g if its uncertainty in position is 1A.

A naturally occuring mineral was found to contain 42% MgCO, and 55% CaCO,
and the rest was in purity. What volume of CO, measured at 15°C and 745 mm
Hg pressure will be evolved by heating 10g of the mineral hydrochloric acid if
the reation occurs as follows:

MCO, + 2HC — MCl, + CO, + HO

Where M = mg or Ca (4x2=8)
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S
CHEMICAL BONDING

In lesson 1 you have learnt about the structue of atom while in the lesson 2 you studied
about the classfication of elements and the variation in atomic properites. You know that
molecules are obtained by the combination of two or more than two atoms of the same or
different elements. In this lesson you will study

. Why do atoms combine ?
. What are the different ways in which the atoms can combine ? and
. What are the shapes of different molecules ?

The answers to these questions are of fundamental importance to the study of chemistry, as
you would discover while studying the later parts of this course.

e

@ Objectives

After reading this lesson you will be able to:

. explain the formation of bond in terms of potential energy diagram and octet rule;
. list different types of bonds;

° define ionic bond and cite some examples;

° write Lewis structures of some simple molecules;

° list the charateristics of ionic compounds;

° define covalent bond and cite some examples;

. list the characteristics of covalent compounds;

. state valence shell electron pair repulson (VSEPR) theory;

. predict the geometry of molecules with the help of VSEPR thoery;

-90-



. explain the hybridisation of atomic orbitals involving s, p and d orbitals and illustrate with
examples;

. tabulate the geometry of some molecules showing sp, sp?, sp?, dsp? and dsp® hybridisation;
° explain the formation of 6= and 7 bonds in CH,, CH,H, and C H,;

. explain molecular orbital theory;

° write the molecular orbital configuration of H,, N, O, and F, molecules;

. define bond length and bond order and relate them and

. explain hydrogen bonding with the help of examples.

5.1 Whatis a Chemical Bond

When two atoms of same or different elements approach each other, the energy of the
combination of the atoms becomes less than the sum of the energies of the two separate
atoms at a large distance. We say that the two atoms have combined or a bond is formed
between the two. The bond is called a chemcial bond. Thus a chemical bond may be visualised
as an effect that leads to the decrease in the energy. The combination of atoms leads to the
formation of a molecule that has distinct properties different from that of the consituent
atoms.

A question arises, “How do atoms achieve the decrease in energy to form the bond.” The
answer lies in the electronic configuration. As you are aware, the noble gases do not react
with other elements to form compounds. This is due to their stable electronic configuration
with eight electrons (two in case of helium) in their outermost shells. The formation of a
bond between two atoms may be visualised in terms of their acquiring stable electronic
configurations. That is when two atoms (other than that of noble gases) combine they will
do so in such a way that they attain an electronic configuration of the nearest noble gas.

The stable electronic configuration of the noble gases can be achieved in a number of ways;
by losing, gaining or sharing of electrons. Accordingly, there are different types of chemical
bonds, like,

) Ionic or electrovalent bond
) Covalent bond
) Co-ordinate covalent bond

In addition to these we have a special kind of bond called hydrogen bond. Let us discuss
about different types of bonds, their formation and the properties of the compounds so
formed.
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5.2 Ionic or Electrovalent Bond

Accordingt to these we have a special kind of bond called hydrogen bond. Let us discuss
about different types of bonds, their formation and the properties of the compounds so
formed.

The electronic configuration of sodium atom (atomic number 11) is 2, 8, 1. Since it is
highly electropositive, it readily loses an electron to attain the stable configuation of the
nearest noble gas (neon) atom. It becomes a positively charged sodium cation (Na*) in the
process

Na —> Nat + ¢ ; AH = 493.8 k J mol!
2,8,1 2,8 (AH is enthalpy change)

On the other hand, a chlorine atom (electronic configuration: 2, 8, 7) requries one electron
to acquire the stable electronic arrangement of an argon atom. It becomes a negatively
charged chloride anion (CI") in the process.

Cl + e — Ca AH =397.5 k J mol™

2,8,7 2,8,8

According to Kossel’s theory, there is a transfer of one electron from sodium atom to chlorine
atom and both the atoms attain noble gas configuration.

Na + CI — Na" + CI'

2,81 2,8,7 2,8 2,8,8

NS

The positively charged sodium ion and the negatively charged chloride ion are held together
by electrostatic atrractions. The bond so formed is called an electrovalent or an ionic bond.
Thus the ionic bond can be visualised as the electrostatic force of attraction that holds the
cation and anion together. The compounds so formed are termed as ionic or electrovalent
compounds.

Factors favour the Ionic bond formation :

a) Cation formation

1) Lower ionization energy : Lower the ionization energy of an atom, greater is the
case of formation of cation.

The IP of sodium is 519.82 kJ. mol™! and that of Potassium is 495.57 kj. mol™! so
K*ion can readily form than Na* ion.

2) Large size of the atom : Large atom can easily lose the valence electrons. If the
size is large, the distance between the nucleus and the valence electrons is more
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b)

)

R))

4)

and therefore nuclear attraction is less. Therefore the electron can be removed
easily from the atom forming cation.

Ion with lower change : Small magnitude of the change favours the formation of
ions easily. eg. : the case of ion formation increases in the order Na* > Mg*? >
AlS.

Cations with inert gas configuration : Ions pocessing eletronic configuration
similar to zero group elements are more stable than those ions which do not
have such configuration.

e.g. Ca* (2,8,8) in more stable than Zn** (2,8,18) because Ca** has inert gas
configuration.

Anion formation :

1)

2)

3)

High Electron affinity : If the electron affinity of an element is high its anion can
be easily formed.

e.g. CI' > O* > N*

Smaller size of atom : Smaller the atom lesser is the distance between the nucleus
and the valance orbit. Hence the nuclear attraction on incoming electron is more
So the anion is readily formed.

Lower change : Ions with lower change are more readily formed than those with
higher charges. (like O2 and N-).

Cl +e — CI' > O > N*

Electro Negativity Values :

If the two bonded atoms differ by more than 1.70 in their EN values, the bond between
them is ionic in nature.

5.2.1 Energetics of Ionic Compounds Formation

We have just described the formation of an ionic compound (NaCl) as a result of transfer of
electrons as proposed by Kossel. You may raise a question here that when more energy is
required (ionisation energy) to form a sodium ion from sodium atom, than that released
(electron affinity) in the formation of chloride ion from chlorine atom then how do we say
that the formation of NaCl is accompanied by a decrease in energy ? Your questions is quite
justified but let us assure you that there is no anomaly. Let us look at the whole process
somewhat closely to clarify your doubts.

The formation of NaCl from sodium and chlorine can be broken down into a number of steps

as :
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a)  Sublimation of solid sodium to gaseous sodium atoms.

Na(s) —> Na(g); AH = 108.7 kJ mol™!
b)  Ionization of gaseous sodium atom to give sodium ion.

Na(s) — Na'(g) +e ; AH = 493.8 kJ mol!
c)  Dissociation of gaseous chlorine molecule into chlorine atoms

'1,CL(g — Cl(®); AH = -120.9 kJ mol™

d)  Conversion of gaseous chlorine atom to chloride ion (addition of electron)

Cl(g) + ¢ — Cl(g); AH = -379.5 kJ mol™

e)  Formation of NaCl from sodium and chloride ions. (Crystal or lattice formation).
Na*(g) + Cl'(gg — Na*CI (s); AH = -754.8 k] mol*!
The energy released in this step is lattice energy.

The net reaction would be

Na(s) + '/ Cl(g) — Na*CI'(s); AH= -4109. kJ mol"

The overall energy change can be computed by taking the sum of all the energy changes;

AH = (180.7 + 493.8 + 120.9 - 379.5 - 754.8) = -410.9 kJ mol"

Thus we see that the net process of formation of NaCl from sodium and chlorine is accompanied
by a large decrease in the energy. The approach we have just followed is based on the law of
conservation of energy and is known as Born-Haber cycle.

Of the five different types of energies involved, two (sublimation and dissociation energies)
are generally have low values than the rest. Therefore, the three energy terms i.e., ionization
energy, electron affinity and lattice energy are important in determining the formation of an
ionic configuration the basis of the above discussion we can say that the formation of an nion
compound formed by

L. Low ionisation energy of the metal,
ii.  High electron affinity of the other element (non-metal), and

iii.  High lattice energy

5.2.2 Characteristic Properties of Ionic Compounds

. These exist as crystalline solids in which the ions are arranged in regular three dimensional
structure. The ionic compounds are generally hard and brittle in nature.

. These compounds have high melting and boiling points due to strong electrostatic
interactions between the ions.

. These are generally soluble in water and less soluble in non-polar solvents like ether,
alcohol, etc.
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. These conduct electricity when in molten state or in aqueous solutions.

Kossel’s theory explain bonding quite well but only for a small class of solids composed of
electropositive elements of Group 1 and 2 with highly eletronegative elements. Secondly, this
theory is incapable of explaining the formation of compounds like, SO, or O,, etc. For example
in case of O,, there is no reason to expect that one atom of oxygen would lose two electrons
while the other accepts them. The problem was solved by Lewis theory of covalnet bonding.

Properties of ionic compounds :
1)  Physical State : Due to close packing of ions, ionic compounds are crystalline solids.

2)  Melting and Boiling points : In ionic crystals the oppositely charged ions are bound
by strong electrostatic force of attraction. To overcome these attractive force between
ions, more thermal energy is required. Hence the melting and boiling points of ionic
compounds are high.

3)  Solubility : Ionic compounds are soluble in polar solvents like water, liquid ammonia
etc. But are insoluble in non-polar solvents like benzene, carbondisulphide etc.

4)  Reactivity : Reaction between ionic compounds in aqueous solution are very fast due
to strong attraction among ions.

e.g2. When AgNO, solution is added to NaCl solution, a white precipitate of AgCl is
formed.

+ -+ - +
Ag+NO,+NaCl —> AgCl + NaNO,

5)  Isomerism : Ionic bond is non directional so ionic compounds cannot exhibit isomersim.

6) Electrical, conductivity : Ionic substances conduct electricity in molten state and in
aqueous solution. The ionic compounds are, therefore, electrolytes.

5.3 Covalent Bond

Like Kossel, Lewis also assumed that atoms attain noble gas electronic configuration in the
process of bond formation. However, the way the noble gas electronic configuration is
achieved, is different. Lewis proposed that this is achieved by “sharing of pair of electrons”
between the two atoms. Both the atoms contribute an electron each to this pair. For example,
two hydrogen atoms form a molecule by sharing a pair of electrons. If electrons are indicated
as dots, formation of hydrogen molecule can be shows as

H + H—H:H —> H-H

This shared pair of electrons contributes towards the stability of both the atoms and is said to
be responsible for ‘bonding’ between the two atoms. Such a bond is called covalent bond
and the compounds so obtained are called covalent compounds. In the process of suggesting
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the process of chemical bonding Lewis provided a very convenient way of representing
bonding in simple molecues. This is called Lewis electron-dot structures or simply
Lewis structures.

In Lewis structure each element is represented by a Lewis symbol. This symbol consists of
the normal chemical symbol of the element surrounded by number of dots representing the
eletrons in the valence shell. Since the electrons are represented by dots, these are called
electron-dot structures. The Lewis symbols of some elements are as :

‘Li; -Be-s-B- 35 -C- 35 IN" 35 [O- ;5 [F- ;5 [Ne;

You may note here that while writing the Lewis symbols, single dots are placed first on
each side of the chemical symbol then they are paired up. The Lewis structure of a molecule
is written in terms of these symbols.

In terms of Lewis symbols the ionic bond formation in NaCl can be represented as

Na-\v-él: —> [Na]* [:él:]f

and the covalent bond formation in HCI is represented as
H- + F —> H :F:

Sometimes the electrons contributed by different atoms are represented by different symbols.
For example, formation of HF may also be shown as

HX+-.1:“: — HXF

In this case the hydrogen electron is shown as a cross while the electrons of fluorine are
represented by dots. There is no differece between electrons; it is just a presentation for the
sake of convenience.

In terms of Lewis structures the formation of a chlorine molecule from two chlorine atoms
may be represented as

:§1,+':¢1: —_— ClCl —_— :él - él:

Here each chlorine atom with seven valence electrons, contributes one electron to the shared
pair. In the process of bond formation both the chlorine atoms acquire the electronic
configuration of argon. In the same way, the formation of oxygen molecule involves sharing
of two pairs of electrons between the two oxygen atoms. In this case both the atoms contribute
two electrons each and acquire eight electrons or an octet in their valence shell.
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You may have noticed that in the process of bond formation the elements of second period
acquire eight electrons in their valence shell.. This is called ‘Octet rule’. You may also
note that in case of H, and Cl, the atoms are linked by a single line while in case of O, the
atoms are linked by two lines. These lines represent bonds. When two atoms are bound by
sharing a single pair of electron, they are said be joined by a single bond. And when, two
pairs of electrons are shared (as in case of O,), the two atoms are said to be bound by a

double bond. In nitrogen (N,) the two atoms are joined by a triple bond as they share three
pairs of electrons.

In a Lewis representation the electrons shown to be involved in the bond formation are
called bonding Electrons the pair of electrons is called ‘bond pair’ and the pairs of electrons
not involved in the bonding process are called ‘lone pairs’. The nature of the electron pair
plays an important role in determining the shapes of the molecules. This aspect is discussed
later in Section 5.4.

Valency Bond Theory

VSEPR theory gives the geometry of simple molecules but it does not explain them. Also it
has limited applications. To overcome these limitations, the Valence Bond Theory (VBT)
and the Molecular Orbital Theory (MOT) are introduced. Both the theories are based on
quantum mechanical principles.

Many attempts were made to apply this theory for the formation of covalent bonds. One such
theory, valence bond theory (VBT) was postulated by Heitler and London. This was extended
later by pauling and slater to explain the shapes of the molecules as well as the directions of
the bonds in them. The important postulates of this theory are as follows :

1) A covalent bond is formed by the overlap of two atomic orbitals.
2)  The overlaping orbitals contain unpaired electrons of opposite spins.

3)  Each of the bonded atoms retains its own atomic orbitals. But the electron pair in the
overlapping orbitals is shared by both atoms.

4)  Greater the extent of over of orbitals, stronger is the bond formed.

5)  Asthe atomic orbitals are directional in nature (except ‘s’ orbitals) the bonds that result
due to the overlap of orbitals are also directional. This gives the definite geometry to the
covalent molecule.

6)  Theincreased electron density due to the overlap of atomic orbitals of the two combining
atoms, is along the internuclear axis and keeps two atoms attracted to each other. This
gives stability to the molecule.
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Examples :

i)

Formation of H, molecules :

Hydrogen molecule is formed due to overlapping of s-s orbitals. When two hydrogen
atoms come together, 1s orbitals of the Hydrogen atoms overlap to form a strong “c”
bond this is 0~s-s.

OO

Formation of H2
Formation of Cl2 molecule :

The electronic configuration of chlorine atom is 1s*2s 2p°® 3s* 3p° 3p2y 3p',. It has one
half filled 3p_ orbital. The Pz orbital of one chlorine atom overlaps the Pz orbital of the
chlorine atom and the two electrons of opposite spins pair up to form covalent bond. As
the overlap along the internuclear axis is maximum a strong bond is formed. The bond

is formed due to ¢ P-P overlap.
< - < -0
P, P;

Formation of Cl2 -

Formation of O2 molecule :

Th electronic configuration of oxygen atom is 1s* 2s* 2p° 2p‘y 2p' . It has two half
filled 2p orbitals i.e., 2py and 2p .

The Py orbital of one atom overlaps the P orbital of the second atom to form a “c” bond
oP -P.
y y

The Pz orbital in the two atoms will be at right angles to the internuclear axis. These
two have lateral overlap. The electron density of the bonded pair is distributed in two
banana like regions lying on either side of the internuclear axis. Thus the oxygen
molecule has a double bond. The molecule has one 6~ P-P and one © P-P between the
two atoms

Formation of Oxygen O
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Formation of HCI molecule :

The electronic configuration of chlorine atom is 1s* 2s* 2p°® 3s* 3p23p s 3p,- It has one
half filled 3p, orbital. The 3P, orbital of chlorine overlaps Is orbital of hydrogen atom
and two electrons of opposite spins pair up to form covalant bond. As overlap along
the inter nuclear axis is maximum a strong bond is formed. The bond is formed due to
G s-p overlap.

Q ——~»e

H cl )

HCI formation

5.3.1 Polar Covalent Bond

In a chemical bond the shared electron pair is attracted by the nuclei of both the atoms. When
we write the electron dot formula for a given molecule the shared electron pair is generally
shown in the middle of the two atoms indicating that the two atoms attract it equally. However,
actually different kinds of atoms exert different degrees of attraction on the shared pair of
electrons. A more electronegative atom has greater attraction for the shared pair of electrons
in a molecule. As a consequence in most cases the sharing is not equal and the shared electron
pair lies more towards the atom with a higher electronegativity. For example, in HCI, the
shared pair of electron is attracted more toward more electronegative chlorine atom. As a
result of this unequal sharing of the electron pair, the bond acquires polarity or partial ionic
character.

H :Cl: H¥* CI®

In an extreme case, the difference in the electronegativity may be so high that the electron
pair is practically under the influence of a single atom. In other words the polarization of the
bond is complete i.e., we have a case of ionic bonding. Thus, though the Lewis theory talks
about covalent bonding it can account for the formation of ionic compounds also.

5.3.2 Coordinate Covalent Bond

You have learnt that in the formation of a covalent bond between the atoms, each atom
contributes one electron to the shared electron pair, However, in some cases both the electrons
of the shared pair are contributed by only one species (atom, molecule or ion) A common
example is the formation of a bond between boron trifluoride (BF,) and ammonia (NH,). BF,
is an electron deficient molecule and can accept a pair of electrons. The molecule of ammonia
on the other hand is electron rich. It has a lone pair of electron on the nitrogen atom and that
can be donated. Electron rich ammonia donates a pair of electron to electron deficient BF,.
Such electron donor-acceptor bonds are called coordinate covalent or dative bonds.
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A coordinate bond is normally represented by an arrow pointing from a donor atom to the
acceptor atom. A coordinate bond is idential to a covalent bond in terms of its polairty and
strength. The two are different only in the way they are formed. We cannot distinguish between
covalent and coordinate covalent bond, once these are formed. HNO, and NH * ion are some
more common examples of formation of a coordinate bond.

" +

r%lv?H /’D
H— — O

; H—0 N%o

N .
Le: Intext Questions 5.1

1. Define, electrovalent bond.

theory.
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5.3.3 Characteristic Properties of Covalent Compounds

. The covalent compounds have low melting and boiling points due to weak forces of
interaction between the molecules.

. The covalent compounds are poor conductors of electricity as these lack ionic species.

. The covalent compounds are generally insoluble in water and dissolve in nonpolar
solvents like bebzene, carbon tetrachloride etc.

5.3.4 Hydrogen Bonding

It is a special type of attraction between a hydrogen atom bonded to a strongly
electronegative atom (like nitrogen, oxygen or fluorine) and the unshared pair of electrons
on another electronegative atom. Hydrogen bond is a weak bond, the strength being
just about 4-25 kJ mol!. It is quite small as compared to the covalent bond, which needs
a few hundreds of kJ mol' of energy to break. However, it is strong enough to be
responsible for the high boiling points of H O and HF etc. In fact it is due to hydrogen
bonding only that water exists as a liquid. The low density of ice also can be explained
in terms of hydrogen bonding.

Due to the difference in the electronegativity between hydrogen and the other electronegative
atom, the bond connecting them becomes polar. The hydrogen atom acquires a positive
charge while the electronegative atom bears the negative charge. Hyrogen bonding results
from the electrostatic interaction between the positively charged hydrogen atom and the
negatively charged electronegative atom. The second electronegative atom may be a part of
the same molecule or it may belong to a different molecule. Accordingly, there are two
types of hydrogen bonds. If the hydrogen bond is formed between two different molecules
itis called intermolecular hydrogen bond. When the hydrogen bond exists within the same
molecule, it is called intramolecular hydrogen bonding. Salicyldehyde and o-nitrophenol
are two common examples of the moelcules showing intramolecular hydrogen bonding
whereas in water, intermolecular hydrogen bonding exists.
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O-nitrophenol Salicyldehyde

Hydrogen bonding plays an important role in the structure and function of many biomolecule
like proteins and nucleic acids.

Effects of Hydrogen bond on some properties with example :

Ring formation or chelaton through intramolecular H-bonding results in greater volatility lower
boiling points and lower solubility in water. These properties can be utilized in the separation
of the compounds with intramolecular hydrogen bonding.

The solubility of lower alcohols (ex. CH,OH ; C,H,OH etc.) is due to H-bonding between
molecules of alcohols and the molecules of water.

Intermolecular H-bonding has striking effect on the physical properties like metling points,
boiling points, enthalpies of vapourization and sublimation.

Comparision of boiling points of NH, and HCI : NH, has higher boiling points has HCI
even though nitrogen and chlorine have nearly same electronegatie values. NH, formsH-
bonds while HCI does not. This is because of smaller size of Nitrogen atom compared to the
chlorine atom.

H
S+ o8- +d 16— &+ 18— &+
............. H— N— H ceeeeeeeeees N H ceeeeeeeeeeee N— H eeeeeeeeeeens
h h h

NH3 as associated molecule

Comparision of boiling points of H,O and HF :

The boiling point of H,O is higher than that of HF even though both the compounds form
associated molecules through intermolecular hydrogen bonding. They differ in the number
of hydrogen atoms. The number of hydrogen bonds are more in case of water due to the
presence of two hydrogen atoms. But HF exists as (HF), even in vapour state while water
molecules exist as simple H O molecules in vapour state.

It means energy is not utilized to break the H-bonding in HF. But H-bonds in H,O consume
energy for their cleave. Hence, the boiling point of water is higher than that of hydrogen
flouride.
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HZO as associated molecule

5.4 Valence Shell Electron Pair Repulsion (VSEPR) Theory

In a molecule the constituent atoms have definite positions relative to one another ie. the
molecules have a definite shape. The theories of bonding that we have discussed so far do
not say anything about the shape of the molecules. A simple theory called VSEPR theory
was put forth by Sidgwick and Powell in 1940 to explain the shapes of molecules. It was
later refined and extended by Nyholm and Gillespie in 1957. This theory focuses on the
electron pairs present in the valence shell of the central atom of the molecule and can be
started in terms of two postulates.

POSTULATE 1

The electron pairs (both bonding and non-bonding) around the central atom in a molecule
arrange themselves in space in such a way that they minimize their mutual repulsion. In
other words, the chemical bonds in the molecule will be energetically most stable when they
are as far apart from each other as possible. Let us take up some examples.

BeCl2 is one of the simple triatomic molecules. In this molecules, the central atom, beryllium
has an electronic configuration of 1s? 2s?. That is it has two electrons in its valence shell. In
the process of covalent bond formation with two chlorine atoms two more electrons are
contributed (one by each chlorine atom) to the valence shell. Thus there are a total of 4
valence electrons or two pairs of valence electrons. According to the postulate given above,
these electron pairs would try to keep as far away as possible. It makes the two electron pairs
to be at an angle of 180° which gives the molecule a linear shape.

180"

CIQCI Cl — Be — (I

linear molecule
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Other molecules of this type would also have a similar shape.

BF, : In boron trifluoride, the central atom, boron has an electronic configuration of 1s? 2s?
2p'. That is, it has three electrons in its valence shell. In the process of covalent bond
formation with three fluorine atoms three more electrons are contributed (one by each fluorine
atom) to the valence shell. Thus there are a total of 6 valence electrons or three pairs of
valence electrons. According to the VSEPR postulate, these electron pairs would try to keep
as far apart as possible. It makes the three electron pairs to be located at an angle of 120°

which gives the molecule a planar trigonal shape.

Thus different molecules would have different shapes depending on the number of valence
shell electrons involved. The geometric shapes associated with various numbers of electron

F

F F

Planar trigonal shape

pairs surrounding the central atom are given in Table 5.1.

Table 5.1 : Geometric arrangements of electron pairs around central atom.

Molecule Number of Predicted Representative Example
Type electron pairs geometry Structure
- : . ‘ 180°
AX, 2 Linear —0 o 'HgCl,, BeH,
AX, 3 Planer BF,,BCl,
trigonal
AX 4 SiCl
4 Tertahedral @ CCl, CH,, SiCl,
AX 5 PCl, PF
s : Trigonal k C_s"P 5
bipyramidal
AX, 6 Octahedral - SF, PF,
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POSTULATE 2

The repulsion of a lone pair of electrons for another lone pair is greater than that between
a bond pair and a lone pair which in turn is greater than that between two bond pairs.
The order of repulsive force between different possibilities is as under.

Lone pair - lone pair > lone pair — bond pair > bond pair — bond pair

The shapes of the molecules given in Table 5.1. correspond to the molecules containing only
bond pair electrons. The shapes of molecules containing a combination of lone pairs and
bond pairs would be distorted from above mentioned shapes.

Let us take an example of three molecules namely, methane, ammonia and water. All the
three contain a total of 4 electron pairs around their central atom. But the nature of these is
different in the three cases. In methane molecule the central carbon atom has 4 valence
electrons and it shares 4 electrons with four hydrogen atoms. So there are a total of 4 bond
pairs and according to Table 5.1 it should have a tetrahedral shape. In case of ammonia also
there are four pairs of electrons but their nature is different. Three of these are bond pairs
while one is a lone pair. Similarly, in case of water again there are four pairs of electrons;
two are bond pairs while two are lone pairs. Due to the differences in the mutual repulsion
between bond pair — bond pair and lone pair — bond pair the molecular shape would be
slightly distorted from the expected tetrahedral shape. The number and nature of electron
pairs and the geometries of these three molecules are given in Table 5.2.

Table 5.2 : Molecular geometries of molecules with 4 electron pairs
with different combinations of Ione pairs and bond pairs.

Molecule Numberof Numberof Molecular - Molecular Bond angle
bondpairs lonepairs  geometry Shape (in degrees)
e d . :
H
CH, 4 0 tetrahedral H /{C H 1095
. H
. H
o | |
NH, 3 1 trigonal pyramidal = _Nlw g 107
. HT M
H
|
HO .2 2 angular or bent Oru, 1045
HO o O |

We have so far learnt that a chemical bond formation between two atoms can occur by transfer
(ionic bonding) or sharing (covalent bonding) of electrons. The processes of bond formation
and the bonding in simple molecules can be conveniently represented in terms of electron —
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dot structures. Further, the VSEPR theory provides a good idea of the shapes of the molecules.
But! Have you noticed that we have been representing electrons as well defined dots i.e.,
localized particles. This is in contradiction with the probabilistic (orbital) representation of
the electron that you have learnt in lesson 3. Let us learn how do we explain the process of
bond formation in terms of modern theories that incorporate the wave mechanical representation
of atom.

N .
LeAJ Intext Questions 5.2

1.  What are the basic postulates of VSEPR theory?

5.5 Modern Theories of Chemical Bonding

The theories of chemical bonding proposed (in 1916) by Kossel and Lewis are called as
classical theories of bonding. These do not take into account the wave mechanical or quantum
mechanical principles. After the development of quantum mechanical description of atomic
structure two more theories were proposed to explain the bonding between atoms. These are
called modern theories of chemical bonding. These are Valence Bond Theory (VBT) and
Molecular Orbital Theory (MOT). Let us discuss these theories in brief.

5.5.1 Valence Bond Theory

Valence bond theory was proposed by Heitler and London in 1927, to describe the formation
of hydrogen molecule from its atoms. Linus Pauling and others further developed it. In this
approach the process of chemical bond formation can be visualised as the overlapping of
atomic orbitals of the two atoms as they approach each other. The strength of the bond
depends on the effectiveness or extent of the overlapping. Greater the overlapping of the
orbitals, stronger is the bond formed. Let us take the example of bonding in hydrogen
molecule to understand the VB approach.

Suppose that the two hydrogen atoms are at infinite distance from each other. Their electrons
are in their respective ls orbitals and are under the influence of the corresponding nuclei.
As the two atoms approach each other their 1s orbitals begin to overlap which lead to decrease
in energy, Fig.5.1. At a distance equal to the bond length the overlapping is maximum and
the energy is minimum. The overlapping can be equated to the sharing of electrons between
the atoms. The electrons occupying the shared region of orbitals are under the influence of
both the nuclei.
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Diftance between the hydrogen nuclei—>

Potential Energy —>

Bond Length

Fig. 5.1: Formation of hydrogen molecule from overlapping of two hydrogen atoms

This simple approach can be used to explain the bonding in simple diatomic molecules like
HF, F, etc.. However, to explain bonding in molecules containing more than two atoms
some additional concepts like excitation and hybridization need to be used.

5.5.1.1 Hybridisation

Let us take up the example of bonding in a diatomic molecule; say beryllium hydride (BeH,)
to understand the concept of hybridization of orbitals and the need for the same. The atomic
number of beryllium is 4. Its electronic configuration is 1s* 2s*. In order to form bonds with
the 1s electrons of the two hydrogen atoms the valence electrons (2s?) of beryllium atom
must overlap with the 1s electrons of the two hydrogen atoms. Since the valence shell of
beryllium atom contains both the electrons in the same orbital (i.e.,2s) it cannot overlap
with the 1s orbital of hydrogen atoms containing one electron.[You know that an orbital can
contain a maximum of two electrons with opposite spin]. Pauling got over this problem by
suggesting that in the process of bond formation an electron from the 2s orbital of beryllium
atom gets momentarily excited to the empty 2p orbital as shown below.

Excitatio
Beryllium Atom Beryllium Atom
(Ground state) |Ij| |T2‘t| | 2|p | | (Excited state) |;N,| |T25| | T |2p| |

Now the two valence electrons are in two singly occupied orbitals which can overlap with
the 1s orbitals of the two hydrogen atoms and form two bonds. The problem is still not over.
The two bonds formed by these overlaps would be of different nature. One of these would
involve overlapping of 2s orbital of beryllium with 1s orbital of hydrogen while the other
would involve overlapping of 2p orbital of beryllium with 1s orbital of hydrogen. However,
experimentally the two bonds are found to be equivalent.

This problem is solved with the help of a concept called hybridisation of orbitals. According
to this two or more than two non equivalent orbitals (having different energies and shapes)
of comparable energies mix or hybridize and give rise to an equal number of equivalent
(same energies and shapes) hybrid orbitals.
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In case of BeCl, the two singly occupied orbitals (2s and 2p) hybridize to give two sp- hybrid
orbitals. This is called sp-hybridisation. These hybrid orbitals lie along the z-direction and
point in opposite directions.

Hybridization

Bery.llium Atom| /NI ( 1 || T)| | | B;r;t/)lh(l:m dAtom| TJ/| | Tl T|| | |
(Excited state) Is \ZS—/ 2p (Hybridized) Is sp 2P
hybridized
orbitals

These hybrid orbitals can now overlap with the 1s orbitals of hydrogen atoms to give the
linear molecule of BeCl, as shown below, Fig.5.2.

The concept of hybridisation as illustrated above can be used to describe the bonding and
shapes of different molecules by considering hybridization of suitable orbitals. Let us take
up some more cases involving hybridization of s and p orbitals.

X X
T ¢ ¥ 180°
Z Z +
) Linear
) ' P P
Dd. 36+ 50
Clp,

Fig. 5.2 : Formation of BeCl,; sp hybridisation

Boron trichloride (Sp? hybridisation) : In boron there are five electrons and the electronic
configuration is 1s?, 2s?, 2p'. There are three electrons in the valence shell of boron atom. In
order to form bonds with three chlorine atoms one of the electrons from the 2s orbital of
boron atom is excited to its 2p orbital.

s om[i1) [ [T 2 [ru] T s
oron Atom !
(Ground State) s 2p Is 2s (Excited State)

One 2s orbital and two 2p orbitals hybridise to give three sp, hybridized orbitals. This is
called sp? - hybridisation.

Boron Atom Hybridization

(Exited State) [14] (O] [T D | —> [ ]
Is 2s 2p Is sp? 2p

hybridized

orbitals
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The three hyrbidized orbitals are coplanar and directed towards the corners of an equilateral
triangle. These hybrid orbitals then form bonds with the p-orbitals of chlorine atoms as
shown below. fig. 5.3

~ Three sp’ hybrid orbitals
Fig. 5.3 : Formation of BeCl,; sp® hybridisation

Bonding in Methane (Sp’ hybridisation) : In case of methane the central atom, carbon,
has an electronic configuration of 1s?, 2s?, 2p2. In order to form bonds with four hydrogen
atoms one of the electrons from the 2s orbital of carbon atom is excited to the 2p orbital

Excitation Carbon Atom
oo ooyt 1) (111 ] ] ——— @ieaswe (1Y (] [[7]7]

Ground S
(Groun tate)ls 2s 2p Is 2s 2p

One 2s orbital and three 2p orbitals of the carbon atom then hybridize to give four sp* hybridised
orbitals. This is called sp*-hybridisation.

Carbon Atom

/\ Excitation
o o 14] L] [ [ ] SRS Exited staey |10 [T T I

Is 2s 2p Is sp?
Hybridised

These four sp?® hybrid orbitals are directed towards the corners of a regular tetrahedron. These
hybrid orbitals then form bonds with the 1s orbitals of hydrogen atoms to give a methane
molecule as shown below, Fig. 5.4.
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Fig. 5.4 : Formation of CH,; sp’ hybridisation

Phosphorus pentachloride (sp*d hybridisation):

P (ground state) 11 ]
P (excited state) HEgkiEEER

sp’d hybridisation

Five sp®d hybrid orbitals are formed which are directed towards the corners of a trigonal
bipyramidal (Fig. 5.5a). These orbitals overlap with singly filled p-orbitals of five chlorine
atoms and five ¢ bons are formed. Thus PCI_ molecule has a trigonal bipyramidal geometry.
Three P-Cl bonds (equatorial) make an angie of 120° with each other and lie in one plane.
The other two P-Cl bonds (axial) are at 90° to the equatorial plane, one lying above and the

other lying below the plane.

SF, (sp°d* hybridisation) :

P (ground state) (KdpEEEEE
P (excited state) |’||’||’|| |'||'|| | | |

sp’d’ hybridisation
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Six sp*d? hybrid orbitals are formed which are directed towards the corners of a regular
octahedron. These orbitals overlap with singly filled orbitals of six F atoms and form ©
bonds giving a regular octahedral geometry (Fig. 5.5b).

F
F
Fig. 5.5(a) : Trigonal bipyramidal Fig. 5.5(b) : Octahedral geometry of
geometry of PCl, molecule SF,molecule

5.5.1.2 Hybridisation and Multiple Bonds

So far we have discussed the bonding in those molecules in which the orbitals on a single
central atom are hybridized. Let us see how does the concept of hybridisation help us in
understanding bonding between pairs of such atoms. In the case of bonding in ethane (C,H,),
two carbon atoms are bonded to each other and each carbon atom is bonded to three hydrogen
atoms. You would recall that in the case of methane the valence orbitals of carbon atom
undergo sp? hybridisation. In ethane each carbon atom undergoes sp® hybridisation to give
four sp® hybridized orbitals. The two carbon atoms form a carbon - carbon bond by sp* - sp?
overlapping. The remaining six sp® hybridized orbitals overlap with 1s orbitals of hydrogen
atoms to give a molecule of ethane, C H_ as shown in fig. 5.6 The C-C bond so formed is
along the internuclear axis. Such a bond is called a 6 bond.

y SOC
%
dl

Fig. 5.6 : Formation of ethane molecule
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Bonding in ethane : In case of ethene, the relevant orbitals of the carbon atoms undergo sp?
hybridisation. Here, only two of the three p orbitals of the carbon atoms hybridize with the 2s
orbital of from three sp? hybrid orbitals each. The remaining p-orbitals (one on each carbon
atom) do not take part in hybridization. A carbon - carbon bond is formed by overlapping of
sp? orbital on the two carbona atoms (Fig. 5.7(a)]. The remaining four sp? hybridized orbitals
overlap with the 1s orbitals of hydrogen atoms to give the basic skeleton of the molecule.
This leaves an un-hybridized p orbital each on both the carbon atoms (Fig. 5.7(b) ]. These
are perpendicular to the molecular plane and undergo sideways overlap to give an electron
cloud in the plance above and below the molecule [Fig. 5.7 (b and c)]. This is called a 7-
bond. In ethene there are two bonds between the carbon atoms (one sigma and one pi bond).

@ @

Fig. 5.7 : Formation of ethylene molecule : a) formation of the basic skeleton of the
molecule b) sideways overlapping of the un-hybridized p orbitals and c) a n—bond
d) and (e) complete picture of ethylene molecule.

Bonding in ethyne (acetylene) : In case of acetylene the bonding can be explained in terms
of sp-hybridisation in carbon atoms. One 2s and one 2p orbitals hybridize to give two sp-
hybridized orbitals. This leaves two mutually perpendicular unhybridized p orbitals each on
both the carbon atoms. The carbon - carbon bond is formed by sp - sp overlapping with each
other. The remaining sp orbital on each carbon overlaps with the 1s orbital of hydrogen to
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give C-H bonds (Fig. 5.8). The unhybridised p orbitals each on both the carbon atoms overlap
sideway to give two m-bonds.

Fig. 5.8 : Formation of acetylene molecule : a) formation of the basic skeleton of the
molecule b) sideways overlapping of the un-hybridized p orbitals and c) two mutually
perpendicular T—bond

N .
LQ‘ Intext Questions 5.3

1.  What do you understand by the term. “hybridisation”?

2. How would you explain the shape of ammonia molecule on the basis of hybridisation ?

5.5.2 Molecular Orbitals Theory

You have just learnt about valence bond theory. It describes bond formation as result of
overlapping of the atomic orbitals belonging to the constituent atoms. The overlapping region
responsible for bonding is situated between the two atoms i.e., it is localised. Molecular
orbital theory (MOT) developed by F. Hund and R.S. Mulliken in 1932, is based on the
wave mechanical model of atom. In contrast to the localized bonding in VBT, the molecular
orbital theory visualises the bonding to be delocalised in nature i.e., spread over the whole
molecule. According to MOT, in the process of bond formation

. The atomic orbitals of the constituent atoms combine to generate new types of
orbitals (called molecular orbitals). These are spread over the whole molecule i.e.,
they are delocalised. In other words these new orbitals, do not “belong” to any one
atom but extend over the entire region of the bonded atoms.

° These molecular orbitals are created by Linear Combination of Atomic Orbitals (LCAQO)
approach in which, the atomic orbitals of comparable energies and of suitable
symmetry combine to give rise to an equal number of molecular orbitals.

. The available electrons then fill lthese orbitals in the order of increasing energy as
in the Aufbau princile used in the electron configurations of atoms.
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Let us take the example of hydrogen molecule to understand the molecular orbital approach
to chemical bonding. The two hydrogen atoms have an electron each in their respective 1s
orbitals. In the process of bond formation the atomic orbitals of two hydrogen atoms can
combine in two possible ways. In one, the MO wavefunction is obtained by addition of the
two atomic wave functions whereas in the other MO is obtained by substration of the atomic

orbitals. The combination of the 1s orbitals on the two hydrogen atoms are shown in fig. 5.9

Moljgarorbital
" ols oA:l;)iz}c Is ' Is . .o*ls
B M- S s L
" R © e
ols S : ‘ls_. o 1s
Obial ogns  Condingsigma

Fig. 5.9 : Formation of bonding (6) and anti bonding (6*) molecular orbitals

The molecular orbital obained by the addition of atomic orbitals is of lower energy than that
of the atomic orbitals and is called a bonding orbital. On the other hand, the orbital obtained
by substraction of atomic orbitals is of higher energy and is called an anti-bonding orbital.
You can note here that the molecular orbitals obtained here are symmetric around the bond
axis (the line joining the two nuclei). Such molecular orbitals are called sigma (6) molecular
orbitals. The bonding orbital obtained above is denoted as ¢ 1s while the anti-bonding orbital
is denoted as 6* 1s. Here ¢ indicates the type of molecular orbital; 1s tell about the atomic
orbital involved and * is indicative of the anti-bonding nature of the MO. There are a total of
2 electrons in a hydrogen molecule, according to Aufbau principle these are filled into ¢'
orbital. Since the 6" orbital is a bonding orbital, its getting filled leads to stability or the bond
formation.

Like electronic configuration of atoms we write MO electronic configuration for molecules.
The MO configuration of hydrogen molecule is given as (G 1s)?. The molecular orbital

energy level diagram are given in Fig. 5.10 (a and b).

A S | v
Antibonding . ) . Antibonding
MO - . . MO
E - E .
N N :
E ;Atomic E * Atomic
R * orbitals R ‘ orbitals
G : G
v 1s v 1s
Bonding , T Bonding .
agis? MO ) :
(a) - o S )

Fig. 5.10 : Molecular orbital energy level diagram for a)H, and b)He, molecules
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Bond Order : we may define a new parameter called bond order as
Bond order = (b.0.) = 1/2 (n_-n,)

Where, n_ and n_ refer to the number of electrons present in bonding and antibonding molecular
orbitals respectively. For hydrogen molecule the bond order will be '/,(2-0) = 1, i.e., there is
a single bond between two hydrgen atoms.

Helium (He,) molecule

In case of He,, also there will be linear combination of 1s orbitals leading to the formation of
¢ ls and o* 1s orbitals. The four electrons would be distributed as per the MO electronic
configuration : (6 1s)? (6* 1s)%. The molecular orbital energy level diagram is given in fig.
3.10 (b). This is gives a bond order of '/, (2-2) = 0, that is there is no bond between two
helium atoms. In other words He, molecule does not exist.

Li2 and Be2 molecules

The bonding in Li, and Be, can be explained by combining the 1s and 2s orbitals to give
appropriate MO’s. the molecular orbital diagrams for Li, and Be, are given in Fig. 5.11

[}

N

C'2s. _ ' G'2s
i + N [
| 2s _ ‘ 2s 2s 2s
3 N | A
;Fi c2s G 2s
Y N
c'1s

N K
o

Gclis

1s

(a) (b)

Fig. 5.11 : Molecular orbital energy level diagram for a) Li, and b) Be, molecules
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5.5.2.1 Moelcular Orbital Bonding in Diatomic Molecules of Second
Period

So far we have talked about bonding in the elements in which the MO’s were obtained from
the linear combination of s orbitals. Incase of the atoms of second period (beyond Be)
elements both s and p orbitals are involved in the formation of molecular orbitals. In such a
case a number of different molecular orbitals are obtained depending on the type and
symmetry of the atomic orbitals involved in the process. Let us try to understand the nature
of MO’s obtained in this case.

Here also the 1s and 2s orbitals of the two would combine to give corresponding bonding
and anti-bonding molecular orbitals as shown in Fig. 5.11 (b). Let us learn about the formation
of MO’s from the combination of p orbitals.

As mentioned above, in LCAQO, the atomic orbitals of comparable energies and of suitable
symmetry combine to give molecular orbitals. A suitable symmetry means that the
combining orbitals should have same symmetry about the molecular axis. It is normally
assumed that the bond formation takes place along the z-direction. You have learnt in the
first unit that the three p orbitals are directed towards three mutually perpendicular direction
namely the X, y and z directions. Therefore the Pz orbitals of the two atoms would combine
along the bond axis to give two molecular orbitals as shown below fig. 5.12 Since these
molecular orbitals are symmetric around the molecular axis these are called ¢ orbitals. The
designation of the orbitals would be S and 0—2’;2.

- Molecular o Antibonding siigma.\
A . orbital _ molecular orbital

a2p, .

Rnergy

(2) ®)

Fig. 5.12 : Overlapping of two 2Pz orbitals to give molecular orbitals
Combination of a Pz - orbital with either a Px or Py orbital would not lead to any

bonding. On ther other hand a Px orbital will combine with a P, and the P, with a P, as
shown in Fig. 5.13
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Molecular orbital
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Fig. 5.13 : Formation of molecular orbitals from two 2P_atomic orbitals

You may note here that these orbitals combine in a lateral fashion and the resulting molecular
orbitals are not symmetric around the bond axis. These MO’s are called m-molecular orbitals.
These have large electron density above and below the internuclear axis. The anti-bonding
7 orbital, * 2Px (or w* 2Py) have a node (a region of zero electron density) between the

nuclei.

The molecular orbitlas obtained as a result of combination of respectie AO’s of two atoms
can be represented in the form of following energy level diagram, Fig 5.14 (a). The MO’s
obtained from the combination of 1s orbitals are not shown. (these beong to the inner core
and are completely filled). The electrons in these molecular orbitals are filled in accordance

with Aufbau principle and Hund’s rule.

L 4

Atomic Orbitals | - ’

C=l=(=)

Molecular Orbitals

7R

~

z
P

i

(a)

" - . Atomic Orbitals

NEU

<mOIMZm

®)

Fig. 5.14 : Molecular orbital energy level diagams (a) for O, and F, and (b) for diatomic

orbitals of lighter elements Li, Be, B, Cand N
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However, this energy level diagram is valied for the diatomic molecules O, and F, only; For
the diatomic molecules of the lighter elements like, B, C and N this energy level diagram is
somewhat modified. It is so because in case of lighter elements the difference in the energy
of 2s and 2p orbitals is very low and s and p orbitals on the two atoms get mixed up. In place
of normal pure 2s-2s or 2p-2p combinations we may have s-p combinations; for example 2s
orbital of first atom can have a reasonable overlapping with 2P, orbital of the second atom
and vice versa. The modified level diagram is given in Fi.g 5.14 (b).

5.5.2.2 Electronic Configuration and Properties of the Molecule

The MO energy level diagram discussed above can be used to find out the MO electronic
configuration of the molecule. This in turn provides the information about some properties
of the molecule. Let us take the example of nitrogen molecule. An atom of nitrogen has five
valence electrons; since there are two atoms, we have a total of ten valence electrons that
need to be filled in the MO’s Using Fig. 5.14, the MO electronic configuration can be
writeen as 62s’, 6°2s%, n2p %, n2py2, 02s?,

Bond order : '/, [n -n ] ="/ [8-2] ='/ [6] = 3 ; this means that in nitrogen molecule, a triple
bond exists between the two nitrogen atoms.

Megnetic nature : molecules show magnetic behaviour depending on their MO electronic
configuration. If all the MO’s are doubly occupied the substance shows diamagnetic
behaviour. In case one or more MO’s are singly occupied, the substance shows
paramagnetic behaviour. The MO electronic configuration of O, (with 12 valence electrons)
is ©02s?, 672¢%, m2s?, m2p’ n2py2, n2py2, n2p, 71:*2py1 ; Since it contains unpaired
electrons, oxygen shows paramagnetic behaviour. This has been found to be so experimentally
also. In fact, the explanation of the paramagnetic behaviour of oxygen is an achievement of
MOT.

The bond order and the magnetic behaviour of the molecular cations and anions can also be
obtained in the same way. In such cases we add one electron for every negative charge and
for every +ve charge we subtract an electron. For example O, -(oxygen molecule dianion)
would have a total of 14 valence electrons (12 + 2) while oxygen molecule cation O," would
have 12-1 = 11 valence electrons.

N .
Le: Intext Questions 5.4

1. What is the basic difference between the valence bond and molecular orbital theories ?

2. Calculate the bond orders for Li, and Be, molecules using the molecular orbital
diagrams given in Fig. 5.12

3. Predict the magnetic behaviour of O,.



(D)
(ﬁ%’j What You Have Learnt

A chemical bond may be visualised as an effect that leads to the decrease in the energy
of the combination of two atoms when they come closer.

The atoms combine in such a way so as to attain stable electronic configuration of noble
gases.

According to Kossel, transfer of an electron from one atom to the other achieves the
stable configuration. This leads to formation of ions, which are held together by
electrostatic interactions called ionic bond.

According to Lewis, the stable configuration is achieved by sharing of electron pairs
between the bonding atoms. This leads to the formation of a covalent bond.

Bonding in simple molecules can be conveniently represented in terms of Lewis
electron-dot structures.

In some covalently bound atoms the shared pair of electron is more towards the atom
with greater electronegativity and leads to partial ionic character inthe molecule.

Valence shell electron pair repulsion (VSEPR) theory is very helpful in predicting the
shapes of simple molecules. It is based onthe interactions between the electron pairs
around the central atom in the molecule.

Valence bond theory (VBT) and Molecular orbital theory (MOT) are two modern
theories of chemical bonding. These are based onthe wave mechanical model of atom.

According to the valence bond theory the process of chemical bond formation can be
visualised as the overlapping of atomic orbitals of the two atoms as they approach
each other. The overlap increases the electron charge density in the inter-nuclear region.

In order to explain bonding in molecules containing more than two atoms, Pauling
proposed the concept of hybridisation. In hybridisation, the atomic orbitals of the valence
shell of the central atom ‘hybridise’ or merge and given never orbitals with proper
orientations, which explain the shape of the molecule.

According to the Molecular orbital theory the atomic orbitals of comparable energies
and of suitable symmetry combine to give rise to an equal number of molecular orbitals.
These molecular orbitals extend over the entire region of the molecule i.e. these are
delocalised over the whole molecule.

When two atomic orbitals combine it gives a pair of molecular orbitals; one is called
bonding molecular orbital of lower energy and the other of higher energy is called
anti-bonding orbital.

The electrons present in the molecule are filled in these orbitals in the order of increasing
energy (Aufbau principle) to give the MO electronic configuration.
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The number of bonds between the two atoms is called bond order and is defined as
Bond order =b.o. = 1/2 (n, = n ).

The MO electronic configuration can be used to predict the magnetic nature of the
molecule. If all the MO’s are doubly occupied the substance shows diamagnetic
behaviour and if one or more MO’s are singly occupied the substance shows paramagnetic
behaviour.

The favourable conditions for the formation of ionic bond and properties of ionic
compounds

Valence bond theory is discussed.

The consequences of hydrogen bond.

H Terminal Exercise

1.

S

10.
I1.

What do you understand by a chemical bond ?
Explain the process of bond formation as a decrease in energy.
What do you understand by the term, ‘bond length’ ?

Describe the two possible ways in which the noble gas electronic configuration is achieved
inthe process of bond formation.

What are Lewis electron-dot symbols ? Show the formation of MgCl, in terms of Lewis
symbols.

Define a coordinate bond and give some examples.
What is VSEPR theory ? predict the shape of SF, molecule using this theory.

Why do we need the concept of hybridisation ? How does it help in explaining the
shape of methane ?

Give the salient features of molecular orbital theory.
Be, molecule does not exist. Explain on the basis of molecular orbital theory.

Write down the molecular orbital electronic configuration of the following species and
compute their bond orders.

0,;0;0, ;0%

Za\
m Answers to Intext Questions

5.1

1.

An electrovalent bond is formed when one or more electrons are transferred from one
atom to another atom or atoms.
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5.2

5.3

:N.+ N - ::1\11--N:—> «:N =N:

In a covalnet bond the shared pair of electrons is closer to the more electronegative
atom. This leads to charge separation in the molecule and the bond becomes polar

A bond in which both the bonding electrons are contributed by one atom only
1) Low iozation energy ii) Low charge on the ion
iii) Large atomic size

As ionic bond is non directional hence ionic compounds does not show isomerison.

The two postulates of VSEPR theory are

i) The electron pairs (both bonding and non-bonding) around the central atom in a
molecule arrange themselves in space in such a way that they minimize their
mutual repulsion.

i1)  The repulsion of a lone pair of electrons for another lone pair is greater than that
between a bond pair and a lone pair which in turn is stronger than that between
two bond pairs. The order of repulsive force between different possibilities is as
under.

lone pair - lone pair > lone pair - bond pair > bond pair - bond pair

In methane the central carbon atom would have four pairs of electrons in its valence
shell. According to VSEPR theory these would be placed tetrahedrally around the
carbon atom. Hence the methane molecule would have a tetrahedral shape.

Boiling point increase due to H-bonding.

Hybridisation is a concept which is quite useful in explaining the shapes of molecules.
According to this two or more than two non equivalent orbitals with comparable energies
and different shapes mix and give rise to an equal number of equivalent hybrid orbitals.
The hybrid ortbitals have identical energies and shapes.

In ammonia the 2s and three 2p orbitals hybridize to give four sp* hybridized orbitals.
Three of these overlap with the 1s orbitals of hydrogen and one remains nonbonding
containing a lone pair. The sp? hybridized orbitals are directed towards the corners of a
regular tetrahedron. But due to the pair the ammonia molecule has a distorted tetrahedras
shape which is some what like a trigonal pyramid.
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Valance bond theory visualises the bond formation to be localized whereas according
to MOT it is delocalised.

Bond order =b.o. ="'/, (n, - n)

for Li, ; Bond order= '/, [4-2] ="/, [2] =1

for be, : Bond order = '/, [4-4]="/,[0] =0

MO configuration of O, is 62s*>, 6'2s* 062p? 7m2p> = 71:2py2.
n2p' = 7t*2p1y

Due to 2 unpaired electrons O, molecule is paramagnetic.
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THE GASEOUS STATE

We know that matter exist in three *different states namely solid, liquid and gas. The most
familiar example to show these different states of matter is water. Water exists as a solid
(ice), a liquid (water) and a gas (steam) under different conditions of temperature and
pressure. The difference between these three states of matter is due to the difference in their
intermolecular distance and intermolecular forces. In addition to these, temperature and
pressure also play an important role in deciding the states of matter.

In this lesson we shall first discuss the differences in properties of the solid, liquid and gaseous
state and the factors due to which these differences arise. We shall also study the effect of
pressure and temperature on the volume of the given amount of gas. These are governed by
the gas laws namely Boyles’ law, Charles’ law and Avogadros’ law.

Fe
@ Objectives

After reading this lesson you will be able to:
. differentiate between the three states of matter - solid, liquid and gas;
. list the characteristic properties of gases;

o state the gas laws (Boyle’s law, Charle’s law and Avogadro’s law) and express them
mathematically.

. draw the p-V, p-1/V, p-pV and V-T graphs.

. Interpret the effect of temperatue and pressure on the volume of a gas from the graph;
. derive the ideal gas equation from the gas laws;

. State the Dalton’s law of partial pressure and explain its significance;

° state Graham’s law of diffusion;

. state the postulates of Kinetic Molecular Theory of gases;

o explain the Maxwell’s distribution of velocities.
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° differentiate between uoeu andu_,
o explain the deviation of real gases from ideal behaviour in term of compressibility factor;

o state the van der Waals equation and explain the significance of van der Waals constants
and

o explain the liquifaction of gases with the help of Andrews curves

6.1 The Three States of Matter

At any given conditions of temperature and pressure matter exists in one of the three states
namely solid, liquid and gas. The characteristic properties of solid, liquid and gaseous state
are listed in Table 6.1.

Table 6.1 : Properties of different states of matter

Property Solid Liquid Gas

Shape Definte Indefinite; takes up the Indefinite
upthe shape of the vessel.

Volume Definite Definite Indefinite (fills the
container completely)

Density High Less than solids but Low
much higher than gases.

Compressibility  Incompressible Largely incompressible Highly compressible

The different characteristics of the three states of matter as listed above depend upon the
relative closeness of particles that make up the substance. In solid state, the particles are
held close together in a regular pattern by strong intermolecular forces. In liquid state,
intermolecular forces are weak as compared to solid state hence the particles are less tightly
held and allow them to move away from each other. In the gaseous state, the molecules are
farthest apart as compared to solid and liquid states and the intermolecular forces are
negligible so the particles move randomly. A simplified picture of particles in solid, liquid
and gaseous state is represented in Fig. 6.1.
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Solid (a) Liquid (b) Gas (¢)

Fig. 6.1 : A simplified picture of particles in solid, liquid and gaseous state
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6.2 General behaviour of Gases : The Gas Laws

The volume of a given mass of gas depends upon the temperature and pressure under which
the gas exists. It is, therefore, possible to describe the behaviour of gases in terms of the four
variables : temperature, T; pressure p; volume V and amount (number of moles, n). For a
given amount of gas the volume of gas changes with change in variables such as temperature
and pressure. The relationship between any two of the variables is studied, keeping the other
variable constant by various laws which are described below.

6.2.1 Effect of Pressure on the Volume of the Gas (Boyle’s law)

The effects of pressure on the volume of gas for a given amount of gas at constant temperatue
was studied by Robert Boyle in 1662 for different gases. He observed that if the volume of
gas is doubled the pressure is halved and vice versa. Boyle’s law states that at constant
temperature, the volume of a given amount of a gas is inversely proportional to its pressure.

Mathematically Boyle’s law is expressed as shown below :

V =< 1/p (at constant T and n)
or p,V,=pYV,
when the pressure of the gas, p is plotted against volume of the gas, V the exponential curve

1
is obtained (Fig. 6.2). However when the pressure, p of the gas is plotted against 7y;~a straight
line is obtained (Fig. 6.2). If the product of pressure and volume (pV) is plotted against pressure
(p) a straight line parellel to x-axis (pressure is axis) is obtained (Fig. 6.4)

T, n = contant T, n = contant

P—
P—

V- 1
M 1
Fig. 6.2 : A graph of p versues V Fig. 6.3 : A graph of p versues (7)

Tln = contant

pV

Pressure (p)

Fig. 6.4 : A graph of p V versues p
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Example 6.1 : The volume occupied by a given mass of a gas at 298K is 24 mL at 1 atmospheric
pressure. Calculate the volume of the gas if the pressure is increased to 1.25 atmosphere
keeping temperature constant.

Solution : Given that
V = 25mL p, =1 atm
V,=7? p, = 1.25 atm

2
According to Boyle’s Law, p, V, =p, V,
substituting the value of p,, V| and p, in the above expression we get

p, V1 (1 atm) (25mL)

V, =
)2 (1.25 atm)

= 20 mL

The volume occupied by the gas is 20 mL at 298 K and 1.25 atm pressure.

Example 6.2 : The volume of a certain amount of a gas is decreased to one fifth of its initial
volume at a constant temperature. What is the final pressure ?

Solution : Let
Initial volume =V, Initial pressure = p,
Final volume V, =V /5 Final pressure = p,

By Boyle’s law, we know that at constant temperature

p,V,=p,V,
b= p, vV, _pV, 5p
’ P vV, '
5

Thus when volume is decreased to 1/5th of the initial volume, the pressure in increased bv 5
times of the initial volume.

6.2.2 Effect of Temperature on the Volume of Gas (Charle’s Law)

The effects of temperature on the volume of the gas was studied by Jacques Carles in 1787
and Gay Lussac in 1802 at constant pressure for different gases. Their conclusion can be
given as Charles’ law which states that at a constant pressure, the volume of a given amount
of gas is directly proportional to the absolute temperature.

So, according to Charles’ Law, the volume of a gas increases as its absolute temperature is
being raised, if its absolute temperature is lowered, its volume will consequently decrease.
Mathematically, Charle’s Law is expressed as shown below:
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V < ¢ (at constant p and n)

or V =kl (k is a constant)
Therefore V./t, =V,

Graphical representation of Charle’s Law is a straight line pointing away from the origin of
the graph as shown in Fig. 6.5

Here graph of the volume of a gas (V) plotted against its temperature at constant pressure
and amount (in moles). Notice that the graph is a straight line with a positive gradient

(slope).

P, n = constant

-273°C Temperature T

Fig. 6.5 : A graph of V versues T

Mathematically volume of a gas at temperature t is given as

v, ( t j 273+t
V, =V, +—=Xt=V,| 1+ —= | =V,
273

273 273
Thus at t = -273°C
( 273 - 273)
V,=V,| ————|=0
273

This means that at -273°C, the volume of the gas is reduced to zero i.e., the gas ceases to exist.
Thus this temperatue (-273°C) at which the gas hypothetically ceases to exist is called Aboslute
zero. It is represented by zero K.

This is the theoretically lowest possible temperature. In actual practice, we cannot reduce the
temperature of the gas to zero kelvin.

Kelvin Scale of Temperature

The scale of temperature which has -273°C as zero is called Kelvin Scale. Degree celcius is
converterd to Kelvin by adding 273. Thus
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t/°C + 273 =T/K
where T = temperature in Kelvin
t = temperature in celcius
For example 15°C can be converted in K by adding 273 to 15.

6.2.3 Effect of Temperature on Pressure
(Pressure-Temperature Law)

This law states that.

Pressure of given amount of gas at constant volume is directly proportional to its
absolute temperature.

poT
p = kT
Example 6.3 : A given amount of a gas is maintained at constant pressure and occupies a

volume of 2 liters at 1000°C. What would be volume if gas is cooled to 0°C keeping pressure
constant.

Solution : Given that,

Initial volume Vl =2L T1 = 1000+ 273 =1273 K
Final volume V2 =7 T2 =0+273=273K
Now using Charle’s Law V,/T =V, /T,orV,=(V /T/)xT,

On substituting the values we get

V,=(V,/T)x T,=Q2L/1273 K) x 273 =0.4291 L

6.2.4 Avogadros’ Law

The Italian physicist Amadeo Avogadro was the first to propose, in 1811, a relationship
between the volume of a gas and the number of molecules present in it. This, relationship is
known as Avogadros’ Law. It states that :

Equal volumes of all gases at the same temperatue and pressure contain equal number of
molecules.

Mathematically, Avogadros’ law is expressed as :
V o< N (at constant temperature and pressure)

Where V and N are volume and number of molecules respectively.
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At a given temperature and pressure, the number of molecules present in the gas is directly
proportional to the number of moles.

therefore, N < n

Where n is the number of moles

Ve n
\%
or —_ =constant
n
Vl V2
Also n,oon,

He also found that the number of molecules present in 1 mole of any substance (22.4 litre of
any gas at 273K temperature and 1 atmosphere pressure) is 6.022 x 10 molecules. This
number is known as Avogadros’ number.

It is the number of molecules (6.022 x 10%) of any gas present in a volume of 22.4 L(at 273 K
and 1 atm) and it is the same for the lightest gas (hydrogen) as for a heavy gas such as carbon
dioxide or bromine.

Example 6.4 : 0.965 mol of a gas occupies a volume of 5.0L at 298 K/ temperature and 1
atm pressure. What would be the volume of 1.80 mol of the gas at the same temperature and

pressure ?

Solution : V. n, =V, n

V. n _ (5.0L)(1.8mol)

2 72 —
n, (0.965mol)
V, =933L

Example 6.5 : Compare the volumes of 16g of oxygen and 14g nitrogen at the same
temperature and pressure.

Solution : Number of moles of O, = 16 g/32 g mol" = 0.5 mol
Number of moles of N, = 14 g/28 g mol"' = 0.5 mol

Since the two gases are at the same temperature and pressure, and contain equal number of
mole, hence according to the Avogadro’s Law they should also occupy the same volume.

PN .
Le: Intext Questions 6.1

1. The density of a gas is usually less than that of the liquid. Explain.



2. Calculate the pressure (atm) required to compress 500 mL of gas at 0.20 atm into a
volume of 10mL.

3. Equal volumes of oxygen gas and an unknown gas weigh 2.00 and 1.75 g respectively
under the same experimental conditions. What is the molar mass of the unknown
gas ?

6.3 The Ideal Gas Equation

Boyle’s Law, Charle’s Law and Avogadro’s Law can be combined to give a single equation
which represents the relation between the pressure, volume and kelvin temperature of a
given amount of gas under different conditions. Thus

Ve I/p  at constant temperature (Boyle’s Law)
VoeT at constant pressure (Charle’s Law)
Ven at constant temperature and pressure (Avogadros’ Law)
All the three expressions can be combined into a single expression.
Ve nT/P or pVoenT
or pV = constant x nT

The constant in this equation is called “universal gas constant’ or ‘molar gas constant’,
represented by R. Thus we can write for 1 mole of a gas.

pV =RT
Correspondigly, for n moles of a gas we have
pV =nRT

This is known as the ideal gas equation because it holds only when gases are behaving as
‘ideal’ gases.

Since for a given mass of gas we can write
pV/T = a constat, we have
P, V/T, = p, V/T,

Wherep, V, and T, refer to one set of conditions and P, V, and T, refer to a different set of
conditions.

The numerical value of R can be found by substituting experimental quantities in the equation.
At STP, T=273.15 K, p=1 atm and for 1 mol of gas (n = 1), v=22.414 L. Consequently,
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R = pV/nT = (1 atm) (22.414L) / (1 mol) (273.15K)
= 0.082057 L atm mol! K-!

The value of R depednds on the units adopted for the quantities in the equation pV = nRT.
The various values are :

R =0.082057 L atm K*' mol™ (for caluculation purpose the value is
taken as 0.0821 L atm K™!' mol™)

R =8.314 x 107 erg K! mol!
R =8.314 J K! mol!
R =1.987 cal K'! mol"!

Example 6.6 : At 273 K, 10 mol of gas is confined in container of volume 224 L. Calculate
the pressure of the gas. R = 0.821 L atm mol! K-'.

Solution : The ideal gas equation pV = nRT will be used here
n =10 mol, R =0.0821 atm L K'! mol"!

V=224L T=273K p="?

On substituting these values in the above equation we get

p = nRT/V = (10 mol x 0.0821 atm L mol™ K x273 K) / 224L = 0.99998 atm = 1 atm.

6.4 Dalton’s Law of Partial Pressure

The behaviour observed when two or more non-reacting gases are placed in the same
container is given by Dalton’s Law of partial pressures. Dalton’s Law states that.

The total pressure exerted by a mixture of non-reacting gases is equal to the sum of the
partial pressures of the various gases present in the mixture.

The partial pressure is defined as the pressure the gas would exert if it was alone in the
container. Suppose a sample of hydrogen is pumped into a one litre box and its pressure is
found to be 0.065 atm. Suppose, further a sample or argon is pumped into a second one litre
box and its pressure is found to be 0.027 atm. If both samples are now tranferred to a third
one litre box, the pressure is observed to be 0.092 atm. For the general case, Dalton’s Law
can be written as

Where P, , P, , P ........ are the partial pressure of gases A, B, C..... respectively. This gas
laws provide a simple way of calculating the partial pressure of each component, given the
composition of the mixture and the total pressure. First we introduce the mole fractions
X, and X,. These are defined as
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nA nB
X,=— and X, = —
n n

Where n, and n, are the number of moles of gas A and B respectively and n = n, +n,.
Since P,=n,RT/V, P,=n,RT/V, and p=n RT/V,

it follows that P, =X p and p,=Xyp

This is an exceptionally useful (and simple) way of calculating at partial pressures when the
composition and total (measured) pressure of a mixture of gas is known.

Example 6.7 : Atomosphere is oten considered mainly as a mixture of nitrogen and oxygen:
76.8% by mass of nitrogen and 23.2% by mass of oxygen. Calculate the partial pressure of
each gas when the total pressure is 1 atm.

Solution : The number of moles of each component is
PNz =76.8 g /28 g mol! =2.74 mol
POz =23.2 g/ 32 gmol' =0.725 mol
The mole fractions of the components are therefore

v - 2.74 _o0791.  x - 0.725
N7 27440725 T 0~ 274 +0.725

=0.209
The partial pressures are therefore given by
PNz =0.791 x 1 atm = 0.791 atm

POz =0.209 x 1 atm = 0.209 atm

6.5 Graham’s Law of Diffusion

If we open a bottle of perfume in one corner of a room or burn an incense stick we can feel the
smell of the perfume or the incense stick all over the room also. The smell of perfume or
incense stick spreads from one point of the room to the other by mixing with air. This free
intermingling of gases when placed in contact with each other is known as diffusion.

Diffusion occurs in liquids as well as in gases. Effusion is the escape of a gas through a
small hole, as in case of a puncture in a tyre.

The experimental observation of the rate of effusion of gases through a small hole in the
side of the led Graham (1829) to formulate the following law;

At constant temperature and pressure, the rate of diffusion of a gas is inversely proportional
to the square root of its density. Graham’s law is applicable to both diffusion and effusion.

If the time for a given volume of gas A to escape is 7,, while the time of the same volume of
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gas B to escape is 7, it follows, that,

t,/t,= (rate), / (rate), = \/p,/ pg Where P, and P, are the densities of gases A and B respectively.

The ratio of the densities of the molecules is the same as the ratio of the molecular masses of
the gases at the same temperature and pressure.

hence, 1,/t, = (rate), / (rate), = P, / P,= {M,/M; where M, and M_ are the molecular

> "A""B
masses of gases A and B respectively.

PN '
Le_‘ Intext Questions 6.2

1. What is the difference between diffusion and effusion.

2. Explain why Dalton’s law is not applicable to a system of ammonia and hydrogen
chloride gas.

3. The rates of diffusion of CO, and O, were found to be 0.29 and 0.271. What is the
molecular mass of O3 if the molecular mass of CO2 is 44.

4.  Calculate the pressure exerted by 5.0 mol of carbon dioxide in a 1 litre flask at 47°C
using ideal gas equation.

6.6 Kinetic Molecular Theory of Gases

(Accounting for the Gas Laws)

To explain the behaviour of the gases theoretically, Claussius, Maxwell and Boltzmann
made the following assumptions :

1)  Gases consist of large number of tiny particles called molecules.

2)  The gas molecules are so small and so far apart that the total volume of the molecules
is a negligible fraction of the total volume occupied by the gas.

3) The molecules are in state of constant, rapid and random motion colliding with one
another and with the walls of the container.

4)  There are no attractive or repulsive forced between the molecules of the gas.
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5)  The collisions of the molecules among themselves and with the walls of the containing
vessel are perfectly elastic, so that there is no loss of energy during collisions.

6)  The pressure exerted by a gas is due to the bombardment of the molecules on the walls
of the containing vessel.

7)  The kinetic energy of a gas is directly proportional to the absolute temperature of the
gas.

On the basis of this model, it is possible to derive the following expression for a gas:
pVvV = 1 mNC2
3
Where p is pressure, V denotes volume, m is the mass of a gas molecule. N is the total number
of molecules. and C is the root mean square velocity of the gas molecules.

6.6.1 Root Mean Square Velocity

Root mean square velocity is the square root of the average of the squares of all the molecular
velocities. Mathematically.

RMS Velocity = /(CZ +CZ+..+CZ2)/N
where C, C, ..... C, the molecular velocities.

Kinetic gas equation - Deduction of gas law’s from the Kinetic gas equation

All the gas laws can be deduced from the kinetic gas equation.
1
Pv ==mnc?
3

a) Boyle’s law : According to kinetic gas equation Pv = 1/3 mnc?

Here, P is pressure of the gas molecules we can write
py=2 (1 mnc?)
32

The kinetic energy of ‘m’ mole’s of the gas is 1/2 mnc?. Change the line to next row
according to kinetic molecular theory, kinetic energy is directly proportional to the
temperature in Kelvin, or 1/2 mnc? = KT.

Where ‘K’ is constant on substituting this result in the above equation expression we
have

Pv=2/3KT ............... (1)
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b)

c)

d)

At constant temperature (T) = Pv = constant.
This is Boyle’s law equation.
Charles law : From the equation (1) Pv =2/3 KT

OrV:% KT o @)

P
At constant pressure (P), we have v = constant x T (or) v o T (p, n are constants)
This is Charles law.

Avogadro’s law : consider equal volumes of the two different gases at same temperature
and pressure. As per the kinetic gas equation.

Pv=1/3m n c?..... Kinetic gas equation for the first gas
Pv=1/3m,n,c>..... Kinetic gas equation for the second gas
Since 1/3m n c?...... 1/3myn, ¢, (3)

(Since on left side both equation have same Pv)

Since temperature (T) is the same for the two gases their average Kinetic energy per
molecule will also be the same

1 1 2
g m,n,C, 5 m,n,c,
1 = l (Or)nl = n2
2 2
5 m,C, E m,C,

It means that equal volumes of any two gases at the same temperatures and pressures
will have equal number of molecules. This is Avogadro’s law.

Dalton’s law of partial pressures : Consider a gas in a vessel of volume V. If ‘n " is
the number of molecules ‘m,’ is the mass of a molecule and ‘c ’is the RMS velocity.
According to Kinetic gas equation, pressure of the gas.

If the gas is replaced by another gas in the same vessel we will have
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P=23 """ Where P, is the pressure of the 2nd gas, m,, the mass of its molecules.

n, the number of its molecule and C, the R.M.S. velocity of its molecule.

Suppose that the two gases are taken in the same vessel. Let the total pressure’s of the
mixture be ‘P’.

PV =1/3m n 012 + 1/3m,n, 022

2 2

1

—m,n.C —m,n.,C

p_ 3 111+3 2l
\Y/ \Y/

P + P, + P,. This is Dalton’s law of particle pressures
Graham’s law of diffusion : According to Kinetic gas equation
Pv = 1/3 mnc?

‘mn’ is the expression that represents mass of the gas. If the gas contains Avogadro’s
number of molecules, then ‘mn’ becomes equal to gram molecular mass ‘M’ of the gas

3pv
Pv=1/3mnc? orC = ,/%

i \Y Gram molar volume d (densi
— = = t
tnee M Gram molecular mass (density)
/3|0
. C=|—
d
C= Constant _ Ca L or
At Constant pressure, L = d Vd

This shows that the RMS velocity or the rate of diffusion of gas is inversely proportional
to the square of its density. This is Graham law of diffusion.

6.6.2 Average Velocities

This is defined as

Uy +U, +...+ Uy
uav:
N

and is given by the expression
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[8RT
Uy =i 0o
™™
6.7 Distribution of Molecular Speeds

According to Maxwell in a gas all the molecules are in a state of constant rapid random
motion and they collide with one another and with the walls of the vessel. During collision
the redistribution of the energy takes place. As a result their speed and the kinetic energy
changes. Therefore at any instant different molecules have different speed and hence different
kinetic energy. At the given temperature even though the speed of the individual molecule
continuously changes, the fraciton of the molecules having the same speed remains constant
and this is known as Maxwell-Bolttzmann Distribution Law.

At the given temperature this fraction is denoted by N where dN is number of molecules

having the same velocity and N is the total number of the molecules present in the gas. At the
given temperature this fraction of the molecule is plotted against the molecular speed as shown
in figure 6.6.

Most Probable
Velocity

Fraction of molecules
aN
N

Velocity =

Fig. 6.6 : Maxwells’ distribution of velocities at constant temperature

In above Fig. 6.6 the maximum in the distribution curve corresponds to the speed possessed
by the highest fraction of the molecule, this is known as most probable speed. It may be
noted that if the temperature is increased the fraction of the molecule with higher speeds
increase thus the most probable speed increases with increase of temperature. The temperature
dependence of the distribution of the speed is as shown in Fig. 6.7.
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Fig. 6.7 : Effect of temperature on distribution of velocities.

At the given temperature the most probable speed is given by the following expression.

o, = [T
M

the three speeds, root mean square speed, average speed and most probable speed are related
by the following expressions

U ? Uy T U, \/§ 8/ T ;\/E
and also 1.224 : 1.128 : 1, so

u > u > u
m,

rms av p

The most probable velocity u, —increases with the use in temperature of gas.

6.8 Deviation from Ideal Gas Behaviour

The gas laws mentioned above are strictly valid for an ideal gas under all conditions of
temperature and pressure. Real gases show deviation from these laws at low temperature and
high pressure. These deviations can be shown clearly by plotting PV as a function of

pressure at constant temperature, nRT
pV _ Vobserved
nRT \/ideal

Gases deviate from ideal behaviour due to the following faulty assumption of kinetic theory:

= Z (compressibility factor)

1.  Volume of the molecules of a gas is negligibly small in comparison to the space
occupied by the gas.

2. There is no force of attraction between the molecules of a gas.
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Contrary to assumption (1), the volume occupied by the molecules of a gas becomes significant
at high pressures. If nb is the volume occupied by the molecules, the actual volume of the gas
is (V-nb). Assumption (2) too doesn’t hold good as at high pressures molecular interactions
start operating. Molecules are dragged back by other molecules which affects the pressure
exerted by them on the walls of the container.

an?
ideal = Preal + V2

an?

(P is observed pressure and —;- is correction term)
real V

In view of the corrections for pressure and volume, ideal gas equation can be rewritten as

an?
[p+v) (V - nb) = nRT

This is known as van der Waals equation

yoros
g Ammonia
=
>O N Idealgas
0 Pressure
] | | | 1
200 400 600 800 1000

Fig. 6.8 : The plot volume versus P for real gases

Behaviour of real gases, deviation from ideal behaviour, Compressibility
factor Vs pressures diagram’s of real gases.

Intermolecular forces :

We know about molecular polarities. They give rise to some of the forces that occur between
the molecules. Take H O for example. H,O molecule consists of two hydrogen atoms and
one oxygen atom joined together in a specific way by the intermolecular forces known as
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“Covalent bonds”. But water exists either as solid ice or liquid water or gaseous steam, depending
on its temperature. For this, there must be some intermolecular forces between molecules that hold
them together at certain temperatures. These intermolecular forces are usually called Vander Walls
forces after J. Vander walls (1837-1923). These forces are of several different types like ion -
dipole, dipole - dipole, dipole - induced dipole and induced dipole - induced dipole (London
dispersion) forces - Hydrogen bond is specific intemolecular force limited to certain kinds of
molecules. All these intermolecular forces are electrical. They result from the mutual attractions of
unlike charges or repulsions of like charges. If the species are ions full charges are present and ion-
ion interactions are very strong (500-1000 k J. mol-1). They give rise to the so called ionic bond’s.
If the molecules are neutral, then partial charges are possible to give substantial attractive forces.

Ion - Dipole force :

Water molecule’s are polar and in them hydrogen atoms possess
partial positive charges and oxygen atoms posses partial negative

charges due to electronegativity different between hydrogen and
oxygen atoms. When ionic compounds like NaCl dissolve in water,

they dissociate into its components. Negative and positve charges @

are possible to give substantial attractive forces, they disccociate
into component ions like. Na* and C1. Now the water molecules
orient in the presence of ion’s in such away that the positive end of

the dipole is near an anion and the negative end of the dipole is

near a cation. The magnitude of interaction energy depends on its
charge ‘z’, molecule’s dipole moment ‘m’ and on the inverse square

of the distance ‘r’ between the ion and the dipole E = zWr?. Ion

dipole forces are mainly important in aqueous solutions of ionic @
substance. Such as NaCl in which dipolar water molecules surround
the ion’s.

Dipole - Dipole forces :

Neutral but polar molecules experience dipole - dipole forces.
These are due to the electrical interaction’s among dipoles on
neighbouring molecules. These forces are again attractive
between unlike poles and repulsive between like poles and
depend on the orientation of the molecules. The net forces in a
large collection of molecules results from many individual
interactions of both types. The forces are generally weak
(energies of the order of 3-4 kJ mol™') and are significant only
when the molecules are in close contact. The strength of a given
dipole - dipole interaction depends on the sizes of the dipole
moments involved. The more polar the molecules or the higher
the dipole moment the greater is the strength of interactions and
higher is the boiling points of those substances. Dipole-Dipole
interaction energy between stationary polar molecules as in solid’s
is proportional to 1/r* and that between rotating molecules is
proportional to 1/r¢ ‘r’ is the distance between the polar molecules.
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Dipole - induced Dipole forces :

These forces are between polar molecules with permanent dipole moments and the molecules
with no permanent dipole - moment. Permanent dipole of the polar molecule induces dipole
on the electrically neutral molecule by deforming into electronic cloud. Here also the interaction
range is proportional to 1/r* where ‘r’ is the distance between the molecules. The magnitude
of induced of dipole moment also depends on the magnitude of dipole moment of permanent
- dipole and polarisability of neutral molecule. Large molecules are easily polarized. Here
also commulative effect of dispersion forces and dipole-induced dipole interactions exist.

There are repulsive forces between the particles (atoms, molecules or ion’s) due to electron-
electron repulsions or (Nucleus-Nucleus) repulsion’s.

Thermal energy :

It is due to the motion of the atoms or molecules of the substance. This energy is directly
proportional to the absolute temperature of the substances. It is a measure of average kinetic
energy of the molecule’s of the substance. The movement of particles is called thermal motion.

Intermolecular forces Vs thermal energy :

Intermolecular forces tend to keep the molecules together but thermal energy tends to keep
them apart. If thermal energy predominates over inter molecular forces the substances would
change from.

Solid — liquid — gas

And if intermolecular forces predominate, then the substances change from

Gas — liquid — Solid.

6.9 Liquifaction of Gas

Any gas can be liquified at atmospheric pressure if it is cooled sufficiently. Many gases (but
not all) can be liquified at ordinary temperature by compressing them.

The conditions of temeperature and pressure under which gases liquify were first investigated
by Andrews in 1869.

Andrews subjected CO, to various pressures at different temperatures and plotted the effect
of pressure on volume (Fig. 6.9). The curve obtained at a given temperature is called an
isotherm. As can be seen in the figure, at 321K the volume of the gas decreased with the
increased pressure approximately in accordance with the Boyle’s Law. At 294 K, however,
the volume first decreases in accordance with Boyle’s Law until the pressure was increased
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Boyle’s Law until the pressure was increased
to about 60 atm. At this pressure there was a
sudden break in the curve and liquid carbon
dioxide appeared. The pressure been converted
into liquid. Subsequent increase of pressure
caused practically no change in volume. In
accordance with the general rule that extremely
high pressures are required to compress liquids
appreciably.

Similar changes took place when the isotherms
were constructed for temperatures below 294
K, except that the pressure required to liquify
the gas became smaller as the temperature
decreased. Andrews found that liquifaction
could be brought about at all temperatures

Pressure / atm

[:] Permancutl gas
Liquid
Z

vapour

EEE Liquid and

Volume / m°®

Fig. 6.9 : Isotherms of carbon dioxide

below 304.1 K. But above this temperature no liquifaction occured no matter how much
pressure was increased. This temperature was therefore called the critical temperature for

CO,. The pressure required to liquify the gas at the critical temperature was called critical

pressure, and the volume of 1 mole of the substance at the critical temperature and pressure,

the critical volume.

The temperature above which a gas cannot be liquified, however large the pressure

may be is known as critical temperature.

Table 6.2 list values of the critical temperature and pressure critical volume for some common

substances.
Table : 6.2 Critical temperatures and critical pressures
Substance Critical Critical
Temperature (K) Pressure (atm)
Water, H,O 647 217.7
Sulphur dioxide, SO, 430 77.7
Ammonia, NH, 406 112.5
Hydrogen Chloride, HCI1 324 81.6
Carbon dioxide, CO, 304 73.0
Oxygen, O, 154 49.7
Nitrogen, N, 126 33.5
Hydrogen, H, 33 12.8
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PN .
Le: Intext Questions 6.3
1.

2.

3.

4.

What are the conditions under which real gases behave as ideal gas.
Which term in van der waals equation accounts for the molecular volume.

Calculate the root mean square velocity of ozone kept in a closed vessel at 20° C and 1 atm
pressure.

What is compressibility factor.

G
Fﬁ?ﬁ What You Have Learnt

Matter exists in three states, namely, solid, liquid and gas.

The three states of matter differ in the relative closeness of the molecules constituting
them.

There exists a definite relationship between the pressure, volume, temperature and
number of moles of a gas and they are given by Boyle’s law, Charle’s law and
Avogadro’s law.

The gases obeying gas laws are known as ideal gases.

Dalton’s law give the relationship between partial pressures exerted by the non-reacting
gases to the total pressure.

Most of the gases deviate from the ideal behaviour. The deviations of gases from
ideal behaviour is due to the wrong assumptions of kinetic molecular theory.

Real gases can be liquified under appropriate conditions.

H Terminal Exercise

1.

Draw the graphs of the following :
a) p vs Vat constant T and n.

b) 1/T vs p at constant T and n.

c) T vs V at constant p.

What is the volume occupied by one mole of a gas at STP ?
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10.

The volume of a sample of gas is 500mL at a pressure of 1.5 atm. If the temperature is
kept constant, what will be the volume of that gas at

1) 1 atm 1) 5.0 atm.

List the wrong assumptions of kinetic theory of gases which led to van der Waals
equation.

What is the standard temperature and pressure ?
What is the lowest possible temperature ?
CO, can not be liquefied at 35°C, however large the pressure may be, why ?

A sample of nitrogen gas weighing 9.3 g at pressure 0.99 atm occupies a volume of
12.4 litres when its temperature is 55K. What will be its volume when the temperature
is 220 K? Assume pressure is kept constant.

Calculate the volume of one mole of oxygen at 27°C and 2 atm pressure, given that the
volume of oxygen at STP is 22.4 litres.

What is the Maxwell-Boltzmann Law?

Za\
ﬁ Answers to Intext Questions

6.1
1.
2.

Due to more intermolecular distances in gaseous molecule compared to liquid.
Boyle Law equation is

p,V,=p,V,
(.20 atm) (500 mLO = p, (10 mL)

(0.20atm)(500ml)
P, = 10ml
p, =10 atm.

By Avogadro’s Law

moles of O, = moles of unknown gas

2.00g 1.75 g
32gmol™ = Molecular weight of unknown gas

1.75x32
2.00

Molar mass of unknown gas = =28 g mol-1
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6.2
1.  Movement of gas molecules through another gas is called diffusion.
When gas escapes from a container through a very small opening it is called effusion.

2. Ammonia and hydrogen chloride gases are reacting gases and Dalton’s Law is applicable
to mixture of non-reacting gases.

ro, M, &
3. rco, | M

03

0271 [ 44 ]%

0290 (M

03

Squaring both sides

(0.271)? 44
(0.290)> = Mo,

M 44%x0.29x0.29
%5 = 70.271x0.271

Molecular mass of O, = 50.4
4. By ideal gas equation
pV =nRT

p x 1.0 = (5.0 mol) (0.0821 L atm K-!' mol') 320 K

(5.0 mol) (0.0821 L atm K" mol™) 320 K
1.0L

p = 131.3 atm.

6.3

1. Low pressure and high temperature.

2. b

3RT
Uy = o
3' rms M

3.(8.314Jk "'mol™)(293K) (8.314Kgm*s™*K "mol™)(293K)
(0.048kgmol™) - 0.048kgmol™

= 390.3 ms™ -145-



7
THE LIQUID STATE

You are familiar with gases, liquids and solids in your daily life. You are aware that water can
exist as a liquid, a solid (ice) or as a gas (vapour). These are called three states of matter. In
lesson 6, you have learnt about the differences in properties of these three states of matter.
The properties of gaseous state can be explained in terms of large separation of molecules and
very weak intermolecular forces. In this lesson we shall study about the intermolecular forces
in liquids and see how their properties can be explained in terms of these forces.

r@1 i i

s

: ) Objectives

After reading this lesson you will be able to:

. explain the properties of liquids in terms of their structure (molecular arrangement and
intermolecular forces);

o differentiate between evaporation and boiling;

. define vapour pressure of a liquid and correlate it with its boiling point;
. define surface tension and explain the effect of various factors on it;

. explain the consequences of surface tension and

. define viscosity of a liquid and correlate it with intermolecular forces.

7.1 Nature of Liquids

Look at Figure 7.1 in which the molecular arrangement has been shown in the three states of
matter. What do you notice ?

In figure 7.1a, you would find that the molecules are far apart, A gaseous state can be
represented by this arrangement. In liquid state (figure 7.1b), molecules are closer as compared
to gaseous state. You would notice that they have very little spaces between them. However,
there is no order in arrangement of molecules. Further we say that, these molecules can move
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about, but with lesser speeds than those in gases. They can
still collide with one another as in the gaseous state. You would
recall that the molecules in gases have very little attraction
berween them. But in liquid state the attraction between the
molecules is comparatively much stronger as compared to that
in the gaseous state. The attractions are strong enough to keep
the molecules in aggregation. Contrary to this, in solids (Fi.g
7.1a) you notice that the molecules are arranged at the closest
possible distance.

Solid state is a well ordered state and has very strong
intermolecular forces. You would learn more about solids in
lesson 8.

We would say, in a gas there is complete choose due to very
weak termolecular forces, whereas in solids there is a
complete order due to strong forces. Liquids falls between
gases and solid state. Liquid molecules have some freedom

of gases state and some order of solid state. Intermolecular
(c )Cf forces in liqudis are strong enough to keep the molecules
Fig. 7.1 : Arrangement of close to one another but not strong enough to keep them in

molecuels in (a) solids; perfect order.
(b) liquids and (c) gases

7.2 Nature of Liquids

In this section you would learn how the properties of liquids can be explained in terms of
molecular arrangement and intermolecular forces. Let us consider a few properties of liquids
as examples.

7.2.1 Volume and Shape

You would recall that the liquids (for example water) take the shape of the container in
which they are kept. However, they have a definite volume. How can you explain the
properties of definite volume and variable shape? In liquids, the attractive forces are strong
enough to keep the molecules moving within a definite boundary. Thus, they maintain a
definite volume. These intermolecular forces are not strong enough to keep them in definite
positions. The molecules can, therefore, move around and take the shape of the container in
which they are kept.

7.2.2 Compressibility

Compressibility of a substance is its ability to be squeezed when a force is applied on it. Let
us study the compressibility of liquids with the help of the following activity.
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Activity 7.1

Aim : To study the compressibility of water.
What is required ?
A 5 mL syringe and water.

What to do ?

1) Take the syringe and fill it with water by pulling out the plunger.

11) Note the volume of water.

iii) Press the plunger while blocking the nozzle of the syringe with a finger.

What to observe ?

Observe the volume of water in the syringe while pressing the plunger. Does the volume of
water change by pressing the plunger? You would observe that it does not change.

The above activity clearly shows that liquids arr largely incompressible. It is because there
is very little empty space between the molecules. In contrast, the gases are highly
compressible because of large empty spaces between their molecules.

The large difference in the free space in gaseous and liquid states becomes evident from the
fact that the volume occupied by a given amount of a substance in liquid state is 100-1000
times less than that in the gaseous state.

7.2.3 Diffusion

Diffusion is the process of spreading of a substance from a region of higher concentration
to a region of lower concentration. Let us study the phenomenon of diffusion in liquids with
the help of the following activity.

Activity 7.2

Aim : To study the phenomenon of diffusion through water.

What is required ?

A glass, water, blue ink and a dropper.

What to do ?
i) Take some water in the glass.

ii) Add a few drops of blue ink into water with the help of a dropper.
What to observe ?

Observe the water and ink in the beaker.
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Initially the ink does not mix with water. After some time it starts spreading slowly. After a
few hours the whole of water in the glass becomes coloured due to diffusion of ink through
water.

The above activity demonstrates that diffusion occurs in liquids. Why does it happen? Because
the molecules of both the liquids are moving and help in the diffusion process.

7.2.4 Evaporation

You know that water left in an open pan evaporates slowly until the pan becomes dry.
Evaporation is the process by which a liquid changes into vapour. It occurs at all temperatures
from freezing point to boiling point of the liquid.

In a liquid, at any temperature, a small fraction of the molecules is moving with relatively
high velocity. Such molecules have high kinetic energy. These can overcome the
intermolecular attractive forces and escape through the surface of the liquid.

Rate of evaporation of aliquid depends on a number of factors. For example, more is the
surface area, faster will be the evaporation. For faster dying, we increase the surface area by
spreading the wet clothes. If we supply heat to the liquid, evaporation is faster. The wet
clothes dry faster in the sun. The increase in temperature increases the kinetic energy of the
molecules of the liquid and the liquid evaporates at a faster rate. We feel cool after the bath.
Why do we feel so ? It is because during evaporation water takes the heat from our body and
we feel cold.

Now let us compare the rate of evaporation of two liquids, for example, water and alcohol.
Which of these two liquids evaporates faster ? You mut have experience that alcohol
evaporates faster. Why does this happen? The number of molecules escaping from a liquid
depends upon the attractive forces. When these forces are stronger, fewer molecule escape. In
alcohol, these attractive forces are weaker than those in the water. Hence, alcohol evaporates
faster than water.

7.3 Vapour Pressure and Boiling Point

In the previous section you have learnt that liquids evaporate when kept in an open vessel.
Different liquids evaporate to different extent under similar conditions. The extent of
evaporation of a liquid is measured with the help of vapour pressure of a liquid. In this
section, you will study about it and also about the boiling point of a liquid.

7.3.1 Vapour Pressure of a liquid

You know that a liquid placed in an open vessel evaporates completely. If, however, the
liquid is allowed to evaporate in a closed vessel say in stoppered bottle or a bell jar,
evaporation occurs, but after sometime the level of the liquid does not change any further
and become constant. Let us understand how does it happen. In the closed vessel, the
molecules evaporating from the liquid surface are confined to a limited space. These
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molecules may collide among themselves or with the molecules of air and some of them may
start moving towards the surface of the liquid and enter into it. This is known as condensation.
In the beginning, rate of evaporation is greater than the rate of condensation. But as more and
more molecules accumulate in the space above the liquid, rate of condensation gradually
increases. After some time, rate of evaporation becomes equal to the rate of condensation and
an equilibrium state is reached (Fig. 7.2).

-_ <

& CE

Initiallv molecules evaporate After some time At equilibrium the rates of e?aporation
y p condensation begins and condensation become equal

Fig. 7.2 : Establishing (vapour liquid) equilibirum under a evacuated jar

The number of molecules in the vapour above the liquid becomes constant. These molecules
exert certain pressure over the surface of the liquid. This pressure in known as (equilibrium
vapour pressure, saturated vapour pressure) or simply as (vapour pressure). The vapour pressure
of a liquid has a characteristic value at a given temperature. For example, vapour pressure
of water is 17.5 torr and that of benzene is 75.00 torr at 20°C. The vapour pressure of a liquid
increases with increase in temperature. It is so because at a higher temperature more
molecules have sufficiently high energy to overcome the forces of attraction and escape to
form vapour. A plot of vapour pressure as a function of temperature is called vapour pressure
curve. Figure 7.3 depicts the vapour pressure curves of some liquids.
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Temperature/°C—
Fig. 7.3 : Vapour pressure curves of some liquids

What would happen if we remove some of the vapour from the closed vessel. Would the

vapour pressure of the liquid increase, decrease or remain constant? Vapour pressure of the
liquid would remain constant at that temperature. In the beginning, the vapour pressure
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would decrease after the removal of the vapour, but soon more liquid would evaporate to
maintain the equilibrium and the original vapour pressure would be restored. So the vapour
pressure of a liquid has a definite value at a particular temperature.

7.3.2 Boiling

You must have seen the formation of bubbles at the base of a vessel, in which a liquid is
heated. The rate of formation of bubbles increases with increase in heat supplied. What are
the bubbles made up of? The first bubbles that you see are of the air, which is driven out of
the liquid by increase in temperature. After some time, bubbles of the liquid are formed
throughout it. These bubbles rise to the surface and break. When this happens, we say that the
liquid is boiling. The bubbles of the liquid would form only if its vapour pressure is equal to
the atmospheric pressure.

The temperature at which boiling occurs is called the boilling point of the liquid. At this
temperature the vapour pressure of the liquid is equal to the atmospheric pressure. The
boiling point, therefore, depends upon the atmospheric pressure. For example, water boils
at 100°C at 760 torr and at 97.7°C at 700 torr.

The normal boiling point of a liquid is defined as the temperature at which the vapour
pressure of a liquid is equal to one atmosphere or 760 torr.

The boiling point of a liquid depends upon its nature. A more valatile liquid would boil at a
lower temperature than a less volatile liquid. You can refer to figure 7.3 and note that diethyl
ether boils at a much lower temperature than water, because it is highly volatile liquid. The
boiling point of ethanol lies in between those of diethyl ether and water. Vapour pressures
or boilin points of liquids give us an idea of the strength of attractive forces between molecules
in liquids. Liquids having lower boiling points have weaker attractive forces in comparison
tot hose havinng higher boiling points.

You can make a liquid boil at temperature other than normal boiling point. How? simply
alter the pressure above the liquid. If you increase this pressure, you can increase the boiling
point and if you can decrease this pressure you decrease the boiling point. On the mountains,
the atmospheric pressured decrease and therefore boiling point of water also decreases.
People living on hills face problem in cooking their meals. They, therefore, use pressure
cooker. How food is cooked fater in it? The lid of pressure cooker does not allow water
vapour to escape out. On heating the water vapour accumulate and the inside pressure
increases. This makes the water boil at a higher temperature and the food is cooked faster.

7.3.3 Evaporation and Boiling

Evaporation and boiling, both involve conversaion of a liquid into vapour and appear to be
similar. However, they differ from each other in some aspects. Evaporation occurs at all
temperatures from freezing point of a liquid to its boiling point, while boiling occurs at a
definite temperature only i.e., it is boiling point. Evaporation occurs slowly while boiling is
a fast process. Evaporation of a liquid occurs at its surface alone while boiling occurs
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throughout the liquid. These differences between evaporation and boiling have been

summarized in Table 7.1.

Table 7.1 : Differences between evaporation and boiling

S.No. Evaporation Boiling
1. It takes place at all temperatures. It takes place at a definite temperature.
2. It is a slow process. It is a fast process
3. It occurs only at the surface of It occurs throughout the liquid.
the liquid.

7\
L@. Intext Questions 7.1
1.  Match the following.

Column 1 Column II

i) liquids have a definite volume. a)  The molecules in a liquid can
move about
ii) Liquids acquire the shape of b)  The molecules in liquids are close

their container. and have very little free space.

i11) Liquid are largely incompressible. c¢)  The inter molecular forces liquid

strong enough to keep the molecules
moving with in a definite space.

2. When a liquid is heated till it starts boiling.

1) What are the small bubbles that appears initially at the bottom and sides of the
vessel made up of ?

3.  Liquids A, B and C boil at 65°C, 120°C and 90°C respectively. Arrange them in the
decreasing order of the strength of intermolecular forces.
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7.4 Surface Tension

Liquids show the effects of inter molecular forces most dramatically in another property,
namely, surface tension. Any molecule in the interior of liquid is equally attracted by
neighbour molecules from all sides and it does not experience any ‘net’ force. On the other
hand, any molecule at the surface of a liquid is attracted by other molecules at the surface of
the liquid or below it. Due to the imbalance of forces, any molecule at the surface experiences
a net inward pull (Figure 7.4). As a result the surface is under tension as if the liquid were
covered with a tight skin (or stretched membrane). The phenomenon is called surface tension,
Quantatively, the surface tension is defined as the force acting on an imaginary line of unit
length drawn on the surface of the liquid and acting perpendicular to it towards the liquid
side as shown in Figure 7.5 It is represented bythe Greek letter gamma, r. Its SI unit is
newton per meter (N m™') and CGS unit is dyne per centimeter (dyne cm™). The two units are
related as : 1 Nm! = 10 dyne cm™.

Fig. 7.4 : Forces acting one molecules, at the surface and in bulk of liquids

Surface molecules of a liquid experience a constant inward force. Therefore they have a
higher energy than the molecules in the bulk of the liquid. Due to this reason liquids tend to
have minimum number of molecules at their surface. This is achieved by minimising the
surface area. In order to increase the surface area more molecules must come to the surface.
This can happen only if some energy is supplied or work is done. The energy supplied (or
work done) for increasing the surface area of a liquid by a unit amount is known as its
surface energy. Its units are joule per square meter J m? or N m™! (since 1J = INm). Thus
dimensionally, the surface tension and surface energy are similar quantities and they have
the same numerical value.

—

Fig. 7.5 : Surface tension force acting on the surface of a liquid.
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Effect of Temperature

One raising the temperature surface tension of a liquid decreases. It completely vanishes at
the critical temperature. This happens due to the following two factors :

1) On heating, the liquids expand. This increases the intermolecular distances.

i1)  On heating, the average kinetic energy of molecules and hence their chaotic motion
increases.

Due to both of these factors, the intemolcular forces become weak and the surface tension
decreases.

Effect of adding Surface Active Solutes

The solutes which get more concentrated on the surface of the liquid than in the bulk called
surface active solutes or surfactants. Alcohols are examples of such substances. Their
addition to a liquid lowers its surface tension. The cleaning action of soaps and detergents
is based on this fact.

Some Effects Surface Tension

Surface tension results in many interesting and important properties of liquids. Let us now
study some of them.

i) Spherical Shape of liquid drops

You have already learnt that liquids tend to have a minimum surface area. For a given volume,
the geometrical shape having minimum surface area is a sphere. Hence, liquids have a natural
tendency to form spherical drops, when no external force acts on them. Rain drops are
distroted and the distortion is due to the friction of air.

ii) Wetting and Non- wetting propeties

When a drop of liquid is placed on solid surface, the force of gravity should cause it to
spread out and form a thin layer (Fig. 76). Such a liquid is called a wetting liquid. This
happens in case of most of the liquids. For example, drops of water or alcohol spreadout on
the surface of glass. Some liquids behave differently. When a drop of mercury is placed on
the surface of glass, it does not spread out (Fig. 7.6). Solid liquids are called non-wetting

liquids. non-wetting
liquid

Fig. 7.6 : Establishing (vapour liquid) equilibirum under a evacuated jar

Wetting or non-wetting nature of a liquid depands upon two types of forces. The
intermolecular attractive forces between molecules of a liquid are called cohesive force
while those between the molecules of the liquid and the solid (whose surface is in contact
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with the liquid) are called adhesive forces. If adhesive forces are stronger than cohesive
forces, the liquid would be wetting in nature and when cohesive forces are stronger than
adhesive forces it would be non-wetting in nature on the surface of a particular soild

iii) Capillary Action

Let us carry out the following activity.
Activity 7.3

Aim : To study the capillary action.

What is required ?

Glass capillary tubes, water, mercury and two petri dishes.

What to do ?

i) Take some water in a petri dish.

ii) Dip one end of a 3-4 cm long capillary in it.
iii) Take some mercury in another petri dish.

iv) Dip one end of another 3-4 cm long capillary in it.
What to observe ?

Observe the levels of water and mercury in the capillaries. Is it below or above the levels of
the liquid in petri dishes.

Fig. 7.7 : Capillary Action

You would observe that when end of a capillary tube is dipped in water, it rises in the
capillary as shown in Fig. 7.7(a). On the other hand when one end of a capillary tube is
dipped in mercury, its level falls in the capicllary as in Fig .7.7 (b).

The phenomenon of rise or fall of a liquid in a capillary is known as capillary action. The
rise of water in the glass capillary is due to its wetting nature as the adhesive forces are
stronger then cohesive forces. Water tends to increase the area of contact with glass wall of
the capillary by rising in it. Mercury being non-wetting with respect of glass (its cohesive
forces are stronger than adhesive forces) tends to minimise the area of contact by depressing
inside the capillary.
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iv) Curved menisus

When a wetting liquid such as water is taken in a glass tube, the liquid tends to rise lightly
along the walls of the tube for increasing its area of contact with glass. The surface of the
liquid (meniscus) becomes curved. It is concave in shape (Fig. 7.8 (a)]. When a non-wetting
liquid like mercury is taken a glass tube, it tends to decrease its area of contact and depresses
along the walls of the glass tube. The meniscus is convex in shape in this case (Fig. 7.8)(b)].

Fig. 7.8 : Curved meniscus of liquids

(a) Concavemeniscus (b) Convex meniscus

7.5 Viscosity

Every liquid has the ability to flow. It is due to the fact that molecules in a liquid move freely,
although within a limited space. Water flows down a hill under gravitational force or through
pipes when forced by a pump. Some external force is always required for a liquid to flow.
Some liquids like glycerol or honey flow slowly while others like water and alcohol flow
rapidly. This difference is due to the internal resistance to flow which is called viscosity. The
liquids with higher viscosity flow slowly and are more viscous in nature like glycerol or -
honey. Water and alcohol have lower viscosity and are less viscous in nature. They flow
more rapidly.

v \L \L v \L

7//////////////////////////////

Surface of a solid
Fig. 7.9 : Flow of different layers of a liquid
The viscosity is related to the intermolecular forces. Stronger the intermolecular forces
more viscous are the liquids. Let us understand this with the help of Figure 7.9. When a liquid

flows steadily, it flows in different layers with one layer sliding over the other. Such a flow 1s
known as laminar flow. Consider a liquid flowing steadily on a plane surface. The layer
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closest to it is almost stationary due to adhesive forces. As the distance of the layer from the
surface increases, is velocity increases. Thus different layers move with different velocities.
Due to intermolecular forces (cohesive forces) each layer experiences a force of friction from
its adjacent layers. This force of friction, f between two layers depends upon :

1) area of contact between them A.
i1)  distance between the layers, dx.
ii1) difference in velocity between the layers, du.

These quantities are related as

du
f_ nA dx

Hence m (Greek letter ‘eeta’) is called the coefficient of viscosity and Z—u is the velocity
gradient between the layers. .
IfA=1cm? du=1cms"' and dx =1 cm, then

f=n

Thus, coefficient of viscosity is the force of friction between two parallel layer of the liquid
which have 1 cm? area of contact, are separated by 1 cm and have a velocity difference of
Icm s!'. It may be noted that f is also equal to the external force which is required to
overcome the force of friction and maintain the steady flow between two parellel layers
having A area of contact, and which are dx distance apart and moving with a velocity
difference of du.

Units

CGS unit of viscosity is dyne cm™ s. This unit is also known as poise(P). The SI unit of
viscosity is N m~s or Pas. The two units are related as:

lpas=10P

The unit paise is found to be too large and its submultiples centipoise (1 cP = 102P) and milli
poise (1 mP = 103 P) are used for liquids and micropoise (LP = 10°P) is used for gases.

Effect of Temperature

Viscosity of a liquid decreases on raising the temperature. It is due to decrease in intermolecular
forces on heating as discussed in previous section (Section 7.4).
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N .
Le: Intext Questions 7.2

3.

1) A molecule at the surface of a liquid has ...................... energy than the one within the
liquid.

i)  Surface tension of liquid ...................... on cooling.

i)  Meniscus of a non-wetting liquid iS .......ccceeueeneee. in shape while that of a wetting
liquid iS .ooveeereeiienne in shape.

iv)  When one end of a glass capillary tube was dipped in a liquid, the level of liquid
inside the capillary was observed to fall. The adhesive forces in this liquid are
...................... than the cohesive forces between the liquid and glass.

v)  Liquid X is more viscous than liquid Y. The intermolecular forces in Y are
...................... than in X.

What are the SI units of
1) Surface tension.
ii)  Coefficient of viscosity

Why do liquids have a tendency to acquire minimum surface area ?

Gy
Fﬁ% What You Have Learnt

In liquids the intermolecular force are quite strong as compared to gases but weak
enough to allow the molecules to move within a limited space and athe intermolecular
distance is short.

Liquids have definite volume but no definite shape, are almost incompressible and
can diffuse.

Liquids eveporate and exert a definite vapour pressure at speficied temperature.

Boiling point is the temperature at which the vapour pressure of the liquid becomes
eqaul to the external pressure.

Surface tension is the force acting on an imaginary line of unit length drawn on the
surface of the liquid and acting perpendicular to it towards the liquid side.

Due to surface tension, liquids tend to have minimum surface area and show the
phenomena of capillary rise or fall and curved meniscus.
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Viscosity is the internal force of friction to the flow of liquid.

ﬁ Terminal Exercise

1.

A A ST o O

—
e

1.
12.

13.

14.
15.
16.
17.
18.

Explain the following properties of liquids on in basis of their structure.

1) Volume i1) Shape i11) Compressibility 1v) Ability to flow
Why diffusion can occur in liquids. Explain.

Define i) vapour pressure and ii) boiling point.

Differentiate between evaporation and boiling.

Explain the effect of temperature on vapour pressure of a liquid.

Define surface tension and give its CGS and SI units.

What is surface energy ?

Why is energy required to increase the surface area of a liquid ?

What is the effect of addition of a surface active substance on the surface tension of a
liquid.

Why are liquid drops spherical in shape ?
What are wetting and non-wetting liquids ?

The cohesive forces acting in liquids A and B are C, and C, respectively C, > C, which
of them would have higher surface tension.

Liquid A rises in glass capillary tube. If one drop of its is put on a plane glass surface,
would it spread out or not. Explain.

A liquid forms a convex meniscus in glass tube. Commnet on its nature.
Define viscosity.

What is coefficient of viscosity ?

Give CGS and SI units of coefficient of viscosity.

What is the effect of temperature on (i) vapour pressure (ii) surface tension and (iii)
viscosity of a liquid ?

Za\
ﬁ Answers to Intext Questions

7.1

1.
2.

i) C; i) A; iii) B
i) Air i) Liquid
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3. B>C>A

7.2

1. i)more 1) increases 1ii) convex; concave
1v) Stronger v) weaker

2. i) Nml; ii) Nm™s

3. Molecules in the surface of a liquid have higher energy due to an inward force on them.
Therefore liquids tend to have minimum number of molecules in the surface or have
minimum surface area.
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SOLID STATE

You are aware that the matter exists in three different states viz., solid liquid and gas. In
these, the constituent particles (atoms, molecules or ions) are held together by different
forces of attraction between them. However, the nature and magnitude of the forces varies.
In the first two lessons of this module you have learnt about the gaseous and the liquid
states of matter. In this lesson you would learn about solid state- a compact state of matter.
The solids are distinguished from a liquid or gas in terms of their rigidity which makes
them occupy definite volume and have a well defined shape. In solid state, the constituent
particles are in close contact and have strong forces of attraction between them. Here, you
would learn about structure, classification and properties of solids.

r@ﬂ . .

B)

: ) Objectives

After reading this lesson, you should be able to:

o explain the nature of solid state;

. explain the properties of solids in terms of packing of particles and intermolecular
attractions;

o explain the melting point of a solid;
o differentiate between crystalline and amorphous solids;

. classify the crystalline solids according to the forces operating between the constituent
particles;

. explain different types of packing in the solids;
) define coordination number;
. explain different types of unit cells;

. calculate the number of particles in simple cubic, face-central cubic and body centered
cubic unit cells;
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define radius ratio;

correlate the radius ratio with the structure of solids;
. explain the structure of simple ionic compounds and

. explain Frenkel and Schottky defects.

8.1 Nature of Solid State

You have learnt in lesson 6 that according to Kinetic Molecular Theory, the gases consist of
a large number of molecules, which are in constant random motion in all directions in the
available space. These molecules have very weak or negligible forces of attraction between
them. A sample of gas can be compressed, as there is a lot of free space between the molecules
Fig.8.1(a). In liquids Fig.8.1(b) on the other hand the molecules are also in constant motion
but this motion is relatively restricted. Since there is very little free space available between
the molecules the liquids are relatively incompressible.

° o
© o

o © ©

o ° o

(a) (b)
Fig. 8.1 : A pictorial representation of the three states of matter :
(a) gas (b) liquid and (c) solid state.

In solid state the constituent particles are arranged in a closely packed ordered arrangement
Fig.8.1(c) with almost no free space. They can just vibrate about their fixed positions. These
are in close contact and cannot move around like the molecules of a gas or a liquid. As a
consequence, the solids are incompressible, rigid and have a definite shape. Like liquids,
the volume of a solid is independent of the size or the shape of the container in which it is
kept.

8.2 Classification of Solids

On the basis of nature of arrangements of the constituent particles the solids are classified
into amorphous and crystalline solids.

8.2.1 Amorphous and Crystalline Solids

In crystalline solids the constituent particles are arranged in a regular and periodic pattern
and give a well defined shape to it. The term ‘crystal’ comes from the Greek word, krustallos
meaning ice. The regular pattern extends throughout the solid and such solids are said to
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have long range order. On the other hand, some solids have only a short range of order. This
means that the particles are arranged regularly in only some regions of the solid and are
relatively disordered in other regions. Such solids are called amorphous solids. In Greek, a
means without and morph means form. Thus the word amorphous means without form.
Sodium chloride and sucrose are common examples of crystalline solids while glass, fused
silica, rubber and high molecular mass polymers are some examples of amorphous solids.

An important difference between the amorphous and crystalline solids is that while amorphous
solids are isotropic in nature (i.e., these exhibit same value of some physical properties in all
directions) the crystalline solids are anisotropic (i.e., the values of some physical properties
are different in different directions). Refractive index and coefficient of thermal expansion
are typical physical properties, Which have different values between amorphous and crystalline
solids is that while crystalline solids have a sharp or definite melting point, whereas the
amorphous solids do not have definite melting point, these melt over a range of temperature.

The crystalline solids can be further classified on the basis of nature of interaction between
the constituent particles as discussed below.

8.2.2 Classification of Crystalline Solids

In crystalline solids the constituent particles are arranged in an ordered arrangement and are
held together by different types of attractive forces. These forces could be coulombic or
electrostatic, covalent, metallic bonding or weak intermolecular in nature. The differences in
the observed properties of the solids are due to the differences in the type of forces between
the constituting particles. The types of forces binding the constituent particles can be used as
a basis for classification of crystalline solids. On this basis, the crystalline solids can be
classified into four different types- ionic- molecular, covalent and metallic solids. The
characteristics and the properties of different types of solids are compiled in Table 8.1.

Table 8.1 : Characteristics and properties of different types of solids.

Type of Constituent Nature of Appearance Melting Examples
Solid Particles interaction Point
between the
particles
Ionic Ions Coulombic Hard and High Sodium chloride
brittle zinc sulphide, etc
Molecular Molecules Water, carbon
Non polar van der Walls Soft and low dioxide, iodine etc
Polar Dipole-dipole brittle
Covalent  Atoms Covalent bond-  Hard Very high  Diamond, graphite
ing silica, etc.
Metallic Atoms Metallic bonding Hard and Variable Copper, silver, etc.
malleable
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Sodium chloride is an example of an ionic solid because in this case the sodium ions and
chloride ions are attracted to each other by electrostatic interactions. Iodine on the other hand
is an example of a molecular solid because in this the molecules are held together by weak
vander Waals forces. Diamond, with strong covalent between the constituent carbon atoms is
an example of covalent solids while in metals a large number of positive cores of the atoms
are held together by a sea of electrons.

8.3 Properties of Crystalline Solids

You are familiar with the following properties of solids on the basis of handling solids in day
to day work.

. Solids are rigid in nature and have well defined shapes

. Solids have a definite volume irrespective of the size and shape of the container in
which they are placed.

. Solids are almost incompressible.

You are familiar with a number of crystalline solids like sugar, rock salt, alum, gem stones,
etc. You must have noticed that such solids have smooth surfaces. These are called ‘faces’
of the crystal. These faces are developed in the process of crystal formation by ordered
arrangement of the constituent particles. It is generally observed that the faces of crystals
are developed unequally. The internal angle between a pair of faces is called interfacial
angle and is defined as the angle between the normals to the intersecting faces. An important
characteristic of crystalline solids is that irrespective of the size and shape of the crystal of
a given substance, the interfacial angle between a pair of faces is always the same. This fact
was stated by Steno as the law of constancy of interfacial angles (Fig. 8.2).

OO

Fig. 8.2 : The constancy of interfacial angles

8.3.1 Melting Point of a Solid

What is the effect of heat on a solid? You would have observed that when a solid is heated
it becomes hot and eventually gets converted into a liquid. This process of conversion of a
solid to a liquid on heating is called melting. You would also have observed that different
solids need to be heated to different extents to convert them to liquids. The temperature at
which a solid melts to give a liquid is called its melting point. Every solid is characterized
by a definite melting point. This in fact is a test of the purity of the solid. The melting point of
a solid gives us an idea about the nature of binding forces between constituent particles of the
solid. Solids like sodium chloride (m.p = 1077 K) have very high melting points due to strong
coulombic forces between the ions constituting it. On the other hand molecular solids like
naphthalene (m.P. 353 K) have low metling points.

The effect of heat on a solid can be understood in terms of energy and motion of the constituent
particles. You are aware that in a solid the constituent particles just vibrate about their mean
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position. As the heat is supplied to the solid, the constituent particles gain energy and start
vibrating more vigorously about their equilibrium positions. As more and more heat is supplied,
the energy keeps on increasing and eventually it becomes greater than the binding forces
between them. As a consequence the solid is converted into a liquid.

N :
LQ. Intext Questions 8.1

1)  Differentiate between solid, liquid and gaseous state.
2)  How are solids classified on the basis of the intermolecular forces.

3)  Whatis Steno’s law of constancy of interfacial angels ?

8.4 Close Packed Structures of Solids

In the process of the formation of crystal the constituent particles get packed quite closely.
The crystal structures of the solids can be described in terms of a close packing of identical
spheres as shown in Fig. 8.3 These are held together by forces of attraction. Let us learn
about the possible close packed structures of solids and their significance.

Fig. 8.3 : Arrangement of identical spheres in one dimension

A linear horizontal arrangement of identical spheres in one dimension forms a row (Fig.
8.3). A two dimensional close packed structure can be obtained by arranging a number of
such rows to form a layer. This can be done in two possible ways. In one of these, we can
place these rows in such a way that these are aligned as shown in (Fig. 8.4 (a)). In such an
arrangement each sphere is in contact with four other spheres. This arrangement in two
dimensions is called square close packing.

(D)
Fig. 8.4 : (a) Square close packing and (b) hexagonal close packing

of identical spheres in two dimensions
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In the other way we can place the spheres of the second row in the depressions of the first row
and so on so forth (Fig. 8.4 (b)). You may notice that in such an arrangement each sphere is
in contact with six other spheres. Such an arrangement in two dimensions is called hexagonal
close packing. In such a packing, the spheres of the third row are aligned with the first row.
You may also have noticed that in the hexagonal close packed the spheres are more effectively
packed. In Fig. 8.4 an equal number of identical spheres are arranged in two different types of
packing.

A three dimensional structure can be generated by placing such two dimensional layers on
top of each other. Before we move on to the three dimensional packing let us look at the
hexagonal close packed layer some what more closely (Fig. 8.5).

&——— IIIrd row

&——— IInd row

Fig. 8.5 : A hexagonal close packed layer showing two types of triangular voids.

You may note from Fig. 8.5 that in a hexagonal close packed layer there are some unoccupied
spaces or voids. These are triangular in shape and are called trigonal voids. You can further
note that there are two types of triangular voids, one with the apex pointing upwards and the
other with the apex pointing downwards. Let us call these as X type and Y type voids
respectivly as makred in the Fig. 8.5

Close Packed Structures in three dimensions

Let us take a hexagonal close packed layer and call it A layer and place another hexagonal
close-packed layer (called the B layer) on it. There are two possibilities.

1. In one, we can place the second layer in such a way that the spheres of the second
layer come exactly on top of the first layer.

2. In other, the spheres of the second layer are in such a way that these are on the
depressions of the first layer. The first possibility is similar to square close packing
discussed above and is accompanied by wastage of space. In the second possibility
when we place the second layer into the voids of the first layer, the spheres of the
second layer can occupy either the X or Y types trigonal voids but not both. You may
verify this by using coins of same denomination. You would observe that when you
place a coin on the trigonal void of a given type, the other type of void becomes
unavailable for placing the next coin (Fig. 8.6).
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Fig. 8.6 : Two layers of close packed spheres, the second layer occupies

only one type (either X or Y) of triangular voids in the first layer.

In this process, the sphere of second layer covers the trigonal voids of the first layer. It
results into voids with four spheres around it, as shown in Fig. 8.7 (a). Such a void is called a
tetrahedral void since the four spheres surrounding it are arranged on the corners of a regular
tetrahedron, Fig. 8.7 (b). Similarly, the trigonal voids of the second layers will be placed over
the spheres of the first layer and give rise to tetrahedral voids.

(a) (b)
Fig. 8.7 : A tetrahedral void

In a yet another possibility, the trigonal voids of the first layer have another trigonal void of
the opposite type (B type over C and C type over B type) from the second layer over it. This
generates a void which is surrounded by six spheres, Fig. 8.9 (a). Such a void is called an
octahedral void because the six spheres surrounding the void lie at the corners of regular
octahedron, Fig. 8.8 (b).

(a) (b)
Fig. 8.8 : An octahedral void

A closer look at the second layer reveals that it has a series of regularly placed tetrahedral
and octahedral voids marked as ‘t’ and ‘o’ respectively in Fig. 8.9
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Fig. 8.9 : The top view of the second layer showing the tetrahedral and octahedral voids

Now when we place the third layer over the second layer, again there are two possibilities
i.e., either the tetrahedral or the octahedral voids of the second layer are occupied. Let us
take these two possibilities. If the tetrahedral voids of the second layer are occupied then
the spheres in the third layer would be exactly on top (i.e., vetically aligned) of the first or
A layer the next layer (4th layer) which is then placed would align with the B layer. In other
words, every alternate layer will be vertically aligned. This is called AB AB..... pattern or
AB AB ... repeat. On the other hand if the octahedral voids of the second layer are occupied,
the third layer is different from both the first as well as the second layer. It is called the C
layer. In this case the next layer, i.e., the fourth layer, howsoever it is placed will be aligned
with the first layer. This is called ABC ABC ... pattern or ABC ABC... repeat. In three
dimensional set up the AB AB ... pattern or repeat is called hexagonal closed packing
(hep) (Fig. 8.10 (c) while the ABC ABC .... pattern or repeat is called cubic closed packing

(ccp) (Fig. 8.10 (a)).

o A Layer

; 4 _I A Layer

w C Layer ' » B C Layer
ﬁ}g Layer A Layer :

@ A Layer

(a) (b) (c)

B Layer

Fig. 8.10 : a) Cubic closed packing (ccp) as a result of ABC pattern of close
packed spheres: b) the layers in a) tilted and brought closer to
shows fcc arrangement c) hexagonal closed packing (hcp) as a
result of ABAB pattern of close packed spheres.

This process continues to generate the overall three dimensional packed structure. These
three dimensional structures contain a large number of tetrahedral and octahedral voids. In
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general there is one octahedral and two tetrahedral voids per atom in the close packed structure.
These voids are also called as interstices. As mentioned earlier, the identical spheres represent
the positions of only one kind of atoms or ions in a crystal structure. Other atoms or ions
occupy these interstices or voids.

In the close packed structures (hcp and ccp) discussed above each sphere is in contact with
six spheres in its own layer (as shown in Fig. 8.5) and is in contact with three spheres each of
the layer immediately above and immediately below it. That is each sphere is in contact with
a total of twelve spheres. This number of nearest neighbor is called its coordination number.
The particles occupying the interstices or the voids will have a coordination number depending
on the nature of the void. For example an ion in a tetrahedral void wil be in contact with four
neighbours i.e., would have a coordination number of four. Similarly the atom or ion in an

octahedral void would have a coordination number of six.

N :
Le: Intext Questions 8.2

1)  What is the difference between the square close packed and hexagonal close packed
structures ?

2)  Which of the above two, is more efficient way of packing ?

3)  Clearly differentiate between, triogonal, tetrahedral and octahedral voids.

8.5 Crystal Lattices and Unit Cells

You know, the crystalline solids have long-range order and the closely packed constituent
particles are arranged in an ordered three dimensional pattern. The structure of the crystalline
solids can be represented as an ordered three dimensional arrangement of points. Here each
point represented the location of a constituent particle and is known as lattice point and such
an arrangement is called a crystal lattice or space lattice or simply a lattice.

To understand the meaning or the term lattice let us first take a repetitive pattern in two
dimension. In the crystal structure of sodium chloride in two dimensions the Na* and CI ions
are arranged in an ordered fashion as shown in Fig. 8.11 (a). If the position of each ion is
represented as a point then the same crystal can be represented as an array of such points in

two dimensions (Fig. 8.11 (b)). It is called a two dimensional lattice.

Na* C” Nat o~ Nt O O 0 O o
o Nt oo mnet - O 8 O 8 O
0 o - 0

Na* CI” Na* - Na'
a’ " Na O o O o0 O

CI” Na* CI” Na* cI
Fig. 8.11 : a) A two dimensional arrangement of ions in sodium chloride
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(b) the lattice corresponding to the arrangement of ions in (a)
Similarly, in three dimensions, the crystal structure of a solid is represented as a three
dimensional array of lattice points. Remember that the lattice points represent the positions
of the constituent particles of the solid (Fig. 8.12).

: .

Fig. 8.12 : Schematic representation of a three dimensional crystal lattice.

In a crystal lattice we can select a group of points which can be use to generate the whole
lattice. Such a group is called repeat unit or the unit cell of the crystal lattice. The shadded
region in the Fig. 8.12 represent a unit cell of the crystal lattice. The unit cell is characterized
by three distances along the three edges of the lattice and the angles between them as shown
in the figure. We can generate the whole crystal lattice by repeating the unit cell in the three
directions.

On the basis of the external appearance the known crystals can be classified into seven types.
These are called crystal systems. In terms of the internal structure also the crystal lattices
contain only seven types of unit cells. The seven crystal systems and the definition of their
unit cells in terms of their unit distances and the angles are compiled in Table 8.2 The seven
simple unit cells are given in Fig. 8.13

Table 8.2 : The seven crystal systems and their possible lattice types.

Systems Axes Angles Possible lattice
types

Cubic a=b=c a=pB="=90° P,F,1

Tetragonal a=b#c a=pB="=90° P,1

Orthorhombic azb=c¢ a=B=7=90° P,F,I,C

Rhombohedral a=b=c a=pB="#90° P

Hexagonal a=b#c a=pB=90%;7=120° P

Monoclinic azb=c a="=90"; B=#90° P, I

Triclinic azb#c azPB=Y#90° P
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* P = primitive, I = body centered, F = face centered and C = side centered

The unit cell shown in Fig. 8.12 and the ones given in Fig. 8.13 have the lattice points at the
corners only.

Cubic Orthorhombic Hexagonal

Triclinic Monoclinic Tetragonal Rhombohedral

Fig. 8.12.a : The primitive unit cells; the relative dimensions of the three repeat
distances (a, b and c) and the angles between them (a, B and Y) are given in Table 8.2

Such unit cells are called primitive (P) unit cells. Sometimes, the unit cell of crystal contains
lattice point(s) in addition to the ones at the corners. A unit cell containing a lattice point
each at the centers of its faces in addition to the lattice points at the corners is called a face
centered (F) unit cell. On the other hand a unit cell with lattice points at the center of the
unit cell and at the corners is called a body centered unit cell (I). In some cases, in addition
to the lattice points at the corners there are two lattice points located at the centers of any
two opposite faces. These are called as end centered (C) unit cells. The possible lattice types
in different crystal systems are also indicated in Table 8.2 The seven crystal systems when
combined with these possibilities give rise to 14 lattice types. These are called Bravais lattices.

X-Ray diffraction of Crystals (X-rays and Crystal system)

The arrangement of particles in solid structures are determined by x-ray diffraction and to a
lesser extent by electron diffraction. These processes are based on the fact that both x-rays
and electrons have wave lengths which are of the same order as interatomic distances
(10" m) and so crystals may be used as diffraction grating for them. The fundamentals of
x-rays are discussed below.

X-ray diffraction :
Bragg Method : The Bragg’s or reflection method gives results which are easier to interpret.

X-rays are produced when cathode rays fall on metlas. The effect of atomic sized particles
on metal is similar to the effect in a pond, a series of ripples (or water waves) are produced
when the handful of pebbles thrown into a pond. In a pond, a series of ripples (or water
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waves) are produced and the crests of some of them will meet and reinforce each other. While
some crests will meet through and cancel each other and cause interference. In the same way,
two x-ray waves that are in same phase reinforce each other and produce a wave that is
stronger than either of the original waves. The resultant wave has a greater amplitude than
either of the primary waves, but the wave length, A, remains the same. Two x-rays waves that
are completely out of phase cancel each other, the resultant has negligible intensity.

In crystals there are regular layers of atoms or ions and it is possible to calculate the conditions
under which reinforcement will occur if a beam of x-ray strikes them. When x-rays are
diffracted by the layers they behave as if they are being reflected.

Fig. 8.5a illustrates the determination of crystal spacing’s by the use of x-rays of a single
wave length. The rays inspinge upon parallel planes of the crystal at an agnle 6, an angle of
reflection equals the angle of incidence. Some of the rays are reflected from the upper plane,
some from the second plane, and some from the lower planes. A strong reflected beam will
result only if the rays are in phase. In the illustration, the ray DFH travels further the ray ABC
by an amount equal to EF + FG. These rays will be in phase at CH only if this difference
equals a whole number of wave length. Thus EF + FG = nA.

When ‘n’ is a single integer.

Fig. 8.13 : Bragg’s method

The line BE is drawn perpendicular to DF. Angle BEF, therefore equals 90°, since the sum
of the angles of any triangle equals 180°, the sum of other two angles (EBF and EFB) of the
triangle BEF must also equal 90°.

That is :
Z/ EBF + Z EFB =90°

Angle XFB is a right angle, and angle XFE is 0, therefore angle EFB is equal to 90°, minus
0, consequently.

Z EBF + (90° - ©) = 90°

and angle EBF equals 0.
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The sine of this angle, 6, is equal EF/BF, and since BF is equal to d (the distance between the
planes of the crystal).

Sin 0= =1
in 0= q
or EF=d Sin 0

Likewise, FG = dSin 0
EF +FG=2d Sin 9
ornA=2d Sin 0

This equation was derived by William Henry Bragg and his son William Lawrence Bragg.

n\A
The Bragg equation be rearranged as Sin 0 = E

Thus with x-rays of a definite wave length, reflections of various angles will be observed for
a given set of planes with a spacing equal to d. These reflections correspond to n = 1,2,3 and
so as, and are spoken of as first, second, third order and so on. With each successive order,
the angle increases, and the intensity of reflected beam weakens.

Sample Problem :

The diffraction of a crystal of barium with x-ray of wave length 2.29 A° gives first order
reflection at 27°8'. What is the distance between the diffracted planes ?

Solution :

nA = 2d Sin 6 Bragg’s relation

nA
~ 2dSin®

_ (D (229x10"cm)
- 2 x 0.456

251 x10%cm

(Since sin 27°8' = 0.456)

251 A°

8.5.1 Cubic Unit Cells

Of the seven crystal systems, let us discuss unit cells belonging to the cubic crystal system in
somewhat details. As you can see from Table 8.2 that in the cubic crystal system the three
repeat distances are equal and all three angles are right angles. The unit cells of three possible
lattice types viz., primitive or simple cubic, body centered cubic and the face centered cubic,
belonging to cubic crystal system are shown in Figure 8.14.
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(a) (b) (©)
Fig. 8.14 : Bragg’s method

Number of atoms per unit cell

As you know that in unit cells the atoms can be on the corners, in the body center and on face
centers. All the atoms do not belong to a single unit cell. These are shared amongst diffrent
unit cells. It is important to know the number of atoms per unit cell. Let us learn how to
compute these for different cubic unit cells.

Simple Cubic Unit Cell

The simple or primitive unit cell has the atoms at the corners of the cube (Fig. 8.14 (a)). A
lattice point at the corner of the unit cell is shared by eight unit cells as you can see from the
encircled atom inthe Fig. 8.15. Therefore, the contribution of an atom at the corner to the unit
cell will be 1/8. The number of atoms per unit cell can be calculated as follows :

Number of corner atoms = 8.
Number of unit cells sharing atoms of the corner = 8.

The number of atoms in a simple cubic unit cell =8 x 1/8 = 1.

Fig. 8.15 : A corner lattice point is shared by eight unit cells

Body Centered Cubic Unit Cell

A body centered cubic (bcc) unit cell has lattice points not only at the corners but also at the
center of the cube (Fig. 8.14 (b)). The atom in the center of the cube belongs entirely to the
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unit cell, i.e., it is not shared by other unit cells. The corner atoms, on the other hand, as in the
case of simple cubic unit cell, are shared by eight unit cells. Thus the number of atoms per
unit cell can be calculated as

Number of corner atoms = 8.

Number of unit cells sharing atoms of the corner = 8.

Contribution to the unitcell =8 x 1/8 =1

Number of atoms at the center of the cube = 1.

Contribution to the unit cell = 1 (as it is not shared)

The number of atoms in a body centered cubic unitcell=1+1 =2
Face Centered Cubic Unit Cell

A face centered cubic (fcc) unit cell has atoms not only at the corners but also at the center of
each face. Thus it has eight lattice points at the corners and six at the face centers (Fig. 8.14
(c)). A face centered lattice point is shared by two unit cells, Fig. 8.16. As before,

Fig. 8.16 : A face centered lattice point is shared by two unit cells

Number of corner atoms = 8.

Number of unit cells sharing these = 8.

Contribution to the unitcell =8 x 1/8 =1

Number of atoms at the center = 1.

Number of unit cells sharing a face centered lattice point =2
Contribution of the face centered atoms to the unitcell =6 x 1/2 =3

The number of atoms points in a face centered cubic unitcell =1 + 3 = 4.

The number of atoms per unit cell in different types of cubic unit cells is given in Table 8.3
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Table 8.3 : Atoms per unit cell

Simple cubic 1
Body centered cubic 2
Face centered cubic 4

8.5.2 Structures of Ionic Solids

In case of ionic solids that consist of ions of different sizes, we need to specify the positions
of both the cations as well as the anions in the crystal lattice. Therefore, structure adopted
by an ionic solid depends on the relative sizes of the two ions. In fact it depends on the
ratios of their ratios of their radii called radius ratio. Here r + is the radius of the cation and

r - is that of the anion. The radius ratios and the corresponding structures are compiled in
Table 8.4.

Table 8.4 : The radius ratios (r + / r-) and the corresponding structures

Radius ratio (r + /r-) Coordination number Structure adopted
0.225-0.414 4 Tetrahedral
0.414-0.732 6 Octahedral

0.732-0.91 8 Body centered cubic
>=1.00 12 Close Packed structure

The common ionic compounds have the general formulae as MX, MX, and MX, where M
represents the metal ion and X denotes the anion. We would discuss the structures of some
ionic compounds of MX and MX types.

8.5.2.1 Structures of the Ionic Compounds of MX Type

For the MX type of ionic compounds three types of structures are commonly observed. These
are sodium chloride, zinc sulphide and caesium chloride structures. Let us discuss these in
some details.

Caesium Chloride Structure

In CsCl1 the cation and the anions are of comparable
sizes (the radius ratio = 0.93) and has a bcc structure
in which each ion is surrounded by 8 ions of
opposite type. The Cs* ions is in the body center
position and eight Cl-ions are located at the corners Chloride Ions
(fig. 8.17) of the cube. Thus it has a coordination
number of 8.

Calsium Ion

Fig. 8.17 : Caesium chloride structure
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Sodium Chloride Sturcture

In case of NaCl the anion (CI-) is much larger than the cation (Na*). It has a radius ratio of
0.52. According to Table 3.3 it shoud have an octahedral arrangement. In sodium chloride
the (Cl-) form a ccp (or fcc) structure and the sodium ion occupy the octahedral voids. You
may visualise the structure having chloride ions at the corners and the face centers and the
sodium ions at the edge centers and in the middle of the cube (Fig. 8.18).

Fig. 8.18 : Sodium Chloride structure

Zinc Sulphide Structure

In case of zinc sulphide the radius ratio is just = 0.40. According to Table 3.3 it should have
an tetrahedral arrangement. In Zinc sulphide structure, the sulphide ions are arranged in a
ccp structure. The zinc ions are located at the corners of a tetrahedron, which lies inside the
cube as shown in the Fi.g 8.19. These occupy alternate tetrahedral voids.

Fig. 8.19 : Zinc Sulphide structure

Calcium flouoride or fluorite structure

In this structure the Ca?* ions form a fcc arrangement and the fluoride ions are located in the
tetrahedral voids (Fig. 8.20).
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Fig. 8.20 : Calcium fluoride or Fluorite structure; calcium ions occupy the corners
of the cube and face centers the F~ ions are on the corners of the smaller cube.

Antifluorite Sturcture

Some of the ionic compounds like Na,O have antiflourite structure. In this structure the
poisitions of cations and the anions in fluorite structures are interchanged. That is why it is
called anti fluorite structure. In Na,O the oxide ions form the ccp and the sodium ions
occupy the tetrahedral voids (Fig. 8.21).

Fig. 8.21 : Antifluorite structure adopted by Na,O; The oxide ions occupy the corners
of the cube and face centers and the Na* ions (shown in black) are on the corners
of the smaller cube.

8.6 Defects in Ionic Crystals

you have leartn that in a crystalline solid the constituent particles are arranged in a ordered
three dimensional network. However, in actual crystals such a perfect order is not there.
Every crystal has some deviations from the perfect order. These deviations are called
imperfections or defects. These defects can be broadly grouped into two types. These are
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stoichiometric and non-stoichiometric defects depending on whether or not these disturb
the stiochiometry of the crystalline material. Here, we would deal only with stoichiometric
defects. In such compounds the number of positive and negative ions are in stoichiometry
proportions. There are two kinds of stoichiometric defects, these are

. Schottky defects
) Frenkel defects

Schottky defects : this type of defect are due to the absence of some positive and negative
ions from their positions. These unoccupied lattice sites are called holes. Such defects are
found in ionic compounds in which the positive and negative ions are of similar size e.g.,
NaCl and CsCl. the number of missing positive and negative ions is equal. The presence of
Schottky defects decreases the density of the crystal (Fig. 8.22(a)).

Frenkel defects : this type of defect arise when some ions move from their lattice positions
and occupy interstitial sites. The interstitial sites refer to the positions in between the ions.
When the ions leaves its lattice site a hole is created there. ZnS and AgBr are examples of
ionic compounds showing Frenkel defects. In these ionic compounds the positive and negative
ions are of quite different sizes. Generally the positive ions leave their lattice positions, as
these are smaller and can accommodate themselves in the interstitial sites. The Frenkel defects
do not change the density of the soilds (Fig. 8.22(b)).

Fig. 8.22 : Stoichiometric defects a) Schottky and b) Frenkel defects

These defects cause the crystal to conduct electricity to some extent. The conduction is due to
the movement of ions into the holes. When an ion moves into a hole it creates a new hole,
which in turn is occupied by another ion, and the process continues.

b)  Whatis a unitcell ?



8.7 Treatment of metallic bond (elementary ideas)

The bonding in metals and their alloys is not completely understood. And therefore structures
are also not fully, realized. Any theory that is proposed for the bonding in metals must be
capable of explaning the following.

Bonding between atoms of the same element (identical atoms) and also between atoms
of widely differing metlas as well as bonding in alloys.

Should not involve directional bonding.
The properties as metals in solutions and in liquid states etc.
The mobility of electrons.

Various theories of bonding in metals have been suggested. The elementary ideas about
these are given in the section that follows.

8.7.a Electron sea model :

This thoery was initially proposed by Drude in 1900. This was further refined by Lorentz in
1923. This theory is also known as. Drude - Lorentz theory.

According to this theory.

A metal lattice comprises of rigid spheres of metal ions.
Each metal atom contributes its valence electrons to the sea.
These electrons move freely in the lattice spaces i.e., interstices.

Cohesive forces result from electrostatic attractions betwen the positive metal ions and
the electron cloud.

“The force that binds a metal ion to the mobile electrons within its sphere of influence is
known as metallic bond.”
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Fig. 8.23 : Electron sea model of a metal

Simply a metal was regarded as an asembly of positive ions immersed in a sea or pool of
valence electrons. This theory explain qualitatively the model of a metal lattice but fails to
explain quantitative calculations for lattice energies of ionic compounds.
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8.7.b Valence bond theory of metals :

The theory was poposed by Linus Pauling 1937. This theory also referred as Resonance
theory. According to this theory the metalic bond, is essentially a polar or a non-polar covalent
bond. This is covalent bond involves resonance, between a number of structures, having
one electron and electron pair bonds. As there is a possibility of insufficient valence electrons
for the formation of electron pair bonds with each atom of the metal, it is assumed that
resonance takes place throughout the solid metal. This resonance not only involves covalent
bonds but also ionic linkages. The atoms undergo hybridization. For example, the resonance
structure of sodium metal is represented taking four Na atoms only.

® @
Na — Na Na Na Na Na Na Na
«— | | «— | «— | «—>
Na — Na Na Na Na —Nae eNa —Na
I 1I 111 v
eNa — Na Na—Na ©
Na Nag gNa Na
A% VI
Fig. 8.7 b

This theory does not explain the conduction of the heat in solids or their luster or the reflection
of the metallic, properties either in the liquid state or in the solution.

7520
Fﬁ% What You Have Learnt

. In solid state the constituent particles are arranged in a closely packed ordered arrangement
with almost no free space. These are held together by strong forces of attraction and
vibrate about their fixed positions. Solids are incompressible and rigid and have definite
shapes.

. Solids are classified into amorphous and crystalline solids. The crystalline solids have
long range order while amorphous solids have only short range order.

. The crystalline solids can be classified into four different types-ionic, molecular, covalent
and metallic solids on the basis of nature of forces of attraction between the constituent
particles.

. The temperature at which a solid melts to give a liquid is called its melting point.
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. The crystal structure of the solids can be described in terms of a close-packing of identical
spheres.

. In three dimensions there are two ways of packing identical spheres. These are hexagonal
closed packing (hcp) and cubic closed packing (ccp). The hcp arrangement is obtained
by ABAB repeat of the two dimensional layers whereas the ccp arrangement is obtained
by ABCABC repreat.

. The three dimensional internal structure of a crystalline solid can be represented in
terms of a crystal lattice in which the location of each constituent particle is indicated
by a point.

. The whole crystal lattice can be generated by moving the unit cell in the three directions.

. On the basis of the external appearance the known crystals can be classified into seven
types called crystal systems.

. The unit cells of cubic crystal system has three possible lattice types. These are simple
cubic, body centered cubic and the face centered cubic.

. The atoms at the corner of a cubic unit cell is shared by eight unit cells while a face
centered atom is shared by two unit cells. The atom at the body center, on the other
hand is exclusive to the unit cell as it is not shared.

° The number of atoms per unit cell for the simple cubic, bce and fcc unit cells are 1.2
and 4 respectively.

. The structure adopted by an ionic solid depends on the ratios of their radii (r+/r-) called
radius ratio.

. The structures of some simple ionic solids can be described in terms of ccp of one type
of ions and the other ions occupying the voids.

. Actual crystals have some kind of imperfections in their internal structure. These are
called defects.

. There are two types of defects called stoichiometric and non-stoichiometric defects
depending on whether or not these disturb the stoichiometry of the crystalline material.

° There are two kinds of stoichiometric defects, these are called Schottky defects and
Frenkel defects.

ﬁ Terminal Exercise

1. Outline the differences between a crystalline and an amorphous solid.

2. How can you classify solids on the basis of the nature of the forces between the
constituent particles ?
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What do you understand by the melting point of a solid ? What information does it
provide about the nature of interaction between the constituent particles of the solids?

What do you understand by coordination number? What would be an ion occupying
a/n octahedral void...?

Explain the following with the help of suitable examples.
a)  Schottky defect
b)  Frankel defect

2\
m Answers to Intext Questions

8.1
1.

Solids have definite shape and definite volume.

Liquids have indefinite shape but define volume.

gases have indefinite shape and indefinite volume.

Coulombic forces, dipole-dipole attractions, covalent bonding and metallic bonding.

Irrespective of the size and shape of the crystal of a substance, the interfacial angle
between a pair of faces is always the same.

Refer to section 8.4
Hexagonal close packed

Refer to sections 8.4

Ordered three dimensional arrangement of points representing the location of constituent
particles.

A select group of points which can be used generate the whole lattice. Unit cell is
characterised by three edges of the lattice and angles between them.

Four.
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SENIOR SECONDARY COURSE
CHEMISTRY

Student's Assignment - 2

Maximum Marks : 50 Time: 1 1/2 Hrs.

INSTRUCTIONS :
Answer all the questions on a separate sheet of paper.
Give the following information on your answer sheet.
Name
Enrolment Number
Subject
Assignment Number
Address

Get your assignment checked by the subject teacher at your study centre so that you get
positive feedback about your performance.

Do not send your assignment to APOSS

1. a) Define Lattice energy.
b)  What an electrovalent bond.
c)  State charles’ law and given mathematical expression for it.
d)  Why do molecular crystals have low melting point?
e)  Why do you feel cool after a both?
f) State valence shell electron pair repulsion theory.
g  State down van der Waal’s equation.
h)  Whatis Kelvin scale of temperature?
1) State Avogadro law.

) Liquids have a definite volume. Explain

2. a)  Name the parameters of a chemical bond and define any one of them.
b)  List four characteristics of a covalent compound.
c¢)  Differenciate t- bond from 6~ - bond
d)  Define critical temperature and critical pressure of a gas
e)  Listthe four types of crystalling solids and give one example of each.

f) Vapour pressure of a liquid at 25°C is 35 mm Hg and its normal boiling points is
110°C. What will be its vapour pressure at 110°C?
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g
h)

i)

),

a)

b)

C)
d)

b)

Which assumptions of kinetic theory of gases are wrong?

Write two differences between amorphous and crystalline solids.

How will you calculate the enthalpy of formations of NaCl using Born-Haber
Cycle.

At a certain altitude in the atmosphere, density is 10°th the density of earth’s
atmosphere at STP and the temperature is —100°C. Assuming a uniform
atmospheric composition, find the pressure at that attitude.

(2x10=20)

Assign the geometry to the following molecule using the VSEPR theory. State
reasons for your decisions.

(1) Phosphorus (V) Chloride (PCIL,)
(ii) Sulphur (VI) Flouride (SF,)
(iii) Boron (IIT) Flouride (BF,)

Explain that HNH bond angle in ammonia is 107° while HOH bond angle in
water is 104.5°

The carbon-oxygen bond length in CO is shorter than in CO, molecule

Draw a diagram to show the arrangement of particles in gases, liquids and solids.

(3x4=12)

Calculate the volume of one mole of oxygen at 27°C and 2 atm pressure, given
that the volume of oxygen at STP is 22.4 litres.

An element has a bcc structure and a cell edge of 288 pm. The density of the
element is 7.2 g/cm’. How many atoms are present in 208 g of the element?

(4x2=8)
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SOLUTIONS

You know that when sugar or salt is added to water, if dissolves. The resulting mixture is
called a solution. Solutions play an important role in our life. In industry, solutions of
various substances are used to carry out a large number of chemical reactions.

Study of solutions of various substances is very interesting.

In this lesson, let us learn about the various components of a solution and the ways in which
concentration of solutions is expressed. We shall also learn about some properties of solutions
which are dependent only on the number of solute particles. (you will learn about solute in
this lesson).

e

@ Objectives

After reading this lesson, you will be able to:

. identify the components of different types of solution;

. express the concentration of solutions in different ways;
o list different types of solutions;

° state Henry’s law;

. define vapour pressure;

° state and explain Raoult’s law for solutions;

) define ideal solutions;

° give reasons for non-ideal behavior of solutions;

. state reasons of positive and negative deviations from ideal behavior;
. explain the significance of colligative properties;

. state reasons for the elevation of boiling point and depression in freezing point of
solutions;
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o explain the abnormal colligative properties;

° define osmosis and osmotic pressure;

° define Van’t Hoff factor;

o correlate the degree of dissociation of solute and

o solve numerical problems.

9.1 Components of a Solution

When we put sugar into water, it dissolves to form a solution. We do not see any more sugar
in it. Like sugar, a large number of other substances such as common salt, urea, potassium
chloride etc dissolve in water forming solution. In all such solutions, water is the solvent
and substances which dissolve are the solutes.

Thus, solute and solvent are the components of a solution. Whenever a solute mixes
homogeneously with a solvent, a solution is formed.

solution + solvent —> solution
A solution is a homogeneous mixture of two more substances.

Solvent is that component of a solution that has the same physical state as the solution
itself.

Solute is substance that is dissolved in a solvent to form a solution.

9.1.1 The Concentration of a Solution

Some of the properties of solutions, e.g... The sweetness of a sugar solution or the colour of
a dye solution, depend on the amount of solute compared to that of the solvent in it. This is
called the solution concentration. There are several ways for describing concentration of
solution. They include molarity, molality, normality mole fraction and mass percentage.

Molarity: Molarity is defined as the number of moles of solute dissolved per litre of solution
and is usually denoted by M. It is expressed as:

_n
M= =

Where n is the number of moles of solute and V is the volume of the solution in litres. A 2.0
molar solution of sulphuric acid would be labeled as 2.0 M H_SO,. It is prepared by adding
2.0 mol of H,SO, to water to make a litre of solution. Molarity of a solution changes with
temperature because of expansion or contraction of the solution.

Molality: It is defined as the number of moles of solute dissolved per kilogram of solvent.

It is designated by the symbol m. The label 2.0m H_ SO, is read *“2 mole | sulphuric acid” and
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is prepared by adding 2.0 mol of H SO, to 1 kg of solvent Molality is expressed as:

_ 1000n,
m WA

where n, is the number of moles of the solute and W, is the mass in grams of solvent. The
molality of a solution does not change with temperature.

Example 9.1 : Find out the molarity of the solution whcih contains 32.0 g of methyl alcohol
(CH,OH) in 200 mL solution.

Solution : Molar mass of CHOH =12+ 1x3 + 16 + 1 =32 g mol"

32
Number of moles of CH,OH = 1 =1 mol
3 32 g mol
Volume of the solution = 200 mL = 0.2 litre
. No. of moles of solute 1
~+ Molarity = Volume of solution in litres = 02 =>M

Example 9.2 : What is the molality of a sulphiric acid solution of density 1.20 g/cm?
containing 50% sulphuric acid by mass.

Solution : Mass of 1cm’ of H SO, solution = 1.20 g
Mass of 1 litre (1000 cm’) of H,SO, solution = 1.20 x 1000 = 1200 g

Mass of H,SO, in 100 g solution of H SO, =50 g
50

100
.. Mass of water in the solution = 1200 - 600 = 600 g

x 1200 = 600 g

Mass of H,SO, in 1200 g solution H, SO, =

Molar mass of H,SO, = 98 g mol"

Mass in grams 600 g

No. of moles of H,SO, = Molar mass m

No. of moles of H,SO,

Molarity = Mass of water in grams x 1000

600 1
=——X

98 600

x 1000 = 6.8 m

Normality: Normality is another concentration unit. It is defined as the number of gram
equivalent weights of solute dissolved per litre of the solution.

The number of parts by weight of a substance (element of compound) that will combine
with or displace, directly or indirectly 1.008 parts by weight of hydrogen, 8 parts by
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weight of oxygen and 35.5 parts by weight of chlorine is known as equivalent weight.
Like atomic weight and molecular weight, equivalent weight is also a number and
hence no units are used to express it. However, when equivalent weight is expressed in
grams, it is known as gram equivalent weight of the substance.

Atomic or molecular weight

Equivalent weight = Valency

Molecular weight

Equivalent weight of an acid = Basicity

Molecular weight
Acidity

Equivalent weight of a base =

Molecular weight

Equivalent weight of salt = Total valency of the metal atom

oxidising and reducing agents may have different equivalent weights if they react to give
different products under different conditions. Thus, the equivalent weight of such substances
can be calculated from the reactions in which they take part.

Normality is denoted by the symbol N.

Normality (N) = No. of gram equivalent weight of the solute

volume of the solution in litres

Mass of the solute in grams 1
. . X —
Equivalent weight of the solute ™ volume of the solution in litres

Strength of solution in grams / litre

Equivalent weight of the solute

The lable 0.5 N KMnO, is read “0.5 normal” and represents a solution which contains 0.5
gram equivalent of KMnO, per litre of solution.

Mole Fraction : The mole fraction of a component in a solution is the ratio of its number of
moles to the total number of moles of all the components in the solution. If a solution

2
contains 2 mol of alcohol and 3 mol of water, the mole fraction of alcohol is ?, an that of

3
water 5 The sum of mole fractions of all the components of a solution is equal to one. The

mole fraction (X,) of a component A in solution with B is :

Where n, and n, are the number of the moles of A and B respectively.
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Mass Percentage : Mass percentage is the mass of solute present in 100 g of solution. Thus
5% solution of KMnO, in water means that 5 g of KMnO, is present in 100g of the aqueous
solution of KMnO, .

Example 9.3 : A solution contains 36.0 g water and 46.0 g ethyl alcohol (C,H,OH). Determine
the mole fraction of each component in the solution.

Solution : Molar mass of water = 18 g mol™!

36¢g
Number of moles of water = 7 =2.0mol
18 g mol
_ 46g
No. of moles of C,H,OH = 46 g mol’ = 1.0 mol

Total number of moles in the solution =2.0 + 1.0 = 30

No. of moles of wat 2.0
Mole fraction of water = 0. 01 Thoes .0 watet - =——=0.67
Total no. of moles in the solution 3.

) No. of moles of C,H.OH 1.0
Mole fraction of C H.OH = ; ; = =0.33
2 Total no. of moles in the solution 3.0

Example 9.4 : Calculate the normality of a solution of NaOH if 0.4 g of NaOH is dissolved
in 100 ml of the solution.

Solution : Mass of NaOH present in 100 mL of the solution = 0.4 g

0.4
.. Mass of NaOH present in 1000 mL of the solution = 100

x 1000 = 4.0g

Mol. wat. of NaOH =23 + 16 + 1 = 40amu

Mol. Wt. 40
Eq. wt. of NaOH = Acidity =77 = 40
. Strength in g/litre 4 1
. Normality = Eq. wt. =700 = 1o N

1
Hence, the normality of the solution = T Nor0.1 N
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PN .
Le: Intext Questions 9.1

1. List the various methods of expressing the concentration of a solution?
2. Define the following?
1) Molarity i1) Molality i1) Normality

9.2 Types of Solution

Solutions can be solid, liquid or gaseous. Depending upon the physical state of the solute and
the solvent, there are nine possible types of solutions consisting of two components (binary
solutions). Different types of solutions are given in Table 9.1.

Table 9.1 Different types of Solutions

Solute Solvent Solution

Gas Gas Air

Gas Liquid Soda Water

Gas Solid Hydrogen in palladium

Liquid Gas Humidity in air

Liquid Liquid Alcohol in water

Liquid Solid Mercury in gold

Solid Gas Camphor in air

Solid Liquid Sugar in water

Solid Solid Alloys such as brass (zinc in copper
and bronze (tin in copper)

Generally, we come across only the following three types of solutions:

(a) Liquids in Liquids : In the solution of liquids in liquids such as alcohol in water, the
constituent present in smaller amounts is designated as solute and the constituent
present in larger amounts is called the solvent. When two liquids are mixed, three
different situations may arise:

(i) Both the liquids are completely miscible, i.e., when, two liquids are mixed, they
dissolve in each other in all proportions, e.g., alcohol and water, benzene and
toluene.
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(ii)

(iif)

The liquids are partially miscible, i.e., they dissolve in each other only to a certain
extent, e.g., water and phenol.

The liquids are immiscible, i.e., they do not dissolve in each other, e.g., water and
benzene, water and toluene.

The solubility of liquids in liquids generally increases with rise in temperature.

(b)

Gases in Liquids : Gases are generally soluble in liquids. Oxygen is sufficiently soluble
in water, which allows the survival of aquatic life in ponds, rivers and oceans. Gases
like CO, and NH, are highly soluble in water. The solubility of a gas in a liquid depends
on the pressure, temperature and the nature of the gas and the solvent. These factors are
discussed below in detail:

(1)

Effect of Pressure : The variation of solubility of a gas in a liquid with pressure
is governed by Henry’s law. Henry’s law states that

The mass or mole fraction, of a gas dissolved in a solvent is directly proportional to the
partial pressure of the gas.

Henry’s law is represented by

x=Kp

where K is a constant, p is the partial pressure of the gas and x is the mole fraction of the gas
in the solution. Let us now see what are the conditions for the validity of Henry’s law.

(c)

(1)

(i1)

(iii)

Conditions for validity of Henry’s law : It is found that gases obey Henry’s
law under the following conditions.

i) the pressure is not too high.
ii) the temperature is not too low.

iii) the gas does not dissociate, associate or enter into any chemical reaction
with the solvent.

Effect of temperature : The solubility of gas in a liquid at constant pressure
decreases with rise in temperature. For example, the solubility of CO, in water
at 20°C is 0.88 cm?® per cm? of water, where as it is 0.53 cm?® per cm? of water at
40°C. This happens because on heating a solution, containing a dissolved gas,
some gas is usually expelled from the solution.

Effect of the nature of the gas and the solvent : Gases like CO,, HCl and, NH,
are highly soluble in water where as H,, O, and N, are sparingly soluble.

Solids in liquids : When a solid is dissolved in a liquid, the solid is referred as the
solute and the liquid as the solvent. For example, in a solution of sodium chloride in

-192-



water, the solute is sodium chloride and water is the solvent. Different substances dissolve
to different extent in the same solvent.

9.3 Vapour Pressure

If we keep an inverted beaker over a small beaker containing a pure liquid, it is found that the
molecules of the liquid start evaporating in the form of vapours and fill the empty space above
the beaker containing the liquid. A time comes when the number of molecules evaporating
per unit time is equal to the number of molecules condensing during that time (Fig 9.1). An
equilibirum is thus established between the vapour and the liquid phase. The pressure exerted
by the vapour of the liquid in such a case is called the vapour pressure of the liquid.

Fig. 9.1 : Vapour pressure of a liquid

9.4 Raoult’s Law for Solutions

Did you ever think that if you mix two miscible volatile liquids A and B, what would be the
vapour pressure of the resulting solution ? The relationship between vapour pressure of liquid
and its mole fraction is given by Raoult’s law.

Raoult’s law states that for a solution of volatile liquids, the partial vapour pressure of each
liquid in the solution is directly proportional to its mole fraction.

Raoult’s law is applicable only if the liquids are miscible. The vapour phase now consists of
vapour of both the liquids A and B. The partial vapour pressure of each liquid will depend
upon its mole fraction in the solution. Let the mole fractions of the liquids A and B be X, and
X, respectively. Aslo, if P, and P, are the partial vapour pressures of A and B respectively,
then

P, <X, orP,=P° X,
Similar ly, P, = POB X,
where P°, and P°, represent the vapour pressures of pure liquids A and B respectively.

If the values of P, and P, are plotted against the values of X, and X, for a solution, two
straight lines are obtained as shown in Fig. 9.2 the total vapour pressure P of the solution is
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given by the sum of partial vapour pressures P, and P,.
Thus,

P=P, +P,
or P=P° X + P° X,

The total vapour pressure (P) of a solution is represented by the line joining P°, and P° . The
solutions which obey Raoult’s law are known as ideal solutions.

A solution which obeys Raoult’s law over the entire range of concentration at all
temperatures is called an ideal solution.

F%O
e &
p=ptEe R
o A !
=
P
a 1< > o
5 1
2 . +
S I P=A*R :
XA= 1 Mole fraction - XA= 0
XB= 0 XB= 1

Fig. 9.2 : Relationship between vapour pressure and mole fraction in a solution

PN :
Le_‘ Intext Questions 9.2

1. State Raoult’s law.

9.5 Raoult’s Law for Solution Containing Non-Volatile Solute

If we have an aqueous solution containing a non-volatile solute, such as sugar or salt, what
do you think about the vapour pressure exerted by such a solution? The vapour phase of
such a solution consists of vapours of solvent (A) only because the solute is non-volatile.
Since the mole fraction of the solvent in solution is less than one, therefore according to
Raoult’s law, the vapour pressure of the solution will be less than the vapour pressure of the
pure solvent. If the total vapour pressure of the solution is p, then

P=P°X L 9.1)
for a binary mixture
therefore, X, +X,=1
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X, =1-X,
Substituting the value of X, in equation (9.1) we get

P,=P0°(-X,)

P,
PO = 1-X,
P()A _ PA
therefore, o = X,
A

In the above equation, (P,° - P,) reperesents the lowering of the vapour pressure and

P’ -P
% is called the relative lowering of the vapour pressure of the solution.
A

An alternative statement of Raoult’s law for solutions of non-volatile solute is :

The relative lowering of vapour pressure for a solution is equal to the mole fraction of
the solute, when only the solvent is volatile.

9.6 Ideal and Non-Ideal Solutions

Ideal solutions obey Raoult’s Law and during their formation there is no change in
heat and volume.

Non-ideal solutions are those solutions which do not obey Raoult’s law and whose
formation is accompanied by changes of heat and volume.

Most of the real solutions are non-ideal. They show considerable deviation from the ideal
behaviour. Generally deviations are of two types :

i) Positive deviation : Positive deviations are shown by liquid pairs for which the A-B
molecular interactions are weaker than the A-A and or B-B molecular interactions. The total
vapour pressure for such solutions is greater than predicted by Raoults law. The total vapour
pressure for such a solution will be maximum for a particular intermediate composition (Fig.
9.3).

Examples of non-ideal solutions showing positive deviation from the ideal behaviour are
mixtures of liquids such as water-propanol, ethanol-chloroform, acetone-carbon disulfide,
ethanol-cyclohexane etc.
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Fig. 9.3 : Positive deviation for a liquid pair

ii) Negative Deviation : Negative deviations are shown by liquid pairs for which the A-B
molecular interactions - are stronger than A-A or B-B molecular interactions. The total
vapour pressure for such solutions is less than that predicted by Raoult’s law. For a particular
intermediate composition, the total vapour pressure of such a solution will be minimum
(Fig. 9.4). Examples of such liquid pairs are chloroform acetone, water-sulphuric acid,

phenol-aniline, water-HCI etc.

Ps

Pa
g
2
&
o
2
g
>
” \\
S X=1 Mole fraction - X,=0
X;=0 Xg=1
Fig. 9.4 : Negative deviation for a liquid pair

9.7 Colligative Properties

Do you know that there are certain properties of dilute solutions which depend only on the
number of particles of solute and not on the nature of the solvent and the solute? Such
properties are called colligative properties. There are four colligative properties : relative
lowering of vapour pressure, elevation in boiling point, depression in freezing point and

osmotic pressure.

Weh shall discuss these colligative properties in detail in the following sections.

9.7.1 Relative Lowering of Vapour Pressue

According to Raoult’s law for solutions containing non-volatile solute
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po =X, (see section 9.5) ..o (1)
A
nB
Also X, = ntn,

In a dilute solution n, << n, Therefore the term n, can be neglected in the denominator.

Ws.

Ny _ Mg _WB.MA

Hence, XB= Na % WAWB
M

0
P’ -P W,..M,
0 B
P W,.M,
The above expression can be used to determine the molecular mass of the solute B, provided
the relative lowering of vapour pressure of a solution of known concentration and molecular

mass of the solvent are known. However, the determination of molecular mass by this method
is often difficult because the accurate determination of lowering of vapour pressure is difficult.

Example 9.5 : The relative lowering of vapour pressure produced by dissolving 7.2 g of a
substance in 100g water is 0.00715. What is the molecular mass of the substance ?

Solution : We know that

POA - PA _ WB X MA
P°, M, W,
Substituting the values we get
0.00715 7.2x 18 72x 18
00715= —/————— M=————
M,x100 BT 0.00715 x 100
.. Molecular mass of the substance = 181.26 amu

9.7.2 Elevation of Boiling Point

Boiling point of a liquid is the temperature at which the vapour pressure of the liquid becomes
equal to the atmospheric pressure.

As you know, the vapour pressure of a pure solvent is always higher than that of its solution.
So, the boiling point of the solution is always higher than that of the pure solvent. If you see
the vapour pressure curves for the solvent and the solution (Fig. 9.5), you will find that there

is an elevation in the boiling point of the solution.
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Fig. 9.5 : Vapour pressure curves for solvent and solution

Now let AT, be the elevation in boiling point and Ap be the lowering in vapour pressure.
Then,

AT, oo Apo X, or AT, =K X,

K is the proportionality constant

np

As you know X =
y B n,+ng

In a dilute solution, n, << n, and thus the term n, is neglected in the denominator.

We
M WB A MA
Th N X = _B = B = — X = e
us B nA M 1\/‘[I3 WA l’lB X WA
|le

Ny

W,

If we take the mass of the solvent W in kilograms the term is molality m. Thus

ATb:KMA.m:KBm

The constant K, is called the molal elevation constant for the solvent. K, may be defined as
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the elevation in boiling point when one mole of a solute is dissolved in one kilogram of
the solvent. K, is expressed in degree per molality.

9.7.3 Depression in Freezing Point

Freezing point is the temperature at which the solid and the liquid forms have the same vapour
pressure

The freezing point of the solution is always less than that of the pure solvent. Thus, there is a
depression in the freezing point of the solution. This is because the vapour pressure of the
solution is always less than that of the pure solvent.

Solvent

Vapour pressure

Solution

o |
FPof  FPof Temperature K
solvent solvent

Fig. 9.6 : Vapour pressure curves for solid, solvent and solution

Let AT, be the depression in freezing point. Then :

AT, o AX,
or AY} =S KX, (i1)
Where K the proportionality constant

Ny

You know that XB =
n,tn,

In dilute solution n, << n,
Therefore, the term n, can be neglected from the denominator. Thus,

e We/My W, M, M,

g
Xe=n, SW, /M, =M, W, =™ Xw,

{ ! WB]
SInce ng :M_
B
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Substituting the valoue of X, in equation (ii) we get

M
ATf K xn,x W
nB
If the mass of the solvent W is taken in kg, then the term W becomes molality m.
A

Thus, ATf =KM,. m=Kf. m

The constant (Kf) for a solution is known as molal depression constant or molal cryoscopic
constant for the solvent. Kf may be defined as the depression in freezing point of a
solution when one mole of a solute is dissolved in 1 kilogram of the solvent.

Example 9.6 : Find the (i) boiling point and (ii) freezing point of a solution containing
0.520 g glocse (C.H,O,) dissolved in 80.2g of water. (Kf= 1.86 K/m, K, = 0.52 k/m).

12

Solution : Molality of ol _ Wt of glucose 1000
olution : Motalty of glocose = mol. wt. x Wt. of solvent
B 0.52 _ 1000 — 0.036
© 180 802

AT, = K,m = 0.52 x 0.036 = 0.018 K
. Boiling point = 373 + 0.018 = 373.018 = 373.02 K
(ii) K, = 1.86 K/m

_052 1000
=780 T 802

. AT, =1.86x0.036 =0.66 K

*. Freezing point = 273 - 0.66 = 272.34 K

9.7.4 Osmosis and Osmotic Pressure

You must have observed that if rasins are soaked in water for some time, they swell. This is
due to the flow of water into the rasins through its skin which acts as a semipermeable membrane
(permeable only to the solvent molecules). This phenomenon is also observed when two
solutions of different concentrations in the same solvent are separated by a semipermeable
membrane. In this case the solvent flows from a solution of lower concentration to a solution
of higher concentration. The process continues till the concentrations of the solutions on both
sides of the membrane become equal.

The spontaneous flow of the solvent from a solution of lower concentration (or pure solvent)
to a solution of higher concentration when the two are separated by a semipermeable membrane
is known as osmosis.
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The flow of solvent into the solutionof higher concentration from a solution of lower
concentration (on pure solvent) can be stopped if some extra pressure is applied to that side of
the solution which has a higher concentration. The pressure that just stops the flow of the

solvent is called osmotic pressure.

Thus, ostmic pressure may be defined as the excess pressure that must be applied to the
solution side to just prevent the passage of pure solvent into it when the two are separated
by a perfect semipermeable membrane. This is illustrated in Fig. 9.7

Solvent

Solution

Semipermeable
membrane

Fig. 9.7 : Osmosis
The pressure that must be applied to the solution side to prevent it from rising in the tube is the

osmotic pressure. It is also equal to the hydrostatic pressure of the liquid column of heighth.

If the two solutions have the same osmotic pressure, they are known as isotonic solutions.
The osmotic pressure is a colligative property. It depends on the number of particles of solute
present in the solution and not on their nature. At a given temperature T, the osmotic pressure
(m) of a dilute solution is experimentally found to be proportional to the concentration of the
solution in moles per litre.

Mathematically, n = CRT

where T is the osmotic pressure and R is the gas constant

n—BRT
or T=y

where n; is the number of moles of solute present in V litres of the solution

W_RT

or TCV:M

solute

where w in the mass of solute dissolved in V litres of the solution and M is the molar

solute

mass of the solute. Thus, knowing, , v and w, the molar mass of the solute can be calculated.

Thus, the molar masses of the solutes can be determined by measuring the osmotic pressure
of their solutions. This method has been widely used to determine the molar masses of
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macromolecules, protiens, etc., which have large molar masses and limited solubility. Therefore
their solutions have very low concentrations and the magnitudes of their other colligative
properties are too small to measure. Yet their osmotic pressures are large enough for
measurements. As the osmotic pressure measurements are done at around room temperature,
this method is particularly useful for determining the molar masses of biomolecules as they
are generally not stable at higher temperature.

Example 9.7 : The osmotic presure of an aqueous solution of a protein containing 0.63 g of
a protein in 100 g of water at 300 K was found to be 2.60 x 10~ atm. Calculate the molar
mass of the protein. R = 0.082 L atm K! mol™.

we know that osmotic pressure of a solution is given by the expression

r V=—Y _RT
solute
M W RT
or solute TCV
Substituting the values, we get
(0.639g) x(0.082L —atm K mol‘l) X (300K)
Msolute =

(2.60x107% atm) x (0.100 L)
= 61022 g mol"

Thus, molar mass of the protein is 61022 g mol!

Reverse Osmosis and Water Purification

If a pressure higher than the osmotic pressure is applied to the solution side, the direction of
flow of the solvent can be reversed. As a result, the pure solvent flows out of the solution
through the semipermeable membrane. This process is called reverse osmosis. It is of great
practical application as it is used for desalination of sea water to obtain pure water.

9.7.4.a Determination of Relative Lowering of Vapour pressure by
Walker and Ostwald’s dynamic method.

This method is very simple in which a slow current of dry air is drawn in succession through,
1) A series of two bulbs (A) containing the aqueous soltion (vapour pressue P).

ii) A similar series of two bulbs (B) containing the solvent (vapour pressure P ).

iii) A ‘U’ tube containing anhydrous CaCl, solid.
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QDry air

R N K C
Solution Solvent

(Anhydrous)

k]

Fig. 9.8 : Ostwalds dynamic method

Dry air is passed through the solution bulbs first. The air carries with it some solvent (water)
in the form of vapour. Hence there will be loss of weight in the solution bulbs. This loss is
proportional to the vapour pressure of solution (P).

Now the air containing the solvent (water) vapour is allowed to pass through the solvent
bulbs. The vapour pressure of solvent (P ) is higher than the vapour pressure of solution (P).
Therefore the air containing the vapour already, takes some more vapour from the solvent
bulbs. This loss is proportional to (P, - P).

Now the air saturated with solvent vapour is passed through the ‘U’ tube, ‘U’ tube absorbs
the solvent vapour. (Water vapour, since water is solvent). The weight of ‘U’ tube increase.

Calculations and Results :

Loss (x) in ‘A’ bulbs (solution bulbs) o, P
Loss (y) in ‘B’ bulbs (solvent bulbs) o. P - P
Total Loss = gain (z) in weight of ‘U’ tube (C)
x+y=P+(P,-P)=P,

P,-P=y
P =(x+y) =z
PO_P_ y :XS_ ns
Py X+y 1,
X+Yy M b
Mo~ AW x+y
b y

a = weight of solute
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b = weight of solvent
M = mol. Wt. of solute

W = mol. Wt. of solvent.

9.7.4.b Cottrell’s method of determining molecular weight of solute
using elevation of Boiling point

This method require (1) accurate determination of elevaiton of boiling point. Hence
conventional thermometers are not useful.

So, beckmann designed a thermometer which measures only the elevation in temperature
AT but not absolute values of B.P. This thermometer contains a reservoir of Hg at one end
of the capillary and as usual a bulb at the other end. These are internally connected through
the capillary. At any level of temperature (-60°C to 3000€) the elevation can be measured by
adjusting the amount of Hg in the bulb unlike conventional thermometer temperature. This
adjustment is done with the help of the reservoir.

(2) The second requirement is elimination of super heating during boiling. For this, Cottrell
used a special device (pumping device) which resembles an inverted funnel, whose stem is
split into three symmetrically placed tubes as shown in the figure.

— | =

-

2. Condenser
2. Capillary tube

3. Mercury Bulb

ﬁ Cottrells

Beckmann A ! apparatus

. Thermometer i 1. Beckmann Thermometer
I. Mercury reservoir L s

3. Boiling tube

4. Solution
5. Inverted funnel

(Cottrell's device)

Fig. 9.9 : Cottrell’s method

The apparatus consists of tube provided with a side tube. The tube contains another tube
through which the thermometer is inserted. At the bottom of the outer tube a platinum wire is
fused which is heated during boiling. The funnel like device is placed in the solution in the
tube. This pumps the bubbles of the solution along with vapour on to the thermometer bulb.
So, the liquid and the vapour will be in equilibrium on the surface of the bulb at the boiling
point. This reduces super heating.

A known weight (b) of solvent (molecular weight - W) is taken in the Cottrell tube and the
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boiling point is determined (T ). A known weight (‘a’ g) of the solute (molecular weight m)
is introduced in the tube through the side tube in the form of a tablet. This dissolves completely
and the boiling point of solution (T) is measured. Molar mass is calculated as follows.

Wt. of solvent =‘b’ g
Wt. of solute =‘ag
B.P. of solvent =
B.P. of solution =

Elevation in B.P. =T-T =AT

1000
X —_

AT = Ky = = X =

where K, = molal elevation constant of solvent.

Problem : The boiling point of CHCI, was raised 0.325K when 5.141 x 10 kg. of anthracene
is dissolved in 3.5 x 10* kg of CHCI,. Calculate the molar mass of anthracene.
(K, = 3.9 K.mol ).

Solution :

AT =0.325 K

K, =3.9 Kg. mol-1
A=05141g;b=35¢

K, x a x 1000
AT, x b

_3.9x5.141x10™* x1000
0.325x3.5x1073

= 0.1763 kg of 176.3 g

9.7.4.c Rast’s Method :

This method was developed by Rast for Camphor as a solvent. This method is thus generally
used for solid solutions i.e., solid solute and solid solvent.

A known weight of campgor (b) is taken and finely powdered in dry mortar. To this a known
weight (a) of solid solute is added. The mixture is mixed throughly. The mixture is melted
to form a homogeneous solution, cooled dried and powdered. The mixture is taken in a
capillary tube whose one end is sealed. The melting point is determined carefully by the
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conventional melting point determination method. The melting point of the pure sample of
camphor is determined separately using another capillary tube. The difference in the melting
point gives ATJ..

From the values a, b & , ATf Mis calculated (K, for camphor = 40 K.kg mol!)
Wt. of camphor - b.g.
Wt. of solute - a.g.

Mol. wf. of solute - m
a 1000
ATf:Kf X — X 5
_ K, xax1000
AT xDb

s M

9.7.4.d Berkeley and Hartley’s Method of determining osmotic
Pressure :

It is method of applying pressure to the solution which was just sufficient to stop osmosis. A
porous pot, open at both the ends and having a copper ferrocyanide membrance fused in its
walls, is sealed into the outer bronze cylinder. The bronze cylinder contains the solution and
is fitted with a piston upon which weights may be placed to exert external pressure on the
solution.

Fig. 9.10 : Berkely - Hartley Method

1. Solvent Reservoir 2. Semipermeable membrance
3. solution 4. Capillary tube 5. Piston 6. Pressure guage 7. Solvent

This porous pot is connected with a side tube (capillary tube) one end and a reservior containing
water at the other end. The flow of water through the pot into the solution is indicated by the
downward motion of the water meniscus in the side tube. This flow of osmosis of water into
the solution can be stopped the application of external pressure on the solution with the help
of the piston and this would be indicated when the water meniscus in the side tube becomes
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stationary. The pressure so applied on the piston is equal to the osmotic pressure of the solution.
Thus substituting the values of osmotic pressure (1) molarity of the solution (C) and the
temperature of the solution in Kelvin scale (T), in the equation.

©=CRT (C=")
Vv

R = Gas Constant
The molecular weight of the solute can be calculated.
Problem :

What is the osmotic pressure of a solution containing 0.1 mole of non-volatile solute in 100
cm? of solution at 27°C.

Solution :

T = » RT R = 0.82.atm.K"! mol!
0.1

ﬂ:za x 0.0082x300 V=100cm?*=0.11

T = 24.63 atm V =27°C =300 K

7\ .
LG . Intext Questions 9.3
1.  Define colligative property. List two colligative properties.

3. Why is the determination of osmotic pressure a better method as compared to other
colligative properties of determining the molar masses of biomolecules.

9.8 Abnormal Colligative Properties

The colligative properties of the solutions depend only upon the number of solute particles
present in the solution and not on their nature. But sometimes while measuring colligative
properties abnormal results are obtained due to the following reasons :

1) If the solution is very concentrated, the particles of the solute start interacting with each
other. Therefore, the solution should not be concentrated.
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i)  Incase of association two or more solute molecules associate to form a bigger molecule.
The number of effective molecules in the solution, therefore decreases. Consequently
the value of the collgative property (relative lowering of vapour pressure, elevation of
boiling point, depression of freezing point, osmotic pressure) is observed to be less than
that calculated on the basis of unassociated molecules. Since, the colligative property is
inversely proportional to the molar mass, the molar mass of such solutes calculated on
the basis of colligative property will be greater than the true molar mass of the solute.

iii) In case of dissociation of the solute in the solution, the number of effective solute
particles increases. In such cases the value of the observed colligative property will be
greater than that calculated on the basis of undissociated solute particles. The molar
mass of the solute calculated from the measurement of colligative property will be lower
than the true molar mass of the solute.

Van’t Hoff factor

In order to account for extent of association or dissociation Van’t Hoff introduced a factor ‘i’.

Observed colligative property
Normal (calculated or expected) colligative property

i =

Since the colligative property is proportional to the number of solute particles or the number
of moles of solute

Total number of moles of solute in the solution
Expected (calculated) number of moles of solute

i1 =

Also, since colligative properties vary inversely as the molar mass of the solute, it follows that

Normal (calculated or expected) molar mass
Observed molar mass

1=

Here the observed molar mass is the experimentally determined molar mass whereas the normal
molar mass is the molar mass calculated on the basis of chemical formula of the solute. In case
of association the value of van’t Hoff factor, i, is less than unity while for dissociation it is
greater than unity. For example, benzoic acid association in benzene to form a dimer. The
value of i is, therefore, close to 1/2. The value of i for aqueous NaCl is close to 2.0 because
NaCl dissociates in water to form Na* and Cl ions.

The inclusion of van’t Hoff factor, i, modifies the equations for the colligative properties as
follows :
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AT, =i K. m
nV =i CRT
Degree of Association

Degree of association may be defined as the fraction of the total number of molecules which
associate to form a bigger molecule. Let us consider the association of benzioc acid in
benzene. In benzene two molecules of benzoic acid associate to form a dimer. It can be
represented as

2C,H.COOH —> (C,H.COOH),

If x represents the degree of association of benzoic acid in benzene (i.e out of one molecule of
benzoic acid, x molecules associate to form a dimer), then at equilibrium.

No. of moles of unassociated benzoic acid =1 - x

X
No. of moles of associated benzoic acid = o

X X
Total number of effective moles of benzoic acid=1 - x + E =1- E

According to definition, Van’t Hoff factor is given by

| <

Total number of moles of solute in the solution 1-
Expected (calculated) number of moles of solute ~

1=

[EEN
N

Example 9.8 : Acetic acid (CH,COOH) associates in benzene to form double molecules
1.60g of acetic acid when dissolved in 100g of benzene (C H,) raised the boiling point by
273.35 K. Calculated the van’t Hoff factor and the degree of association of benzoic acid. Kb
for C.H, = 2.57 K kg mol™.

1000i K, W,
WA MB
Normal molar mass (M) of CH,COOH = 60 g mol"!

Solution : ATb =iK, m=

AT, X W, X W
Van’t Hoff factor, i, is = 7959y Ky X Wy

0.35 x 100 x 60
~ 1000 x 2.57 x 1.60

0.51
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Since, acetic acid associates in benzene to form double molecules, the following equilibrium
exists in the solution.

2CH,COOH — 3 (CH,COOH),

If x represents the degree of association of the solute, then we would have (/-x) mol of acetic
acid left unassociated and x/2 moles of acetic acid at equilibrium.

Therefore, total number of particles at equilibrium =1 - X + x/2

The total number of particles at equilibirum equal van’t Hoff factor. But van’t Hoff factor (1)
is equal to 0.51.

1-—+ =051

N | X

X
or E=1-O.51=O.49

x=049x2=0.98

Therefore, degree of associaiton of acetic acid in benzene is 98%.
Degree of dissociation

Degree of dissociation may be defined as the fraction of the total number of particles that
dissociate, i.e., break into simpler ions. Consider a solution of KCI in water. When KCl is
dissolved in water, it dissociates into K* and CI ions.

KCl ——> K*+ClI°

Let x be the degree of dissociation of KCl, then at equilibrium, number of moles of undissociated
KCl=1-x.

According to the dissociation of KCI shown above, when x mol of KCI dissociates, x moles
of K* ions and x mol of CI" ions are produces.

Thus, the total number of moles in the solution after dissociation=1-x+x+x=1+ X

Total number of moles of solute in the solution 1+ X

Hence, i - Eypected (calculated) number of moles of solute = 1

Example 9.9 : A 0.5 percent aqueous solution of potassium chloride was found to freeze at
27.276K. Calculate the van’t Hoff factor and the degree of dissociation of the solute at this
concentration. (Kf for H,O = 1.86 K kg mol™).
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Solution : Normal molecular weight of KC1 =39 + 35.5 = 74.5 g mol™!

1000 x W, x K
AT, X W,

Observed molecular weight, M, =

1000 x 0.5g x 1.86 K kg mol’
(0.24K)x 100 g

38.75 g mol-1

Normal molecular weight

van’t Hoff factor (i) Observed molecular weight

74.5 g mol”

= 3875gmol’ - 1?2

Potassium chloride in aqueous solution dissociates as follow.
KCl —> K*+CI'

Let x be the degree of dissociation of KCI. Thus at equilibrium.
No. of moles of KCI left undissociated = (1- x) mol

No. of moles of K* = x mol

No. of moles of ClI" = x mol

Total number of moles at equilibrium=1-x+x+x=1 +x.

1+x
. Van’t Hoff factor = T =1.92

or x=192-1=0.92
*. Degree of dissociation of KCl =92%

2O
R

. Solution is a homogeneous mixture of to or more substances.

What You Have Learnt

. solvent is that component of a solution that has the same physical state as the solution
it self.

° solute is the substance that is dissolved in a solvent to form a solution

. Molarity is expressed as the number of moles of solute per litre of solution.
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Molality is expressed as the number of moles of solute per kilogram of solution.

Normality is a concentration unit which tells the number of gram equivalents of solute
per litre of solution.

Mole fraction is the ratio of the number of moles of one component to the total number
of moles in the solution.

solutions can be solid, liquid or gaseous.

Henry’s law states that mass or mole fraction of a gas dissolved in a solvent is directly
proportional to the partial pressure of the gas.

Raout’s law states that for a solution of volatile liquids, the partial pressure of each
liquid in the solution is directly proportional to its mole fraction.

A solution which obeys Raoult’s law over the entire range of concentration at all
temperatures is called an ideal solution.

The relative lowering of vapour pressure for a solution is equal to the mole fraction of
the solute, when only the solvent is volatile.

Those properties of dilute solutions which depend only on the number of particles of
solute and not on their nature are known as colligative properties.

Molal elevation constant is the elevation in boiling point when one mole of solute is
dissolved in one kilogram of the solvent.

Boiling point of a liquid is the temperatures at which the vapour pressure of the liquid
becomes equal to the atmospheric pressure.

Freezing point is the temperature at which the solid and the liquid forms of the substance
have the same vapour pressure.

Abnormal result are obtained when the solute associates or dissociates in the solution.

Van’t Hoff factor is defined as the ratio of normal molar mass to experimentally
determined molar mass.

H Terminal Exercise

1.

Sl

What do you understand by ideal and non-ideal solutions ?
Define freezing point and boiling point.
Derive the relationship AT, = K, m

A solution containing 7 g of a non-volatile solute in 250g of water boils at 373.26 K.
Find the molecular mass of the solute.
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2g of a substance dissolved in 40g of water produced a depression of 274.5 K in the
freezing point of water. Calculate the molecular mass of the substance. The molal
depression constant for water is 274.85 K per molal.

Calculate the mole fraction of the solute in a solution obtained by dissolving 10g of urea
(mol wt 60) in 100 g of water.

A solution containing 8.6g of urea (molar mass = 60 per dm*) was found to be isotonic
with a 5 per cent solution of an organic non-volatile solute. Calculate the molar mass of
the non-volatile solute.

2 g of benzoic acid (C.H,COOH) dissolved in 25g of benzene shows a depression in
freezing point equal to 1.62 K. Molar depression constant for benzene in 4.9 K kg
mol™'. What is the percentage association of C.H,COOH if it forms double molecules
in solution.

The freezing point depression of 5.0 x 10~ M solution of Na SO, in water was found
to be 0.0265°C. Calculate the degree of dissociation of the salt at this concentration.
(K, for H,O is 1.86K kg mol™)

Za\
ﬁ Answers to Intext Questions

9.1
1.

9.2

9.3

Molarity, Molality, Normality, Mole fraction, Mass percentage.
Molarity is the number of moles of solute dissolved per litre of the soltion.

Molality is the number of moles of solute dissolved per kg of the solvent.
Normality is the number of gram equivalents of solute dissolved per litre of solution

For a solution of volatile liquids the partial vapour pressure of each liquid is proportional
to its mole fraction.

The mass of a gas dissolved in a solvent is directly proportional to its partial pressure.
Pressure should not be too high temperature should not be too low. The gas should not
associate or dissociate.

Properties that depend upon the number of particles of solute and not on the nature of
solute. e.g. Elevation of boiling point, depression of freezing point.

For which A-B molecular interactions are :
1) weaker than A-A and B-B interactions.
i) stronger than A-A and B-B interactions.

At low concentration the magnitude of osmotic pressure is large enough for measurement.
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10
COLLOIDS

You are familiar with solutions. They play an important role in our life. A large number of
substances such as milk, butter, cheese, cream, coloured gems, boot polish, rubber, ink also
play an important role in our daily life. They are also solutions of another kind. They are
colloidal solutions. The term colloid has been derived from two terms, namely colla and oids.
‘Kolla’ means glue and ‘Oids’ means like i.e. glue-like. The size of the particles in colloidal
solutions is bigger than the size of particles present in solutions of sugar or salt in water. In
this lesson you will learn about the methods of preparation, properties and applications of
colloidal solutions.

e\
@ Objectives

After reading this lesson you will be able to:

° Explain the difference between true solution, colloidal solution and suspension;
. Identify phases of colloidal solution;

. Classify colloidal solution;

o Describe methods of preparation of colloids;

. Explain some properties of colloidal solutions;

. Recognize the difference between gel and emulsion and,

. Cite examples of the application of colloids in daily life.

10.1 Distinction between a True Solution, Colloidal Solution

and Suspension.

You may recall that solution of sugar in water is homogeneous but milk is not. When you
closely look at milk you can see oil droplets floating in it. Thus, although it appears to be
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homogenous it is actually heterogenous in nature. The nature of the solution formed depends
upon the size of the solute particles. If the size of the solute particles is less than 1 nm it will
form true solution but when the size is between 1 to 100 nm then it will form colloidal
solution. When the size of solute particles is greater than 100 nm it will form a suspension.
Therefore we may conclude that colloidal solution is an intermediate state between true
solution and suspension (Table 10.1).

Table 10.1 : Some important properties of true solutions, colloids and suspensions

S.No. Name of True Solution Colloids Solution Suspension
Property

1. Size Size of particles Size of particles is Size of particles
is less than 1 nm between 1 nm and greater than 100nm

2. Filterability = Pass through Pass through Do not pass
ordinary filter ordinary filter paper through filter paper
paper and also but not through or
through animal animal membrane. animal membrane.
membrane.

3. Settling Particles do not Particles do not Particles settle
settle down on settle down on down on their own
keeping their own but can under gravity.

be made to settle
down by
centrifugation.

4. Visibility Particles are Particles are Particles are visible
invisible to the invisible to the to the naked eye.
naked eye as well  naked eye but their
as under a scattering effect can
microscope be observed with

the help of a
microscope

5. Separation The solute and The solute and The solute and
solvent cannot be  solvent cannot be solvent can be
separated by separated by separated by
ordinary ordinary filteration  ordinary filteration.
filteration or by but can be separated
ultra filteration. by ultra-filteration.

6. Diffusion Diffuse quickly Diffuse slowly Do not diffuse
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10.2 Phases of Colloids Solution

Colloids solutions are heterogenous in nature and always consist of at least two phases: the
dispersed phase and the dispersion medium.

. Dispersed Phase: It is the substance present in small proportion and consists of particles
of colloids size (1 to 100nm).

. Dispersion Medium: It is the medium in which the colloids particles are dispersed.

For example in a colloidal solution of sulphur in water, sulphur particles constitute the ‘dispersed
phase’ and water is the ‘dispersion medium’.

Each of the two phases namely, dispersed phase and dispersion medium can be solid, liquid
or gas. Thus, different types of colloidal solutions are possible depending upon the physical
state of the two phases. Different types of colloidal solutions and their examples are shown
in Table 10.2. You should note that gases cannot form a colloidal solution between themselves,
because they form homogenous mixtures.

Table 10.2 : Types of Colloidal Solutions

S.No. Dispersed Dispersion Type of Examples
Phase Medium Colloidal Solution
1. Solid Solid Solid Solution Gemstones,
2. Solid Liquid Sol Paints, muddy water,

gold sol, starch sol,
arsenious sulphide sol.

3. Solid Gas Aerosol of solids Smoke, dust in air
4, Liquid Solid Gel Jellies, Cheese

5. Liquid Liquid Emulsion Milk, Cream

6. Liquid Gas Aerosol Mist, fog, cloud

7. Gas Solid Solid foam Foam rubber,

pumice stone

8. Gas Liquid Foam Froth, whipped cream

Out of the various types of colloidal solutions listed above, the most common are sols (solid
in liquid type), gels (liquid in solid type) and emulsions (liquid in liquid type). If the
dispersion medium is water then the ‘sol’ is called a hydrosol; and if the dispersion medium
is alcohol then the ‘sol’ is called an alcosol
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PN
Le: Intext Questions 10.1

1.  Classify the following into suspension, colloidal solution and true solution. Milk, sugar
in water, clay in water, blood, boot polish, sand in water, face cream, jelly, foam.

2. Give one example each of
(a) Sol (b) Gel (c) Aerosol (d) Emulsion

10.3 Classification of Colloids

Colloidal solutions can be classified in different ways:
(a)  On the basis of interaction between the phases.

(b) On the basis of molecular size.

10.3.1 Classification Based Upon Interaction

Depending upon the interaction between dispersed phase and the dispersion medium colloidal
solutions have been classified into two categories.

(a) Lyophilic Colloids : The word Lyophilic means solvent lover. Lyophilic colloidal
solutions are those in which the dispersed phase have a great affinity (or love) for the dispersion
medium. Substances like gum, gelatin, starch etc when mixed with suitable dispersion medium,
directly pass into colloidal state and form colloidal solution. Therefore, such solutions are
easily formed simply by bringing dispersed phase and dispersion medium in direct contact
with each other. However these colloidal solution have an important property i.e. they are
reversible in nature. This means that once lyophilic colloidal solutions has been formed then
dispersed phase and dispersion medium can be separated easily. Once separated these can
again be formed by remixing the two phases. These sols are quite stable.

If water is used as dispersion medium then it is termed as hydrophilic colloid.

(b) Lyophobic Colloids : The word Lyophobic means solvent hating. Lyophobic colloidal
solutions are those in which the dispersed phase has no affinity for the dispersion medium.
Metals like Au, Ag and their hydroxides or sulphides etc., when simply mixed with dispersion
medium do not pass directly into colloidal state. These sols have to be prepared by special
methods. These sols can be readily precipitated and once precipitated they have little tendency
to go back into the colloidal state. Thus these sols are irreversible in nature. Also they are not
very stable and require a stability agent to remain in the colloidal form. In case water is used
as dispersion medium it is called as hydrophobic sol.
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10.3.2 Classification Based on Molecular Size

Depending upon the molecular size the colloids have been classified as

a)

b)

c)

Marcromolecular colloids - In this type of colloids the size of the particles of the dispersed
phase are big enough to fall in the colloidial dimension as discussed earlier (i.e.-100
nm)

Examples of naturally occuring macromolecular colloids are starch, cellulose, proteins
etc.

Multi molecular colloids - Here individually the atoms are not colloidal size but they
aggregate to join together forming a molecule of colloidal dimension. For example sulphur
sol contains aggregates of S, molecules which fall in colloidal dimension.

Associated colloids - These are substances which behave as normal electrolyte at low
concentration but get associated at higher concentration to form miscelle and behave as
colloidal solution. Soap is an example. Soap is sodium salt of long chain fatty acid R
COONa. When put in water, soap forms RCCO™ and Na*. These RCCO" ions associate
themselves around dirt particles as shown below forming a miscelle (Fig. 10.1)

Water ggg

oo .
- Misoells
fecs; Soo Na
Na
e00) .
Na

Na

Fig. 10.1 : Aggregating of RCCO" ions to form a micelle.

10.4 Preparation of Colloidal Solutions

As discused earlier, the lyophilic sols can be prepared directly by mixing the dispersed phase
with the dispersion medium. For example, colloidal solutions of starch, gelatin, gum etc. are
prepared by simply dissolving these substances in hot water. Similarly, a colloidal sol of
cellulose nitrate is obtained by dissolving it in alcohol. The resulting solution is called
Collodion.

However, lyophobic colloids cannot be prepared by direct method.

Hence two types of methods are used for preparing lyophobic colloids. These are :

i)

ii)

Physical methods

Chemical methods
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i) Physical methods

These methods are employed for obtaining colloidal solutions of metals like gold, silver,

platinium etc. (Fig. 10.2)
% + Electodes -

|_ Dispersion medium

- Ice-Bath

_

Fig. 10.2 : Preparation of colloidal solution by Bredig’s Arc Method

An electric arc is struck between the two metallic electrodes placed in a container of water.
The intense heat of the arc converts the metal into vapours, which are condensed immediately
in the cold water bath. This results in the formation of particles of colloidal size. We call it
as gold so.

Peptisation : Peptisation is the process of converting a freshly prepared precipitate into
colloidal form by the addition of a suitable electrolyte. The electrolyte is called peptising
agent. For example when ferric chloride is added to a precipitate of ferric hydroxide, ferric
hydroxide gets converted into reddish brown coloured colloidal solution. This is due to
preferential adsorption of cations of the electrolyte by the precipitate. When FeCl, is added
to Fe(OH),, Fe** ions from FeCl, are adsorbed by Fe(OH), particles. Thus the Fe(OH),
particles acquire + ve charge and they start repelling each other forming a colloidal solution.

ii) Chemical Methods : By oxidation

Sulphur sol is obtained by bubbling H,S gas through the solution of oxidizing agent like
HNO, or Br, water, etc. according to the following equation :
Br, + HS — S + 2HBr

2HNO, + HS — 2H,0 + 2NO, + S

Fe(OH), SOI, As, S, sol can also be prepared by chemical methods

10.5 Purification of Colloidal Solution

When a colloidal solution is prepared it contains certain impurities. These impurities are
mainly electrolytic in nature and they tend to destabilise the colloidal solutions. Therefore
colloidal solutions are purified by the following methods :
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i) Dialysis
i)  Electrodialysis

Dialysis : The process of dialysis is based on the fact that colloidal particles cannot pass
through parchment or celloplane membrance while the ions of the eletrolyte can. The colloidal
solution is taken in a bag of cellophane which is suspended in a tub full of fresh water. The
impurities diffuse out leaving pure coloidal solution in the bag (Fig. 10.3). This process of
separating the particles of colloids from impurties by means of diffusion through a suitable
membrane is called dialysis.

-

|

Dialysis
Bag

/[~

Fig. 10.3 : A dialyser

Electrodialysis : The dialysis process is slow and to speed up its rate, it is carried out in the
presence of an electrical field. When the electric field is applied through the electrodes, the
ions of the electrolyte present as impurity diffuse towards oppositely charged electrodes at
a fast rate. The dialysis carried out in the presence of electric field is known as electrodialysis

(Fig. 10.4).
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Fig. 10.4 : Electrodialysis
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The most important use of dialysis is the purification of blood in the artificial kidney machine.
The dialysis membrane allows the small particles (ions etc.) to pass through, whereas large
size particles like haemoglobin do not pass through the membrane.

e\
@ Intext Questions 10.2

1.  Name two colloids that can be prepared by Bredig’s Arc method.

3. Differentiate between (a) Lyophilic and Lyophobic sol. (b) macromolecular and
multimolecular colloids.

10.6 Properties of Colloids

The propeties of colloids are discussed below :

a) Heterogeneous character : Colloidal particles remain within their own boundary surfaces
which separate them from the dispersion medium. So a colloidal system is a
heterogeneous mixture of two phases. The two phases are dispersed phase and
dispersion medium.

b)  Brownian movement : It is also termed as Brownian motion and is named after its
discoverer Robert Brown (a Botanist).

Brownian Motion is the zig-zag movement of colloidal particles in continuous random
manner (Fi.g 10.5). Brownian motion arises because of the impact of the molecules of
the dispersion medium on the particles of dispersed phase. The forces are unequal in

different directions. Hence it causes the particles to move in a zig-zag way.

Fig. 10.5 : Brownian Movement
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d)

Tyndall Effect : Tyndall in 1869, observed that if a strong beam of light is passed
through a colloidal solution then the path of light is illuminated. This phenomenon is
called Tyndall Effect. This phenomenon is due to scattering of light by colloidal
particles (fig. 10.6). The same effect is noticed when a beam of light enters a dark
room through a slit and becomes visible. This happens due to the scattering of light by
particles of dust in the air.

RN s ~ . /!

§

temen musewsnsssahiatn e deisib bt v knrnanmneasiagfor

Light Source

True Solution Colloidal solution

Fig. 10.6 : The Tyndall Effect (Path of light visible due to
scattering)

Electrical Properties : The particles of a colloidal solution are electrically charged and
carry the same type of charge, either negative or positive. The dispersion medium has
an equal and opposite charge. The colloidal particles therefore repel each other and do
not cluster together to settle down. For example, arsenious sulphide sol, gold sol, silver
sol, etc. contain negatively charged colloidal particles whereas ferric hydroxide,
aluminium hydroxide etc. contain positively charged colloidal particles. Origin of charge
on colloidal particles is due to :

a) Preferential adsorption of cations or anions by colloidal particles.
b) Miscelles carry a charge on them.

c¢) During the formation of colloids especially by Bredig arc method, colloidal particles
capture electrons and get charged. The existence of charge on a colloidal particles is
shown by a process called electrophoresis.

Electrophoresis is a process with involves the movement of colloidal particles either
towards cathode or anode under the influence of electrical field. The apparants used is

as shown in Fig. 10.7.

+

Electrode
Coagulated sol ks
particles :
As,S, sol
(negative charged)

Fig. 10.7 : A set up for Electrophoresis
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10.7 Applications of Colloidal Solutions

Colloids play a very important role in our daily life. Some of these applications are discussed
below :

i)

iii)

Sewage disposal : Colloidal particles of dirt, etc. carry elctric charge. When sewage
is allowed to pass through metallic plates kept at a high potential, the colloidal particles
move to the oppositely charged electrode and get precipitated there. Hence sewage
water is purified.

Purification of Water in Wells : When alum is added to muddy water, the negatively
charged particles of the colloid are neutralized by Al’** ions. Hence the mud particles
settle down and the water can be filtered and used.

Smoke Precipitation : Smoke particles are actually electrically charged colloidal
particles of carbon in air. Precipitation of this carbon is done is a Cottrell’s
Precipitator. Smoke from chimneys is allowed to pass through a chamber having a
number of metallic plates connected to a source of high potential as shown in Fig.
10.8 Charged particles of smoke get attracted to the oppositively charged electrode
and get precipitated and hot purified air passes out.

el

High voltage electrode -
(30000 volts or more)

— Gases free from

carbon particles

O

Smoke ————p
> Precipitated ash

XX XXX X XX xxxd ‘

Fig. 10.8 : Cottrell smoke precipitator

Other applications in day to day life are :

i)

i)

Photography : A colloidal solution of silver bromide in gelatin is applied on glass
plates or celluloids films to form photo-senstive plates in photography.

Clotting of Blood : Blood is a colloidal solution and is negatively charged. On applying a
solution of FeCl, bleeding stops and clotting of the colloidal particles of blood takes place.
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iii) Rubber Plating : Latex is a colloidal solution of negatively charged rubber particles.
The object to be rubber plated is made the anode in ther rubber plating bath. The
negatively charged rubber particles move towards the anode and get deposited on it.

iv) Blue Colour of Sky : Have you ever wondered why is the sky blue? It is because the
colloidal dust particles floating about in the sky scatter blue light, that makes the sky
appear blue. In the absence of these colloidal particles the sky would have appeared
dark throughout.

10.8 Emulsion and Gel

Emulsions are colloidal solutions in which both the dispersed phase and dispersion medium
are liquids. However, the two liquids are immiscibel, as miscible liquids will form true
solution.

Emulsion are of two kinds :

a) Oil-in-water emulsion : Here the dispersed phase is oil while the dispersion medium is
water. Milk is an example of this kind as in milk liquid fats are dispersed in water. Vanishing
cream is another example.

b) Water-in-oil emulsion : Here dispersed phase is water and dispersion medium is oil.
Butter, cod-liver oil, cold creams are examples of this types.

The liquids forming emulsion i.e. oil and water will separate out on keeping as they are
immiscible. Therefore an emulsifying agent or emulsifier is added to stabilise the emulsion.
Soap is a common emulsifier. The preparation of emulsion in the presence of an emulsifier
is called emulsification.

How does an emulsifier work? It is believed that an emulsifier gets concentrated at the
interface between oil and water i.e. the surface at which oil and water come in contact with
each other. It acts as a binder between oil and water.

Application of Emulsions - Emulsions play very important role in our daily life. Some of
the common applications are given below :

1. The cleansing action of soap and synthetic detergents for washing clothes, bathing etc
is based upon the formation of oil in water type emulsion.

2. Milk is an emulsion of fat in water. Milk cream and butter are also emulsions.
3. Various cold creams, vanishing creams, body lotions etc. are all emulsions.

4.  Various oily drugs such as cold liver oil are administered in the form of emulsion for
their better and faster absorption. Some ointments are also in the form of emulsions.

5.  The digestion of fats in the intestine occurs by the process of emulsification.
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6.  Emulsions are used for concentrating the sulphide ores by forth flotation process. Finely
powedered or is treated with an oil emulsion and the mixture is vigorously agitated by
compressed air when the ore particles are carried to the surface and removed.

Gels - Gels are the types of colloids in which the dispersed phase is a liquid and the dispersion
medium is a solid. Cheese, jelly, boot polish are common examples of gel. Most of the commonly
used gels are hydrophilic colloidal solution in which a dilute solution, under suitable conditions
set as elastic semi solid masses. For example 5% aqueous solution of gelatin in water on
cooling forms the jelly block.

Gels may shrink on keeping by loosing some of the liquid held by them. This is known as
syneresis or resetting on standing.

Gels are divided in two caterogies elastic gels and non elastic gels. Elastic gels are reversible.
When partly dehydrated on loosing water, they change back into the original form on addition
of water. The non elastic gels are not reversible.

Gels are useful in many ways. Silica, cheese, jelly, boot polish, curd are commonly used
gels. Solidified alcohol fuel is a gel of alcohol in calcium acetate.

”(O
Fﬁé;,: What You Have Learnt

D\
4

Size of the particles in the colloidal state is intermediate between that of suspension
and ture solution.

. There are eight different types of colloidal systems.

. Sols are classified on the basis of (a) interaction between dispersed phase and dispersion
medium (b) molecular size of dispered phase.

. Colloidal solutions are prepared by physical and chemical methods.
. The zig zag motion of colloidal particles is called Brownian motion.

. Colloidal size particles scatter light and so the path of light becomes visible in a semi
darkened room due to dust particles.

. Colloidal particles may carry electric charge.
. A colloidal dispersion of a liquid in another liquid is called an emulsion.
. A colloidal solution of liquid dispersed in a solid medium is called a gel.

. Colloids are extremely useful to mankind both in daily life and in industry.

ﬁ Terminal Exercise

1. List three differences between a true solution and colloidal solution.

2. Describe one method of preparation of
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a)  alyophilic colloid
b)  alyophilic colloid

What are associated colloids ?
What is Brownian motion ? How does it originate ?

Why bleeding from a fresh cut stops on applying alum ?

AN

Two beakers A and B contain ferric hydroxide sol and NaCl solution respectively.
When a beam of light is allowed to converge on them, (in a darkened room), beam of
light is visible in beaker A but not in breaker B. Give the reason. What is this effect
called ?

7.  Define the following terms and give two examples of each
1) Gel
ii)  Sol

8.  Describe two important applications of colloidal solutions.

9.  Give two examples of emulsions used in daily life.

10. Explain the role of emulsifier in an emulsion ?

Za\
a Answers to Intext Questions

10.1
1.  Suspension - Clay in water, Sand in water
Colloidal - Milk, Blood, Boot polish, Face Cream, Jelly, Foam.
True Solution - Sugar in water
2. Sol - Starch in water
Gel - Silica gel
Aerosol - Fog
Emulsion - Milk
3. Alcosol - When alcohol is the dispersion medium.
Hydrosol - When water is the dispersion medium.
4. True solution Colloidal solution
1) size of solute in less than 1 nm 1) Particle size (1-100) nm.

i1) Form transparent solution and allowsii) Path of light becomes visible.
light to pass through them.
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10.2

Gol sol, Platinum sol

As,S,, Fe (OH), (Arsenious sulphide sol, ferric hydroxide sol)
a) Lyophilic sol :

1) easy to prepare

2) affinity between dispersed phase and dispersion medium

3) reversible

Lyophobic

1) special method used for preparation

2) No affinity between the two phases.

3) Not reversible

b) Macromolecular - The size of the colloidal particles large enough to fall in the
colloidal dimensions.

Multimolecular - Individually the particles are not of colloidal dimensions but they
aggregate to join together to form molecules of colloidal side.

Refer to 10.3.2 (¢)
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OCCURRENCE AND
EXTRACTION OF METALS

Metalsand their alloysare extensively used in our day-to-day life. They are used for making
machines, railways, motor vehicles, bridges, buildings, agricultura toadls, aircrafts, shipsetc. Therefore,
production of avariety of metalsinlarge quantitiesisnecessary for the economic growth of acountry.
Only afew metals such asgold, silver, mercury etc. occur in free statein nature. Most of the other
metals, however, occur inthe earth’s crust in the combined form, i.e., ascompoundswith different
anionssuch asoxides, sulphides, haidesetc. Inview of this, thestudy of recovery of metalsfromtheir
oresisvery important. Inthislesson, you shdl learn about some of the processes of extraction of metals
fromtheir ores, called metallurgical processes.

=\ —
;@4 Objectives
After reading thislesson, youwill beableto:

o differentiate between mineralsand ores;

o recal theoccurrenceof meta sin nativeformandin combined form asoxides, sulphides, carbonates
and chlorides,

o listthenamesand formulae of somecommon oresof Na, Al, Sh, Pb, Ti, Fe, Cu, Agand Zn;
e listtheoccurrenceof mineralsof different metasinindia;

o ligtdifferent stepsinvolved intheextraction of metals;

* Analloy isamaterial consisting of two or more metals, or ametal and anon-metal. For example, brassisan
alloy of copper and zinc; steel isan aloy of iron and carbon.



o lisgandexplainvariousmethodsfor concentration of ores(gravity separation, magnetic separation,
froth floatation and chemica method);

o explandifferent metalurgica operations: roagting, calcination and smdting with suitableexamples;
e choosethereducing agent for agivenore;
o differentiate betweenflux and dag, and

o explaindifferent methodsfor refining of metals: poling, liquation, distillation and electrolytic
refining.

18.1 Occurrence of Metals

Metasoccur innaturein freeaswell ascombined form. Metalshaving low reactivity show little
affinity for air, moisture, carbon dioxideor other non-metals present in nature. Such metalsmay remain
inelemental or native (free) satein nature. Such metalsarecalled “ noblemetals’ asthey show theleast
chemical reactivity. For examplegold, silver, mercury and platinum occur infree state.

Ontheother hand, most of the metal sare active and combinewith air, moisture, carbon dioxide
and non-metal slike oxygen, sulphur, halogens, etc. to form their compounds, like oxides, sulphides,
carbonates, halidesand silicates. i.e., they occur in naturein acombined state.

A naturally occurring material inwhich ametal or itscompound occursiscaled amineral. A
mineral fromwhich ameta can beextracted economically iscaledanore.

An oreisthat mineral in which ametal ispresent in appreciable quantitiesand from
which themetal can beextracted economically.

Themain active substances present in nature, especidly inthe atmosphereare oxygen and carbon
dioxide. Intheearth’scrust, sulphur and silicon arefound in large quantities. Sea-water containslarge
guantities of chlorideions (obtained from dissol ved sodium chloride). Most active metalsare highly
electropositiveand thereforeexist asions. It isfor thisreason that most of theimportant oresof these
metasoccur as(i) oxides(ii) sulphides(iii) carbonates(iv) halidesand (v) silicates. Some sulphide ores
undergo oxidation by air to form sul phates. Thisexplainsthe occurrence of sulphate ores.

Oresareinvariably found in naturein contact with rocky materials. These rocky or earthy
impurities accompanying the ores are termed as gangue or matrix.

Someimportant oresand the metals presentinthese oresarelisted in Table 18.1



Table 18.1 Somelmportant Ores

Typeof Ore Metals (Common Ores)

NativeMetas Gold (Au), slver (Ag)

Oxideores Iron (Haematite, Fe,O,); Aluminium (Bauxite, Al,O,, 2H,0); Tin
(Cassiterite, SnO,); Copper (Cuprite, Cu,0); Zinc (Zincite, ZnO);
Titanium (Ilmenite, FETIO,, Rutile, TiO,)

Sulphideores Zinc (Zincblende, ZnS); Lead (Gaena, PbS); Copper (Copper glance,
Cu,S); Silver (Silver glance or Argentite, Ag,S); Iron (Iron pyrites,
FeS,)

Carbonate ores Iron (Siferite, FeCO,); Zinc (Caamine, ZnCO,) , Lead (Cerrusite,
PbCO,)

Sulphateores Lead (Anglesite, PbSO,)

Halideores Silver (Hornslver, AgCl); Sodium (Common sat or Rock salt, NaCl);
Aluminium (Cryolite, Na,AlF,)

Silicateores Zinc (Hemimorphite, 2ZnO.SIO,H,0)

18.1.1 Mineral Wealth of India

Indiapossesses|arge deposits of mineralsof someimportant metals such asiron, manganese,
auminium, magnes um, chromium, thorium, uranium, titanium and lithium. They congtitute one-quarter
of theworld’sknown mineral resources. Minerd fuels(likecod ,petroleum and natural gas) congtitute
morethan 80% whilemetalic minerd scondituteonly about 10% of thetota volumeaof minerd production
inayear. Inthissection, weshall list some of theimportant mineralsof afew common metalssuch as
Fe, Cu, Ag, Zn, Ti, Al, Sn, Pb and Naand their locationsin India

Important Oresof Some Common Elements

lron

Aluminium

Copper

Zinc and Lead

Iron orereservesinthe country are estimated at 1750 croretonnes.

Major iron ore mining isdone in Goa, Madhya Pradesh, Bihar, Karnataka,
Orissaand Maharashtra.

Itschief ore, bauxiteisavailablein Indiain abundance. Theannua production
of bauxiteisestimated to be more than 2 million tonnes. Important deposits of
bauxitein the country occur in Bihar, Goa, Madhya Pradesh, Maharashtra,
Tamil Nadu, Gujarat, Karnataka, Orissa, Uttar Pradesh, Andhra Pradesh,
Jammu & Kashmir and Rajasthan.

Indiadoes not haverich copper oredeposits. Thetotal reservesof theorein
the country are estimated around 60 croretonnes. Mgjor ore producing areas
areSinghbum digtrict (Bihar), Balaghat digtrict (MadhyaPradesh) and Jhunjhunu
digtrict (Rgjasthan).

Indiahasno significant depositsof lead ores. Lead and Zinc have been located
at Zawar minesnear Udai pur (Rajasthan) and at Hazaribagh
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(Jharkhand), Sargipalli minesin Orissaand Bandalamottu lead projectin Andhra
Pradesh. Some reserves have been located in Gujarat and Sikkim. Thetotal
reserves are estimated at about 360 million tonnesin which lead content is
estimated to bearound 5 million tonnesand zinc to bearound 16 milliontonnes.

Tin Depositsof tinstone (SnO,) arefound in Hazaribagh (Jharkhand ) and Orissa.

Slver Indiadoesnot possessrich silver deposits. Gold from Kolar fieldsand Huitti
goldfields(Karnataka) and lead-zinc ores of Zawar mines(Rgjasthan) contain
somesdver.

Titanium lImenite (FETIO,) isrecovered from beach sands of Keralaand Tamil Nadu.
Theestimated reservesarearound 100 to 150 million tonnes.

Sodium Tincal or Native borax (Na,B,0..10H,0) isfound in L adakh and Kashmir.

18.2 General Principlesof Extraction of Metals

The process of extracting the metalsfromtheir oresand refining themiscalled metallurgy. The
choice of the process depends upon the nature of the ore and thetype of the metal. Themetal content
inthe ore can vary depending upon theimpurities present and chemical composition of the ore. Some
common stepsinvolvedintheextraction of metalsfromtheir oresare:

(1) Crushingand pulverization

(i) Concentration or dressing of theore

(iii) Calcination or roasting of theore
(iv) Reduction of metal oxidestofreemeta

(v) Purificationandrefining of metd.
18.2.1. Crushing and Pulverization

Theoreisgeneraly obtained asbig rock pieces. These
big lumpsof the ore are crushed to smaller piecesby using
jaw-crushersand grinders. Itiseasier towork with crushed
ore. The big lumps of the ore are brought in between the
plates of acrusher forming ajaw. One of the plates of the
crusher isstationary whilethe other movesto and froand the
crushed piecesare collected below (Fig. 18.1).

Ore-stone

The crushed pieces of the ore are then pulverized
(powdered) inastamp mill showninFig. 18.2. The heavy
stamp rises and falls on a hard die to powder the are. The
powdered areisthen taken out through ascreen by astream

Fig. 18.1 : Jaw Crusher of water.

Crushed ore



Pulverization canadsobecarried outinaball mill. Thecrushed oreistakeninasted cylinder containing

ironballs. Thecylinder isset into revolving motion. Thegtriking balspulverizethecrushed oreintofine
powder.

0

["74 T 77020\ N\ VRABS7
s

~ Rotating cam shaft

Crushed ore

ARt - O

Fig. 18.2: The Stamp mill
18.2.2 Concentration or Dressing of the Ore

Generdly, the oresarefound mixed with earthy impuritieslike sand, clay, lime stoneetc. These
unwanted impuritiesin the oreare called gangue or matrix.

The process of removal of gangue from powdered oreis called concentration or ore
dressing.

There are several methodsfor concentrating the ores. The choice of method depends on the
nature of the ore. Someimportant methodsare:

(i) Gravity separation (Hydraulicwashing) : Inthismethod, thelight (low specific gravity) earthy
impuritiesareremoved fromtheheavier metdlic ore particlesby washingwith weter. Itistherefore,
used for the concentration of heavier oxide ores, like haematite (Fe,O,) tinstone (SnO,) and
gold (Au). Inthismethod, asshownintheFig. 18.3 the powdered oreisagitated with water or
washed with astrong current of water. The heavier ore settlesdown rapidly in the groovesand
thelighter sandy and earthy materia s (gangue particles) arewashed away.

Jet of water
Denser ore
2T EU particles
Vibratin ;
table wit L. . Water
grooves o - Gangue
, particles

Fig. 18.3: Gravity Separation (Hydraulic Washing)
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(i) Magnetic separation method :

(iii)

(iv)

By thismethod, those ores can be concentrated which elther containimpuritieswhich aremagnetic
or arethemsalves magneticin nature.

For example, thetin ore, tin stone (Sn0,) itsalf isnon-magnetic but contains magneticimpurities
such asirontungstate (FeWO,) and manganese tungstate (MnWO,)).

" - 2
H

Magnetic;
wheel

Non-magnetic -
angue Y .
ERRE Non-magetic

Magnetic ore i wheel

i:ig. i8.4. M gneti-c Separation
Thefinely powdered oreispassed over aconveyer belt moving over tworollers, oneof whichis

fitted with an electromagnet (Fig. 18.4). Themagnetic materia isattracted , by the magnet and
fallsinaseparate heap. Inthisway magneticimpuritiesare separated from non-magnetic material.

Froth floatation method :

Thismethod is especially applied to
sulphide ores, such as galena (PbS),
zincblende (ZnS), or copper pyrites
(CuFeS,). Itisbased onthedifferent S— ;

Wetti r?gS[Z:)ropeﬂi esof thesurfaceof the - roiting padcle
oreand gangue particles. Thesulphide
oreparticlesarewetted preferentially
by oil and gangue particlesby water.
Inthisprocess, finely powdered oreis
mixedwith ether pineail or eucayptus
oil. Itisthen mixed with water. Airis
blown through the mixturewith agrest
force. Frothisproduced inthisprocess
which carriesthe weted ore upwards

withit. Impurities(gangueparticles) are O Enlarged view of an air bubble

oy s w15 Mineral froth

«— Pulp of ore + oil
" il

e+ Paddle draws in air
“sliieis and stirs the: pulp

left in water and sink to the bottom showing mineral particles attached to it
fromwhich thesearedrawn off (Fig.
18.5).

Fig. 18.5 : Froth floatation
Chemical method :

Inthismethod the oreistreated with asuitable chemical reagent which dissolvesthe oreleaving
behind insolubleimpurities. The oreisthen recovered from the solution by asuitable chemical
method. Thisisapplied for extraction of auminiumfrom bauxite (Al,O, .2H,0) . Bauxiteis
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contaminated withiron (I11) oxide (Fe,0,), titanium (1V) oxide(TiO,) andsilica(SO,). These
impuritiesareremoved by digesting the powdered orewith aqueous sol ution of sodium hydroxide
at 420 K under pressure. Aluminium oxide dissolvesin sodium hydroxide, whereas, iron (111)
oxide, silicaandtitanium (IV) oxideremain insoluble and areremoved by filtration.

AlO, + BNaOH —— 2Na,AlO, + 3H,0
Sodium aluminate

Sodium auminateisdiluted with water to obtain precipitate of duminium hydroxide. Itisfiltered
andignited to obtain pureaumina.

Na,AlO, + 3H,0 —— AI(OH), + 3NaOH

2Al(OH), —2— AlLO,+3H,0

Intext Questions 18.1

1. Writethenamesof eight important metals. Give an exampleof oneimportant ore of each metal.

4. Whichmethod of concentrationisappliedinthefollowing cases?
(i) Magneticores (if) Sulphideores
(i) Bauxiteore

18.2.3 Calcination and Roasting of the Ore

The concentrated oreisconverted into metal oxide by calcination or roasting.

(A) Calcination : Calcinationinvolvesheating of the concentrated orein alimited supply of air so
that it losesmoisture, water of hydration and gaseousvolatile substances. Theoreisheatedtoa
temperature so that it does not melt. Two examplesof calcination are given below:

(i) Removal of water of hydration

AlLO; .2H,0 — AL,O,+2H,0
(if) Expulsion of CO, from carbonate

ZnO; —— ZnO + 2CO,



(B) Roasting: Roastingisaprocessinwhich the concentrated oreisheated in afree supply of air
at atemperatureinsufficient tomelt it. Thefollowing changestake placeduring roasting :

(i) Dryingof theore.

(i) Remova of thevolatileimpuritieslike arsenic, sulphur, phosphorusand organic matter.
4As+ 30, —— 2As,0,(9)
S+0, —> S0,9)
4P +50, — P,0,(9)

(iii) Conversion of thesulphideoresinto oxides
2PbS + 30, —— 2PhO + 2SO0,
2ZnS+ 30, —> 2Zn0 + 230,

Calcination and roasting are generally carried out in areverberatory furnace or inamultiple
hearth furnace.

18.2.4 Reduction of the Metal Oxidesto Free Metal

Thisprocessiscarried out after calcination or roasting of ores. Inthisprocess called smelting,
the oxide oresare converted into the metal lic state by reduction.

(A) Sméeting: Smeltingisaprocessinwhich the oxide orein molten stateisreduced by carbon or
other reducing agentsto freemetal.
(i) by using carbon as a reducing agent :
Thismethod isused for theisolation of iron, tin and zinc metal sfrom their respective oxides.
Theoxideoresarestrongly heated with charcoa or coke. Reduction occurs by the action of
carbon and/or carbon monoxide which is produced by the partial combustion of coke or
charcoal.
Fe,0,+3C —— 2Fe+3CO
Fe,0,+ CO —— 2FeO0+CO,
FeO + CO — Fe+CO,
S0,+2C —— Sn+2CO
Zn0+C — Zn+CO
Although the ore has been concentrated in an earlier step, itisstill contaminated with some

gangue material whichisfinally removed in the reduction process by the addition of flux
duringsmdting.

Flux isachemical substance which combineswith gangue at higher temperaturesto form
easly fusiblematerial called slag whichisnot solubleinthe molten metal. Flux are of two

types:



Basic Flux:

Onhegting, lime stoneisconverted into cal cium oxide used asbasi ¢ flux which combineswith
acidicimpuritieslikesilicainmetalurgy of iron and formsfusiblecaciumsilicate (CaS0O;) .

CaCO, —— Ca0 +CO, (g)

(Limestone)
CaO + SiO2 — CaSiO3
(Basicflux) (Acidic gangue) (Sag)
Acidic flux :
SO, isused asacidic flux toremovebasicimpurity of FeOinmetallurgy of Cu.
SO, + FeO —— FeSO,
(Acidicflux) (Basic gangue) (Slag)

Thefusibledag, such ascalciumsilicateformed during smelting floats over the molten metal
and isthus easily removed. Another advantage isthat the slag provides acovering to the
molten meta thus preventingit from getting oxidized by air.

(i) Other reducing agents:

Oxide oreswhich cannot be reduced by carbon or metalswhich show affinity to carbon by
forming metal carbides, arereduced by reducing agentslike aluminium, sodium, magnesium
or hydrogen. Oxidelike chromium oxide (Cr,O,) or manganese oxide (Mn,0,) arereduced
by auminium powder isahighly exothermic reaction. Thisprocessisknown asGoldschmidt's
Alumino-thennite reduction method.

Cr,0,+2Al —— 2Cr+ALQO, +Heat
3Mn,0, + 8Al —— 9Mn +4Al,0, + Hesat

Heat isgenerated in the process dueto theformation of Al,O, whichisahighly exothermic
reaction.

Titaniumisobtained by thereduction of TiC1, (produced by theaction of carbonand chlorine
onTiO,) by Mginaninert atmosphere of argon (Kroll process).

. Heat .
TiCl,+2Mg  — 5 Ti +2MgCl,

Titanium can a'so be obtained by the reduction of TiO, by sodium

. Heat .
T|02 + 4Na W) T + 2NaZO

Tungsten and molybedenum can be obtained by the reduction of their oxidesby hydrogen,
MoO, +3H, —— Mo+3H,0
(iii) Self-reduction:
Thisisapplied to the sulphide ores of copper, mercury and lead. Theoresareheatedinair, a
part of these sulphide oresis changed into the oxide or sul phate which then reactswith the

remaining part of the sulphide oreto givethemetal and sulphur dioxide. Thereactionsshowing
their extractionaregiven below :



(@) 2Cu28 + 3O2 —_— 2Cu20 + ZSO2
Copper glance

2Cu,0 + Cu,S —> 6Cu + SO,

(2) Copper produced at thisstageiscalled Blister copper. Theevol ution of sulphur dioxide
producesblistersonthe surface of solidified copper metal.

2HgS+30, —— 2HgO + 230,
Cinnabar

2HgO+HgS —— 3Hg+ SO,

(3 2PbS+30, —— 2PbO+2S0,
Gdena

PbS+20, —— PbSO,
PbS+2PbO —— 3Pb+ SO,
PbS + PoSO, —— 2Pb+2S0,

(B) Reduction of concentrated oresby other methods:

Some metal's cannot be obtained from their ores by using common reducing agentssuch asC,
CO, H, etc. Other methods of reduction are used for such cases.

(i) Reduction by precipitation :

Noble metalslike silver and gold are extracted from their concentrated oresby dissolving
metal ionsintheform of their soluble complexes. The metal ionsarethen regenerated by
adding asuitable reagent. For example, concentrated argentite ore (Ag,S) istreated witha
dilute solution of sodium cyanide (NaCN) to form asoluble complex:

Ag,S + 4NaCN —— 2Na[Ag(CN),] + Na,S
Thissolution isdecanted off and treated with zinc to precipitatesilver,
2Na[Ag(CN),] +Zn  —— Na,[Zn(CN),] +2Ag |
(i) Electrolytic Reduction :

Activemetdslike sodium, potassium and d uminium etc., are extracted by the el ectrolysisof
their fused (molten) sdlts. For example, sodiumisobtained by the dectrolysisof fused sodium
chloride (Down’sprocess). Thereactionstaking placeintheelectrolytic cell are:

NaCl Na* + Cl-
Na'" ionsmovetowardsthe cathodeand Cl~ ionsmovetowardstheanode. Following reactions
takeplace at the electrodes:
At the Cathode Na" + e ——> Na
(Negativeelectrode) (metal) (Reduction)
AttheAnode CI- —> Cl + &
(Positiveelectrode) (Oxidation)

Cl+cl — Cl,
10



Aluminiumisextracted from moltenaumina(Al,O,) by dectrolysis. Themelting point of dumina
isquitehigh (2323K) whichisinconvenient for electrolysis. It dissolvesin molten cryolite (Na,AlF,) a
around 1273 k. Thereactionswhich takeplaceinthecell are:.

At theCathodeAl®* +3e —— Al(metd)
AttheAnode C+20> —— CO,+4e

Intext Questions 18.2

1. Explainthefollowingterms
Cacination, Roasting, Smelting, Flux and Slag.

18.2.5 Refining of Metals

Except inthe e ectrolytic reduction method, metal s produced by any other method aregeneraly
impure. Theimpuritiesmay bein theform of (i) other metals (ii) unreduced oxide of the metal
(iii) non-metdslikecarbon, silicon, phosphorus, sulphur etc. and (iv) flux or dag. Crude metal may be
refined by using oneor more of thefollowing methods:

() Liquation: Easly fusblemetalsliketin, lead etc. arerefined by thisprocess. Inthismethod, the
impure metal ispoured on the doping hearth of areverberatory furnace (Fig.18.6) and heated
sowly to atemperaturelittle above the melting point of the metal. The pure metal drains out
leaving behindinfusibleimpurities.

Impure Infusible Impurities
Metal - E

'.‘  Outlet For

" et — Molten Pure Metal

Hearth - o T Molten Pure Metal

Fig. 18.6: Liquation
11



(i)

(i)

)

Poling: Poling involves stirring the

impure molten metal withgreenlogsor

bamboo. The hydrocarbons contained Scum |
in the pole reduce any metal oxide

present asimpurity. Copper andtinare

refined by thismethod (Fig. 18.7).

Digtillation : Volatile metalslike zinc
and mercury arepurified by distillation.
The pure metal distils over, leaving
behind non-volatileimpurities.

Green stick

Molten metal

Fig.18.7: Poling

Electrolytic Refining: A large number of metalslike copper, silver, zinc, tin etc. arerefined by
electrolysis. A block of impure metal ismadethe anode and athin sheet of puremeta formsthe
cathode of thedectrolytic cell containing suitable metal salt solutionwhich actsasan dectrolyte
(Fig. 18.8). On passing current puremeta depoditsat the cathode sheet whilemore el ectropositive
impuritiesareleft insolution. Lessd ectropositive metalsdo not dissolveand fall away fromthe
anode to settle below it as anode mud.

Pure metal cathode

impure metal anode

Electrolyte anode mud

Fig. 18.8 : Electrolytic Refining

For example, inthedectrolytic refining of crude copper (blister copper), alarge pieceof impure
copper ismade anode and athin piece of pure copper ismadethe cathode. An acidified solution
of copper sulphateisused asan dectrolyte. On passing an € ectric current of low voltagethrough
the solution copper (I1) ions obtained from copper sul phate solution go to the cathode where
they arereduced to thefree copper metal and get deposited.

Cu?* + 26 —— Cu (at cathode)
An equivalent amount of themetal from the anode dissolvesinto theeectrolyteas Cu?* ions
Cu —— Cu?* + 2e~ (at anode)

Asthe processgoeson, anode becomesthinner whilethe cathode becomesthicker. Theimpurities
likesilver, gold settle down at the bottom of thecell as*anode mud'.

12



Intext Questions 18.3

1. Statethenatureof materiadsused for constructing cathodes and anodesin thee ectrolytic cell for
refining of copper. Write chemical equationsfor the reactionswhichtake place.

r 0
’,{JoJ What You HaveL earnt
o Metalsplay anextremely useful roleinday-to-day life.

o Most metalsarefound in naturein combined form. Only afew noblemetalssuch asgold, silver,
occur innaturein free state,

o Theprocessof extraction of metalsfromtheir oresiscalled metallurgical process.

o A naturally occurring material inwhich ametal or itscompound occursiscaledaminera. A
minera fromwhich ameta can be extracted economically iscalled an ore. Thusdl mineralsdo
not servethe purpose of ores.

» Mogt activemetalsarehighly electropositiveand exist asM " ions. Therefore, they arefoundin
naturein associ ation with somecommon anions, Le., assdtslike oxides, sulphides, carbonates,
halides, silicates etc. Some sulphidesslowly undergo oxidation by air to form sulphates.

o Indiapossessesrich mineral wealth with abundance of iron, aluminium and some amount of
copper, tin, lead, silver and gold.

o Variousstepsinvolvedintheextraction of metd are:
(i) Crushingand pulverization
(i) Concentration or dressing of theore
(iii) Calcinationor Roasting of the concentrated ore
(iv) Reduction of theoxidesto freemetal

13



o Themetasthusobtained arethen purified by employing some suitable method, viz. liquation,

poling, distillation or electrolytic refining.

¥
n Terminal Exercise

1

o &~ w0 D

Name the metal oxidesthat are not reduced to metallic state by heating with carbon. Which
reducing agent isused for these ores?

Which meta sulphide combineswith itsoxideto form meta ? Givereactions.
Namefour reducing agents other than carbon, used during smelting.
What isthedifference between cal cination and roasting?

Givethenameand formulaof at least oneore of thefollowing metals:

(i) copper (i zinc (i) iron (iv)tin
What happenswhen
(i) Cdamineiscacined. (ii) Zinc blendeisroasted.

(iii) Silicaisheated withlime stone.
Describethefroth floatation method for the concentration of sulphideore.

Givechemical equationsinvolved inthe slf reduction method for the extraction of copper.

18.1

Sodium (Na), Aluminium (Al), Silver (Ag), Iron (Fe), Zinc (Zn), Lead (Pb), Gold (Au), Mercury
(Hg).

Ores: rock sdlt, bauxite, argentite, haematite, zincite, galena, native gold, cinnabar, respectively.
Mineral isanaturaly occurring material inwhichametal or itscompound occurs.

Anoreisthat minerd inwhich meta ispresent inlarge quantity and fromwhich themetal canbe
extracted in pureand high quality, economicaly.

Gravity separation, magnetic separation, froth floatation and chemica method.
(i) Magnetic separation method (ii) Froth floatation method (iii) Chemical method

5. Zinc.

14



18.2

1

o . ~ 0w D

Calcination: Itinvolvesheating of theorein alimited supply of air to atemperaturethat theore
doesnot melt.

Roasting : It involves heating of the orein afree supply of air to atemperature that the ore does
not melt.

Smelting: Theextraction of meta inthefused stateistermed smelting. The oreisreduced by
carbontothefreemetd.

Flux: itisachemica substance which combineswith gangue at higher temperaturesto form
easly fusblematerid caleddag.

Sagisafusible chemica compound formed by the reaction of flux with gangue. Slag isnot
solubleinthe molten metal and isthus separated.

Carbonintheform of coke.

Roasting; 2ZnS+ 30, —— 2Zn0O+ 230, (g)

Oxide oresarereduced to meta by heating them with coke.

Silica, borax and other non-metallic oxidesareacidic fluxes. Limestone (CaCO,) isabasic flux.
(i) ALLO,.2H,0 —— Al,O,+2H,0

(i) ZncO, —— ZnO+ CO,

18.3

1

o ~ w D

Cathode: Puremetal At Cathode: Cu?* +2e~ — Cu
Anode: Impuremetal At Anode: Cu — Cu?* +2e”
Liquation

Copper andtin

Zinc

Copper, Silverand Tin

15



18.3 Metallurgy

Somefurnacesusedin metalurgy

Toobtainmetdsfromtheminerds, generdly theminera saremixed with other chemica substances
andthereactioniscarried out at high temperatures. Thesereactionstake placein furnaces. The necessary
heat isprovided by ether burning thefuel sor by passing ectricity. Thefurnacesaremadewithrefractory
bricksand then are covered with stedl sheetsoutside. Thefurnacesareof different typesdepending on
the chemical reactionsthat occur inthem. Thefurnacesused inindustry are of fivetypes.

i.  Shaftfurnace ii. Reverboratory furnace
iii. Mufflefurnace iv. Electricfurnace
v. Blastfurnaceand vi. OpenHearthfurnace

Of these Reverboratory furnace and Blast furnace are of importancefor the present study.

18.3.1.a Reverboratory furnace

==l Hot gases

..... = Radiant heal

Firebox Hearth e
Fig. 18.3.1a Revorboratory Furnace

Thereverboratory furnaceisconstructed with firebricks. Itsroof isadome shaped andisconstructed
of slicabricks. Thehearthisaspaciousrectangular elevated space. All thereactionsinthefurnace
take placein the hearth. A hopper isarranged at thetop of theroof. Through this, the chargeis
droppedinto thefurnace. The chargemay either beasolid or liquid. Thefue isburntin‘fireplace

or ‘firebox’. The hot gases produced infire placeriseto theroof of thefurnace.

They are reflected on to the hearth to heat the charge. The waste gases formed in the furnace
reactions|eave the furnace through the chimney, heat content of thewaste gasesin thisfurnace
cannot be used repeatedly. Hence, theefficiency of thefurnaceisless. Thisfurnaceisusedto
melt thechargeor themeta. Thisfurnaceisused inthe metalurgiesof Cu, Sted and Ph.

18.3.1.b ii. Blast furnace:

Blast furnaceishugecylindrical furnace 100 feet tall and about 25 feet in diameter at widest part of
thefurnace. Itisconstructed of wrought iron. Itislined ontheinsdewithfirebricks. Thetop of the
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furnaceisfitted with adouble cup and cone arrangement. By meansof thisdevice, thesolid charge
may be dropped into the furnace such that no gases escape from thefurnace.

A conveyor belt, called a‘ skiphoist’ carriesthe chargeto thetop of the furnace and successive
layersof ore, cokeand lime stone areformed in thefurnace. Near the bottom a series of pipes,
cdled“tuyersare present. Through thesetuyershot air isblown. Thereactionsinthefurnaceresult
inwaste gasesthat escapethrough the outlet at the top. Thewaste gasesare burnt separately and
the heat generated is utilized to heat the air that entersthe tuyers. Thereceiver for the furnace
productsis present at the bottom of the furnace. Thisisknown as* hearth” of thefurnace. The
products are obtained in the molten state. Connecting the cup and cone arrangement at the top
with the hearth at the bottom, the body of the blast furnaceis present. All thereactions, of the
furnacetake placeinthe body. Thelowest temperature (400-500 °C) in thefurnaceisnear the cup
and conearrangement, whilethe highest temperature (1500 °C) isnoted near thetuyers.

Cone

Smdting materid
OreReducing agent
Furnacebrick lining
Hot air enterance
Gaugue

Hole
LiquidMaterid

. Way to Gaugue

10. Blastfurnacegas

11. Body

© © N Ok~ owDdPRE

Fig. 18.3.1b Blast Furnace

Terminal Exercise

Write about thefurnacesused in meta lurgy.
Draw the Blast furnace diagram and | abdl it.
Draw the diagram of Reverboratory furnaceand labdl it.

What you have learnt

Furnacesusedin metalurgy
Blast furnace structure.

Congtruction of Reverboratory furnace.

17



18.3.2 Copper

Occurrence:

Copper meta occursinthedementa fromtoalittleextent. It occurs mostly inthe combined state
asitsoxy compoundsor sulphur compounds. Theimportant mineralsare:

Name of the mineral formula
Cuprite of ruby copper ore Cu,0
Copper glance Cu,S
Copper pyrites CuFeS, or Cu,SFeS,

Extraction of copper:

The element copper isextracted from the sul phide oresmainly. Themethod of treatment of theore
dependson thekind of ore used.

Extraction from sulphide ore

Copper pyritesisthemain source of copper metal. Copper metal isobtained by smelting process.
Thevariousstepsin the smelting processare given below.

1. Theoreisfirst crushedinjaw crushersandinball mills. Thefinely divided oreisconcentrated by
froath floatation process. Thefindy divided oreissuspended inwater. A little pineoil isadded and
thenthe mixtureisvigoroudy agitated by acurrent of air. Thefroth formed carriestheoreparticles
amost completely. The gangue sinksto the bottom of thetank. Thefroathis separated and about
95% concentrated oreis obtained.

2. Roasting onthehearth of areverboratory furnacein afree supply of excessair removesvolatile
impuritieslike Asor Sbfromthe ore. And amixture of sulphidesof copper andiron isobtained.
The sulphidesare partialy oxidized to therespective oxide. Thereactionsareasfollows.

Cu,. FeS,+ 0, —— Cu,S+ FeS+ SO,
2Cu,S+30, — 2Cu,0+ 250,
2FeS+30, — 2FeO+2S0,

3. Smédting: Theroasted oreismixed with alittle coke and sand and smeltedinablast furnaceand
fused. A blast of air, necessary for the combustion of coke, isblown through thetuyeres present at
the base of the furnace. The oxidation of the sulphides of copper and iron will be completed
further. A dag of iron silicateisformed according to the reactions given bel ow.
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2FeS+30, —— 2FeO+2S0,
FeO+SO, —— FeSO,(Sag)
CuO+FeS —— CuS+FeO

The product of the blast furnace consists mostly of Cu,Sand alittle of ferrous sulphide. This
product isknown as“Maitte’. It iscollected from the outl et at the bottom of the furnace.

Bessemerization: The matteischarged into aBessemer converter. A Bessemer converterisa
pear-shaped furnace. Itismade of steel plates. Thefurnaceisgiven abasicliningwith limeor
magnesium oxide. The converter isheldin position by trunnionsand can betiltedin any position. A
hot blast of air and sand isblown through the tuyers present near the bottom. Molten metal, the
product inthefurnace, collectsat the bottom of the converter.

Reactionsthat took placein blast furnace go to completion. Almost al of ironiseliminated asa
dag. Cuprous oxide combineswith cuprous sul phide and forms Cu metal

Fg. 18.3.2.a Bassemerization of matte.
1. Bessemer converter 2. Sand air 3. Molten Ali

2Cu,0+CuS — 6Cu+ 30,
Themolten metal iscooled insand moulds. SO, escapes. Theimpure copper metal isknown as
“Blister copper” and isabout 98% pure.

Refining: TheBlister copper ispurified by electrolysis. Theimpure copper metal ismadeinto
plates. They are suspended into |ead-lined tanks containing copper (I1) sulphate solution. Thin
platesof purecopper server ascathode. Thecathode platesare coated with graphite. Ondectrolyss,
pure copper isdeposited at the cathode.
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Fg.18.3.2.b Electrolyticrefining of Cu.

1. Anode 2. Copper sulphate solution 3. impure Cu (or) Blister Cu
4. Pure copper 5. Cathode 6. Anode mud.

18.3.3. Zinc-Occurrence and extraction

b)

Ancientsused zincintheform of itsalloyswith copper. They called themetd by thename Yashada
in Ayurvedamedicine.

Occurrence: Zincisnot found inthenative state. Itsimportant mineralsare given bel ow.

Nameof themineral Formula
Zincblend ZnS
Zindte ZnO
Cdamine ZnCO,

Other minerasare Franklinite (ZnO.Fe,0,) Willemite (Zn,SO,). Theseareof minor importance.

Extraction of zinc: Themetal Zn can beextracted fromitsminerasin different waysdepending
ontheore.

Reduction process.
Zincblend oreistreated inthefollowing States.
I) Crushing: Theoreiscrushedtoafinepowder inbal mills.

if) Concentration of theore: Theoreisconcentratedfirst by gravity process. The crushed ore
iswashed with astream of water on aWilfley’stable. Thetableshaveacorrugated top and
areunder arocking motion. Dueto thismotion, thelighter gangue particlesarewashed away
by the stream. The heavier ore particles settle to the bottom of thetable.

Thepartially concentrated oreisfurther concentrated by froth floatation process. Theore
particlesgowiththefroth.

Theconcentrated oreissubjected further to e ectromagnetic separation if iron oxideis present
inthegangue. Iron oxideismagnetic and so formsaheap nearer to the magnetic pole.
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lii) Theconcentrated orethusobtained isroasted in rotary shelf burner whichisprovided with
horizontal shelvesand raking arms. The oreisadded at thetop and zinc oxideiscollected
from the bottom. Thefollowing reactionstake place.

ZZnS+302 D 22nO+ZSO2
ZnS+202 — ZnSO4

2Zn 80, —> 2Zn0+230,+ 0,
If cdlamineisthestarting materia for extraction, theoreisdirectly calcined to get zinc oxide.

ZnCO, — ZnO + CO,

iv) Reduction: Threemethodsarein practicefor thereduction of the oxidetothemetal. The
most commonly used method isthe Belgian process. Inthis process, theroasted oreismixed
with coal or cokeintimately and istakeninfireclay or earthen wareretorts. Theretortsare
made of fireclay which are bottle shaped tubes. These closed at oneend. The other endin
connected to air cooled earthen ware condenser. A large number of retortsareplacedintiers
inlargefurnace and heated in 1100°C by burning thegas. ‘ Prolongs made of sheetiron are
attached to the condensers. The metal condensesin these earthen ware condensersand the
prolongs. The metal powder collected ismixed with somezinc oxideand isknown as*zinc
dust”. Someof thezincmetal iscollectedinthefused state. Thisissolidifiedinmoulds. This
metd iscaled“zinc spelter”.

Zn0+C — Zn+CO
ZnO + CO——2Zn + CO,

Spelter contains someimpurities such ascadmium and lead.

A second method for reduction of the oxide consistsin heating amixture of zinc oxideand
cokeinanéeectricfurnaceat 1200°C. Thechargeisintroduced at thetop of thefurnaceand
the spent material istaken off at the bottom. Zn vapour and CO escape at the top and from
thesethe metal condensed in earthen warevessdl.

v) Electrolyticrefining: Very purezincisobtained by eectrolyss. Thedectrolyteiszinc sulphate
solution containing alittle H,SO,. Impurezincismade asanode and the pure zinc platesare
made as cathode.

vi) Other methodsof refining: Commercial Zn contains 1.3% of lead. Of iron and traces of
cadmiumand arsenic. Thisispurified by liquation or fractional distillation process.
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18.3.4. Silver — Occurrence and principles of Extraction

Silver isknown to man from timesimmemorial. It isused in ornamental and other household
vauddle

1. Occurrence

Silver occursin native state associated with copper and gold asaluvia sands. It occursinthe
combined state. Some of theimportant mineralsare given bel ow.

Name of Mineral Formula
Argentiteor Silver glance Ag,S
Horn Silver or Chlorargyrite AgCl
Pyrargyriteof Ruby silver ore [Ag, SbS]

2. Extraction of slver

Silver ismostly worked out from sul phide ores. The commonest procedureisthe cyanide process.
ThisisalsoknownasMac Arthur Forrest process. Thedifferent stepsinvolvedintheprocessare:
1. Crushing: theore, Argentite, iscrushed to afine powder inball mill
2. Concentration of theore: Thefinely powdered oreisconcentrated by froth floatation process.
Theoreissuspended inwater. Suitableoil likepineoil and little sodium carbonateisadded toit.
Thesuspensionisagitated by acurrent of air. The ore particlesarewetted more by oil and so go
With theforth. The concentrated oreis separated from thefoam.
3. Treatment with sodium cyanide: The concentrated oreis digested with adilute solution
(1%) of sodium cyanidefor many hours. Thesilver gradually passesinto solution asacomplex
sodium. argentocyanide,

Ag,S+4NaCN —— 2Na[Ag(CN),] +Na,S

Sodium argento cyanide

Theair blownin oxidizesthe sodium sul phideto sodium thio sulphate and then to sodium sul phate.
Thisforcesthe abovereactionto goto completion.

2Na, S+20,+H,0 —> Na,S,0,+ 2NaOH.
Na, S,0, + 20, + 2NaOH —— 2 Na, SO, + H,0.

4. Displacement of Silver: Thesilver in now precipitated from the sodium argento cyanide
solution by the addition of zinc dust. The precipitation of Agisduetothenoblenature9 Ag. Metd.
2Na[Ag(CN),] +Zn —— Na,[Zn(CN), +2Agl
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5. Fusion: Thesilver that isprecipitated isfiltered off. Thenitisfused with KNO,or fusion

Mixtureto oxidize any zinc present asimpurity.
6. Purification Ag: Thesilver obtainedinfusionisrefined by eectrolytic processto get very pure
metal. Impuresilver (containsZn, Cu& Auasimpurities) ismadeastheanodeinthedectrolytic
bath containing AgNO, with alittleHNO,. The cathodeismade of puresilver metal.

18.3.5. Process of molten electrolysis.
Alluminium —Processof molten electrolysis.
In 1827 Wohler obtained themetd Al by theaction of potassium onauminium chloride. Itisthe3¢
most abundant element on earthscrus.

a. Occurrence

Al is an activemetal. Soit doesnot occur freein nature. Theimportant minerals of Al are
givenbeow:

Natureof mineral Formula

Corundum ALQ,

Diaspore ALO, HO

Bauxite ALO,.2H0

Gibbsite AlLO..3H,0

Cryolite 3NaF. AlF,, (or) Na,, AlF,
Felspar KAIS, O,

Soinds Aluminatesof Mg, Fe& Mn.

(spinelshavetheformulaAB,O, where‘ A’ isagroup |l A element or atransition metal inthe +2
Oxidation stateand B isagroup 11 A metal or transition metal in +3 oxidation state.
Example: MgAI O,
b. Extraction

For the purpose of extraction of Al, bauxiteisthe best source. From bauxite Al isobtained by
electrolyss. For thispurpose purebauxiteisnecessary. Thefollowing sepsareusedintheextraction
of Aluminium.

i. Purification of Bauxite

Themethod of purification of bauxite depends on the nature of theimpurity present. If bauxite
containsiron oxide asimpurity, it can be purified by either Bagyer’s processor Hall’ s process.
When the bauxite containsmore SO, asimpurity, itispurified by Serpeck’s process.
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Baeyer’s Process:

Thefinely powdered oreisroasted. Ferrous oxide present in oreisconverted into ferric oxide.
Thenroasted oreisdigested with aconcentrated solution of sodium hydroxide under pressure at
423K for afew hoursin an autoclave. It dissolvesin water whiletheimpurity, Fe,0,and clay,
remainsunaffected. They areremoved by filteration.

Al.O ZHZO() + 2 NaOH wt 2NaAlO,  +3H.O
S ag) 2(a0)

2737 27

Thefiltered sodium meta aluminate is diluted with water when hydrated aluminium oxideis
precipitated. To hastenthe process of precipitationacrystal of Al (OH), isadded. Thecrystal acts
asaseeding agent. Sodium meta-al uminate undergoes hydrolysisand formsa uminium hydroxide.

2NaAlO, +4H,0 —— 2NaOH  +Al,0, 3H,0 \$
(hydrated ALO,)
Or  2AI(OH),{ (aluminium hydroxide)
The precipitate thus obtained is collected and washed. It isignited at 1200°C to get pureanhyfrous

Aluminiumoxidedumina, Al,O,

2AI (OH).,., —— ALO,.+3H0

3(9) 2739 270
Hall’s process

Inthismethod the bauxite oreisfused with sodium carbonate.. Al O, is converted sodium meta-
aluminate. Itisextracted with water. Sodium meta-al uminate goesinto the solution. Theimpurities of
Fe,O, or silicaareleft behind. The extracted sodium metaauminateis separated by filtration. This
solutionissaturated with CO, at 323 —333K. Aluminium hydroxideis precipitated asaresult of the
hydrolysisof sodium meta-aluminate. The precipitateisfiltered off and washed. Itisdried andignitedto
getdumina

AlLO,-2H,0 + Na,CO, —— 2NaAlO,+ CO,+ 2H,0
2NaAlO, , +3H,0, + CO,, — 2AI(OH),, NaCoO,

Serpek’s process.

3(s)

Thismethod of purification isemployed for bauxitewhich containssilicon dioxideasthemain
impurity (inlargeamount).
In this process powered bauxiteis mixed with coke and isthen heated to 2075k in acurrent of
nitrogen. Alluminium nitrideisformed. Silicon dioxideisreducedto slicon andit escapesasvapour.
so,+2cl —— siT+2coT
ALLO, +3C+N, —— 2AIN + 3CO
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Theauminium nitride, formed in the above reactionsis hydrolysed to get hydrated aluminium
oxide. Thisiswashed, dried and thenignited asin Hall’sprocess or Bagyer’s process.

AIN+3HO —— AI(OH)!{+NH,T
2Al (OH), — ALO,+3H,0
Purea uminium oxide obtained by any of the above methodsis subjected to e ectrolytic reduction

togetduminium.
18.3.5.aElectrolyticreduction of alumina:

Pureauminaisabad conductor of electricity. Itsfusion temperature 2050°C isalso very high.
So, itisnot easy to electrolyseaumina. Cryolite, Na; AlF isadded toincrease the conductivity
of thefused dumina Tolower themelting point of duminafluorspar isadded. Thenitisdectroysed.

Electrolysisiscarried outinaniron or stedl tank. Thetank islined insidewith graphic (carbon)

That actsas cathode. Anode consists of number of carbon or copper rods suspended from the
top of thecell. Theanodesareimmersed partialy into the e ectrolyte. The e ectrolyte cons stsof
afused mixture of aumina, cryolite and fluorspar. The surface of the electrolyte covered with
powdered coke. Thispreventsthe oxidation of themetal formedintheeectrolyss. Heat produced
by the current keepsthe massin fused sateat 1175 to 1225k. thefollowing reactionstake place
intheeectrolytic cell under these conditions.

L

Carban rods (Anode) ElectricBulb

CarbonLining e P
Aluminum
Fused Cryolite+ Al O, Irontank Outlet

Fig. 18.3.5.aElectrolyticreduction of Alumina
NaAlF, —— 3NaF+AIF, (cryolite)
4AIF, —— 4APT+12F

Aluminiumionsmovetowardsthe cathode (i.e. carbon lining) and they aredischarged. Aluminium
metal isformed. Flourideionsaredischarged to givefluorine at theanode.

Atcathode: 4AI+12ee —— 4Al.
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Atanode: 12F —— 12F + 12¢e

2ALO,+12F —— 4AIF,+30,

Aluminium, produced at the cathode, sinksto the bottom of thecell. Itisremoved fromtimeto
time through tapping hole (Th). Fluorine formed at the anode reacts with alumina. Oxygenis
displaced with theformation of aluminium fluoride. Oxygen whichisevolved at theanode either
escapesor reactswith the carbon electrodes (i.e., anode). CO and CO, areformed corroding the
electrodes. For thisreason only the electrodes haveto befrequently replaced Aluminaisadded at
intervals. Inthe process, 99% pure a uminiumisobtained.

18.3.5.b Refining of Aluminium:

Aluminium obtained by the above processcontainsimpuritieslike S, Cu, Mn, etc. Itisrefined by
Hoope' selectrolytic method.

Thedectrolytic cel used for refining of auminium consstsof anirontank linedinsgdewith carbon.
It containsthreelayersof fused masses. Theselayersdiffer intheir specific gravities. The upper
layer isof pureauminium. A number of graphiterodsact ascathode. They aresuspended fromthe
fopinto theupper layer. Themiddlelayer cons stsof fused mixture of fluoridesof sodium, barium
and auminium. Thelayer actsasan e ectrolyte. Thebottom layer containsimpureauminiumand
carbonlining of thetank actsasanode. Toincreasethe density of fusedimpure Alinthislayer
copper and silicon are added.

S

Graphite Electrode

Aluminiumwithimpurities

Na, MFG + Ban
Impure
AIum|n|

Carbon |_|n|ng ’ IronVes

Fig. 18.3.5b Purification of Aluminium in Hoopmethod.

On passing current, aluminium ionsfrom the middle layer are discharged at the cathode layer
(upper layer). Pure Alisdepositedinthelayer. At the sametimean equivaent amount of duminium
passesinto themiddlelayer from the bottom layer. 99.89% istheresult of thisprocess.
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18.3.6.a Magnesium — Process of molten Electrolysis
a. Occurrence

Magnesium doesnot occur freein nature. It iswidely distributed in naturein the combined sate. It
ispresent in seawater ashalides, inanimal blood, in vegetable kingdom aschlorophyll, incertain
Spring water as magnesium sulphate.

Theimportant mineral of magnesium aregivenbelow:

Name of the Mineral Formula
Magnesite MgCO,
Dolomite CaCO, , MgCO,
Candlite KClI, MgCl,, 6H,0
Keiserite MgSO,, H,O
Epsom salt or Epsomite K,SO, , MgSO, , MgCl, , 6H,O
Asbestos CaMg,(SO0,),
b. Extraction

Magnesumisprepared onalargescaeby thedectrolysisof either magnesium chlorideor magnesia
These materia sare obtained from carnalite, magnesite or seawater.

I. Electrolysisof fused magnesium chloride (from Carnallite)

Themagnesium chloride necessary for dectrolysisisobtained from Carndlite. To get magnesium
from Carnallite, themineral must be dehydrated to get anhydrousMgCl. Thenonly theMgCl, can
be electrolyzed. To prepare anhydrous mineral, the mineral isheated to |ose four molecul es of
water directly and easily. Removal of the other two moleculesof water isvery difficult. Thereason
isthat MgCl, undergoes hydrolysisforming electrically on conducting Mg compounds. Thenit
becomesdifficult for the electrolysisto be carried out. However, if themineral isheated inthe
presence of largeamountsof HCI gas, thefollowing hydrolysi sreaction can be carried out.

MgCl, + 2H,0 —— Mg(OH), + 2HCl
MgCl,+H,0 —— MgO +2HCl

Thisasoincreasesthe conductivity of the fused mass. During thelast stages of dehydration of
carndlite, minera isheated to 350°C inacurrent of HCl. Afterwards, theminera ismixed withan
equal amount of NaCl and heated to 700°C. the presence of KCl, NaCl in anhydrous MgCl,
preventshydrolysisand alsoincreasestheéectrical conductivity. TheMgCl, obtainedinthisway
iselectrolyzed.
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Theédectrolysisiscarried out inanirontanks. Theeectrolyteisanhydrousmagnesium chlorideor
Carndlite prepared asdescribed above. Thetemperature of the e ectrolytic bath ismaintained at
970°C by external heating. Theirontank itself actsas cathode. The anode consistsof acarbon
graphite coated with lead rod. The anode is covered by a porcelain tube. The electrolysisis
carriedinan atmosphereof coal gasor H, in order to prevent the oxidation of magnesium metal.
Themetal obtained is99% pure. Thereactionstake place asfollows.

Thereactionsthat take placeare
lonization . MgCl, —> Mg*+2CI~
At Cathode (deduction) : Mg* +2e¢ —— Mg

AtAnode(oxidation) : 2CI~ — ClL+2¢
= +
L e ! v Graplite
* ’ * anode
et gas ' 2 inert gas
s Poreelain hood
I ] " M
- — 1 I — = My
“““““ L | B \Jmnr'u-.rr alctrofyte

Fig. 18.3.6.a Prepar ation of magnesiun from car nalite

The chlorinegasrisesthrough the porcelain pipeandiscollected. By maintaining thetemperature
at 967°C, not only the mineral isfused but also the metal obtained isin the molten state. The
magnesium metal being lighter than the el ectrolyte, risesto the surfaceand thereissolidifies. Itis
skimmed off with perforated ladlesfrom timeto time. Themetal i599.99% pure. It can befurther
purified for higher purity of themetal.

18.3.6.b Extraction of Mg from Magnesite: Electrolytic method.

Magnesium meta can aso be obtained from magnesite. Themagnesite mineral iscalcined and the
magnesia(MgO) thusobtainedismelted and e ectrolyzed. Inthecommercia preparation, magnesia
ismixed with thefluoridesof Mg, Baand Nainasted tank at 1170K to 1220K. A set of castiron
rodsare projected from the bottom of thetank into the el ectrolyte. The anode consists of carbon
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suspended from the top of thetank. Magnesium metal isliberated at the cathode in the molten
date. Itislighter than the e ectrolyte and so risesto thetop and solidifiesdueto cooling by air. This
solid scum preventsthe oxidation of the molten metal by atmospheric air. Themetal isremoved
periodically and fresh amountsif magnesiaare added s multaneoudy to thetank. Thereactionsin
the process can be written asfollows.

Thereactionsthat take placeare

lonization :MgCl, —> Mg* +2CI~

At Cathode (reduction) Mg*+2e¢ —— Mg

At Anode (oxidation) :2CI — Cl,+2¢
1. Carbon (anode)
2. Magnesumolid
3. MdtenMagnesum
4. Moltendectrolyte
5. Castironcathodes

l

rr—va 11
SR 7IY

I B P
s e e, Pttt 3 5

Fig. 18.3.6.b Extraction of Magnesium from M agnesite

18.3.7 Sodium

a. Occurrence

Sodium isavery reactive metal. So, it does not occur in the native state. It occursonly in the
combined state. It isdistributed abundantly inthe nature. Someimportant mineral saregiven below.

Nameof themineral Formula

Common salt or rock saltinseawater NaCl

Chilesdt petreof Cadiche NaNO,
Borax or tincal Na,B,0, 10H,0.
Mirahilite Na,SO,.
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b. Extraction of Sodium

The compounds of alkali metalsareto thermal treatment and hence such methods are usel essto
preparethese metals. The common methods of extraction of the metalsare not gpplicableto alkali

metals. Electrolytic reduction of their fused compoundsisthe only aternativefor the extraction of
dkdi metas. They are

i. Castner processand Ii. Down’sprocess.

18.3.7.a. i. Castner process:

Thetype of theelectrolytic cell usedinthe processfor the electrolysisof fused caustic sodais
showninfig.

Fused sodium hydroxideistakeninacylindrica irontank. It worksasthedectrolyte. Thedectrolyte
isfused by hesting to about 330°C with aring of burners. From the bottom of thetank acylindrical
ironrodisintroducedinto thefused el ectrolyte. Thisrod functionsasanode. A hollow cylindrical
nickel anode surroundstheiron cathode. The anode and cathode are separated by anickel wire
gauze. It is provided with arecelver fitted with aloose cap at the top. During the process of
electrolyss, the sodiumionsmigrate to the cathode and get deposited. Sincethemoltensodiumis
heavier than sodium hydroxideit risesto the surface. The nickel wire gauze preventsthe passage
of sodiumto theanode. Sodiumisremoved by the perforated ladlesfromtimetotime.

burners

Solid caustic soda
From cathode
Fig. 18.3.7.aPreparation of Sodium - Castner process

Thefollowing el ectrode reactionstake place. Naisliberated at the cathode and oxygen at the
anode. Nametal reactswith the small amounts of water produced at theanodegiveH,

lonization: 4ANaOH —— 4Na' + 40H
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At Cathode (Reductionreaction) : 4Na" +4e  —— 4Na
Atanode (Oxidationreaction) : 4OH —— 2H,0+ O, + 4e

2Na+2H,0 —— 2NaOH +H,T

Theimpuritiessettledown at the bottom of thetank. Thetemperatureinthecell should bemaintained
around 330°C to prevent any sodium metal from going into fused sodium hydroxide. Thismight
reducetheyield of sodium.

18.3.7.b. ii. Down’s process.

The manufacture of sodium by previous processis costly and moreover the sodium hydroxide
necessary for the processis prepared from sodium chloride by electrolysis. Pure sodium chloride
meltsat 803°C. At thistemperature, separation of sodium from fused dectrolyte (sodium hydroxide)
isdifficult. So, the melting point of the electrolyte is brought down to atemperature between
500°C and 600°C. Thiscan be achieved by the addition of CaCl,,, CaF, or KCl totheelectrolyte.
By doing thisthere arethree advantages.

a. themeting point of NaCl isdecreased. So, thefuedl wastageisreduced very much and hencethe
probability of sodium catchingfireisavoided.

b. at lower temperatures, the vapour pressure of sodium in air is reduced. Therefore, loss by
evaporation of sodiumisminimized.

c. Atlowertemperaturelossof sodium duetoitsdissolutioninfused electrolyteisalso reduced.

Moreover, the process of electrolysistakes place smoothly and the yields areimproved. The
reactionsthat take placeinthe cell can bewritten asgiven below.
Inthe Down’sprocess, thedectrolytic cell ismadeof aniron or stedl tank. Itislined with refractory
material insde. These bricksarealso acid resistant in nature. A graphiterod introduced fromthe
bottom of the tank acts as anode. The anode is surrounded by aring shaped iron cathode. A
conica connecting hood isplaced abovetheanode. Theiron gauze actsas partition and separates
theanode and the cathode. Thewire gauze preventsthe passage of sodium liberated at the cathode
and anode. Also theNaisnot allowed to mix up with CI,, that is produced at anode.

lonization: 2NaCl —— 2Na' +2Cl~
At Cathode (reductionreaction) : 2Na* +2e —— 2Na
At Anode (oxidationreaction) : 2CIT  —— Cl,+2e
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Ma receiver

miolten Na(l+KCHKF

— cathode hood
iron cathode

{-ve)}
carbon anode

Fig. 18.3.7.b Prepar ation of Sodium - Down'sprocess

Calciumispossibleimpurity inthismethod. Inspite of this, themetal obtainedisvery pure.

18.3.8.a. Iron —occurrence and principle of extraction

Ironisknown to ancient Indians. Many monumenta worksweredonewithironand stedl. Ashoka
pillarin Dehi; Puri Jagannath temple are good examplesfor this.

Occurrence:
Iron element ispresent in meteorites. But Fe occurs mostly inthe combined state. Theimportant
mineralsaregiven herebelow

Haematite (reddish brown colored) - Fe,O,

Magnetite (Magnetic oxide) - Fe,O,

Limonite (hydrated oxide) - 2Fe,0, . 3H,0
Siderite (spathiciron ore) - FeCO,

[ron pyrites - FeS,

Thechemistry of iron can be studied under three sections depending upon thetypeoniron required.
Thesectionsare:

A. manufactureof castiron
B. manufacture of wrought ironand
C. manufactureof steel

A. Manufactureof cast iron

Themanufactureof castironfromtheoresinvolvesseveral steps. They aregiveninthefollowing
steps.

i. Dressing of theore:

Hematite or magnetiteisused for the preparation of cast iron. The ore needsno concentration on
most of the occasions. Only in afew casesthe oreiswashed with water.
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ii. Preliminary roasting or calcinations:

the oreismixed with asmall amount of coal and heated in afree supply of air. Thefollowing
changesoccursinthekilns.

2Fe0,.3H,0 —— Fe0, +6H,0
FeCO, —— FeO + CO,
4Fe0+0, —> 2Fe0,

Volatile materiaslike water, CO, , S& Asare removed either directly or by oxidation. Any
ferrousoxide present inthemineral isoxidized toferric oxide. Themost important of al themass
becomesporous.

iii. Blast fur nacetreatment:

Theroasted ore, coke (no sulphur present init) and limestonearemixed in 8:4.1 partsby weight.
The changeisfed into the blast furnace. A blast of hot air is sent into the furnace through the
tuyeres. Thetuyeresare cooled by water circulation around themin pieces. Thetemperaturerange
inthefurnaceis500°-2000° k. variousreactionstake placein the blast furnace are giveninthe

nextlines.
Sno. | Temperature Changes Occuring Chemical equations
range& name
of thezone
1 4000-7000°C Spongy ironisformed. Fe,0, + 3C — 2Fe + 3CO
Zoneof reduction Iron oxideisreduced Fe,0, + 3CO — 2Fe + 3CO,
2. 800 C-1000C CO, isreduced to CO CO, + C — 2 CO+163 K|
Limestone decomposes CaCO, — CaO+CO,
tolimeand CO,. Lime CaO + S0, — CaSO,
Combineswith SO, to
fromthesag, CaS O,
3. 12000C Zone of Coke burnsto CO, C+0,— CO,
fuson Porousiron melts.
Any ironoxide
remainingiscompletely
reduced to
4, Above 130000C Fe.
near the hearth. Molteniron collectsin
the bottom of the hearth.
Sagfloatson
ironliquid.
Table 18.3.8
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Fig. 18.3.8.aBlast Furnace

The waste gases known asthe“ blast furnace gas’, escape from the outlet at thetop. They are
burnt and theheat generatedisutilized to heat the blast of air entering thetuyeres. Theiron obtained
isknownas“Piglron”. Thepigironismelted and poured into moulds. The solidiron obtained by
cooling pigironiscaledas“castiron”. It containsnearly 4% C.

18.3.8.b Manufacture of Wrought iron

Wrought ironisthe purest form of iron containing about 0.2%C. Itisprepared by heating cast iron
inareverboratory furnace. Thefurnaceisgivenabasiclining of iron oxide. Theimpuritiesand the
carbon present in cast iron combine with thelining. The impuritiesform aslag and carbonis
oxidizedto*CO’ and escapes and burnswith ablueflame. Theflamesareknown as*“puddier’s
Candles’.

Hencethe processisknown as puddling process. The molten masson the hearth of thefurnaceis
stirred withironrods. The plasticiron gathersat theend of therodsasballs. Theballscontainthe
dag and arehammered out.
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----- = Radiant heal

Firehox Hearth Floe

Fig.18.3.8.b Reverboratory Furnace

18.3 Intext Questions

1. Mentionthetypesof roasting.

3. Writethenamesof following minerds.
i) ZnCO, i)Zn,90, iii))ZnO.Fe,0,

6. Writetheformulaefor thefollowing.

1) Mirabilite 2) Tinkd

What you have learnt

1. Furnacesusedintheextraction of metals.
2. Extractionof Zn, Cu, Ag, Al, Na, Mg, Cast iron and wrought iron

3. Purificationof metas
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Terminal Exercise:

. Mentiontwo minerasof Al andwriteitsextraction.
. How doyou extract chlorinefromits Chloride ore?

. Explaintheindustrial manufacture of Sodium by castnersmethod.

1

2

3

4. Explaintheextractionof silver.

5. Writetheextraction of Al from bauxite.
6

. Explainfroathfloatation.

18.3. Answers to intext Questions:

Oxidation, sulphatisng and chloridisng roasting.
i) Haematite Fe,O,, i) Magnetite Fe,0,
i) cdamine iwillemite iii) Frank lenite

For themineral s of carbonatesand bicarbonates, cal cinationisapplied.
Ag,S + 4NaCN 2Na[Ag (CN),] + Na,S

o o » w N P

i) Na,SO, i) Na,B,0,. 10H.0.
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HYDROGEN AND
s-BLOCK ELEMENTS

Hydrogen, akali metals(like sodium and potassium) and akaline earth metal s (like magnesium
and calcium) aretheessential partsof theworld welivein. For example, hydrogenisused inmaking
vanaspati. Yellow glow of street light is due to sodium. Sodium chloride, potassium chloride and
compoundsof akali metalsareessential for life. Sodium hydroxide sold under the name of caustic soda
Isusedinthe manufacture of soap. Plaster of paris, acompound of calciumisused asabuilding materia
aswell asby doctorsin setting of bonefracture.

Inthislesson we shal study occurrence, physical and chemical propertiesand usesof hydrogen
and s-block elements (alkali metalsand alkaline earth metals).

F —-1 . .
,_:J)J Objectives

After reading thislesson, youwill beableto:
« explaintheuniqueposition of hydrogenintheperiodictable;
o compareand contrast the propertiesof different isotopesof hydrogen;
o recdl thevariousphysica and chemica propertiesand usesof hydrogenwith chemical reactions;
o explainthestructureof water moleculeandice;
o listtheusesof heavy water;
o listthedifferent methodsof preparation of hydrogen peroxide;
o listoxidizing and reducing propertiesof hydrogen peroxidewith at |east two examplesof each;
o listtheusesof hydrogen peroxide;
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o recdl thenamesand formulae of somecommon oresof akali and akalineearth metals;

o recdl thedectronic configuration of akali and dkaineearth metas;

o Wwritereactionsof akali and akalineearth meta swith oxygen, hydrogen, halogensand water;
o explainthetrend of basic nature of oxidesand hydroxidesand

o explainthesolubility and thermal stability of their carbonates and sulphates.

19.1 Hydrogen

Hydrogenisthefirst element of the periodic table. Hydrogen hasthe simplest atomic structure
and cong stsof anucleus containing one proton with acharge+ 1 and oneorbital eectron. Thedectronic
structuremay bewritten as1s'.

19.1.1 Postion in the Periodic Table
Whereishydrogen placed in periodic table?

Elementsare placein the periodic tableaccording to their outermost € ectronic configuration. So
hydrogen (1s") may beplaced with alkali metals(ns'). But hydrogen attains noble gas configuration of
helium atom (1) by gaining oneelectron. It formsthehydrideion H™ (15%) like halogens (ns’np°) by
gaining one electron. On electrolysis of used akali hydride, hydrogenisliberated at anodejust as
chlorineisliberated at anode during €l ectrolysis of sodium chloride. Thushydrogen ought to be placed
ingroup 17 aong with halogens. Hydrogen al so resembles group 14 elements, since both have ahalf
filled shell of electrons. So where should hydrogen be placed? This problem is solved by placing
hydrogen neither with alkali metalsnor with hal ogens. It hasbeen given aunique positionintheperiodic
table (seePeriodic Tableinlesson 4) .

19.1.2 I sotopes of hydrogen

If atomsof the samed ement havedifferent massnumbersthey arecaledisotopes. Thisdifference
in mass number arises because the nucleus contains adifferent number of neutrons.

Naturally occurring hydrogen containsthreeisotopes: protium }H or H, deuterium 12H orD
andtritium 2H or T. Thesethreeisotopes contain one proton and 0, 1 and 2 neutronsrespectively in
thenucleus(Fig 19.1). Protiumisby far the most abundant.

Naturally occurring hydrogen contains 99.986% of the }H isotope, 0.014% of D and
7 x 107" of T, therefore the properties of hydrogen are essentially those of the lightest i sotope.
Tritiumisradioactive and emitslow energy 3 particles (t,,=12.33yrs).
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Protium Deutirium Tritium
Atomic number = 1 Atomic number = 1 Atomic number =1
Mass number = 1 Mass number = 2 Mass number = 3

H *H orD SH orT

Fig 19.1: Isotopesto hydrogen

Duetodifferencein massof different isotopes, thereariseafew differencesintheir properties.
For example:

1. H,ismorerapidly adsorbed onthemetal surfacethanD.,.
2. H,reactsover 13-timesfaster with Cl, thandoesD.,,.

Differencein propertiesthat arisesfrom thedifferencein massiscalled isotope effect. Sincethe
percentage differenceinthe massof isotopesof hydrogenisvery large. Thedifferencein propertiesof
Isotopesof hydrogenisvery large. Thedifferencein propertiesof compounds containing theseisotopes
isdsolarge.

19.1.3 Physical properties

Hydrogenisadiatomic gas, H.,. Itiscolourlessand hasno smell. It islightest of all thegases
known. Itisinsolubleinwater, acidsand most of the organic solvents. It isadsorbed when passed over
platinum and palladium.

19.1.4 Chemical properties
1. Combustion: Hydrogeniscombustibleand burnsinair with paleblueflame.
2H,+0, - 2H,0
2. Reducing property: Hydrogen reduces heated metal oxidesto metals.
Zn0+H, » Zn+H,0
CuO+H, » Cu+H,0

3. Reactionwith non-metals: Hydrogen combineswith nitrogen, carbon, oxygen and chlorine
under appropriate conditions to form ammonia, methane, water and hydrogen chloride

respectively.
3H, + N, — 2NH,
2H,+C — CH,
2H,+ 0, - 2H,0
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H,+Cl, — 2HCI

Reaction with metals. Hydrogen reacts with highly electropositive metals to from the
corresponding hydrides.

2Na+ H, — 2NaH
2Li+H,— 2LiH
19.1.5 Uses
Hydrogenisused:
1. forconversonof cod into synthetic petroleum.
2. inthemanufactureof bulk organic chemicals, particularly methanol.

3. inthehydrogenation of oils. Vegetabl e oilschangeinto vegetabl e ghee when hydrogen ispassed
throughtheoilsat 443K in presence of nickel ascatalyst.

4. inthemanufacture of anmonia, whichisused intheproduction of fertilizers.
5. asprimary fuel for heavy rockets.
6. forfillingbaloons.

I ntext Questions 19.1

1. Nametheisotopesof hydrogen?

19.2 Compoundsof Hydrogen

Hydrogen formsalarge number of compounds. herewewill consider only two of them, namely
water (H,O) and hydrogen peroxide (H,0,).
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19.2.1 Water (H,0)

Thisoxideof hydrogenisessentia toal life. It occursintheform of snow, aswater inrivers,
lakes, sea etc. and as vapour in the atmosphere. Water is a covalent compound made up of two
hydrogen atomslinked with one oxygen atom through covalent bonds. ItsLewisstructureand molecular
structure are shown below.

0O_97.5pm
H 1045° H

Because of thelarge electronegativity of oxygen, water moleculeishighly polar. It haspartia
negative charge (§”) on the oxygen atom and partial positive charge (8*) on the hydrogen atom. An
el ectrostatic attraction between H of one moleculewith O of other molecule resultsin theformation of
intermol ecular hydrogen bonds.

H:(: H

N
8- 3+
Sty kL H
Theremarkable characteristic of water isthat Not”
in solid form, it is less dense than liquid form. /.H/ )H/ ,
Consequently an ice cube floats on water. Water H\O( ’ >0:
moleculesarejoined together in an extensivethree H/ \H 7 A H\ ,
dimensional network in which oxygen atom is >o: /0
bonded to four hydrogen atoms, two by hydrogen . /,H '\‘-H\O//H
bondsand two by normal covalent bonds, inanear \o: PR
tetrahedral hydrogen bonded structure (Fig. 19.2), i H A \'H\ ,
which hasgot open spaces. Thisisresponsiblefor >o( R /0: .
low density. H f

Fig. 19.2: Tetrahedral arrangement
of oxygen atomsinice.

19.2.2 Heavy water and its applications

Water containing deuterium in place of ordinary hydrogen (protium) istermed asheavy water
(D,0). Heavy water is separated from water by electrolysis. The equilibrium constant for the
dissociation of water containing protiumisvery high (1.0 x 104 ascompared to water containing
deuterium (3.0 x 107%)

eg.

H,0 — H" + OH"
D,0 — D"+ 0D~
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O-H bondsare broken morerapidly than O-D bonds. Thuswhen water iselectrolyzed, H, is
liberated much faster than D, and the remaining water thusbecomes enriched in heavy water D,O. In
order to obtain onelitre of almost pure D, O, we haveto electrolyze about 30000 litres of ordinary
water.

Uses:

1. Heavy water isused asamoderator in nuclear reactors. In thisprocessthe high speed neutrons
are passed through heavy water in order to low down their speed.

2. Itisusedinthestudy of mechanism of chemica reactionsinvolving hydrogen.
3. Itisused asthestarting materia for the preparation of anumber of deuterium compounds, for
example
CaC,+2D,0 —— C,D,+Ca(0OD),
SO,+D,0 — D,SO,
19.2.3 Hydrogen peroxide (H,0,)
Hydrogen peroxideisanimportant compound of hydrogen. Itschemica formulaisH, 0,
M ethodsof prepar ation:
Two methods of preparation of hydrogen peroxideare given below:

1. Bytheactionof dilutemineral acids(H,SO,) on metallic peroxides (barium peroxide, sodium
peroxide)

BaO,- 8H,0 + H,SO, —— BaSO, + H,0, + 8H,0
Na,O, + H,SO, — Na,SO, + H.,O,

2. Bytheéectrolysisof H,SO, (50% W/W) followed by distillation At cathode:
Atcahode  2H*+2e! > H,

Atanode; 2503 »S,05 + 2
The anodic sol ution which contains persul phateions (5208)2‘ isdistilled with sulphuric acid at
reduced pressureyieldingH, O,
S,05 + 2H" +2H,0 — 2H,S0,+ H,0,

Properties:

Hydrogen peroxideisaclolourlesssyrupy liquid and hassharp odour. It hasaboiling point of
423K. Itismisciblein al proportionswith water, alcohol and ether. The oxidation state of oxygenin
hydrogen peroxideis—1, avalue, which lies between the oxidation state of oxygenin O, (zero) and
water (—2). Therefore, hydrogen peroxide acts as an oxidizing agent aswell asareducing agentin
acidicanddkdinemedia
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Oxidizing Properties:
(8 Oxidizingactioninacidsolution:
(i) PbS + 4H,0, — PbSO, + .4H,0
(i) 2FeSO, + H,S0, + H,0, — Fe,(SO,), + 2H,0
(b) Oxidizingactioninadkainesolution:
MnCl, + H,0, + 2KOH — 2KCl + 2H,0 + MnO,
() Reducingactioninacidsolution:
2KMnO, +3H,SO, +5H,0, — 2MnSO, + K, SO, + 8H,0 + 50,
(d) Reducingactioninakalinesolution:
(i) 2KMnO, + 3H,0, — 2MnO, + 30, + 2H,0 + 2KOH
(i) Cl, + H,0,+2KOH — 2KCI +2H,0+ O,

Uses:
Hydrogen peroxideisused:
1. forbleachinghair, leather and wool etc.
2. asagermicideand disinfectant.
3. asanexplosvewhen mixedwithacohoal.
4. inthepreparation of foam rubber.
5. inpallution control e.g. trestment of drainage and sewagewater for dechlorination.

Structure:
The Lewisstructure and molecular structure of hydrogen peroxide are shown bel ow:

H. 97°

H:Q::0:H \63\@)\
97° “H
Intext Questions 19.2

1. Why doesicefloat onwater?



4. Givetwo usesof hydrogen peroxide.

19.3 s-Block Elements

The s-block elements have an outer electronic configuration ns or ns” and are placed in the
group 1 and 2 of the periodic table. Group 1 consists of the elements: lithium, sodium, potassium,
rubidium, caesum and francium. They are collectively known astheakai metalsafter the Arabic word
al-gismeaning plant ashes. Theseashesare particularly richin carbonatesof calcium, strontium, barium
andradium. They arecollectively known asakaine earth metals.

19.3.1 The alkali metals

Inthisgroup al theelementsare el ectropositive metal sand there exists resembl ance between the
elementsowing totheir similar outer el ectron configuration. The occurrence and propertiesof akali
metal sare discussed below:

Occurrence:

Sodium and potassi um are abundant. Sodiumisfound assodium chlorideinthe seawater and as
sodium nitrate (Chile sdtpeter) inthedesertsof Chile. Potassumtoo, isfound in seawater, and also as
carnalite (KCl.MgCl.,.6H,0). Lithium, rubidium and caesium occur in afew rare aluminosilicates.
Franciumisradioactive; itslongest-lived isotopeFr hasahalf lifeof only 21 minutes.

19.3.1.1 Electronic configuration

Theakali metalswith their symbols, atomic numbersand electronic configurationsarelisted
belowin Table19.1:

Table19.1: Electronic configur ation of alkali metals

Element Symboal Atomic Electronicconfiguration
number
Lithium Li 3 %, 2s*
Sodium Na 11 |s?, 25°p°, 3st
Potassium K 19 |s?, 28%p°, 3°p°, 4st
Rubidium Rb 37 |s?, 25p°, 3s%pPd'?, 4P, 5st
Caesium Cs 55 |s?, 2s2p6, 357p°d°, 45°p°d™°, 5s’5p°, Bst




19.3.1.2 Physical properties of Alkali Metals

Alkai metalsareplacedingroup 1 of periodictable. They readily form unipositiveions. Aswe

go down thegroup the alkali metals show steady increasein size dueto the addition of anew shell at
each step. Theincreasein size of the atomsor ions, directly influencesthe physical and chemical

propertiesof theakali metals. Some physical propertiesaregivenin Table 19.2.
Table 19.2: Physical propertiesof alkali metals

Symbol lonic First lonization Electro Density M.P. Electrode
Radius enthalpy negativity  (gcm™) K Potential

(pm) (kImol™) (E® volts)

Li 76 520.1 1.0 0.54 454 -3.05

Na 102 495.7 0.9 0.97 371 -2.71

K 138 418.6 0.8 0.86 336 -2.83

Rb 152 402.9 0.8 153 312 -2.89

Cs 167 375.6 0.7 1.90 302 —-2.93

Thetrendsin physical propertiesarelistedin Table 19.3.

Table19.3: Trendsin physical properties

No. Characteristic Trend
1 Oxidation state All elements show + 1 oxidation state
Atomic/ionic Li<Na<K<Rb<Cs
redii Atomic and ionic radii increases since number of shellsincrease
as we go down the group.
3. lonization Li>Na>K >Rb>Cs
energy As the size increases it becomes easier to remove an electron
from the outermost shell.
4. Electronegativity Li >Na> K> Rb > Cs
The electropositive character increases due to decrease in
ionization enthalpy therefore electronegativity decreases.
5. Metallic Li<Na<K<Rb<Cs
character Metallic character increases as we go down the group due to
increase in electropositive character.
6. Density Li<Na>K <Rb<Cs
Generally density increases from Li to Cs as the atomic mass
increases (exception K).
7. Melting point & Li>Na>K >Rb>Cs
boiling points Decreases down the group because of increasing size and weak
intermetallic bond.
8. Flame coloration They show characteristic colors in the flame. The outermost
electron absorbs energy and is excited to a higher energy level.
This absorbed energy is remitted when the electron comes back
to ground state. The differencein energy fallsin thevisible range
of radiation hence the colors are seen.
Li Na K Rb Cs
Crimsonred Ydlow Paeviolet Violet  Violet
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19.3.1.3 Chemical Properties

Alkali metalsarethemost reactive metal sin thewhol e periodic tabledueto their easeinlosing

outermost e ectron hence getting oxidized easly. Astheease of |osing e ectronsincreases, thereectivity
increases down the group.

(i) Oxides All dkali metasformoxides, whicharebasicinnature. Lithiumformsonly onetypeof

(i)

(iii)

(iv)

oxide, lithium monoxideL.i,0O. Sodium peroxideNa,O, isformed when sodiumisheated with
oxygen. Other metals of thisgroup also form superoxides M O, on reaction with oxygen.

4Na(s) + O,(g) — 2Na,O(s)
2Na(s) + O,(g) — N,O,(s)
K(s) + O,(g) — KO,(s)

Theformation of aparticular oxideisdetermined by the sizeof themetal ion. Tiny lithiumionis
not ableto comein contact with sufficient number of peroxoions. However, theionsof potassum,
rubidium, caesium arelarge enough to comein close contact with peroxoionsand form stable
structures as superoxides.

Reactivity towar dswater : Although lithium hasthe most negative E°, itsreactionwithwater is
considerably lessvigorousthan that of sodium which hastheleast negative E° among the alkali
metals(Table19.2). Thelow reactivity of lithiumisdueto small szeand highionization entha py.
All themeta sof the group react with water explosively to form hydroxideand liberate hydrogen.

2M +2H,0 — 2M" +20H™ +H,

Basic character of oxidesand hydroxides: Thebasic character of oxidesand hydroxides of
akali metalsincreaseswiththeincreasein szeof meta ion. So, lithium oxideand hydroxideare
least basic whereas, caesium oxide and hydroxide are most basicin nature.

Hydrides: Thealkali metalsreact with hydrogen at about 637K to form hydrides(MH), where
M standsfor akali metals.

2M +H, — 2MH
Halides: Alkali metalsreact with halogenstoform halides:
2M + X, — 2MX(X =F, Cl, Br, 1)

19.3.1.4 Stability and Solubility of Carbonates and Sulphates:

The carbonatesand sul phatesof akai metalsaregenerdly solubleinwater and thermally stable.

Thecarbonatesare highly stableto heet and melt without decomposing. Asthe e ectropositive character

46



Increasesdown thegroup, thestability of the carbonatesincreases. Carbonate of lithiumisnot so stable
to heat dueto thesmall sizeof lithium.

Intext Questions 19.3

1. Nametheimportant oresof sodium.

194 TheAlkalineEarth Metals

You have seen agradual increasein the size of thealkali metalsaswe move down thegroup 1
of the periodic table. | dentical observationsmay be madein the case of alkaline earth metals placed
ingroup 2 of the periodic table. Some physical properties of the alkaline earth metalsaregivenin
Table19.4.

Table 19.4: Physical propertiesof thealkaline earth metals

Symbol lonic First lonization Electro  Density M.P. Electrode
Radius enthalpy negativity  (gcm™) K Potential
(pm) (kJ mol™) (E°) volts
Be 89 899 15 1.85 1562 -1.70
Mg 136 737 12 1.74 924 -2.38
Ca 174 590 1.0 1.55 1124 —2.76
S 191 549 1.0 2.63 1062 —2.89
Ba 198 503 09 359 1002 —2.90
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Anadkaineearthmetal atomissmallerin szecomparedtoitsadjacent kai meta. Thisisdueto
the added proton inthenucleus, which exertsapull onthe e ectronsin an atom resulting in squeezing of
theatom. Thisreduction in size showshigher control of the nucleusontheée ectronsintheshells.

The ease of losing electrons makes the alkaline earth metal s good reducing agents. But this
property isless prominent ascompared to the corresponding akali metals.

19.4.1 Occurrence

Theakalineearth metd saretoo reectiveto occur native. Magnes umisthe second most abundant
metallicelement inthesea, andit also occursascarnalite (KCl.MgCl,,.6H,0) in earth crust. Calcium
occurs as calcium carbonate (marble, chalk etc) and with magnesium asdolomite (CaCO,.MgCQO,).
Other oresof calciumare anhydrite (CaSO,) and gypsum (CaSO,,.2H,,0). Strontium and barium are
rare and are found as carbonates and sulphates. Beryllium too is rare and is found as beryl

(Be,AL(SIO,)y).
19.4.2 Electronic Configuration
Thedectronic configurationsof theakalineearth metalsarelisted in Table 19.5.
Table19.5: Electronic configuration

Element Symboal Atomic Electronicconfiguration
number
Beryllium Be 4 15,28
Magnesum Mg 12 1s%, 25%p°, 3¢
Cddium Ca 20 157, 25°p6, 3s°p°, 45
Strontium Sr 38 1%, 25°p°, 35%p%d™°, 4sp®, 5¢°
Baium Ba 56 15?7, 25°p°, 3s°p°d™®, 4s’pPd®, 55°5p°, 65

19.4.3 Physical properties of alkaline earth metals

Alkalineearth meta sarelesselectropostivethan adkali metals. The el ectropositive character of
akalineearth metalsincreases down the group. They achieve aninert gas configuration by theloss of
two electrons. Some physical propertiesand their trendsaregivenin Table 19.6.
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Table19.6: Trendsin physical properties

No. Characteristic Trend
Oxidetion state All e ementsshow +2 oxidation state
2. Atomic/ionic Be<Mg<Ca<$Sr<Ba
redii Sizeof akaine earth metalsincreasesfrom top to bottom dueto
increaseinthe number of shells.
3. lonization Be>Mg>Ca>Sr>Ba
enthdpy Asthesizeincreasesit becomeseasier to remove an electronfrom
the outermost shell.
4. Electronegativity Be>Mg>Ca>Sr>Ba
Astheéelectropositive character increasesfrom top to bottom dueto
decreaseinionization energy, el ectronegativity decreasesfromtop to
bottom.
5. Metdlic Be<Mg<Ca< Sr<Ba
character Metdlic character increasesaswe go down the group duetoincrease
in electropositive character.
6. Dengty Generdly density increasesfrom top to bottom asthe atomic mass
Increases.
7. Méelting point & They show higher vauesof melting and boiling pointsascompared to
bailing point akali metalsbecause of the smaller sizeand stronger metallic bonds.
Thereisno regular trend down the group. It depends upon packing.
8. FHamecoloration  Except Beand Mg (dueto small sizeand higher ionization entha py)

dl other dkaineearth metd simpart characteristic colourstothe Bunsen
flame.

Ca S Ba
Brick red Crimsonred Seagreen

19.4.4 Chemical Properties of Alkaline Earth Metals

Thedkdineearth metd sarereactivemetds, though lessreectivethan akali metds. Theresctivity

Increasesfrom top to bottom in agroup dueto increasein €l ectropositive character.

(i) Reactivity and E°values: Thenear constancy of the E° (M?*/ M) valuesfor group 2 metals

(i)

(Table 19.4) is somewhat similar to that for group 1 metals. Therefore, these metals are
electropositive and are strong reducing agents. Thelessnegative valuefor Be arisesfrom, the
large hydration energy associated with thesmall sizeof Be?* being countered by relatively large
vaueof theentha py of atomization of beryllium

Oxides: Theakaineearth metasbumin oxygenforming theionic oxidesof thetypeMO where
M standsfor akaline earth metals except Sr, Ba, and Rawhich for peroxides. Peroxidesare
formed withincreasing ease and increasing stability asthe metal ionsbecomelarger.
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(if)

v)

(Vi)

2Mg+0, — 2MgO
2Be+0, — 2BeO
2Ca+0, — 2Ca0
Ba+0, — 2Ba0

Basic character of theoxidesincreasesgradudly from BeO to BaO. Beryllium oxideisamphoteric,
MgOisweakly basicwhile CaOismorebasic.

Hydrides: Thedkalineearth metalscombinewith hydrogen toform hydridesof generd formula
MH,

M +H, — MH,(M = Mg, Ca, S, Ba)

Reaction with water : Usually the alkaline earth metal sreact with water to liberate hydrogen.
Be does not react with water or steam even at red heat and doesnot get oxidizedin air below
837K.

Mg+H,0O - MgO+H,
Ca, Sr, and Bareact with cold water with increasing vigour.
Ca+2H,0 —» Ca(OH), + H,

Halides All theakaineearth metalscombinedirectly with theha ogensat appropriatetemperature
forming halides, M X, whereM standsfor alkaine earth metals.

M+X, - MX,
Solubility and stability of carbonatesand sulphates:

Carbonates: The carbonates of alkaline earth metals are sparingly soluble in water. They
decomposeif heated strongly. Their thermal stability increaseswith increaseinthesizeof the
cation. Decomposition temperatures of carbonatesare given below:

BeCO, MgCO,  CaCO,  SCO, BaCO,
< 373K 813K 1173K 1563K 1633K

Sulphates: Thesulphatesof akalineearth metalsarewhite solids, stableto heat. The sulphates,
BeSO, and MgSO, are readily soluble and the solubility decreases from CaSO, to BaSO,,.
Thegreater hydration energiesof Be** and Mg?* ions overcome theattice energy factor and
therefore, their sulphatesare soluble.

The sul phates decompose on heating, giving the oxides.
MSO, —» MO + SO,

Thethermal stability of sulphatesincreaseswiththeincreaseinthesizeof cation. Thisisshown
by the temperature at which decomposition occurs:
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BeSO, MgSO, CaSO, SO,
773K 1168K 1422K 1647K

(vii) Complex compounds: Smaller ionsof the group 2 elementsform complexes. For example
chlorophyll isacomplex compound of magnesium. Berylliumformscomplexeslike[BeF)| z

Intext Questions 19.4

1. Namethecommon orefor K and Mg.

(7205

F_t-

“ What You HaveL earnt

» Hydrogen can either be placed with alkali metalsor with halogens.

» Hydrogen existsinthreeisotopicformsnamely hydrogen, deuterium and tritium.

« Hydrogenisacombustiblegasand hasreducing property.

o Therearetwoimportant oxidesof hydrogen: water and hydrogen peroxide.

o Cagelikestructureof ice makesit float on water.

o Water containing deuteriumin place of ordinary hydrogenisknown asheavy water.
o Heavy water can be separated from ordinary water by electrolysisor distillation.

o Heavy water isused asmoderator in nuclear reactors.

» Hydrogen peroxide actsboth as oxidizing and reducing agent.

o Theakai and akalineearth metalsshow regular variation in various propertiesalong agroup
and period.

o Alkai metalsreact with hydrogen, water and halogensto form hydrides, hydroxidesand haides
respectively.

o Basicnatureof oxidesand hydroxidesof group 1 and group 2 el ements.

o Thermal stability and solubility of carbonatesand sul phates.
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3
n Terminal Exercise

1. Writethreegenerd characteristicsof thes-block e ementswhich distinguish them fromtheelements
of other blocks.

2. Thedkali metdsfollow thenoblegasesinther atomic structure. What propertiesof thesemetas
can bepredicted fromthisinformation?

3. What happenswhen?

(@ sodium metal isdropped inwater.

(b) sodiummetal ishestedinfreesupply of air.

(c¢) sodium peroxidedissolvesinwater.
4. Explainwhy hydrogenisbest placed separately in the periodic table of elements.
5. Describetheindustria applicationsof hydrogen.

6. Discusstheimportanceof heavy water in nuclear reactor and how isit prepared from normal
water?

7. Nametheisotopesof hydrogen. What istheimportance of heavier isotopesof hydrogen?.

8. Why isicelessdensethan water and what kind of attractive forcesmust be overcometo melt
ice?

9. Show by proper chemical reactions how hydrogen peroxide can function both asan oxidizing
and areducing agent?

10. Comparethepropertiesof alkali metalsand alkaline earth metal swith respect to:
(8 atomicradii (b) ionization energy
(c) mdtingpoints (d) reducing behavior

11. Explainthetrendsof solubility and stability of the carbonates and sul phates of alkaline earth
metas.

|
@ Answersto I ntext Questions

19.1
1. Threeisotopesof hydrogen are(a) protium }H , deuteriumD or 3w and (c) tritium T or EH .

2. Tritium.
3. Itislightest of all the gasesknown.
4. Methane(CH,).
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5. Ammonia(NH,).
. 443K
6. Vegetableoils+H, T Vegetableghee.

19.2
1. Iceislessdenseascompared to water. It has open spacesin the hydrogen bonded structure.
2. D,O; Moderator isnuclear reactors.
3. Ba0,.8H,0 + H,SO, — BasO, + H,0, + 8H,0
4. (&) asableaching agent.
(b) germicideand disinfectant.
H,0, reduces KMnO,
2KMnO, + 3H,S0, + 5H,0, — 2MnSO, + K,SO, + 8H,0 + 50,
Mn(+7) isreduced to Mn(+2)

o1

. NaCl and NaNO,,
. Cs<Rb<K <Nax<Li
. Lithium

1
2
3
4. 2Na+2H,0 — 2NaOH + H,
5. lonic.

6

. (1) Sodium (ii) potassum
1. Carndlite(KCI.MgCI.,,.6HP).
2. Be<Mg<Ca<Sr<Ba
3. BeO
4. BeCO, < MgCO;, < CaCO, < SrCO, < BaCO,
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19.2.1.a Hard & Soft Water
Water which does not give stablelather readily with soap solutioniscalled hard water.

Thehardness of water isdueto the presence of cal cium and magnesium bicarbonates, chlorides
and sulphatesinit. Iron saltsalso cause hardness.

Soap is sodium salt of higher fatty acid like palmitic acid, oleic acid or stearic acid. If soap
solution readily giveslather with the given samplesof water then that water is called soft water.

When soap isadded to hard water, it reactswith calcium and magnesiumionsinit toformthe
insoluble ca cium magnesium sogps.

2+

Ca Ca
2 NaSoap(aq) + —— +(aq) — ——Soap | +Na"
Mg™ () Mg

Hence soap iswasted as mentioned above.

Temporary Hardness

Presence of bicarbonates of calcium and magnesium are said to cause temporary harnessto water.
Removal of temporary Hardness of water

a) Boiling: Temporary hardness can be removed by boiling hard water. On boiling hard weter,
bicarbonates of calcium and magnesium decomposeto form respectiveinsol uble carbonates.

Mg (H CO,) ,,, —ing . MgCO,, | +H,0, +CO

3(9) 27O 2(9)
Ca(HCO,),, Mg, CacCo,, |+H,0,+CO

3(9) 2 2(g)
b) Clarke' sprocess. Requisite quantity of milk of limeisadded to the water sampleto remove

temporary hardness.
Ca(HCO) ,,, +Ca(OH),,, —— 2CaCoO, I+ 2H,0,,
Mg (HCO,) ,,, + 2 Ca(OH),,, — 2CaCO, 1+ Mg (OH), | +2H,0,
A word of cautionisnecessary here. In case, any excessof milk of limeisadded, the water

sampleisrid off temporary hardness but acquires permanent hardness.

Per manent Har dness of Water :

Presenceof chloridesand sulphatesof ca cium and magnesium asdissolved sdtscauses permanent
hardnessto water. Thistype of hardness can not be removed by boiling becausethese saltsare
not decomposed by boiling water.

a) Gan’s permutit process (Base exchange process):
Permutitisartificid zeolite. Chemically itissodiumauminium orthosllicate.
Na,Al,S,0,x H,0

27278
Sodium carbonate, aluminaand silicaarefused together to obtain permutit. In asuitable container,
permutit is packed and hard water isallowed to percolatethroughit
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Cdciumand magnes umionswhich causehardnessinwater arereplaced by sodiumionswhichdo
not cause hardness. Thus, water is Softened and the soft water istaken out through the outl et as

showninthefigure19.2.1.a

Chemica reaction during softening of water is
NaAlS OxH,O+Ca" ,  —— CaAlS,0xHO, +2Na"

27278 27 (9
NaAlLS ,OxH,O+Mg* (ag) —— MgALS zongzo(s) +2 Na+ 0
After someuse, al thesodiumions(Na') inthe permuitit arereplaced by Ca?* or Mg#*ionsand
thenitissaidthat the permuitit is* exhausted” . Theexhausted permutit can be* revived or regenerated
“for subsequent use by soaking it with 10% brine (NaCl solution) then washing away thechlorides
of calcium and magnesium.

Chemicdl reactionduring “reviva” of exhausted permutitis
CaAIZSiZngHZO() +2 Na2+ — Na, ALLS ,OxH,0 + Ca* o' Mg? (a0)
(or)
MgALS ,OxH,0

Exhausted permutit
Thus, the exhausted permutit can berevived and used again for softening water.

Fig.19.2.1.a Permutit Process - softening of water

1. BrineTank 2. PreFilter 3. Hard Water 4. Raw Water Inlet 5. Permutit
6. Gravel 7. Soft Water Outlet 8. Soft Water
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b) Calgon Process:

Cal.gonissodium hexametaphosphate Na, [Na, (PO,)] or (NaPO,),
Thisdoe.snot precipitate the cal cium or magnesium saltsbut removes Ca?* and Mg* ionsfrom
water either by adsorption or by forming acomplex sdt. Either way, hardness of water isremoved.

¢) lon exchanged method:

Recently, suitableion exchangeresnshave been developed to removed | minerd sdtsfromwater.
Thus, “de-ionised water” isobtained which can be used for laboratory work and Industry. The
deionization of water iscarried out in two stepsas mentioned bel ow.

i) Water ispassed through atank containing cation exchangeresin which consistsof giant organic
moleculeshaving— COOH groups.

2RCOOH + C&* —> (RCOO), Ca+ 2H" -
Resn from hard water retainedintheresin

TheCa**, Mg# and any other cationinthe sample of water are replaced by theH* ionsfromthe

resn.

Strang acld for Strong base for
-u'qtntmlmu% regenarating Dreminerslised
cidl resin . basgic resin el

free from

all emtian

weatur froe - __ and anion=
| A

from cations

—r

Acid resin e
ar base
enchanige
rgwin

oairy d I . - e 2
Hard wialér tbl . la.mn resin or
E -~ PWashing — T acid - axchangs
FEgin

Fig. 19.2.1.alon exchange method

i)  Then, water ispassed through atank containing anion exchangeresnwhereanioninthewater are
replaced by OH ionsfromtheresin. Anion exchangeresinsare giant organic moleculeswith basic
groups (OH") attached to them.

(RNH)OH+CI"  —— (RNH,) Cl +OH
2(RNH,) OH + S0?, —— (RNH,),SO, + 20H
H* + OH —— HO

Fromstep | Fromstep|
Released Released
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Deionised water can beusedin place of distilled water. Cation exchange resinscan be* revived”
or “regenerated” by passing amoderately concentrated solution of sulphuric acid throughit. The
anionexchangeresin canbe*revived” by treating with moderately concentrated sol ution of caustic
of caustic sodaor sodium carbonate.

Disadvantagesof hard water : Hard water, when used in boilersinindustries causesformation
scaesinboiler. Thiseatsaway themetal layer and also causeswastage of heat energy. Henceonly
soft water isused inindustries. Besides, hard water causes wastage of soap.

M easur ement of Har dnessof water : Hardness of water isdueto the presence of soluble salts
of calcium or magnesium. Quantity of these satsin acertain volumeor weight of water measures
the extent of hardnessor degree of hardness.

Degree of hardness of water: The degree of hardnessis refined as the number of parts by
weight of calcium carbonate (equivalent to various cal cium and magnesium salts) presentsina
million parts (ppm) by weight of water.

19.2.1 a Intext Questions:

1. Whatismeant by hard water?

What you have learnt:

g &~ w D PE

Description about soft water and hard water.
Temporary hardness.

Different methodsfor remova of hardness.
Different disadvantagesdueto hard water.
Measuring the hardness of water.

Terminal Exercise:

A W DN

How to removetemporary hardness?

Explain about Clark’sMethod?

How to remove hardnesswater by permutit method?
Explain about ion exchange method?
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19.2.1.a Answers to intext questions:

1.
2.

3.
4.

Water which doesnot givelather with soap iscalled hard water.

Hardness of water isdueto the presence of calcium & magnesium bicarbonates, chloridesand
sulphates.
Ca2+(aq) Ca.

5 = Soap | +Na* ()
Mg* @ Mg

2 Na Soap(aq) +
Boiling Water

19.2.1.b Hydrogen Peroxide
Industrial preparation of H,O,

1) Electrolysis:

Hydrogen peroxideismanufactured by the e ectrolysisof 50% sul phuric acid solution. The product
isthis subjected to vacuum distillation. Thedistillateis 30% solution of H,O,. Thefirst product
formedinthecourseof ectrolysisisperoxy disulphuricacid. Whichisformed by trheeectrolytic
oxidation of sulphuricacid. Thereactionsare

2H,SO, ——  2HSO, +2H*

2H,S0O, —>  HS0, + 2e(at anode)
Peroxy disulphuric acid reactswith water during distillationtoformH,0O,

H. SO, .+ 2H.0O — 24,80, ,,+ H,0,

2727 8(ad) 270

2H +2e —— H, (at cathode)

Fig. 19.2.1.b Manufactureof H,0O, by Electrolytic process
1. Platinumanode 2. Diaphragm 3.50% H_SO, 4. Icepieces 5. Lead cathode
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Hydrogen peroxideisa so obtained by thed ectrolys sof an agneous sol ution of ammonium sulphate
and sulphuric acid in molar proportions. The electrolysisiscarried out at alow temperatureina
cell provided with aplatinum anode and alead cathode. Thetwo el ectrodes are separated by a
porous stoneware diaphragm.

By auto—oxidation:

The modern process for the manufacture of H,O, is based on the auto oxidation of 2- ethyl
anthraquinol. Thismethod involves aternative oxidation and reduction steps of 2-ethyl anthra
quinol. A 10% solution of the compound is prepared inamixture of benzeneand an a cohol

OH cH
25 O JAir
+HO,
[

2- ethylanthra quinol 2- ethylanthra quinone

Airispassed through themixture. Theresulting 2-ethyl anthraguinoneisthen reduced by passing
hydrogen under apressureof 1to 3 atmospheresat 4°C with catalyst pt pdorni. Thisgivesback
2-ethyl anthraguinol. TheH,O, formedinthisreactionisextracted withwater and thedilutesol ution
of H,O, isconcentrated to obtain H,O, of the required strength.

(@]

1l CH, Pol / Pt/ Ni catalyst Cf
X Y O“ e

I

19.2.1.b Intext questions:

1. Whatistheélectrolyte usedinthe manufacture of H,0O, by electrolysis?

What you have learnt:

Preparation of H,O, by electrolysis.
Preparation of H,O, by auto oxidation.

Terminal exercise:

1
2.

Explainthe preparation of H,O, by electrolysis.
How do you prepare H,O, by auto oxidation.

19.2.1.b Answer to in text questions.

1
2.

50% sulphuric acid.
2- ethyl anthraquinol.
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19.3.1.5.a Preparation and properties of NaOH

NaOH isaso known ascaugtic soda. It isahighly useful chemica inanumber of industries. The
manufacture of thiscompound isdoneintwo methods.

1) Caudticizing Process,  2) Electrolytic Process.

1. Caugticizing Process: Whenmilk of lime Ca(OH), isadded to awarm, dilute solution of sodium
carbonate at 80-85°C, sodium hydroxideisformed.

Ca(OH), + Na,CO, —— CaCO, + 2 NaOH (caustic soda)

Calcium carbonate is slightly soluble and separates out asamud at the bottom this processis
cdled caudticization

NaOH formed is98% pure solution.

2. Electrolyticprocess: inéectrolytic processvery pure caustic sodacan beobtained. Theprinciple
used in the various process can be summarized by follows.

Brine Solution (an aqueous sol ution of NaCl) iselectrolysed. Thefollowing changestake place
during electrolyss.

2NaCl —— 2Na +2CI (ionization)
AtCathode 2H,0+2e° —— 20H +H, (reduction)
2Na'+20H —— 2NaOH_,
Atanode 40H —— 2H,0+0,+4e (oxidation)

2CI"  —— CI,+2¢e (oxidation)
Two cdllsare used for the manufacture of NaOH
1) Nelson Cell, 2) Castner —kelIner cell.

(a) Nelson (Cell) Process:

Nelson cell based for the manufacturing of sodium hydroxide.
Principle: Ondectrolysisof Brinesolution thefollowing reaction take place

2NaCl —— 2Na'+2CI (lonization)
Atanode 2CI” —— CI?*+2e (oxidation)
Atcathode2H,O0 + 26 —— 20OH +H, (reduction)

2Na"+20H —— 2 NaOH

Hydrozen gasliberated at cathodeand Cl,, gasliberated at anode. The solution becomesrichwith
NaOH andiscollected inthereceiver.
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Process. A perforated steel U-tubelined inside with asbestosis used as cathode brine solution
takenin U-tubeanditismounted inanirontank. A carbon rod suspended into the brine solution
actsasanode. The cathode and the anode are separated by the asbestos|ining present inside the
U-tube.

On passing electric current Cl isliberated at the anode and isled out. NaOH is collected at the
bottom. Na'" ionsare attracted towards the cathode they passthrough the asbestosand reach the
cathode and reactswith the steam to form NaOH.

The steam blownwhen electrolysisiscarried out givestwo advantages.
1 to keep the solution hot and
2. to clear the perforation of theasbestoslining

Fig. 19.3.1.5.a Nelson cell
1. Perforated steel U-tube & cathode (perforations blown up for easy understanding of the student)
2. Asbestoslining 3. Brine Solution 4. NaOH solution collected 5. Cl, outlet 6. H, outlet

7. Steaminlet 8. Brineinlet 9. Graphite anode

Castner — Kélner Process:
Thisprocessisa so known asmercury cathode process.

Principle: Brine solutionis subjected to electrolysis using mercury as cathode. Cl, gasevolvesat
anode. Sodium Amalgam formed at cathode when sodium amalgam reactswith water NaOH is
formedevolvingH, gas.

Electrodereaction in thecell

a Intheouter comportments
2NaCl —— 2Na“+2Cl (ionization)
At graphiteanode
2CI" —— Cl,+2e (oxidation)
At mercury cathode
Hg+2Na +2e —— NaHg.
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b) inthecentral compartments
at anode NaHg-2e ——> 2Na'+Hg

at cathode 2H0+26 —— H,+20H
2Na' +20H" — 2 NaOH

c|| = r—— -
o= -y e
1 L ?-'-I-.‘ o e Lt ._.,_"'JI.."._'_,.-_“___ Tt
$ ¥ | b y
o 4 - ‘ " )
+ a te
- o ‘ : 2
. & Cr—r 1 o ] o T e ] P
ot A Ml ) e ) e I N el
S e SR E PR R o Fae e
o FeEH R AT A LERT
S el D 2 1 H J= A =="1,
% e g s 2FEET, LA —
Al=% == Yl e b I e I
) - y
Y TR G TP r
- P LR Y .
P a0 o \
. by & L .
\‘:-" iy MY e =
8 £, R NS kT Al

Fig 19.3.1.5.b Castner - Kellner Process.
1. Cl, 2& 3.BrineSolution 4. Caustic Soda

Process: A rectangular irontank isdividedinto three comportmentsby the suspended d ate partitions.
Thepartitionsdo not reach the bottom of thetank. The bottom of thetank iscovered with mercury.

Intwo outer comportments, Brine solution istaken. Thetwo graphiterods projected into brine
solution actsasanode.

In central comportment di NaOH solution istaken. A bunch of iron rods are suspended in the
central comportmentswhich actsas cathode.

When electricity is passed the mercury layer at the bottom functions as cathode in the outer
comportmentsand asanodeisthe central comportment (Hence the mercury layer at bottomis
called asintermediate, electrode by induction). Cl- ions are discharged at anode and Cl, gas
evolved from outer comportments. Na“ionslosetheir charge at the mercury and form Nametal.
Nametal forms sodium amalgam with mercury. The amalgam isthen brought into the central
compartment by the use of eccentric wheel sodium amalgam formsNaOH withwater andH,, gas
isreleased.

Properties of Sodium Hydroxide:
a) Physical Properties:

NaOH ishygroscopic substance of redly dissolveinH,O. Anexothermic changetakeplaceforming
ahydrated compound. NaOH x H,O. It issoapy to touch. It absorbs CO, from atmosphere.

b) Chemical properties
) Itisvery strongalkaliitisneutralized by acidsto give salts.

Ex: NaOH + HCOI ——  NaCl +H,0
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i) Reactionwithmetas
Zn, Al and Sn areanphoteric metal sthey displace H, from NaOH
Zn+2NaOH —— NaZnO, +H,
Sodiumzincate
2 Al + 6 NaOH —— NaAlO, + 3 H,
Sodiumaluminate
iif) Reactionwithnonmetals
1) With Fluorine: FHuorinereact with dilute NaOH and givesoxygen difluoride
2NaOH +2F, —— 2NaF + OF, + H,0
With conc. NaOH
4NaOH + 2F, —— 4NaF+2H,0+0,
2) With chlorineand other halogens:

Cold & dilute
2NaOH+X2 —_— Nax+NaOX+H20
Hot and concentrated NaOH

6NaOH +3X, —— 5Nax + NaOX, +3H,0
3) With C and Si Fused NaOH getsreduced by C:
6NaOH +2C —— 2Na+2Na,CO,+ 3H,7T
Concentrated NaOH reactswith S on heating to give sodium silicate
2NaOH +Si +H,0 —— NaSO, +2H,
4) With Ammonium salts:
Ammonium saltsreact with NaOH liberatesNH,
NaOH + NH,Cl —— NaCl + NH,+H,O
5) With acidicoxides: Acidic oxidesreact with NaOH and givetheir salts,
2NaOH+CO, —— NaCO,+H)0

6) With compounds:
When hydroxides are unstable oxides are preci pitate out.

2AgNO,+2NaOH —— 2AgOH +2NaNO,
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2 AgOH —— Ag,0l+HO
ZnS0,+2NaOH ——  Na,SO, + Zn(OH),
Zn(OH) ,+NaOH —— Na,ZnO,+ZH.0

Uses of NaOH

Soap, paper and rayon industriesuse NaOH.
Inthemanufacture organic coloring matter.

1
2
3. Inthepreparation sodium compoundslike NaOX, NaX O,
4. Inpetroleumrefining.

5

Inthelaboratory asareagent and asacleansing agent.

19.3.1.5.c Salts of Alkali metals:

Alkali metalsform oxo—sdtslike carbonates, bicarbonates, nitratesand nitrites, some compounds
of interest are studied here.

Sodium nitrate(NaNO,)
Thisisnaturaly availableaschile salt petre. It can be prepared by action of HNO, onNa,CO,
Na,CO, + 2HNO, —— 2NaNO, + H, + CO,
1) Itiswhiteddiquescent, crystaline, solid, solubleinwater.
2) Itisstablebut on strong heating decomposes
2NaNO, ——  2NaNO,+O,
Uses:
1) NaNO,used asnitrogenousfertilizer inagriculture.
2) Itisusedinthe manufacture of HNO,, NaNO, and KNO,
Preparation of Na,CO,& NaHCO,

Na,CO, : The hydrated Na,CO,. 10H,0 is known as washing soda. The anhydrous salt is
known assodaor sodaash. Itismainly prepared by two methods 1) L eblanc Process, 2) Ammonia
— Soda process.

19.3.1.5.d. 1.Leblanc Process:

Itisimportant for its principle and the by products. The raw meterals used in the process are
NaCl, C, H,S0, limestone etc. reaction sequenceisasfollows.

NaCl + H,S0O, —>  NaHSO, + HCL
NaHSO, + NaCl —>  NaSO, + HCl
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Na, SO, +4 C — NaS+4CO
Na,S + CaCoO, —— NaCO, + CaS (Black ash)

19.3.1.5.e. 2. Ammonia—soda or Solvay process

Thisprocess cameinto prominence dueto thelow cost of products of sodium carbonate.

Principle: IntoBrinesolution NH, gasis passed and saturated to resultinammonical brine. Brineis
saturated with CO, asaresult formation of relatively lesssolubleNaHCO,. Thethermdl dissociation
of NaHCO, gives Na,CO..

H,0+ CO,+NH, —— NH,* + HCO;
Na'+ HCO, —— NaHCO,
2NaHCO, @ —— NaCO,+CO,+H,0
The CO, required for the process obtained from line stone.
Pr ocess.

1)  Saturation of Brinewith ammonia: Theammoniaabsorption tower isfilled with brinesolution.
Thenammoniagascontaining asmall amount of CO, ispassedintoit. Thesolution when allowed
to settle down, precipitatestheimpurities (Ca, Fe. Mg hydroxidesor carbonates)

2NH,+H,0.CO, —— (NH),CO,
MgCl, +(NH,),CO, —— MgCO,+2NH,CI
Theprecipitatesarefiltered & thefiltrateissent to * carbonation tower’

i)  Carbonation of ammonical brine: Thecarbonationtower iscylindrical irontower which contains
perforated plates arranged on and abovethe other.

NH,+H,0+CO, —— NH,HCO,
NaCl + NHHCO, —— NaHCO, + NH,Cl

Fiam

195 13

= C0, slaam

Fig No. 19.3.1.5.e Preparation of sodium car bonate - Solvay process
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V)

Filtration: Theliquid from the carbonation tower issent into vacuum filter whereNaHCO, is
filtered off. Thefiltrate containing anmoniasaltsis pumped into ammoniaregeneration tower.

Ammoniaregeneration: The milk of lime Ca(OH), for regeneration of NH,, is produced as
follows

CaCo, —— Ca0+CO,
CaO+H,0 —— CalOH),

Thefiltrateisrun downfromthetop of theammoniaregeneration tower ismixed with Ca(OH), to
liberate NH,, gaswhichis sent back to saturation tank.

NH,HCO, @ —— NH,+H,0+CO,

Ca(OH),+2NH,CI —— CaCl,+2NH,+2H.0
Decompositionsof NaHCO, at high temperatures
TheNaHCO, obtained inthefilter isheated to giveNa,CO,

2NaHCO, —2— Na,CO, + H,0 + CO,

Propertiesof Na,CO,

Physical properties:

1.
2.

> W

Na,CO, iswhitecrystallinesolid

Itisan efflorescent substance and loseswater of crystallization when exposedto air.
Na,C0,.10H,0 —— Na,CO,.7H,0 —> Na,CO,H,0

It meltsat 852.1°C

It dissolvesinwater with liberation of hest.
Na, CO, + H, O —— 2NaOH + H,CO,

Chemical Properties.

1.

Reactionwith acids: Acidsliberates CO, from sodium carbonate.
Na,CO, + 2HCl —— 2NaCl + H.O+ CO,

Reaction with non-metalsand their compounds Na,CO, reactswith Sand SO, to give sodium
thio sulphate.

Na,CO, + SO, —— Na,SO, + CO,
NaSO,+S —— NaSO,

Water glassinformed when Na,CO, isfused with silica(SO,)
Na,CO, + S0, —— NaSO, + CO,
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4. Reactionwith compounds:. in solublemetal carbonatesare preci pitated from sol ution on addition
of sodium carbonate solutions.

MgCl,+Na,CO, @ ——  MgCO, | +2NaCl
ZnSO, + Na,CO, ——  ZnCO,l +Na,SO,

Uses of Na,CO.:

Na,CO, isused inthe manufacture of glass, water glass.
In softening of hard water

Inthepetroleum industry inrefining process
Inlaundries, paper industry

g s~ w D PE

Inthelaboratory asareagent in qualitative and quantitative analysis.
Preparation of NaHCO,;

Inthe manufacture of sodium carbonate by solve processthe sodium bicarbonateisobtained this
iIscommercially used asit isthe sodium carbonateis converted into the sodium bicarbonate by
saturation of aguonsNa,CO, with CO,

Na,CO, + H.O+ CO, —— 2NaHCO,
Properties:
1. Itiswhitecrystalinesolid. Itislesssoluble comparedto Na,CO, inwater.
2. ltgivesanakainesolutiondueto hydrolysis

NaHCO, + H,O —— NaOH + H,CO,

3. NaHCO, doesnot givesany colorationwith phenol phthalein but gives coloration with methy|
orange. Thisproperty usedin the quantitative estimation of HCO, and CO,~inthismixture.

Uses:

1. Inmedicineasanantacid

2. Inthefireextinguisherstoliberate CO,
3. Incooking asabacking powder.

Prepar ation and uses of NaCl

Common satisfoundin seawater and inlandlakesintheform of rock sat. From these sources
NaCl isobtained by evaporation by solar heat and wind.

Properties:

1) Ordinary NaCl isdlightly hygroscopic dueto presence of Caand Mg chlorides.
2) Solubility of NaCl haslittleeffect with changeintemperature.
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Uses:

1) Itisessentia congtituent of our diet
2) Itisstarting material for the manufactureNaor Cl,,, Caustic Soda
3) Inthepreparation of freezing mixturewithice

4) Asapreservativefor meat andfish.

Biological importanceof Naand K

Thereare27 metalsand non metalsinliving systemsout of them Na, Ka, Mgand Caarerequired
inmaor quantities.

Thepresenceof Na+ and K* ionsinside and outside the cell produce an el ectrical potential across
the cell membrane.

The presence of Na' ionsisassociated with the movement of glucoseinto the cells. The excess
Na'ionsentering thecell are expelled in the pumping out process.

The potassumionsareessentia for themetabolism of glucoseinsdethecell andinthe synthesis
of proteinsand the activation of certain enzymes.

19.3.1.5.a Intext questions:

1
2
3.
4
5

Draw anesat diagram of Nelson cell and label it.

Write equation for reaction of NaOH with Al metal.
Writeequationsinvolved in preparation of NaOH by electrolysis.
How Na,CO, converted to NaOH.

How Na,CO,isusefull intheremova hardnessof water.

What you havelearnt:

1
2
3.
4
5

Preparation of NaOH by causticizing method Nel son process, Castner-K ellner method.
Reactionsof NaOH with, metals, non metal swith some compounds di scussed.
Ampotesic metd sgiveshydroxideswith NaOH, which dissolvein excessNaOH.
Na,CO,, NaHCO, are commercially important compounds.

Sodium, Potassium areimportant e ementsin cell biology.

Terminal Exercises:

1.
2.
3.

Givetheequation for the NaOH with halogens.
Write equationsinvolved inthe manufacture of Na,CO, by solve process.

What istheroleof akali metalsincell biology.

68



4. Whatisroleof mercury inthe manufacture NaOH by castner-Kellner process.

5.

Write equation for the reaction of NaOH with carbon and silicon.

19.3.1.5.a Answersto Intext Questions:

1
2.
3.

Seethediagram

6 NaOH + 2 Al - 2NaAIlO, + 3 H,
Nacl — Na'+Cl-

Atanode2Cl — Cl, +2¢€

At Cathode2H,O0+2e— 20H +H,
2Na" +2 OH — 2 NaOH

Na,CO, + Ca(OH), — 2 NaOH + CaCO,

Na,CO, reactswith chlorides, sulphate of heavy metals present hard water and convertstheminto
insolublecarbonate.

Ex:- MgCl, + Na,CO, -»MgCO, + 2 NaCl.

1944.a Alkaline earth metals

Ca0, CaCO, lime, limestone
Preparation and uses of CaO

Calcium oxide also known asquick timeisprepared from line stone by calcination.

CaCO, —*— CaO + CO,

Reversereaction also takes place. To prevent back ward reaction CO, isremoved from reaction
mixture.

Usesof limeand lime stone:

Ca0 isusedin the manufacture of mortar cement and calcium chloride. A mixture of 1 part of
dackedline, 3 partsof sand and water isknown aslime—mortar dacked line. When mixed sand
harden dueto theformation of calcium silicate.

Ca(OH),+S0O, —— CaSIO,+H,0
Mortar becomeshard with timedueto severa chemical reactions.

Mortar mixed with cementiscalled* cement mortar”. Thisisstronger than mortar.

CaCO;,: Itisavailablein natureindifferent formslike chalk, marble, pumice stoneetc. linestone
Isused asaflux in metallurgies. Marbleisused for building purposes, manufacture of cement.
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Biological importanceof Mgand Ca

1
2)

3)

1
2)
3)
4)

Role of Mg ions

Mg areconcentratedinanimal cdlls

Enzymeslike ' phospho hydrolyses' and phospho transferasescontain Mg*2 ions. Theseenzymes
participatein ATPreactionsand rel ease energy in the process.

Mg*?iscongtituent of chlorophyll

Role of Ca*2in biology

Ca'?ispresent in bones and teeth as apatite Ca,(PO,).. Enamel on teethisflour apatite.
Itisnecessary for blood clotting.

Caionsare necessary to maintain heart beating.

Ca?lonsare necessary for muscle contraction.

19.4.4.a Intext questions:

1.

A mixtureof 1 part of dacked time, 3 partsof sand and water isknown aslime mortar when mixed
sand hardensdueto formation of calciumsilicate.

Enzymeslike phospho hydrolysisand phaspho transferasescontain Mg*2. Theseenzymesparticipate
in ATPreactionsand releaseenergy in process. Mg*iscongtituent of chlorophyll.

19.4.4.a Answer'sto I ntext questions:

1.
2.

What ismortar? How it isharness?

What istheimportance of Mg ionsin biology.
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GENERAL CHARACTERISTICS
OF THE p-BLOCK ELEMENTS

The p-block of the periodic table consists of the elementsof groups 13,14, 15, 16, 17 and 18.
These elements are characterised by thefilling up of electronsin the outermost p-orbitalsof their
atoms. Someof thesed ementsand their compoundsplay animportant roleinour daily life. For example:

o Nitrogenisusedinthe manufactureof ammonia, nitric acid and fertilizers. Trinitrotoluene (TNT),
nitroglycrine, etc., are compounds of nitrogen, which areused asexplosives.

o Oxygenpresentinairisessentia for lifeand combustion processes.

o Carbohydrates, proteins, vitamins, enzymes, etc., which contain chain of carbon atoms, are
responsiblefor the growth and devel opment of living organism.

Theusual trends (vertical aswell ashorizontd) invarious propertiesobservedinthes-block are
observed in thisblock, too. Aswemovefrom top to bottom through avertical column (group) some
smilaritiesareobservedinthe properties. However, thisvertical amilarity islessmarkedinthep-block
than that observed inthe s-block, especially in groups 13 and 15; vertical similarity isincreasingly
shown by thelater groups. Asfar asthe horizontal trend isconcerned, the propertiesvary inaregular
fashion aswe movefrom left toright acrossarow (period).

Inthislessonweshdl study someimportant physica propertiesw.r.t. theof eectronic configuration
of theatom. Finally, weshd rel atethe periodicity inatomic propertiesto the observed chemica behaviour
of their compounds, with special referenceto their oxides, hydridesand halides.

P\
Objectives
After reading thislessonyou will beableto:
o describethegeneral mode of occurrence of these elementsin nature;
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o recall thedectronic configurationsof thep-block elements;
o explainthevariationsinatomic and physical propertiessuchas
(i) aomicandionicsizes,
(i) ionizationenhdpy;
(iii) eectronegdtivity;
(iv) eectron-gainenthdpy;
(v) metadlicand non-metallic behavioursaong the period andinagroup of theperiodictable;

o correlatethe propertiesof the elementsand their compoundswith their positionsin the periodic
table;

o explaintheanomalous propertiesof thefirst element in each group of thisblock and

o explaninert pair effect.

20.1 Occurrence of the p-block Elementsin Nature

The p-block elementsdo not follow any set pattern of mode of occurrencein nature. Some of
them occur free aswell asin the combined statein nature. For example, el ements such as oxygen,
nitrogen, carbon, sulphur occur in both the forms. Noble gases occur in free state only. All other
elementsusudly occur inthe combined state. Thedistribution of theseelementsin natureisalsofar from
any uniform pattern. Some of them are quite abundant, e.g., oxygen, silicon, auminium, nitrogen etc.
Ontheother hand the heavier membersin each group of the block aregenerally much less abundant.
Theimportant mineral sassociated with e ementswill be considered whenever itisnecessary at the
appropriate placesin thetext.

20.2 Electronic Configuration

Among theelementsof p-block, the p-orbitalsare successively filled in asystematic manner in
each row. Corresponding to the filling up of 2p, 3p, 4p, 5p and 6p orbitals five rows of p-block
elementsarethere. The outer electronic configuration of the atoms of these elementsisns?np'®.

20.3 Atomic Size

The atomic radius of the of p-block elements generally decreases on moving acrossaperiod
fromleft toright intheperiodic table. It isbecausethe addition of electronstakesplaceinthe same
valence shdll and are subjected to anincreased pull of thenuclear charge at each step. Thevariationin
atomicsizealong aperiodisshownin Table20.1.
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Table20.1: Variation in Atomic Sizein arow from Boron to Fluorine

Element Boron Carbon Nitrogen Oxygen Fluorine
Outer electronic 2&%2pt 25°2p? 25°2p° 25%2p* 25°2p°
configuration

Nuclear charge +5 +6 +7 +8 +9
Effective +2.60 +3.25 +3.90 +4.55 +5.20
nuclear charge

Atomicsze(pm) 88 77 70 66 64

On moving down agroup, the atomic radius of the elementsincreases asthe atomic number
increases. Thisisdueto theincreasein the number of shellsaswemovefrom one element to the next
downthegroup. Theincreasein nuclear chargeismorethan compensated by theadditiona shell. The
variationin atomic size on moving downagroup isshownin Table 20.2.

Table20.2: Variation in atomic sizedown agroup

Elementsof  Outer electron Nuclear Effectivenuclear Atomicsize
Group 13 configuration charge charge (pn)
Boron 25°2p' +5 +2.60 88
Aluminium 3%3p +13 +11.60 118
Gdlium 4%4p +31 +29.60 124
Indium 5¢°5p +49 +47.60 152
Thellium 65°6p' +81 +79.60 178

20.4 lonization Enthalpy

Itistheamount of energy required to removethemost |oosely bound e ectron from the outermost
shell of aneutral gaseousatom. It ismeasured in kdmol ™ and isknown asfirst ionization enthal py.

Thefirstionization enthal py of the p-block elementsgenerally increaseson moving fromleft to
right dong aperiod. Itisbecauseaswemovefrom|eft toright along aperiod, the atomic Size decreases.
Inasmall atom, theelectronsare held tightly. Thelarger theatom, thelessstrongly the electronsare
held by the nucleus. Theionization enthal py, therefore, increaseswith decreasein atomic size. However,
thereare certain exceptions, e.g., thefirst ionization entha py of agroup 16 eement islower than that of
agroup 15 element. Itisbecausein case of agroup 15 element, the electronisto beremoved fromthe
half-filled p-orbitals. A comparison of firstionization energiesof somedementsisgivenin Table20.3.
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Table 20.3: Comparison of fir st ionization enthalpies (kJ mol ™)

B C N 0 F Ne
801 1086 1403 1310 1681 2080
A S P S c Ar
577 796 1062 999 1255 1521

In general thefirst ionization enthal py decreasesin aregular way on descendingagroup. Itis
because on descending agroup, theatomic sizeincreases. Asaresult theeectronsarelesstightly held
by the nucleusand therefore, first ionization enthal py decreases.

Intext Questions 20.1

1. Whichof thefollowing atomsisexpected to have smaler size?
() oF and .Cl (i) ,Cand S (iii) ;Band ,C
(iv) ,Cand_N
2. Whichatominthefollowing pairsof atomsisexpected to have higher ionization enthal py?
() ,Beand B (i) ,cSand .,Cl (iii) ,Heand ;,Ne
(iv) (Oand S
3. Arrangethefollowing atomsin order of increasingionization enthalpy: ,He, ,Be, /N, ;;Na

4. How doestheionization enthalpy vary in general in agroup and in aperiod of the p-block
elements?

20.5 Electron Gain Enthalpy

When an el ectronisadded to aneutral gaseousatom, heat energy iseither released or absorbed.
Theamount of heat energy released or absorbed when an extraelectron isadded to aneutral gaseous
atomistermed aselectron gain enthalpy, i.e., energy changefor the process:

X(@+e — X (9)

Generally for most of the atoms, the el ectron gain enthalpy isnegative, i.e., energy isreleased
when an el ectron isadded to aneutral gaseousatom. But for someatoms, the electron gain enthalpy is
apositive quantity, i.e., energy isabsorbed during the addition of an electron.
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Electron affinity generaly becomes more negative on moving from|left toright along aperiod. It
is because on moving across aperiod, the atomic size decreases. Asaresult theforce of attraction
exerted by the nucleuson the el ectronincreases. Consequently the atom hasagreater tendency togain
an electron. Hence, ectron gain entha py becomesmorenegative.

On moving down agroup, the el ectron gain enthal py becomes|essnegative. Thisisduetothe
increasein atomic Szeandthus, lessattraction for thedectrons, theatomwill havelesstendency togain
an dectron. Hence, e ectron gain enthal py becomeslessnegative. But inthe halogen group, theelectron
gainenthapy of chlorineismore negativethan that of fluorine. Itisbecausethesizeof theFatomisvery
small which makesthe addition of electronlessfavourabledueto inter electronic repulsion. Similar
Stuation existsfor thefirst element of each group.

Table 20.4 : Electron gain enthalpies of some p-block elementsin kJ mol™

B C N 0 F
~0.30 ~1.25 +0.20 ~1.48 -36
Al S| = S a
~0.52 ~1.90  -0.80 -2.0 38

20.6 Electronegativity

Electronegativity isdefined asameasure of the ability of an atom to attract the shared electron
pairinacovaent bondtoitsalf.

Electronegativity increases a ong the period and decreases down the group.

Fluorineisthemost € ectronegativeof al theelements. Thesecond most e ectronegative e ement
isoxygen followed by nitrogeninthethird position.

20.7 Metallicand Non-metallic Behaviour

Thedementscan bebroadly classifiedinto metalsand non-metas. Metalsaredectropositivein
character i.e., they readily form positive ions by the loss of electrons whereas non-metals are
electronegativein character i.e., they readily form negativeionsby the gain of electrons. Themetallic
and non-metallic character of p-block elementsvariesasfollows:

Alongthe period the metallic character decreases, whereas non-metallic character increases. It
isbecause on moving acrossthe period, the atomic size decreases dueto theincreased nuclear charge
and hence, ionization energy increases.

Onmoving down the group the metallic character increases, whereas non-metallic character,
decreases. It isbecause on moving down agroup, theatomic sizeincreases. Asaresult theionization
energy decreasesand tendency to loseelectronsincreases. Therefore, meta lic character increasesand
non-metallic character decreases.
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20.8 Anomalousbehaviour of thefirst Element in

Each Group of the p-Block

Theeementscomprising s-block and p-block are called main groupsor representative e ements.

Sincetheatomic radii decrease acrossaperiod, the p-block atomsare smaller than their nearest
sor dblock atoms; thus F atom hasthe smallest radius. Associated with small atomthe2p orbitalsare
very compact and influence the bondsformed. Interel ectronic repulsionsarethusmoresignificant in
2p than in np orbitals (where n > 2). Thisresultsin the N — N, O —O and F — F bonds being
comparatively weaker thanthe P— P, S— Sand CI — CI bonds, respectively.

Thesmall size of theatomsof N, O and F resultsin their high electonegativity values. Thisis
reflected intheformation of relatively strong hydrogenbondsin X —H .... Y,where X and Y may be
N,OorF

Carbon, nitrogen and oxygen differ from other elements of their respective groupsdueto their
unique ability toform pr— pr multiple bonds. For exampleC=C,C = C,N=N,O0=0, etc. The
later memberssuchasSi, P, S, etc., do not form prt — prt bonds because the atomic orbitals (3p) are
too largeto achieveeffective overlapping.

Thevaence shell capacity of the p-block elementsin the second period limitsthe coordination
number to amaximum of 4. However, in compounds of the heavier membersthe higher coordination
numbersare attainable. ThusBH, and BE, ; contrast with [AIF]*"; CF, contrastswith [Si F]*” and
NHZ; contrastswith[PCI ] . Inthe heavier members of each group d-orhitalsare availablefor bonding
and their participation may be envisaged in the attainment of the higher coordination number.

209 Inet Pair Effect

Among theelementsof p-block, in groups 13,14 and 15, thereisageneral trend that the higher
oxidation states becomeless stabl e in-going down the group. Thusathough boronand auminiumare
universally trivalent, gallium, indium and thalliumexhibit + 1 stateaswell. Infact + 1 stateof thalliumis
very stable. Smilar stuationsarenoticed in groups 14 and 15. Though carbonisuniversaly tetravaent,
itispossibleto prepare divalent germanium, and lead compounds. The stable state of +3 in antimony
and bismuthin group 15 isanother example.

Outer electron configurationsof group 13, 14 and 15 elementsare ns’np, ns’np? and ns’np°,
respectively. They arethusexpected to show the higher oxidation stateof +3, +4 and +5 respectively.
But the preference of heavier elements of these groupsto show + 1, +2 and +3 states, respectively
indicatethat two electronsdo not participatein bonding. Thereluctance of s-electronstotakepartin
chemical bondingisknown asinert pair effect.
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Thesocdled“inert pair effect” istherefore, ascribed to two factors.

1. Theincrease in the promotion energy from the ground state (ns? np?) to the valence state

(ns' np).
2. Poorer overlap of the orbitals of thelarge atoms and hence poorer bond energy.

Thenet resultisthelesser stability of higher oxidation state with theincreasing atomic number in
thesegroups. Oncetheinvolved energies aretaken into consideration, theso called “ inert pair
effect” termlosesitssignificance.

I ntext Questions 20.2

1. Why doesfluorine have el ectron gain enthal py lower than chlorine?

2. Whichaominthefollowing pair of atomshasgreater e ectron gain entha py?
(i) kR Cl (i) Br,1 (iii) I, Xe (iv)O,F
v O, S

behaviour.

20.10 General Trendsin the Chemistry of the p-Block Elements

The p-block elements except noble gasesreact with hydrogen, oxygen and halogensto form
various hydrides, oxides and halides respectively. A more or lessregular trend is observed to the
properties of these compounds on moving down any particular group. The noble gaseshave almost
zero electron &finity and havevery highionization enthapies. Therefore, under normal conditions, the
atomsof noblegaseshavelittletendency to gain or lose el ectrons.
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20.10.1 Hydrides

Thehydridesof the p-block elementsarelisted in table 20.5. They are covalent moleculesand
their bond anglesare consistent with V SEPR theory. The anglesdecreasefrom 109.5°inCH ,to 107°
inNH, and 104° inH,0.

Thesehydridesarevolatilein nature. Generdly their acid strength increasesfrom left toright and
fromtop to bottom.

Table 20.5: Hydridesof p-block elements

Group

13 14 15 16 17
B,H, CH, NH, H,O HF
(AIH, )X SH, PH, H,S HCI
Ga,H, GeH, AsH, H,Se HBr

InH, SH, SbH, H,Te HI

TIH, PbH,, BiH, H,Po -

20.10.2 Oxides

p-Block elementsform a number of oxideson reacting with oxygen. The oxides E,O,
(n=3,50r 7) arethehighest oxidesformed by theelementsin thegroups 13, 15 or 17 respectively.
TheoxidesEO, (n=2, 3 or 4) areformed by the elementsin groups 14, 16 or 18 respectively. Thus,
nitrogen forms NO, NO,,, N,O, and N,,O;; phosphorusforms P,O, and PO, ;, xenon forms XeO,
and XeO,.

o Inany particular group, thebasic nature of the oxides (oxidation state of the element remaining
same) increaseswith increasein atomic number.

o Inaparticular period theacidity increaseswithincreasein the oxidation state of the element.
20.10.3 Halides

A review of the propertiesof halidesof p-block elementsreveal sthat most of them are covalent
haides. Inagroup the covaent character of halides decreases down the group.

Where an el ement exhibits more than one oxidation state, the covalent character of ahalide
increaseswith theincreasein the oxidation state of the element forming halides. For example, whereas
PbCl, isanionic halide, PoCl , iscovaent. Similarly the covalent character of halides of aparticular
element increasesfrom fluorideto chlorideto bromide.

Covalent halidesare generally gases, liquidsor solidswith low melting points. These halides
usudly hydrolyseto givethe oxoacid of theelement. For example SCl, reactsvigorously with water
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ScCl,+4H,0 —— Si(OH), + 4HCl
dlicicacid

Ingenera the chlorides, bromidesand iodidesarefound to be more stablewith lower oxidation

state of theelement, whereasfluoridesareformed inthe higher oxidation states. Thehalidesareusually
formed by thedirect union of the element with the hal ogen. For example

Cg T Cly(@) — CClI (1)
2As(s) +Cl,(g) —— AsCl(9)

I ntext Question 20.3

1.

Which of thefollowing oxidesisthemost acidic?
(i) ALO, (i) CO, (iii) SO,
Which of thefollowing hydridesof maingroup eementsisthemost acidic?
(i)H,Se (i)H,0 (iii) HC (iv) HI
Arrangethefollowingintheincreasing order of covaent character.
scl,, CCl,, SnCl,, GeCl,

Giveeguationsfor theformation of thefollowing from thee ements:
(i) ALLO, (i)Sdcl, (iiccl,
Whichismorecovaentineach of thefollowing pairs?

(i) AICI,and BCI, (if) PbCl, and PhCl,



4. ,‘

oJ What You HaveL earnt

Theelementsof groups 13, 14, 15, 16, 17 and 18 constitute the p-block of the periodic table.

Some of the elements of the p-block arewidely and abundantly found in nature, viz., oxygen,
dlicon, duminium, etc.

Many physica and chemica propertiesof the p-block main group e ementsshow periodic variation
with atomic number.

Theionization enthal py isthe energy required to removethe outermost € ectron from aneutral
gaseousatom.

Theeectron gain enthal py isthe energy change when aneutral atom in agaseous state accepts
anelectron.

Electronegativity isthe ability of an atom in amolecul eto attract the electrons of acovalent
bondtoitsalf.

Thetop eement in each group showsaunique behaviour.

Thereluctance of s-electronsto take part in bond formationisknown as*inert pair effect”
p-Block e ementsform anumber of oxides on reacting with oxygen.

Mogt of the elements of the p-block form covalent halides.

General characteristicsof the p-block hydrides, halidesand oxides.

'a Terminal Exercise

NP

Which groupsof the* periodictable’ constitute p-block?

How doesthe magnitude of ionization energy of an atom vary along thegroup inthe periodic
table?

How does el ectronegativity change along arow of e ementsin the periodictable?
Explain‘Metdlic character decreases along aperiod but increases on moving down agroup’.
Discussthetrendsinthe chemistry of p-block elementswith respect to:

() acidic and basic natureof the oxides;

(i) ionicand covaent nature of the hydrides.
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10.

What is the cause of anomalous behaviour of the top element in each group of the p-block
elements.

What is‘inert pair effect’ ?Isthereany inert pair present or isit amisnomer?
Comment on the nature (ionic/covalent) of the hydrides of the p-block elements

How doesthe covalent character of halides of an element change with oxidation state of the
eement?

Whichislikely toform higher halideswith an element exhibiting variable oxidation state, F, or
Cl,?

@ Answersto I ntext Questions

20.1

A w DR

20.2

(i) oF (i) &€ (iii) «C (iv) .N

.Be (i) ,Cl (iii) ;He (iv) O

Na<Be<N<He

Inagroup, it decreasesdown thegroup and it usually increasesaong aperiod.

Theunexpectedly low vaue of éectron gain enthalpy for F ascompared to that of Cl atom may
beattributed to theextremely small size of Fatom vis-a-vis Cl atom. The addition of an electron
producesanegativeion which hasahigh electron density and leadsto increased interelectronic
repulsons.

(i) c (ii)Br i) (iv)F (v)S
(i)Smdl size

(i) absence of d-orbitals

Because oxygen can form multiplebonds (O =0O).

(1) Lower bond energy in the compounds of heavier atomsand

(ii) the higher energy involved in promotion from the ground state (sp') to the valence state
(sp?)-
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6.

20.3

©o o~ w bh B

L ower oxidation states become more stable.

For Tl, + 1 and for Pb, +2.

SO,

HI

SnCl, < GeCl, < SiCl,<CCl,

SiCl, +4H,0 — Si(OH), + 4HCl

Thebond angle decreasesfrom 107° to almost 90°.
(i) 4Al y +30,, — 2AI04

(i) Siy +2Cl,, — SICl, (1)

(iii) Gy +2Cl, ) — CCl,(1)

(i) BCl, (i) PbCl,
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P-BLOCK ELEMENTS AND THEIR
COMPOUNDS - |

You have already studied the general characteristics of the p-block elementsin the previous

lesson. Now, we shal discusssome of theimportant eementsand their compounds. Groups 13,14 and
15 of the periodic tablewill be considered in thislesson and groups 16, 17 and 18 in the next lesson.

F~\\
D), Objectives

After reading thislesson, youwill beableto

describethe methods of preparation of boric acid, borax, diborane and boron trifluoride;
explainthestructure of diborane, boric acid and boron trifluoride;

list the uses of borax, boric acid and borontrifluoride;

list examplesof double salts;

describethe preparation and uses of a uminium trichloride and potash alum;
explainthesructureof duminiumtrichloride;

list theallotropesof crystalline carbon;

comparethe structuresof diamond and graphite;

explainthestructure and properties of carbon monoxide, carbon dioxideand silicon dioxide;
compare hydrolytic behaviour of carbontetrachlorideand silicon tetrachloride;

describe preparation and uses of silicon carbide;

explaintheprocessesfor manufacture of ammoniaand nitric acid;

list the propertiesand usesof ammoniaand nitric acid;

explainnitrogen fixation: natura andindustria and

list afew nitrogenous, phosphatic and mixed fertilizerswith their importance.
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21.1 Boronand Aluminium

Boron and aluminium arethefirst two members of Group 13 of the periodic table. Thoughthe
outermost electronic configurations of boron and aluminium aresimilar yet thereisabig difference
between the propertiesof their compounds. Thiswill become clear when we study the compounds of
boronand duminium.

21.1.1 Boric Acid

Preparation: Boric acid (also called orthoboric acid) H,BO,, [B(OH),] isprepared by the action of
sul phuric acid on concentrated solution of borax (Na,B,O.. 10H,0). Boric acid separatesaswhite

flaky crystdls.
Na,B,O, + H,SO, + 5H,0 —— Na,SO, + 4H,BO,
Propertiesand Structure: Boricacidisawhitecrystalinesolid. Itissolubleinwater. It behavesasa

weak Lewisacid rather than aprotonic acid because it combineswith hydroxyl ions(OH™) of water to
liberate hydroniumions(H,O"). Thus

B(OH), + 2H,0 — [B(OH),]” + H,0"

When hesated, it decomposesto metaboric acid and finaly to boric anhydride (or boric oxide) at
red heat

375K Red heat L
2B(OH), TZO 2BO(OH) ——h0 B,O; (1) (Boric oxide)
Inboricacid, B(OH), unitsarelinked by hydrogen bondsto givetwo dimensiona sheets(Fig.
21.1). The sheets are held together by weak van der Waals forces which are responsible for the
cleavage of solid structureinto flakes.

A
0
I
B
H e
\Q/ Ol
H H
| :
. .O\B/o\H | )
| 0.
H B .H ‘H B
\O/ N0 \0/ \OI
}‘, ' H

Fig. 21.1: Sructure of boric acid; the dotted lines represent hydrogen bonds
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Uses: Boricacidisused:
(i) asanantiseptic,
(i) asafood preservative, and
(iii) inmaking enamels, pottery glazesand glass.
21.1.2Borax, Na,B,0..10H,0

In crude form borax occurs astincal in dried up lakes of India. It is also prepared from the
minera colemanite, Ca,B O, by theaction of concentrated sol ution of sodium carbonate

Ca,B,0,; + 2Na,CO, — 2CaCO, + Na,B,0, + 2NaBO,

Borax is crystallised from thefiltrate. Borax is a white crystalline solid of the formula
Na,B,O.. 10H,0. Onheating it loseswater of crystallisation.

Itisused:
() asandkalinebuffer indyeing and bleaching processes
(i) asapreservative
(i) inthemanufacture of optical and borosilicateglasses
(iv) asaflux,and
(v) inmaking glazesfor pottery andtiles.
21.1.3 Diborane, B,H,
Diboraneisthemost important hydride of boron.
Preparation:
Itisprepared by thefollowing methods:

(i) Bytheactionof lithium auminium hydrideon borontrichloride
4BCl,+3LiAIH, — 2B,H,+3AICl,+ 3LiCl
(i) Bytheactionof lithium hydrideon borontrifluoride
8BF;+6LiH — B,H,+6LIiBF,
Properties:
» Diboraneisatoxicgasand hasafoul smell.
* Itburnsin oxygen to giveenormousamount of energy.
B,H, + 30, — B,O, + 3H,0; AH = -1976kJ mol
* Itisreadily hydrolysed by water
B,H; + 6H,0 — 2H,BO, + 6H,
Structure: Themolecular structure of diboraneis shown below. Thetwo boron atomsand the four
terminal hydrogen atomsliein one plane, thetwo bridging hydrogen atomslie symmetrically above

and below the plane. If we consider the bonding situationin B,H,, thereare eight B—H bonds but only
twelve valence electrons. Obviously there are not enough electronstofill all the availableorbitals
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toformeight normal coval ent (two-centre) bonds. Thusbonding in diboraneisdescribed intermsof
two multi centrebonds, i.e., 3c — 2e or three centretwo el ectron B—H-B bondsand four normal B-H

bonds.
H \134 pm WH
120 <
./—\ 119 pm

Fig.21.2: Sructure of diborane, B,H,

21.1.4 Boron Trifluoride

BoronformshalidesBX, (X =F, CI, Br, I). All these halides with exception of fluoride, are
formed by the action of appropriate halogen on boric oxide at high temperature. Boron trifluorideis
formed by the action of hydrofluoric acid onboron oxide. Thus

B,O; + 6HF — 2BF; + 3H,0
BF; hydrolyses according to thefollowing equation
4BF; + 3H,0 — H,BO, + 3HBF,

BF; actsasan electron acceptor (Lewisacid) since B doesnot have an octet of electronsinits
vaenceshell; infact it hasasextet. It forms complexeswith nitrogen and oxygen donors, e.g. NH, and
ether, thus compl eting the octet of boron.

F,B « NH,and F,B « OFt,

Borontrifluorideisused asacatayst in Friedd -Craftsreaction such asakylation and acylation
andin polymerization reactions.

Thestructure of borontrifluorideisshowninFig21.3:

B—Fbondin BF; hasamultiplebond character sinceitsstructureisaresonance hybrid of three
resonating structures.

Notethat in the resonating structures boron completesitsoctet.
F F F
N | |
/BN = 4B\ =— /B
F F F F F

Fig 21.3 : Resonating structures of boron trifluoride

21.1.5 Aluminium trichloride

Aluminiumtrichlorideexistsasadimer asAl,Cl; a room temperatureand asamonomer at high
temperatures and is made by passing hydrogen chloride or chlorine over heated al uminium under
anhydrouscondition.
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2Al +6HCI — AlCl +3H,
2Al +3Cl, - AlLCI,

Whenpure, itisawhitesolid which sublimesat 453K. Aluminium hasonly threevaenceeectrons.
When these are used to form three coval ent bonds, theatom hasonly six eectronsinitsvalence shell.
Sinceitiselectron deficient it, therefore, existsasadimer. Thea uminium atomscompletether octets
by dative bonding from two chlorineatoms. Thearrangement of chlorineatomsabout each duminium
atomisroughly tetrahedral. The structure of thedimer isshowninFig. 21.4.

2 2
CI@,,] PN e
/AL 109% .\ AL _J118°
CI \CI CI

Fig.21.4: Sructure of AICI,
When treated with water it giveshydrated duminiumionsand Cl ™ ions:
AlCl, +6H,0 — 2[Al(H,0)]* +6CI~

Anhydrousauminium chlorideisused asacatalyst in Friedel-Crafts reaction because of its
Lewisacid character.

21.1.6 Double Salts; Alumsand Potash Alum

When two salts capable of indendent existence are mixed and the solution of the mixtureis
allowed to crystallise, crystals comprising both the salts are characteristically formed. However,
in solution all theions exist freely. Such substances are called double salts. For example, when a
solution contai ning potassi um sul phate and a uminium sulphateisallowed to crystallise, transparent
octahedral crystals of potash alum, K* AI®* (SO%,),. 12H,0 are obtained. The solid contains
[K(H,0)J", [AI(H,0)]*" and SO ionsanditisadoublesat sinceit givesthetests of its constituent
ionsinsolutions. The double sulphate with similar composition and propertiesarecaled alums.

Itispossibleto replacethetrivalent auminium cation by trivalent metal ion of thesimilarionic
size eg. Ti*", Cr**, Fe*" and CO*". It isalso possibleto prepare aseries of alumsinwhich potassium
ionisreplaced by anmoniumion, NH,.

Theaumsareisomorphous, afew typical onesaregiven below:
Ammoniumaum (NH,) Al (SO,),.12H,0
ChromeaumKCr(SO,),.12H,0
Ammonium chromeaum (NH,)Cr(SO,),. 12H,0
Ferricdum K Fe(SO,),.12H,0
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Potash alum, K Al (SO,),,.I2H,0, is by far the most important of all the alums. It isused as
amordantindyeingindustry and alsoin purifying water. (Oftenitisformulated asK ,S0O,.Al, (SO,),
.24H,0.

Intext Questions 21.1

1. Writetheformulaof thefollowing:

(i) Boricacid (i) Borax

5. Mentiononeuseeach of

(i) borax (i) boricacid (ii1) borontrifluoride

21.2 Carbonand Silicon

Carbon and silicon belong to Group 14 of the periodic table. Both elements show significant
differencesintheir chemistry. There are thousands of hydrocarbons (alkanesand other compounds of
carbon and hydrogen) but only afew silanes (compounds of silicon and hydrogen areknown). Itis
because carbon hasthe unique ability to form compoundsin which the carbon atomsare bonded to
each other in chainsor rings. Thisproperty iscalled catenation which isdueto thefact that C-C bond
ismuch stronger than Si- Si bond.

21.2.1 Allotropic Forms of Carbon
Diamond and Graphite: Structuresand Properties

Diamond and graphite, both are crystallineformsof carbon. But they are structuraly different.
Duetothedifferenceinthearrangement of carbon atoms, they show different properties. Indiamond,
each carbon atom issp> hybridized and islinked to four other carbon atoms by strong covalent bonds
inatetrahedra fashion. It givesriseto athree-dimensional arrangement (Fig.21.5). Ontheother hand,
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in graphite, the carbon atoms are arranged in layers. In each layer aparticular carbon atom is sp?

hybdridized and islinked to three other carbon atomsin ahexagonal arrangement. Thefourth electron
isfree and does not participatein bonding. The different layers are held together by weak van der

Waalsforces(Fig 21.6).
Chemically speaking diamond isunreactive and bumsin oxygen only if heated above 800°C,

forming carbondioxide. It reactswith fluorine (but not with chlorine) at 973K giving carbontetrafluoride.
Alkaiesand acidshave no action on diamond. It isthe hardest natural substance.

340 pm

Fig.21.5: Sructure of diamond Fig. 21.6 : Sructure of graphite

Graphite, ontheother hand, isreactive. It burnsinair at 873 K toform CO.,. Itisnot attacked
by dilute acidsbut concentrated sul phuric acid reactswith graphiteto give graphite bisul phatein solution.
It doesnot react with chlorine al so.

Diamond isused for cutting and grinding hard substances such asrocks, glass, etc., andindiefor
drawingwirefor watch springsand lampfilaments. Besded| these, diamondiswiddy usedinjewe lery.

Graphiteisused aselectrodes, aslubricant, for making crucibles, for casting of metas, for lead
pencilsand asaconstituent of heat resistant paints.

Fullerenes

Fullerene, anewly discovered alotrope of carboniscalled “Buckminster Fullerene” after the
name of American architect Buckmingter Fuller. The most common Fullerene moleculehas 60 carbon
atomsand the carbon atomsarelinked to create the shape of ahollow soccer ball. The outer surface of
fullerenescan bealtered by chemical reactions.
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21.2.2 Oxides of Carbon and Silicon
Structure

Carbon formstwo oxides, viz., carbon monoxide and carbon dioxide. The bonding in carbon
monoxidemay berepresented as, three e ectron pairs shared between thetwo atoms. Thethreeelectron
pairsconsist of onesp hybridized ¢ bond and two t bonds.

:C O or :c=o:
The structure of carbon dioxide on the other handislinear O=C = O. Therearetwo ¢ bonds
and two it bondsinthemolecule CO,. The carbon atom usessp hybrid orbitalsto form ¢ bondswith

oxygen atoms. Theremaining two 2p orbitalsof carbon overlap with 2p orbitalsoneeach fromthetwo
O atomsto form the © bonds

0=C=0

Silicon asoformstwo oxides: SO and SO,: Not muchisknown about silicon monoxideasits
existenceisonly known at high temperatures. Silica(SO,) iswidely found as sand and quartz.

SO, isahighmelting solid and it existsin twel ve different forms, each of which, hasdifferent
gructure. Themainformsarequartz and cristobalite, each of which hasadifferent structureat different
temperatures. Inall theseformssiliconistetrahedrally surrounded by four oxygen atomsand each
oxygen isattached to two silicon atoms. The sp° orbitalsof Si overlapwith 2p orbitalsof O atoms.
Each corner of tetrahedron is shared by other tetrahedra. This gives an infinite structure —a
macromolecule.

Properties

Carbon monoxideisaneutral oxide. Itisacolourless, odourlessand apoisonous gasand burns
with ablueflame. It istoxic because it formsacomplex with the haemoglobin in the blood which
preventsthe haemoglobin from carrying oxygen around the body. Thisleadsto oxygen deficiency
resulting in unconsciousness or death. Carbon monoxideisanimportant industrial fuel andisalsoa
strong reducing agent.

Carbon dioxideisan acidic oxide. Itisacolourlessand odourlessgasand can beliquified under
pressureat low temperature. Solid carbon dioxideiscaled dry ice.

SO, isan acidic oxide and isunreactivein all itsforms. It shows very limited reactions. It
dissolvesdowly inagueousakaliesand morerapidly infused alkalies or fused carbonatesforming
dlicates. Silicaalsoreactswith fluorineand HF to form silicon tetrafluoride

SO, +2NaOH —— Na,Si0,+H,0

SO, +2F, — SF,+0,

SO,+4HF —— SF,+2H,0
21.2.3 Halides of Carbon and Silicon

Carbon and silicon formtetrahalideslike CCl, and SICl ,, respectively. In thetetrahalides of
these elementsthere arefour covalent bonds, with atetrahedral arrangement; the central atomissp®
hybridized. Carbon tetrachloride can berightly called astetrachloromethaneand silicon tetrachloride
astetrachlorosilane.
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o Carbontetrachlorideisprepared by the action of chlorine on carbon disulphidein the presence
of acatalyst (usualy MnCl.)
Cs,+3cl, —M% , ccl, +s,al,
Silicontetrachloride, SICl ,, isformed by heating amorphoussiliconinacurrent of dry chlorine.
S +2Cl, — SiCl,
It can al so be obtained by passing dry chlorine over anintimate mixture of silicaand carbon
strongly heatedinacrucible. Thus
SO, +2C+2Cl, —— SiCl,+2CO
Carbontetrachlorideisnot hydrolysed by water whereas silicontetrachlorideisreadily hydrolysed.
SiCl, +4H,0 —— Si(OH), +4HCI
dlicicacid
Thedifferenceinthebehaviour of CCl, and SCl , towardswater can be explained asfollows.

A lonepair of electronsfrom the O atom of H,O moleculeisdonated to theempty 3d orbital on
Si. Subsequently oneof the hydrogen atoms of water molecule combineswithachlorineatomof SCl,.
Thisprocessgoesontill al thechlorineatomsare replaced by —OH groups.

d

] a |
a Godedchuoo

d - - d

Since, thereisno d-orbital in carbonin CCl,, doesnot hydrolyse.

Silicon forms complex ion like SiFZG‘ but carbon does not form similer ionslike CFZG‘. Itis
because unlike carbon thereareempty 3d orbitalsinsilicon. Theavailability of d orbitalsisresponsible
for theability of silicon and not carbontoform complexion S F26‘.

21.2.4 Silicon Carbide, SIC

Silicon carbide (SIC) iscommonly known as carborundum. Itisextremely hard and chemicaly
avery stablematerid. Itismadeby heating silicawith excessof carboninan electric furnace

S0,+3C — SIC+2CO

Insilicon carbide, therearethree dimensiond arraysof S and C atoms, eachatomof Sior Cis
tetrahedrally surrounded by four of the other type. Thus, thisstructureisvery much similar to that of
diamond. Silicon carbide or carborundumiswidely used asan abrasive.
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Intext Questions 21.2

1. Writetwo propertiesof diamond which are not exhibited by graphite.

21.3 Nitrogen and Phosphorus

Nitrogen and phosphorus belong to Group 15 of the periodic table. They form anumber of
industrialy important compoundslikeammonia, nitric acid and fertilizers. L et usstudy about them.

21.3.1 Ammonia
Ammoniaisprepared inthelaboratory by heating an ammonium salt with abase:
2NH, + OH™ — 2NH,+H,0
or 2NH’, +Ca0 — Ca& +2NH,+H,0

It may also be prepared by treating anitride with water.
Mg,N, + 6H,0 — 3Mg(OH), + 2NH,
Itismanufactured industrially by passing nitrogen and hydrogen over aniron catalyst at 750 K
and under apressure of about 200 atmospheres (Haber’s process).
N,+3H, - 2NH, AH=-46kJmol™
Intheactua processthe hydrogen required isobtained fromwater gasand the nitrogen fromthe

fractiond didtillation of liquid air. Themixtureof nitrogen and hydrogen (I : 3 by volume) iscompressed
to 200-300 atm and then passed into the catal ytic tubes packed with the catalyst. The catalyst inmade
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by fusing Fe,O, with KOH and Al,O,. The temperature of the catalytic tubesis maintained at
673 — 773K by heating them el ectrically. Theissuing gas containing about 10 per cent ammoniais
cooled and theliquid ammoniacondenses. Theunconverted mixtureof hydrogenand nitrogenisreturned
totheinlet and passed again over thecatalyst. A typica plant might bearranged asshowninFig.21.7

— P S
Hy —= () T——-w
Pum
—_—_]j% fr—_—: l P
N; > Compressor
20 MPa
pure and dry l N,+H, T
H,;:N,
Ratio 3:1
at .Catalyst
700 K iron oxide
ALO+K,0 PQ
|5
—_— T a—
N2+H2+NH3 IiQUid NH,
Fig.21.7: The Haber process for the manufacture of ammonia
Properties

Ammoniaisacolourlessand pungent smelling gas. Itisreadily liquified at apressure of about
nineatmospheresat ordinary temperatures. Theliquid boilsat —239.6K and freezesat —96K. Liquid
ammoniaresembleswater in being highly associated because of itspolar nature and strong hydrogen
bonding.

Ammoniaisextremely solubleinwater. The hydrated ammoniamolecule, NH,.H,0, isloosely
called ammonium hydroxide, NH,OH, whichisaweak base, theionization reaction being

H,O+NH, — NHj1 + OH™
The undissociated molecule, NH ,OH, isessentially anon-existent entity. It canonly exist as
NH], and OH ions.
Chemical reactions

(i) Action of heat : When heated above 500°C it begins to decompose into its elements. The
decompositionisacce erated by metalic catalysts

2NH, — N, +3H,

(i) With oxygen : Ammoniadoesnot burninair but freely burnsin pure oxygen with ayellowish
flamegiving nitrogen and steam.

4NH, + 30,

2N, + 6H,0
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(i)

)

)

(Vi)

Inthe presenceof acataly<, e.g. hot platinum, ammoniaburnsin air to givenitric oxide
4NH, + 50, 4NO + 6H,0

Asareducingagent. If ammoniaispassed over those heated metalic oxideswhich arereducible
by hydrogen, e.g. CuO, PbO, etc., it isoxidised to nitrogen and water:

3PbO + 2NH, — 3Pb + N, + 3H,0

With acids. Itiseasily absorbed by acidsto form ammonium sdts, e.g.:
2NH; + H,S0, — (NH,),SO,

Thereaction can occur evenif theacidisages, e.g.:
NH, +HCI — NH,Cl (i.e. NH, CI")

With chlorine: Ammoniareactswith chlorine, the productsvarying according to conditions:

2NH; +3Cl, - N, + 6HCl
6HCI1 + 6NH, — 6NH,CI (with excess of ammonia) (1)

nitrogen trichloride (-When chlorine is in

NH, + 3Cl, — NCI, + 3HC1}

HCl + NH; — NH,Cl large excess) .. (2)

With metal salts. With somemetal salts, aqueousammoniareactsto form metal hydroxides
which are precipitated.

For example, anmoniasol ution precipitates copper (11) hydroxidewhen treated with acopper
i,

CuSO, + 2NH,OH — Cu(OH), + (NH,),SO,
In excess of ammonia, the preci pitate of Cu(OH),, dissolvesto form tetraamrnine complex

Cu(OH), + (NH,),SO, +2NH, — [Cu(NH,),]*" SO + 2H,0
tetraammine copper (I1) sulphate

Similar complexesareformed with many metallic saltsand complexionssuchas[Ag (N H3)2]+,
[Co (NH,) >, [Cr (NH,)* and [Ni (NH,) > arewell known.

Uses.

Ammoniaisused for anumber of purposes, someimportant usesare:

0]
(i)
(i)
)
)

Inthe manufacture of ammonium sulphatefor useasafertilizer.

Inthe manufacture of nitric acid (Ostwald process)

Inthe manufacture of sodium carbonate by Solvay process.
Liquidammoniaisusedinrefrigerators.

Ammoniasolutionisused asadomestic cleaner: asagreaseremover andinlaundry.
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Structure: Ammoniamoleculeistrigona pyramidwiththenitrogen at the apex. Thenitrogen atomis
sp® hybridized inwhich alone pair of electrons occupies oneof thetetrahedral positions. Theangle

H N H becomes 107° instead of 109° (in CH,) dueto lone pair-bond pair repulsion (Fig. 21.8).

AN
\\\\//(/(z\H
H % H

Fig. 21.8 : Sructure of ammonia

21.3.2 Oxoacids of Nitrogen

Thereare severa oxoacidsof nitrogen such asnitrousacid, HNO,, hyponitrousacid, H,N.,O,
and nitric acid, HNO,. Of thesenitric acid isthe most important and will be considered herein detail.

Nitric Acid, HNO,
Preparation

Inthelaboratory, nitric acid can be prepared by heating NaNO, or KNO, with concentrated
H,SO, inaglassretort and condensing the vapours corning out of theretort.

NaNO, + H,S0, —— NaHSO, + HNO,

Inindustry itismanufactured by the cata ytic oxidation of anmoniawhichinvolvesthefollowing
reactions (Ostwald process) :

4NH, + 50, 4NO + 6H,0
2NO+0, —— 2NO,
3NO, + H,0 —— 2HNO, + NO

1173K

Theagueousnitric acid can be concentrated by distillation followed by dehydration with conc.
H,SO,.
Properties

Physical : Itisacolourlessliquid of density 1.50 gcm > at 248 K. Theacid isfreely miscible
withwater forming aconstant boiling mixture containing 98% of acid, b.p.393K.

Chemical: (& Inagueoussolution, nitric acid isastrong acid and dissociatesto give hydronium
and nitrateions.

H,O + HNO, —— H,O" + NO;

(b) Itisneutralised by appropriateakaliestoyield nitrates.
NaOH + HNO, —— NaNO, + H,0

(0 OnhesatingitgivesNO,
4HNO; —— 4NO,+ O, + 2H.,0
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(d) Itisagood oxidizing agent and oxidizesnon metals, metal sand organic compounds,
someexamplesof whicharegivenbelow:

() C+4HNO, —— CO,+4NO, + 2H,0
(i) S+6HNO, —— H,S0,+6NO,+ 2H,0

(i) P, + 20HNO, —— 4H,PO, + 20NO, + 4H,0
(i) 1,+10HNO, —— 2HIO, + 10NO, + 4H,0

(V) Cu+4HNO, —> Cu(NO,), + 2NO, + 2H,0

cone.
3Cu + 8HNO, ——> 3CU(NO,), + 2NO + 4H,0
dil.
(Vi) 4Zn+10HNO, —> 4Zn(NO,), + N,O + 5H,0
dil.
(i) Mg+ 2HNO, ——> Mg(NO,), +H,
dil.

(viii)  Aluminiumlosesitsnorma reactivity i.e. becomespassiveafter being dipped
in conc. HNO,. Thisis due to the formation of athin protective layer of
auminium oxideon itssurfacewhich preventsfurther action.

(ixX) C,H(OH); + 3HNO, __conc.H304 o C H(NO,), + 3H,0

glycerine trinitroglycerine (explosive)

Structur e: Inthe gaseous state HNO, exists asaplanar moleculewith the structure: (Fig. 21.9):

H 102° o0
B o)— N 1300
140.60™

(0]

Fig, 21.9 : Sructure of nitric acid molecule

Uses. Nitric acid isused in the manufacture of nitrateswhich are used asfertilizers, and explosives,
trinitroglycerineandtrinitrotoluene (TNT)

o Itisusedasanoxidizingagentinlaboratory, e.g. Fe(ll) getsoxidized to Fe(l11)
o Conc. HNO, isaconstituent of aquaregia(HNO,: HCI =1: 3)
o HNO, (100%) isaconstituent of rocket propellant.

21.3.3 Nitrogen Fixation

Any process by which atmospheric nitrogen isconverted into auseful nitrogen compoundis
referred to asamethod of Nitrogen Fixation.
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Theimportance of fixation of atmospheric nitrogenisto make up for theloss of nitrogen from
soil, created by cultivation. Thechief sourcesof making up thislossof nitrogen are:

(@ Naturd fixation

(b) Artificd fixation

(@ Natural fixation of nitrogen: Thenatura agencieswhich bring about thefixation areasfollowing:
(i) Lightning storms: Thenitric oxide produced inthelightning isoxidised to nitrogen dioxide.

N2 + 02 lightning 2NO

2NO +0, —2 2NO,

Thedioxidedissolvesinrainwater to givenitric acid whichiscarried to the soil and used by
plantsintheform of nitrates.

(i) Symbioticbacteria: Theother natural agency isnitrogen fixing bacteria, symbiotic bacteria.
Thesebacteriaappear toliveas* guests ontherootletsof leguminousplants, ‘thehosts . The
bacteriaconvert atmospheric nitrogeninto aformavailableasfood for the plant on which they
live. Itisthusacooperative affair; the plantsfurnish homeand food for the bacteriaand the
bacteriain turnfurnish nitrogen drawn fromair asan essential food to the plants.

Il Atmosphere II
]

»| Plants and Animals |———

v

v
| Nitrate Nitrite = f&——{ Ammonia |<-—| Dead bodiesl

L[ Geean I_—l T

I Micro-organisms j¢——
Fig. 21.10 : Fixation of Nitrogen

(b) Artificia Fixationof Nitrogen: Theimportant artificial methodsof fixing nitrogen areasfollows:

(i) Conversiontoammoniaby Haber sprocess: Thisisby far the most important method of
fixing atmaospheric nitrogen.

Ammoniaissuppliedtothesoil asitssdlts, e.g. (NH,), SO,. It may also beoxidised tonitric
acidand nitrate salts (e.g. KNO,) which may be used for the purpose.

(i) Conversioninto calciumcyanamide: When calcium carbideisheated to 373K inastream
of nitrogen thefollowing reaction occurs

CaC,+N, —— CaNCN +C

calcium cyanamide(nitrolim)
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Themixtureof calcium cyanamideand carbonisdirectly used asafertilizer under thename
nitrolim

(i) Conversioninto nitric acid: In Birkeland and Eyde process nitrogen is made to combine
with oxygen at avery high temperature (~3000K). Thenitric oxideformed isconverted into
thedioxide

N, + 0, =% 2NO
2NO + 0, — 2NO,

Thedioxideisdissolvedinwater inthe presence of air to form nitric acid. In thismethod
electric sparking isused to generatethat high temperature, so the method isgood only where
electricity ischeap.

(iv) Conversioninto nitride. Certain metal oxides, e.g. Al,0,.MgO and BaO when heated with
coketo~I800K inacurrent of atmaospheric nitrogen, give metal nitrides

AlL,O;+3C+N, —— 2AIN +3CO
The heated massisreacted with water when the nitrideis hydrolysed to produce ammonia
AIN+3HOH —— AI(OH),+NH,

Ammoniamay be suppliedto the soil in theform of ammonium salts.

21.3.4 Fertilizers

Chemica compounds directly supplying the elements of primary importance, i.e. nitrogen,

phosphorusand potassumto soil areknown asfertilizers. A chemica compound acting asfertilizer may
supply one or morethan one of these elements. Thusthefollowing broad classification of fertilizers

emerges

1
2
3.
4
1

. Nitrogenousfertilizers

. Phosphaticfertilizers

Potassumfertilizers

. Mixedfertilizers

. Nitrogenousfertilizers: The chief compoundswhich act asnitrogenousfertilizersinclude

(i) ammonium sulphate, (ii) ureaand (iii) cacium cyanamide

(i) Ammonium sulphateisone of the best nitrogenousfertilizers. It isprepared either by the
action of sulphuric acid on ammonia(obtained from destructivedistill ation of coal)
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H,SO, + 2NH, —— (NH,),SO,
or from gypsum by the action of agueousammoniaand carbon dioxide
2NH, + H,0 + CO, + CasO, — (NH,),SO, + CaCO,
Ammonium sulphateis manufactured in our country at Sindri (Bihar) and Alwaye (Keraa).

(if) Urea: Itisusually madeby theaction of carbon dioxideand liquid ammoniaat 453K under
apressure of 200 atm. Thereaction occursintwo steps

2NH, + CO, —> NH,COONH,

ammonium carbamate

NH,COONH, —*%_, NH,CONH, + H,0O

urea

Large quantities of urea are manufactured at Nangal (Punjab) in our country. Of all the
nitrogenousfertilizers ureahasthe maximum nitrogen content henceit iswidely used.

(iii) Calcium cyanamide, Ca(NCN): Itismanufactured by heating calcium carbidein nitrogen
at 1373 K

CaC, + N, —— CaNCN + C

It isused in the commercial name of nitrolim. When supplied to the soil it hydrolysesto
ammoniawhich getsoxidised to nitrateand isused up by plants.

CaNCN + 3HOH —— CaCO, + 2NH,

2. Phosphaticfertilizers: Calcium phosphate, Ca,(PO,), isconverted into superphosphate,
Ca(H,PO,),, by the action of sulphuric acid.

Ca,(PO,), + H,S0,—— Ca(H,PO,), + 2Cas0,

The product containing superphosphate and calcium sulphate is used in the name or
super phosphate of lime.

3. Potassumfertilizers. Thechief compound serving aspotassium fertilizer ispotassium chloride.

4. Mixedfertilizers: TheseareasoknownasNPK fertilizers. Theimportant mixed fertilizersare
(NH,);PO,. KNO,, and ammonium super phosphate, (NH ,)H,PO,.
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Rating of fertilizers. Therating of fertilizersis done on the basis of the percentage of N, P,O, and
K,Ointhem. For example afertilizer containing 2% N, 8% P,O, and 2% K, O hasarating of
2, 8, 2. For different cropsdifferent ratingsare required. For example, some cropsand required ratings

are

Potato: 4, 8, 10; wheat: 2, 12, 6; sugar: 4, 12, 6.

Intext Questions 21.3

1

Do&‘NH4OH’ exist asamolecule?

sl What You HaveL earnt

Method of preparation of boric acid. The acidic nature and structure of boric acid.
Method of preparation and uses of borax.

Methods of preparation and uses of boron trifluoride and diborane.
TheLewischaracter and useof boron trifluoride.

Preparation of duminiumtrichlorideanditsstructure

Method of preparation of alumsand uses

The comparison of diamond and graphite.
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Thestructureand properties of carbon monoxide, carbon dioxideand silicon dioxide.
Comparison of the hydrolytic behaviour of carbontetrachlorideand silicontetrachloride.
Preparation and uses of silicon carbide (carborundum)

The methods of preparation, propertiesand uses of anmoniaand nitric acid.

Thesdient featuresof nitrogen fixation.

Fertilizers: nitrogenous, phosphatic, potassium and mixed. Their methods of preparation and
their importance.

:a Terminal Questions

© 0o N o g A~ w D P

Why isboric acid not aprotonic acid?

Discussthestructure of boric acid.

Draw the Lewisstructure of CO and CO, molecules.

Why doesBF; act asal ewisacid?

What is catenation ? Why does carbon show catenation but silicon doesnot?
Comparethestructure of CO, and SIO,

Describebriefly the Haber processfor the manufacture of ammonia

Why isgraphiteaconductor of eectricity but diamondisnot?

What typeof fertilizersarethefollowing?
(i) Nitrolim (i) Urea (iit) Superphosphateof lime

@ Answersto I ntext Questions

21.1
1.

2.
3.

(i) B(OH),

(i) Na,B,0,.10H,0

4BCl,+3LiAIH, — 2B,H,+3AICI, +3LiCl
NM(SO,), .12H,0
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4.

WhereN = monovalent large cation like K™ or NH, and M = trivalent cation like Al¥,
Fed+, Crt

ALCl

5. (i) asaflux, for glazing pottery andtiles: inthe manufacture of optical and borosilicate glasses.

21.2

N o g & w N P

(i) asanantiseptic, asafood preservative, for making enamels

(iii) asacatalystin Friedel-Craftsreaction.

Hardness and conducting nature. Diamond : hard, non conducting; graphite: soft, conducting.
sp®indiamond and sp?in graphite.
Covdent

Sp3

SiCl,,, assilicon can accept electron pair inits d-orbitalsfrom water molecule.
CO,
SO, +2F, » SF,+0,

No. Nitrogen cannot increaseits covalency beyond 4.
107°.

Sp3

N, Pand K
Ca(H,PO,), dongwith CaSO, isknown as superphosphate of lime.

Ammonium sulphate, Urea.
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21.1.5.a Aluminium: Usesand Reactions

Theimportant mineralsof Aluminiumare
Bauxite(AlL,O,.2H,0)  Cryolite(NaAlF,)
Bauxiteisthemaost important minera used for theextraction of Aluminium.

Bauxite containsimpuritiessuch asFe,O, (Red bauxite) and SO, (white bauixite).

Reactionsof Al with acidsand alkalies;

Al isan amphoteric metal. It reactswith acidsand alkalies.
Reaction with acids:
Dilute (or) concentrated acidsdissolve Al and givesH,
2Al+6HCI —— 2AICI,+3H,T
2Al+3H,S0, — Al,(SO),+3H,T
Very dilute HNO, isreduced to NH,NO, by Al
8 Al +30HNO, —— 8AI(NO,),+3NH,NO,+9H,0

Conc. HNO, makes Al passive due to the formation of athin film of oxidelayer on the metal
surface.

Reactionswith alkalies:

Al reactswith akaliesand givesa uminate (or) metaal uminateand liberatesH,,.
2Al+2NaOH+2H0O — 2NaAIOZ+3H2T

2Al+6NaOH —— 2NaAlO,+3H,T

Uses:

1
2
3.
4

Itisusedfor making electrical cables.
Itisusedin making trays, pictureframesetc.
Itisused asadeoxidizer inmetallurgies.

Themixtureof Al powder and Ammonium nitrateiscalled ammond. Itisusedin explosves.
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Alloysof aluminium:

S.No. | Alloy Compodtion Use
1 Magndium 1-15% Cheap balances,
85-99% utensisinthe
laboratory
2. Aluminiumbronze 10-12% Al Cheap Jewe lery,
88-90% Cu Photo Frames,
Making coins.
3. Durdumin 95% Al
4% Cu Makingairship
0.5% Mg
0.5% Mn
4. Y-dloy 92.5% Al
4% Cu Making parts
2% Ni of aeroplanes
1.5% Mg

21.1.5.a Intext Questions:

1. Writeany twousesof Aluminium.
2. Writeany twodloysof Aluminium.

21.1.5.a Answers:

1. i) Itisusedinmakingtraysand photo frames.
ii) Itisusedfor making electrical cables.
2. Magndium, y-alloy

21.2.1.a Similarities between Carbon and Silicon:

Both carbon and silicon have similar outer shell configurationi.e.nsnp?
Vaency of thetwo eementsisfour.

Both arenon-metals. Their oxidesareacidicin nature.

Both Cand Si exhibit catenation property.

Bothexhibit alotropy.

o~ w0 D PP
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Both Cand Si formssimilar type of compounds.

Differences between C and Si:

S.No. | Compound C-Compound S - Compound
Dioxides CO, SO,

2 Acids H,CO, H,S0,
(COOH), (SO0H),

3. Hydrides CH, SH,
C2H6 S.2HG

4. Chlorides Ccl, Sdl,
CHCI, SHCI,

Table21.2.1.a

1. Cisanimportant eementinplantsand animaswhereassliconisimportant mineral.

A w D

Themelting and bailing pointsof carbon are very highwhen compared to silicon.
Theallotropeof carbon (graphite) isagood conductor of eectricity whilesiliconissemi conductor.
Carbonformslarge number of compoundsdueto itshigh catenation power whereassilicon exhibits

less catenation and formsonly alimited number of compounds.

5. Bothcarbonandsiliconformstetrachlorideswhicharecovaent in nature. CCl, isnot hydrolyzed
but SCl, canbeeasily hydrolyzed.

Usesof oxidesof car bon: Theusesof carbon oxideslike carbon monoxide (CO), Carbon oxide

(CO,) and carbon sub oxide (C,0,) are
Usesof CO and CO,

S.No. Carbon monoxide Carbondioxide

1. COisanimportant component 1. SolidCO,iscalleddryice.
fuelslike produceer gas, itisused arefrigerant.
Water gasand coal gas.

2. COisagood reducing agent. 2. Itisusedasacoolant inthelab.

3. COisused asagood ligand 3. ltisusedinthe
ligandinmetdlurgy of Ni manufacture of ureaand
by Mond's process inneutralisngakaies.

4, 4. Itisused asfireextinguisher.

C,0, reactswith H,O and givesmalonic acid, CH,(COOH),
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Important compounds of silicon:

Silicon Dioxide:

1.

Itisknowntoexistin crystalineand amorphousforms.
Eg:- Quartz, tridymiteand crystobditearecrystdlinevarieties.

Extremely puresilicaiscalled quartz or Rock crystal. When mixed with amorphoussilicaitis
known asflint. Amorphousformispresent in plantsand animas. Silicaisprepared inthelaboratory
asfollows.

By burning siliconinair or oxygen.

Si+O2 — SiO2

Properties:

1
2.

SO, doesnot dissolveinwater.

It doesnot react with HCI, HBr and HI. It reactswith HF to form silicon tetrafluoride.
S0,+4HF — SF,+2H,0

Itisanacidicoxide. It reactswith akaliestoform silicates.
S0,+2KOH —— K,Si0,+H,0

It reactswith metal oxidesat high temperatureto formmeta silicates.
S0,+Ca0 —— CaSiO,
SO,+NaO0 —— NaSO,

Whensilicaisheated with cokein an éectric furnaceto formsilicon carbide. Itiscaled carborundum.
SO,+3C — SC+2CO

When silicaisheated to 1600°C it changesto quartz glass. It isusedinlight experiments.

Uses:

. Silica, assandisusedin congtruction of buildings.
. SO, isanacidfluxinmetalurgies.

1
2
3.
4

Colored quartzisused asgems.

. Transparent quartz for lensesand optical instruments.
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Structure:

It hasthreedimensional structure. Each silicon atomislinked to four oxygen atomsby coval ent
bondsand they are arranged tetrahedrally around silicon.

It existsinthe solid tate dueto itsgiant molecular structure.

d—o—d 04
L
o d_od_
L

g} o a:_o_a:_

Silicates:
Many building materidsaresilicates.

For eg:- Granites, dates, bricks, cement, ceramicsand glass. The Si-O bondsin silicatesarevery
strong. Silicatesaredivided into Six types.

1. Orthoslicates: They have(SO,)* units.
Eg:-willemiteZn, SO,

2. Pyrosilicates. They have(S,0,) units.
Eg:- ThortveititeLn [S,0O]

3. Chainslicates: They have(SO,)*" units.
Eg:- SpaduminLiAI(SO,),

4. Cydlicslicates: They havering structuresand (SO,)*" units,
Eg:- Beryl Be Al [S,O,)]

5. Sheetsilicates: They have(S,0,)*" units.
Eg: Kaolin Al (OH), SO,

6. Framework slicates:

Eg: Ultramarine[Na,(Al S O,,)S]]
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Uses:
. Clay mineralsare used for absorbing chemicals.

. Micaareusedfor eectrica insulation.
. Variety of slicatesare used for ornamentsand Jewel lery.

. Asbestosisused for thermal insulation.

1

2

3

4. Cement, ceramicsand glassaredl used to man.
5

S

licones:

Poly organo silicon compoundsare called silicones. They may belong chain linear compounds(or)
cyclicand branched chain compounds. They are prepared from carbon silicon halides.

)R-Cl+S —U 5 RS
300°C 2 2

R |' R "‘ R
HO—S} O S: O S: OH
R \~ R Jn R

Uses:

. Rubberspreparation
. Topreparewater proof clothesand papers

1

2

3. Topreparegrease, lubricantsin aeroplanes

4. They areused asinsulator for electrica motors.
5

. They areused in paints and enamel sbecause they can with stand high temperatures.

Zeolites:

Replacement of one or two silicon atomsin [Si,O,] form zeolites. They are three dimensional
structureswithout metal ions. They act asion exchangersand asmolecular sieves. H,O molecules,
NH,, CO, and ethanol can betrapped inthe zeolite cavities of different sizes. They trap Cat*, Mg*
ionsfrom hard water and replacethem by Na' ionsto give soft water.

21.2.1.b Fuel gases:
Any substance which liberatesenergy when burntin oxygeniscalled afud.
Fuels produceless ash and give more energy when burnt.
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Producer gas.
Itisessentialy amixture of CO and N, compositionis33% CO; 64%N.; 3% CO,; H,
Itisprepared inan furnace called Gas producer.

Cokeisburnt at the bottom of the producer. Air isblown from the bottom. Thefollowing reactions
takesplacein the producer and producer gasisformed.

C+ O2 i CO2 : A H=-394.0 KJmol
CO2 +C —— 2CO:; A H=+163.0 KJmol
2C+0, — 2CG; AH=-231.0 KIJmol

At the bottom CO, is formed which is passed through red hot coke and is reduced to carbon
monoxide.

.

Fig.21.2.1.b Manufacture of Producer Gas- " GasProducer” Structure.
1. Charging hopper 2. Producer Gas 3. CO from CO, (reduction)
4. CO, from C (oxidation) 5. Air 6. Coke

Thecalorific valueof producer gasis5439.2 KIM =
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Uses:
1. Itisusedingasengines.
2. Itisusedasanindustria fuel inthe manufacture of steel and glass.

Water gas:
Itisamixture of Carbon monoxideand Hydrogen.
Composition of water gas 40-50% CO; 45-50% H,,. In the furnace cokeisburnt to red hot and
over it super heated steam ispassed until it turnsinto white.
C+HO — CO+H, AH=+121.22KJmol

Itisan endothermic reaction and thetemperature of the coke comesdown. Whenhot air is passed
over the coke thetemperatureincreases. Alternatively hot air and steam are blown into red hot
coke. When hot air is passed over coke, the temperature increases due to exothermic reaction.
TheCO, and N, that areformed are sent outside.

AV

=e 1

b,

2

3 ....ri,,‘—:_‘S]
| J\j

Fig. 21.2.1.b Manufacture of Water Gas
1. Water gas 2. Air 3. Water Vapour
It'scaorificvalueis 13000 KIM3, If thewater gasburnt with blueflame, itiscalled asbluegas.

Uses:

1. Itisusedasfud inindustries.
2. UsedinNH, preparation by Haber’s process.
3. Usedin Preparation of methyl alcohal.
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21.2.1.a,b. Intext questions :

o 0 s~ wDd P

Whatisdryice?

What isthenatureof C, Si oxides?

What iscarborundum ?How itsprepared ?
What aresilicons ?Writeitsoneuse?

What isbluegas?Why itscalled asbluegas?
How muchisthecalorific valueof producer gas?

21.2.1.ab. Answersto intext Questions

1.

Solid CO, iscalled asdry ice.

2. Theoxidesof C, Si (CO,, SO,) haveacidic nature.

SiC (Silicon carbide) iscarborundum. When silicais heated with cokein an e ectric furnace gives
carborundum.

Poly Organo silicon compoundsare silicons. There are used in aeroplanes as|ubricantsand to
preparegrease.

Water gasiscalled asblue gasbecauseit burnt'swith blueflame.
Thecalorific value of producer gasis5439.2 KIM =,

21.3.3.a Oxyacids of Phosphorous

After reading thelesson, youwill beableto know
*  Thepreparation and structures of oxy acidsof Phosphorous.

Phosphorous formstwo series of oxoacids, phosphorous series of acids and Phosphoric series
acids. Thesuffixes*-ous and‘-ic' refer tothelower (+1 or +11) oxidation statesand higher (+V)
oxidation state) oxidation states of the principal e ement Phosphorous.

Phosphorous series of acids:

The Phosphorous seriesof acid arelesscommonly known. All these acids contain P-H bondsand
Phosphorousispresent in+l11 oxidation state.

Hypo phosphorousacid (H,PO,)

Itisprepared inthelaboratory by theinteraction of yelow or white phosphorousand dilute solution
of Ba(OH), on heating.

6H,0+ 2P, +3Ba(OH), — 3Ba(H,PO,),+2PH,T
Barium hypo phosphoric  + Phosphine
Fromthisbariumsalt, H,PO, isobtained.

Hypo phosphorousacid H,PO,isamonobasic acid very strong reducing agent anditisoxidized to
HSPOS
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Structure of hypo phosphorousacidisrepresented isfollow.
1
H—P—OH H,PO, ismonobasic acid

I
H

Metaphosphorousacid (HPO,)
Metaphosphorousacidisvery lessknown. Itsbasicity isone. Itsstructureisnot known. Normally
thisexistsas cyclic compound dueto polymerization. The structure of itsmonomer isdrawn by
ana ogy with metaphosphoric acid HPO,,

HO-P=0 HPO,
Ortho phosphorousacid (H,PO,)
Ortho phosphorousacid s prepared by dissolving phosphorous (111) oxide P,O, incold H,O

PO, + 6H,0 —— 4H.PO, or P(OH),

a. H,PO,containstwo acidic hydrogens. i.e. itsbasicity istwo. It givestwo seriesof sdts. T hey are
primary phosphates (containing H,PO,) or dihydrogen phoshates. Secondary phosphates
(containing HPO,?) or mono hydrogen phosphites.

b. Phosphorousacid and ortho phosphates are very strong reducing agentsin basic solutions. Hg*?,
Ag' or Cu sdtsarereducedto Hg, Ag or Curespectively. Itisoxidizedto H,PO,.

=]
Structure of ortho phosphorousacid HO/ | AN OH

I H

PyrophoshorousacidisalsoknownasH,P,0, HO— P—— O——P— OH
Itsstructure can bewritten as || ||

Variousacids seriesof acids

a. Ortho phosphoric acid H,PO,
b. Metaphosphoric acid HPO,
c. Pyro phosphoricacidH,P,0,
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d. Hypo phosphoricacidH,P,O,

e. Peroxy phosphoric acid H PO,

inal these acidsphosphorousistetrahedra ly surrounded and isfour coordinatewherever possible.
. Ortho phosphoric acid H,PO,

. Itisprepared by dissolving P,0,jinwater. PO, + 6H.O —— 4H,PO,

4710

. Itisweak tribasic acid and has no oxidizing or reducing properties. It givesthree seriesof salts.
These are dihydrogen phosphates (example NaH,PO,); mono hydrogen phosphates (example
Na,HPO,) and normal phosphates (exampleNa,PO,)

. Thesolid acid absorbswater and formsacolorless, syrupy liquid (Syrupy phosphoric acid)

. Onhesating, it loseswater in astep wise order and forms Pyro phosphoric acid

H,PO, 520K HPO 870K HPO

4 277 3
-H,0 -H,0
Pyro Phosporic acid meta phosphoric acid
And then Metaphosphoric acid.

. Orthophosphatesareindentified in quditative andys sby ammonium phospho molybdateformation.
(Molybdatetest). The canary yellow ammonium phospho molybdate hastheformula{ (NH,) PO,
12(Mo O,)}

. Thestructureof H,PO, isrepresented inthefigure shown
O

P
HO/ | \OH

OH
. Metaphosphoricacid (HPO,)

Itisformed by heating pyro phosphoric acid or ortho phosphoric acid to 870K.
Itisaglassy transparent solid. Henceitiscalled asglacia phosphoric acid.

It isamonobasic acid. Its salts are known as meta phosphates. There is no evidence for the
existence of free mono phosphateions (PO, or of the dimeta phosphate

(P,O)*? or (PO,),
But tri and tetrametaphosphatesform afamily of ring compounds.
Thestructure of meta phosphoric acid isrepresented as
O
I
HO-P=0
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c. Pyrophosphoricacid (H,P,0-)
Pyro phosphoric acidisformed by heating an equimol ecular mixing of theortho and metaphosphoric
acidsat 373K

Itistetrabasic acid but givesonly two seriesof salts.

Example: Na,H,P,O, Na,P,O,

Pyrophosphates give positive answer to the molybdatetest i.e. they give ammonium phosphor
molybdate (NH,),PO, 12(Mo O,).

Thestructure of Pyro phosphoric acidiswrittenas

0 o)

I I

P——O——P— OH
Ho” | |

OH OH

Structures of Hypo phosphoric acid H,P,O, and peroxy phosphoric acid H,PO,

0 0 OH 0
[ [ IP FIJ
HO—P——O——p— OH —
| | HO/ N\ / SoH
OH O OH
OH
o o_OH
| |
P Pa
HO | S O—OH HO'| ~O
OH OH

Some important characteristics of oxy acids of Phosphorous

I.  Inal these oxoacids, phosphorousistetrahedrally surrounded by atoms.

ii. Indltheseoxyacids, atleastone OH groupislinked to the phosphorousatoms. Thehydrogen
atomsin—OH groupsareionizable and areresponsiblefor theacidic nature.

iii. Thephosphorousseriesof acidsmay have P-H bondsin additionto P-OH bonds. TheP  H
bondsare responsiblefor the reducing properties of theacids.

iv. Phosphoric seriesof acidsdo not have P-H bonds.
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21.3.3.a Intext questions:
1. What aretheacidsin phosphorous seriesof acids?

Terminal exercise:
1. Writean essay on the preparation and properties of

a. Ortho phosphoric acid b. Metaphosphoric acid.
c. pyro phosphoric acid d. Hypo phosphoric acid
2. Wiriteatleast onemethod of preparation for each of the phosphorous seriesof acidsand writetheir
corresponding structures.
3. Writeamethod of preparation for each and write neatly the structures of any tow of thefollowing
acids.
a. Hypo phosphorousacid b. Hypo phosphoric acid
c. Metaphosphorousacid d. Metaphosphoric acid

21.3.3.a Answers to Intext question:

1. Hypo phosphorousacid, Pyro phosphorous acid and meta phosphorousacid
2. Metaphosphorousacid

What you have learnt:

1. Preparation, propertiesand structure of acidsin phosphorousacid series

2. Preparation, propertiesand structure of acidsin phosphoric acid series.

115



P-BLOCK ELEMENTS AND THEIR
COMPOUNDS - 1

You have already studied the chemistry of theelementsof Groups 13, 14 and 15. Inthislesson
weshall deal with the chemistry of the elementsof Groups 16, 17 and 18.

After reading thislesson youwill beableto:
o Classfy oxidesinto acidic, basic and amphoterictypes,
o describethemanufacture of sulphuricacid;
o recall the preparation, propertiesand usesof ozone;
o recall thecharacteristicsof hydrogen haides(HF, HCI);
o listtheoxidesand oxoacidsof chlorine;
« comparetheacidic behaviour of oxoacidsof chloring;
« Writethegenera molecular formulae of interhal ogen compounds;
o discussthestructuresof interhal ogen compounds;
o listafew chlorofluoro carbonsand explaintheir usesand their effect on environment;
o explaintheunreactive nature of noblegases;
o recall the preparation of xenon fluoridesand oxides, and
o illustratethestructuresof XeF,, XeF,, XeF,, XeO;and XeO,.
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22.1 Oxygen and Sulphur

Oxygen and sul phur arethefirst two members of the 16th group of the periodictable. Inthis

sectionyouwill learn about some compoundsof oxygen and sul phur including environmentally important
ozoneand industrially important sulphuric acid.

22.1.1. Classification of Oxides

Thebinary compounds of oxygen with other elements (metalsor non-metals) are called oxides.

Anunderstanding of the nature of an oxide providesaclueto the nature of the element which formsthe
oxide. Depending upon the acid-base behaviour of the oxides, they can beclassfied into thefollowing
categories.

1. Acidicoxides
2. Basicoxides

3.
4
1

Amphotericoxides

. Neutra oxides

. AcidicOxides: Acidic oxidesaregenerally formed by non-metallic e ementsand some metals

in higher oxidation states. Examplesof someacidic oxidesare CO,, SO, N,O,, P,O,,, CLO.,
Mn,QO., etc. These oxides combinewith water to form acidswhereaswith akaliesthey form salt
and water.

SO, +H,0 —— H,SO,
SO, + 2NaOH —— Na,SO, + H,0

However, certain acidic oxidesdo not form acids on reacting with water. But they react with
akaliestoformsdtandwater, e.g., SO,

Si0,+2NaOH —— Na,SiO, +H,0
Sodium silicate

Basic oxides: Metalscombinewith oxygen to form basic oxides. The basic oxidesreact with
acidstoform sat and water.

FeO + H,S0, —— FeSO, + H,0
CuO + 2HNO, —— Cu(NO,), + H,0

The oxides of the metals of Groups 1 and 2 react with water to form hydroxides known as
alkalies.

Na,0 + H,0 —— 2NaOH

Amphotericoxides: AlImost al metallic oxidesare bas ¢ oxides. But somemetallic oxidesshow
the characteristicsof both acidic aswell asbasic oxides, i.e., they react with both acidsaswell as
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bases to form salt and water. Such oxides are called amphoteric oxides. The oxides of zinc,
aluminium, lead and tinareamphotericin nature.

Zn0O + HZSO4 —_— ZnSO4 + HZO

ZnO + 2NaOH —— Na, ZnO, + H,0O
Sodium zincate

AlLO, + BHCl —— 2AICI, + 3H,0
AlLO, + 2NaOH —— 2NaAlO, + H,O

Sodium aluminate

4. Neutral oxides: These oxidesare neither acidic nor basic. Examples are carbon monoxide,

(CO), nitric oxide (NO), nitrous oxide (N,,0) , etc.

Intext Questions 22.1

1.

Give one exampleeach of basic oxide, acidic oxideand amphoteric oxide.

Classify thefollowing oxidesinto acidic, basic or amphoteric oxides: KO, SIO,, SO,, FeO,
Al,Q,, ZnO, CrO,.

22.2 Ozone

Ozoneisandlotropeof oxygen. Youmust havelearnt through the mediathat ozonelayer depletion

inthe upper atmosphereiscausing agreat environmenta concern. Wewill now study the preparation,
properties, importance and uses of ozone.

Ozoneisformed around high voltagedectrica ingtalations. Tracesof ozoneareformed inforests

by decay of organic matter. Ozoneisprepared industrialy by Siemen’sozonizer.

Siemensozonizer : Inthisapparatusmeta eectrodesare used to produce an el ectric field. Two

coaxial glasstubesarefused together at oneend. The outer tube hasan inlet for oxygen or air and an
outlet for ozone (with oxygenor air). Theinner sdeof theinner tube and the outer side of the outer tube
are coated withtinfoil (T). These are connected to theterminalsof aninduction coil or high voltage
transformer.
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Fig. 22.1: Semen s Ozonizer

Pure, dry and cold oxygen or air ispassed through theinletinadow current. Electrical energy is
absorbed and about 5 to 10 percent of oxygen isconverted into ozone.

All rubber and cork fittingsare avoided because of the corrosive action of ozoneonthesematerids.

Structur eof Ozone: OzoneformsaV -shaped molecule. Thecentral O atom usessp? hybrid orbitals
for bonding. The structure of ozone can be explained as aresonance hybrid of the following two
structures, (oxygen - oxygen bond length 128 pm and bond angle 117°)

N e
Qo‘/ \:l(.).: :Q[
Properties of Ozone

(@ Physical: Ozoneisapalebluegaswhichturnsinto blueliquid at 161K. At 80K it freezestoa
violet black solid. It istentimesassolublein water asoxygen.

(b) Chemical : Thechief characteristic of ozoneisthat itisunstableand that it givesenergy |oaded
nascent oxygen. Itsreactionsare closaly paralleled to the reactions of hydrogen peroxide.

1. Catalytic decomposition: Ozonein agueous sol ution decomposes on standing. Above 373K
ozonedecomposesvery rapidly. Even at ordinary temperatureit decomposesin the presence
of chlorine, bromine, nitrogen pentoxide and other acidic oxides and oxides of transition
metas.

20, — 30,

2. Oxidizing properties: In the presence of reducing agents ozone furnishes active atom of
oxygen according to theequation.

0, - 0,+0
In most of thereactions, oxygen gasisliberated asthe reduction product from ozone.
(i) Itoxidizesblack lead sulphideto whitelead sulphate
40, + PbS — PbSO, + 40,
(i) Ozoneoxidi.zesacidified ferroussulphatetoferric sulphate
O, + 2FeSO, + H,S0, — Fe,(SO,), +H,0 + O,
(i) Ozoneoxidizesmoist sulphur to sulphuric acid and phosphorusto phosphoric acid.
30,+S+H,0 - H,S0, + 30,
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50, + 2P + 3H,0 — 2H,PO, + 50,

(iv) Ozonetailsmercury. Normally mercury doesnot stick to glass but if exposed to ozoneit
losesitsconvex meniscusand leavesa‘tail’ or trail of minutedropletsonaglasssurface. This
issupposed to bedueto theformation of stray moleculesof mercurousoxidewhich affect the
surfaceonly.

O;+2Hg — Hg,0+0,
The'talling’ effect can beremoved by washing with diluteacid.

(v) Ozoneoxidizesstannouschlorideto stannic chloride. Notethat no oxygenisproducedinthis
reection.

0, +3SnCl, + 6HCl —» 3SnCl, + 3H,0

3. Ozonides: All unsaturated organic compounds combinewith ozoneto form unstable compounds
caled ozonides, e.g.

CH,— O
CH, |
| +0;,—> 0
CH, l

Ethylene  ozone CHZ-— 0

Ethylene ozonide

Theozonidesare hydrolysed by water to give aldehydes or ketones or both.
CH,—/ O
|
o
|
CH,—— O

Thistechniqueiscalled ozonolysisand iswidely used to locate the position of double bondin
organic compounds.

+H0 — 2HCHO +H,0,

Usesof Ozone
Someof itsapplicationsare given below:

1. Water purification: Small ozone-air plants function as part of the water purification set up.
Ozoneisapowerful germicideand it can purify awater spray effectively; it doesnot producethe
unwanted by-productsthat other sterilizing agentsdo.

2. Air purification: Ozoneisalso used to purify air in tunnels, wellsand crowded subwaysand
cinemahals.

3. Refiningails: Vegetable oil and gheego rancid when stored for along time. Thisiscaused by
bacteria growthinthe small water content present inthem. If ozoneisbubbled through ail, all
such growing organismsare destroyed and we get purified oil.

120



4. Drybleach: Ozoneisal so used to bleach waxes, flour, sugar and starch. Hydrogen peroxide,
which produceswater and other agentswhich act only in solution, cannot be used in these cases.

5. InIndustryandintheLaboratory: Itiswidely used in certain organic preparation. Itsusein
ozonolyses hasaready been mentioned.

Intext Questions 22.2

1. What areozonides? What happenswhen an ozonideishydrolysed?

22.3 SulphuricAcid

Themost important compound of sulphur issulphuric acid. Sulphuric acid or the* ail of Vitriol’
wasknownto the alchemistsand their predecessors. Before the coming of Chamber processinthelast
century, it was obtained by heating hydrated sul phates.

Manufacture : The two main processes used for the manufacture of sulphuric acid are (1) Lead

Chamber processand (2) the Contact process. Nowadays sul phuric acid ismostly manufactured by
Contact process.

Manufacture of sulphuric acid by Contact Processinvolvesthefollowing steps.
(1) Sulphur dioxidegasisproduced by burning sulphur inair or by roasting of pyrites.
S+0 — SO,
4FeS, + 110, — 2Fe,0, + 880,
(i) Sulphur dioxideproduced isthen freed from dust and other impurities such asarsenic compounds.
(i) Thepurified sulphur dioxidein then oxidized by atmospheric oxygen to sulphur trioxidein the
presence of acatalyst, vanadium (V) oxide, V,O, heated to 720K.

V5,0
250, + 0, —2% 250,

Theplant isoperated at apressure of 2 atmosphere and temperature of 720K.
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(iv) Thesulphur trioxide gasinthen absorbed in conc. H,SO, toform oleum (H,S,0.). If SO, is
directly dissolvedinwater, ahighly corrosivemist of sulphuric acidisformed.

SO; +H,S0, — H S0,
(v) Oleumisthendiluted with water to obtain sulphuric acid of desired strength.
H,S,0, +H,0 — 2H,S0,
Thesulphuric acid obtained from the contact processisabout 96-98% pure.
Properties of Sulphuric acid

(i) Physical properties: Puresulphuric acidisathick colourlessoily liquid. Itsmelting pointis
283.5K. Concentrated sul phuric acid dissol vesin water with theliberation of alargeamount of
heat. While preparing dilute H,SO,,, water must not be added to conc. H,SO,.. Dilutesulphuric
acidisprepared by adding Conc. H,S0, slowly and with constant stirring to water. If water is
added to the acid, the heat producedisso largethat it could throw out drops of sulphuric acid
and burnyou.

Chemical properties: Themostimportant propertiesof sulphuric acid areitsoxidizing and dehydrating
properties.
(i) Oxidizingproperties: Hot concentrated sulphuric acid actsasan oxidizing agent and oxidizes
metas, non-metalsand compounds.

Oxidation of metals.
Cu +2H,80, —— CuSO, + 2H,0 + SO,
Zn+2H,80, —— ZnSO, + 2H,
Oxidation of non-metals
C+2H,850, —— CO,+2S0, + 2H,0
S+2H,80, —— 330, +2H,0
Oxidation of compounds
2HBr + H,SO, —— 2H,0+ SO, + Br,
8HI + H,S0, —— 4H,0+H,S+4l,
3H,S+ H,SO,—— 4S+4H,0

Dehydrating properties : Conc. H,SO, is a strong dehydrating agent. It removes water of
crystallization from copper sulphate (whichisbluein colour) and turnsit to white colour.

conc. H,SO,4

CUSO4.5H20 TZO> CUSO4

blue white
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It al so removeswater from carbohydrates|eaving behind, black massof carbon.
C,H,,0,, —0eH204 , 12C + 11H,0

Uses of Sulphuric Acid

Sulphuricacidisknown astheking of chemicals. Itispracticaly usedinevery industry. It isused
inthe manufactureof fertilizers, paintsand pigments, detergents, plasticsand fibres, etc.

Intext Questions 22.3

1. Writeareactionto show the
(i) oxidizing property of sulphuricacid
(i) dehydrating property of sulphuricacid

2. Inthe manufacture of sulphuric acid by Contact process, SO isdissolved in conc. H,SO, and
not inwater. Why?

22.4 Fluorineand Chlorine

Fluorineand chlorinearethefirst two membersof Group 17. Fluorineisthe most € ectronegetive
element. Inthissectionweshall briefly learn about fluorineand chlorineand study in somedetail about
the hydrogen halides, oxidesand oxoacids of chlorineand interha ogen compounds.

Fluorineisextremely difficult to prepareowing toitshighly reactive nature. Itisthe strongest chemical
oxidizing agent hence cannot be prepared by oxidation of fluorideions. Itisprepared by theeectrolysis
of potassium hydrogen fluoride (KHF.,) in anhydrous hydrogen fluoride. Hydrogen fluoride undergoes
electrolytic dissociation.
2HF — F,+H,
Thefluorine obtained is contaminated with hydrogen fluoridewhich may beremoved by passng
thegasover solid NaF.
Fluorineisapdeydlow gaswhichfumesinair.
2F,+2H,0 — 4HF + O,
Fluorineishighly reactive. It combineswith various metalsand non-metalsto form fluorides.
With hydrogen halidesit actsasan oxidizing agent, e.g.
2HX +F, — 2HF+ X, (X =Cl, Bror )

Fluorineiswidely used inthe preparation of fluorinated hydrocarbonswhichinturnfind various
usesinindustry.
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Chlorineisusualy prepared by the oxidation of chloridesby strong oxidizing agents, suchasMnO,,
KMnO,.

MnO, + 2CI~ +4H" - Mn* +2H,0 +Cl,
2MnO}, + 16H" + 10CI~ — 2Mn?** + 5Cl,, + 8H,0

On alarge scale chlorineis obtained as a by product in the electrolysis of sodium chloride.
Chlorineisagreenishyelow gasand can beliquified by pressure alone a room temperature, Itisquite
reactiveand formschlorides of metal sand nonmetal swhen reacted with them. It al so oxidizesammonia
tonitrogen

2NH, +3Cl, — N,+6HCl

Large quantitiesof chlorine are used in bleaching industry and in the manufacture of plastics,
synthetic rubbers, antisepticsand insecticides.

22.4.1 Hydrogen Halides and Hydrohalic Acids

The hydrogen halidesunder consideration are HF, HCI, HBr and HI. The bond distance H-X
increaseswith the size of hal ogen atom. The bond also becomesmore covaent and lessionic. Sincethe
bond length increases, the hydrogen halide in agueous solution loses hydrogen ion more easily with
increasing size of halogen, and the acid strength increasesin the order HF <HCI <HBr < HI

Theagueous solutionsof hydrogen haidesare, in general, known ashydrohalic acidsor smply
halogen acids. (hydrofluoric, hydrochloric hydrobromic, and hydroiodic acids)

Preparation of Hydrogen Halides
Industridly HF ismade by heating CaF, with strong H,SO,.
CaF, + H,SO, —— CaSO, + 2HF
Hydrogen chlorideis made by heating amixture of NaCl and conc. H,SO, at 423 K.

NaCl + H,S0, —2*— HCl + NaHSO,

NaCl + NaHSO, —2 HCl + Na,SO,

High purity HCI ismade by the direct combination of theelements (H, and C1,)
H,+Cl, —— 2HCI
Phosphoric acid isused to make HI
H,PO, + Nl —— HI + NaH,PO,
HBr ismade by asimilar method. Also we usered phosphorusfor making HBr and HI
2P+ 3Br, —— 2PBr,
PBr, + 6H,0 —— 6HBr + 2H,PO,
2P+3l, — 2PI,
2Pl + 6H,0 —— 6HI + 2H PO,
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Properties of the Halogen Halides
» HFisaliquidat roomtemperature (b.p. 293 K), whereasHCI, HBr and HI are gases.

- Theboiling point of HF isunexpectedly high ascompared to HCI (189K), HBr (206K ) and HI
(238K). Thisisdueto theformation of hydrogen bondsbetween the F atom of onemoleculeand
the H atom of another molecule (Fig. 22.2).

.F .F
Fig. 22.2 : Hydrogen bonded chainin HF

Inthe gaseous state, the hydrogen halides are essentialy covalent. Inthe aqueous sol utionsthey
ionizetoformionsbut HFionizesto avery small extent

HF+H,0 — H30+ +F
Thebond dissociation energy of the hydrogen haidesfollow the order HF>HCI>HBr>HI.

Thestability of hydrogen halidesto thermal decomposition therefore decreasesin the order HF
>HCI >HBr > HI. Theacid strength of theacidsincreasesin theorder HF <HCl <HBr <HI. The
aqueous solution known ashydrofluoric acid, hydrochloric acid, hydrobromicacid and hydroiodic acid
possesstheusua property of acids, e.g. they react with basesto form saltsand water and with metals
toform saltsand hydrogen.

Uses of Hydrogen Halides

Hydrogen fluorideisused to prepare certain fluorides mainly fluorocarbonsor freons. Itisalso
usedinetching glassandinremoving sand from cagting. Hydrogen chlorideisprimarily used for preparing
chlorides. Large quantities of hydrochloric acid are used in the manufacture of anilinedyesand for
cleaning iron before ga vani zation. Hydrogen bromideand hydrogeniodide are used to prepare bromide
andiodidesalts. Hydrogeniodideisa so used asareducing agent in organic chemistry.

22.4.2 Oxides and Oxoacids of Halogens

Thereare several compounds containing hal ogen and oxygen. Oxygenislesselectronegative
than fluorine, hence the compounds of oxygen with fluorineareknown asoxygenfluorides (e.g. OF,).
Other hal ogens areless el ectronegativethan oxygen. Thusthey areknown asha ogen oxides. Only the
oxidesof chlorineareimportant and they are described here.

Oxidesof chlorine Themain oxidesarelisted below :
Chlorinemonoxide, Cl,O
Chlorinedioxide, CIO,
Chlorinehexoxide, Cl,Oy
Chlorine heptoxide, CI,,0,
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Chlorinemonoxide, Cl,,0, isprepared by passing chlorine over freshly prepared mercury (11)
oxide

2Cl,+2HgO —— Cl,0 + HgO. HgCl,

Itisapaleyelow gaswhich decomposesviolently on heating and dissolvesin water forming
hypochlorousacid. Cl,O+H,0 —— 2HOCI

Itisapowerful oxidizing agent.
Chlorinedioxide, ClO,, isprepared by theaction of concentrated sulphuric acid on potassum chlorate

KCIO3 + HZSO4 —_— HCIO3 + KHSO4
chloricacid

3HCIO, —— HCIO, +2Cl0, + H,0

perchloric acid
Itisan orangegasand explosivein nature.

Chlorinehexoxide, Cl,O, isprepared by the action of ozoneon chlorineat low temperature. Itisa
red liquid and dissolvesin akalies producing chlorate and perchlorate

Cl,0 + 20H" —— CIO; + ClOj + H,0

Chlorineheptoxide, CI,O; isprepared by theaction of phosphorus pentoxide on anhydrousperchloric
acid at 263 K.

PO, + 4HCIO, —— 4HPO, + 2CI.,O,
Itisacolourlessoil which explodeson heating or striking.
Thestructures of chlorineoxidesareasfollows:

®-° Xy (0] 6: / o
203 Cl =
/\)\ / \ Cl 11 o Cl1
a 110° ¢ 0 118 0 7\ No
» (0] 0o O
CLO clo, CLO,

Oxoacidsof chlorine
Chlorineformsfour oxoacids, HOCI, HOCIO, HOCIO, and HOCIO,
Hypochlorousacid, HOCI isknown only in solution. It isprepared by shaking chlorinewater.
Cl, +H,0 —— HOCI + HCl
Itssalt NaOCl isused asableaching agent.

Chlorousacid, HOCIOisaso knownin solution, certain chlorite saltsof alkali and alkaline earth
metalsareknownin solid state, e.g., NaClO,, 3H,0. The acid is prepared by the action of barium
chloritewith sulphuricacid.

Ba (CIOZ)2 + HZSO4 _— 2HCIO2 + BaSO4
barium chlorite
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Chloricacid, HOCIO, isprepared by the action of barium chloratewith sulphuric acid.

Ba(ClO,), + H,80, —— HCIO, + BasO,
barium chlorate

Perchloricacid, HOCIO,, isprepared by distilling potassium perchl orate with concentrated sulphuric
acid under reduced pressure

2KCIO4 + HZSO4 — 2HCIO4 + KZSO4
potassium perchlorate

Itisacolourlessaily liquid and combinesvigoroudy with water forming hydronium perchlorate
(H3O+ ClQ,). Itisoneof thestrong acids. Itisalso an oxidizing agent.

Theoxoacidsof chlorinearelisted inthefollowing table showing their structures.
Table22.1: Oxoacidsof chlorine

Name Hypochlorous Chlorous Chloric Perchloric
acid (a) acid (b) acid (c) acid (d)

Formulaof

oxoacid HOCI HOCIO HOCIO, HOCIO,

Oxidetion state

of chlorine +1 +3 + +7

5

® ®
© ©
© @
N SO @ @
Structure @{ 0/ | @/ | \0
(a) (b) © ©
(c) (d)

Theacid strength of the oxoacids of chlorineincreases asthe number of O-atoms present inthe
acidincreases.It isbecause oxygen ismore el ectronegative then chlorine. Asthe number of O atoms
bonded to the Cl atom increases, more electronswill be pulled away more strongly from the O-H
bond. Asaresult the O-H bond will beweakened. ThusHOCIO, requiretheleast energy to break the
O-H bond and form H+. Thus, HOCl isavery weask acid whereasHOCI O, isthe strongest acid, thus
theacid strengthiincreasesin the order.

HOCI < HOCIO < HOCIO, < HOCIO,
22.4.3 Chlorofluorocarbons(CFC)

Chlorofluorocarbons are the compounds of carbon where chlorine and fluorine are substituted
for hydrogen in saturated hydrocarbons e.g. CClF,, CFCl,, C,F,Cl, etc. These compounds have
very high capacity to retain heat. It isbelieved that the capacity to retain heat isabout 10,000 times
morethanthat of carbon-dioxide. Thusthese moleculesare capable of cooling other systemsby taking
away their heat.
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Chlorofluorocarbons are a so termed asfreons. About 5 thousand metric tonnesof CFC'sare
still being produced in our country annually. In addition to their usage as aerosols, solvents, foam
blowing agentsand refrigerants, they are a so known to cause environmental hazard. CFCsreact with
protective ozonelayer inthe stratosphere, thus caus ng perforation through which radiationsfrom outer
sphere enter our atmosphere and cause damageto our life systems. The destruction of ozonelayer is
termed as 0zone depl etion and it is creating aozone hole.

22.4.4 Interhalogen Compounds

Thehd ogensform aseriesof mixed binary compoundscalled theinterha ogens. Thesecompounds
are of the type XX', XX, XX}, and XX. The compounds of the type XX" are known for all
combinations. Compoundsof XX, and XX typesareknown for some, and of XX, typeonly IF,
isknown.

Preparation

Theinterhal ogen compounds can be prepared by direct reaction between the halogens. They
can a so be prepared by the action of ahal ogen on alower interhal ogen.

Cl,+F, (equal volumes) —"* 2CIF

Cl, + 3F, (excess F,) — 5 2CIF,

293K
|, +5F, —2 5 2IF,

523-573K
s
I, +7F, 2IF,

Intext Questions 22.4

1. Namethemost € ectronegative hal ogen.
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22.5 Compoundsof Noble Gases

Thegroup 18 of the periodic table consstsof six elements- helium, neon, argon, krypton, xenon
and radon. Theseelementsaretermed as‘ noblegases . The name noble gasesimpliesthat they tend
to beunreactive and arereluctant to react just like noble metals. Except helium which has2 el ectrons
and formsacompleteshell 1s%, the other elements of the group have aclosed octet of electronsin their
outer shell ns? np6. Thiselectronic configuration isvery stableand theionization energiesof theatoms
of these elementsarevery high. Therefore, the atoms of noble gaseshavealittletendency to gain or
lose e ectrons. Hence these e ementsexhibit lack of chemical reactivity.

Thefirst compound of noble gaseswas madeby Neil Bartlett in 1962 by the reaction of xenon
with PtF,. Sincethen several other xenon compounds, mainly with the most el ectronegative el ements
(fluorineand oxygen), have been prepared. He, Neand Ar do not form any compoundswhereasKr
doesform KrF,, Radonisaradioactiveelement and al itsisotopeshave very short half lives.

Xenon Compounds

Xenonreactswith fluorineto form binary fluorides, XeF,, XeF, and XeF,. The product formed
depends on thetemperature and xenon-fluorineratio. Thus

(2:1ratio)

Xe+2F, —2T , er (9)
(1:5ratio)

Xe+3F, 23600 - ek (9)
(I:20rétio)

XeF,, XeF, and XeF; areall white solids. They readily sublimeat 298 K. They differ intheir
reactionswith water

XeF, dissolvesinwater and undergoesslow hydrolysisinwater.
2XeF, + 2H,0 —— 2Xe+4HF + O,

XeF, and XefF, react with water violently to givexenontrioxide and hydrogen fluoride.
6 XeF, +12H,0 —> 4 Xe+2Xe0, + 24 HF + 30,
XeF, + 3H,0 —> XeO, + 6HF
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XeF, onpartia hydrolysisgives, xenon oxofluorides.
XeF, + H,0 —— XeOF, + 2HF
XeFg + 2H,0 —— XeO,F, + 4HF

Thexenon fluoridesreact with strong L ewisacidsto form complexes.
XeF, + PR, —— [XeF]" + [PF]~
XeF, + SbF, —— [XeF;]" + [ShF,]”

XeF; may aso act asafluoride accepter from fluorideion donorsto form fluoroxenate anions.
XeF + MF —— M'[XeF,]” (M =Na K, Rb, Cs)

XeO, can be prepared by hydrolysis of XeF,
XeFg + 3H,0 —— XeO, + 6HF

XeO, can be prepared by the reaction of barium peroxenate with cone. sulphuric acid
Ba,XeO, + 2H,SO0, —— XeQ, + 2BaSO, + 2H,0

Structureof Xenon compounds

The structures and shapes of the common xenon fluorides and oxides are shown below. The
shapes of these moleculescan be explained intermsof V SEPR theory which you havedready learntin
chemica bonding.

(F)
() ©)
S S
© P T e
/
TN
@@o

Fig. 22.3: The structures ofXeF,, XeF,, XeF, XeO, and XeOF ,
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sl What You HaveL earnt

While sulphur exists as S; molecul es oxygen exists as O, molecul es. Both these elementsform
divaent anionshowever sulphur also shows+4 and +6 oxidation state. Oxygen and sulphur are
non-metalsof group number 16.

The binary compounds of oxygen with other elementsare known asoxides. The oxidescan be
classified as: acidic oxides, bas c oxides and amphoteric oxides.

Ozone, an dlotrope of oxygenisprepared by Siemen’sozonizer.

Sulphuric acid displaysstrong acid character and possesses oxidizing and dehydrating properties.
Chlorineformsanumber of oxoacids: HOCI, HCIO,, HCIO, and HCIO,,

Thebinary compounds of halogenswith one another are called inter halogen compounds.

Ha ogensare placed ingroup number 17 of the periodic table. All membersof thegroup arevery
reactive. They show variable oxidation states. Halogens react with other halogen forming
interha ogens. Ha ogen (Fluorine) can even react with noble gases. Hal ogensreact with hydrogen
forming hydracids.

Fluorochlorocarbonsare called freonswhich decompose ozone and arethereforeenvironmentally
hazardous.

Helium, neon, argon, krypton, xenon and radon are the members of Group number 18 and are
collectively called noblegases.

Xenonisknown toreact with fluorineto form Xef,, XeF, and XeF.

'
i Terminal Exercise

1.

o o bk~ w DN

Which one of thefollowing oxides can react with an acid aswell aswithanakali : SO, Ca0,
ZnO, MgO?

Writetwo oxideswhich do not react with either acidsor alkalies. Which typeof oxidesarethey?
Isozonean alotrope of oxygen? Whichismore solubleinwater oxygen or ozone?

What isthe state of hybridization of the central oxygen atomin O, molecule?

Why doesozonetail mercury?

Which property of ozonemakesit useful for bleaching?
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7. Writethe conditionswhich arerequired to convert SO, to SO, in the manufacture of sulphuric
acid by contact process.

8. Whatisoleum?
9. Why issulphuricacid known asking of chemicals?
10. Fluorinenever actsasacentral atominany interhal ogen compounds. Why?
11. Draw thestructureof BrF,.
12. Arrangethehydrogen halidesinorder of their acid strength in agueous solution.
13. Why isF,O not known asfluorine oxide? I nstead it isknown as oxygen fluoride, OF,.
14. Whichisthestrongest acid among the oxoacidsof chlorineand why?

15.  What happenswhen X eF, reactswith S ?Writethe complete equation for thereaction.

@ Answersto Intext Questions

22.1
1. Basicoxide: CaO; acidic oxide: SO,; amphoteric oxide: ZnO.
2. Acidicoxide: SIO,, SO,, CrO,
Basicoxide: K,O, FeO
Amphoteric oxide: Al,O,, ZnO
3. ZnO+H,S0, — ZnSO, + H,O
ZnO + 2NaOH —— Na,Zn O, + H,0
4. Anoxideof group 1, K,O and of Gr 2BaO
K,O+2HCl —— 2KCl +H,0
BaO + H,SO, —— BaSO, + H,0

22.2
1. When ethenecombineswith O,, an ozonideisformed, thus
CH,-O0-CH,
CH,=CH,+0, — |
2o O — o0

Onhydrolysisit givesHCHO,
CH,-O-CH, + HO —— 2HCHO + HO
I 2 I 2 2 272

O — O
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2. (i) 2FeSO, + O, + H,80, —— Fe,(SO,), + H,0 + O,
(ii) 3SnCl, + O, + 6HCI ——> 3SnCl, +3H,0

3. Ozoneis10timesmoresolublethan O,.

o 0]
4O O 128m o7 N<s0? D

(0]
O nro resonance hybrids

5. Mercury losesitsconvex meniscusand leavesa*“tail” or atrail of minute dropletsonaglass
surface when exposed to ozone. Thisisdueto theformation of mercurousoxide. Thetailing
effect can beremoved by washing the mercury with adilute acid.

22.3
1. (i) Oxidizing property of conc. H,SO,
Cu + 2H,80, — CuSO, + SO, + 2H,0
(i) Dehydrating property: It removeswater from sugar
C,H,,0, + H,S0, —— 12C + 11H,0
2. A corrosvemist of sulphuricacidisformed.

3. 250, + 0,—25— 250,

22.4

Huorine

Huorine

2 NaCl + 3H,80, + MnO, —— MnS0O, + 2NaHSO, + 2H,0 + Cl,,
HI >HBr>HCI > HF

a ~ 0w DpoRE

Chlorofluorocarbons (or freons)
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22.1.a Sodium thiosulphate (HY PO)

Preparation of sodium thiosulphate.
Crystalline hydrated sodium thiosulphate (Na,S,0,.5H.,0) isknown as* hypo’

1. Inthelaboratory sodium thiosul phateis prepared by boiling alkaline or neutral sodium sulphate
with*flowersof sulphur’

Na,SO, + S —22 , Na,S0,

Theunreacted excess sul phur isfiltered off and thefiltrate off and thefiltrateisconcentrated tothe
crystallization point. Na,S,0,.5H,0 crystallizesout.

2. Hypoisprepared by the oxidation of sodium sulphide or sodium polysulphidewith air.

2Nas, + 30, —= INa SO0 +6S

inair
3. Sodium sulphide solution can aso react with SO, toformNa,S,0,
2NaS+ SO, —— 2NaS0,+S
4. Hypoismanufacturedindustrialy by acombination of thepprincipleof oxidizingNa,S with SO, and
thelaboratory technique.

Properties of Hypo

|. Physical properties:
a. Sodiumthiosulphateisacolorless, crystalline effl orescent substance.

b. Itishighly solubleinH,O. Itisone of thefew common laboratory chemical swhich form super
saturated solutions.

I.Chemical properties:
a. Action of heat: Hypolosesall the molecules of water (water of crystallization)when heated to
about 48K.

On heating it undergoesthermal decompositiontogiveH,S, SO, and S.
b. Reactionwith diluteacids: withdilutemineral acids(HCl or H,SO,), hypo produces SO, and S.

NaS,0, + 2HCI —— 2NaCl+H 0+ S0, + S
c. Reactionswith AgNO, solution: When hypo reactswith AgNO, sol ution, two types of reactions

may take place.
First typeof reaction:

When very dilute sol ution of sodium thiosul phateisadded to AQNO, solution, awhite preci pitate of
Ag,S,0, isformed which readily changesto black solid (Ag,S). thereactions are:

Na,S,0, + 2AgNO, —— 2NaNO, + Ag,S0, |
White ppt
H,0 +Ag,S,0, — H,S0,+Ag,S{
Black ppt
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Second type of reaction:

When con. Hypo isadded to AGNO, solution, awhite precipitate Ag,S,0, isformed first. The
precipitate readily dissolvesin excessof sodium thiosul phate dueto the formation of acomplex
compound {Na,Ag(S,0,),} . Thereactionsareasfollows:

Na,S,0, + 2AgNO, —— Ag,S,0, | + 2NaNO,
White ppt
Ag,S,0,l+3NasS0, — 2Na[Ag(S,0),)
Sodium argento thiosul phate complex

Reaction withiodine:
Sodium thiosul phateis converted into sodiumtetrathionate by |,

2Na SO, +1, —— 2Nal + Na,S,O,
Thisreactionisusedinvolumetricanaysis. At theend pointiodinegivesanindigo bluecolor with
garchindicator.
Reaction with salts:

Sodium thiosul phate reactswith ferric chloride, cupric chloride or auric chloride etc. and converts
them into complex thiosulphate.

Reaction with exposed photographicfilm or AgBr:

In photography, thefixing isdone by washing thefilmwith hypo solution. Thushypoisused asa
photographic fixer making useof thefollowing reaction. Theslver bromide (or theslver hdide) on
thefilm reactswith sodium thiosul phate forming acomplex.

AgBr +2Na, S0, — NaJ[Ag(S,0,),] + NaBr.
Reaction with moreCl.;:

Hypo reactswith Cl,, giving Na,SO, and HCI.

Na,S,0,+Cl, +H,0 —> NaSO,+S+2HCl.

Thisreactionisused in removing excesschlorinein someindustria processes. (Example: Textile
industry) Hencetisknown as*antichlor’

Uses of Hypo:

Hypoisused
In photography for fixing.

Il. Asanantichlor intextileindustry.
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[11. Inthevolumetric analysisinthelaboratory.

IV. Asanantisepticinmedicine.
22.1.a Intext questions

1. Wiritetheequationfor the preparation of hypoinlaboratory.

What you have learnt

 Laboratory preparation of Hypo
e Physica & Chemical propertiesof Hypo
* Usesof Hypo

22.1.a Answers Intext questions

1. NaSO,+S —— NaSO,
2. 1. AsPhotographicfixe
2. AsAntichlovinclothIndustry
3. AsareagentinVolumetric Analysisinthelab.
4. Asantisgpticinmedicine.
3. Hypoloseswater upto 488K. It decomposesinto H,S, SO, and S
4. Hypoisused asfixe in Photography.
AgBr+NaS0O, —— Na[Ag(S0,),] +NaBr
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Terminal Exercise

1. Wiriteabout preparation of Hypo and Physical Properties.
2. Writethereactionsof Hypowiththefollowing
a)lodine b) AgBr c)Chlorine

22.1.b Manufacture of sulphuric acid:

Sulphuricacidisthemost important acid used in the chemical industry. It wascaled as“ail vitriol”.
Because of itswide applications. H,SO, isreferred as“theking of chemicas’. Itismanufactured
by the contact process.

Contact process:
Thethree main aspects of the contact processare
I.  Sulphur dioxideproduction:
Sulphur dioxiderequired for the processisobtained by burning either Sor iron pyritesin oxygen.
S+0, — <0,
4FeS, + 110, ——> 2Fe,0, + 830,
II. Sulphur trioxideformation:
Sulphur dioxideisoxidized catalyticaly with atmospheric oxygen to sulphur trioxide SO,
250,+0, —2 250,
I11. Sulphur trioxideisabsorbed in H,SO,.

The pure SO, formed isabsorbed in 98% conc. Sulphuric acid to get oleum or pyro sulphuric acid
H.,S,0,. Oleumisdiluted with water to obtain sulphuric acid of desired concentration.

SO, +H,80, —— H,SO,
H,S,0, + HO —— 2H,S0,

LeChatelier’sprinciple: Inpresenceof aCatalyst. SO, convertsinto SO, by Oxidation. This
isareversiblereaction. It isan exothermic reaction

250,+0, —> 250 H = -189K J

3
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The equation reveals the following points:

3volumesof thereactants convert into 2 volumesof SO, i.e. adecrease of volumeaccompanies
thereaction.

Thereactionisan exothermic change.

Thecatalyst may be present toincreasethe SO, yields.

According to Le Chatelier’s principle

A decrease in volume of the system isfavored at high pressures. But in practice only about 2
atmospheres pressureis used. The reason for not using high pressuresis acid resisting towers
which can withstand high pressures cannot bebuilt.

. Exothermic changesarefavoured at |ow temperatures. It isnot dwaysconvenient intheindustry to

work at low temperatures. In such situations, an optimum temperature is maintained. At this
temperature considerable amounts of the productsare obtained. Inthe manufactureof H,SO,. The
optimum temperature suitablefor the conversion of SO, to SO, isexperimentally foundto be 673-
723K.

Therate of formation of SO, isenhanced by theuse of acatalyst. Different catalystsarein use.
They are Pl atinised asbestos, vanadium pentoxide, finely divided Pt deposited on MgSO, and a
mixtureof Fe,O, and cupric oxide CuO. All thecatalystsin the contact processare easily poisoned
and therefore, the gases used must be extremely pure. In modern plants, excessof oxygenisused
inthegaseous mixture.

Description of the plant:

Various partsof the plant are showninthefigure given below.

4 5
? i 6 1

Fig. 22.1.b Manufactureof Sulphuricacid - Contact Process

1. Pyritesburners 2. Dustingtower 3. Cooling Pipes 4. Scribbingtower 5. Drying tower
6. Arsenic purifier 7. Testingbox 8. Preheater 9. Catalytic chamber 10. Absorption tower
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Pyritesburners or suphur burners: here Sor iron pyritesare burnt to produce SO,
Dusting tower: Thedust particlesinthe burner gasesare removed by settling down.
Cooling pipes. Thegasesare cooled and al so dust particles settle down completely.
Scrubbing tower: Thewater falling from thetower cleansthe up going gases.

Dryingtower: Thegasescomingintothisaredried.

© o bk~ w N P

Arsenicpurifier: Themainimpurity inthegasesisarsenic oxide. It isremoved in thischamber by
geainousferrichydroxide.

7. Tedtingbox: Herethegasesaretested for their purity. If thegasesstill containimpurity As,O, and
the suspended particlesthen the gasesarerecycled.

8. Preheater: The pure gasesare heated to 673 —723K. From herethey go into contact tower.

9. Contact tower: The contact tower hasvertical pipes packed withthe catalyst, V205 maintained
a therequired temperature. SO, in convertedinto SO,. Thecatalyst ismaintained at therequired
temperature by the heat evolvedinthereaction.

10. Absorption tower: SO,. Is absorbed in conc. H,SO, to form oleum H,S,O.. The oleum is
diluted with water to get the acid of required concentration.

Advantages of contact process over other methods.

1. Sulphuricacid obtained isextremely pureand concentrated.
2. Contact processiscomparatively cheap.
3. Theimpurities can betested and the reactants can berecycled.

22.1.b Intext Questions:

1. Writethe chemica reactionstaking placein contact process.

What you have learnt :

1. Preparation of Sulphuric acid by contact process.
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22.1.b. Answers to Intext Questions

Catalyst
1. 2802 + 02 ﬁ 2803

2. Vanadium Pentoxide Platinised asbestos, mixtureof CuO;andFe,0,
3. +6

22.1.c Oxyacids of Sulphur

Sulphur oxoacids are numerous and moreimportant than the oxyacids of other elementsof the
group. Theoxoacidsof Smay bedividedinto 4 series, depending ontheir structural smilarities.
They are

i. Sulphurousacid series
ii. Sulphuricacid series
jii. Thionicacid series
iv. Peroxoacidseries

Each of these acids may have more than one structure. The structures of these acidswhichis
possibleresonating or fantomericformaregiven.

i) Sulphurousacid series:
@) sulphurousacid—H,SO,Oxidation state of S+ 4.
O O
! |
HO—S « HO——S—H

OH O
b) thiosulphurousacid. H.S O,, Oxidation stateof S+ 4.

2522
HO—S——OH

|
S
¢) Disulphurousacidor
Pyro sulphurousH_S, O, Oxidation stateof S+3, & +5

27275

o o
I

HO—S——S——OH

O
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d) Dithionousacid

or
Sulphurousacid  H.S O,, Oxidation state of S+3

222
@) O

HO—S——S ——OH

il) Sulphuricacid series:
a) sulphuric acid H,S0,, Oxidation state of S+6

O
I
HO—S——O0OH
O
b) thiosulphuricacid. H,S,0,, Oxidation state of S-2, +6
O
HO—S——OH
: S

¢) Disulphuricacidor

Pyrosulphuricacid H,S,0,, Oxidation state of S+8, +6

0 o
| |
HO—S——0——S— OH

O O
iif) Thionicacid series:
a Dithionicacid H,S,O,, Oxidation stateof S+5

O O

HO—S——————S— OH

O O
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b) Poly thionicacid H,S O, Oxidationstateof S+5

25 n+2) e’
o) o)
| |
HO—ﬁ—(S)n ﬁ_ OH
o) o)

iv) Peroxo acid seriesor peroxy acid series:.

a) Peroxo mo sulphuricacid or caro'sacid H,S0,, Oxidation stateof S+6
O

|
HO—S—O—OH
O
b) Peroxo di sulphuric acid or per sulphuricacid or Marshall’sacid
H, SO, Oxidation state of S+6

27278

0 0

| |
Ho—ﬁ 0 o ﬁ OH

0 o

22.1.c Intext questions:

1. Writethestructuresof
i) Dithionousacid (H,S,0,)
ii) DisulphurousacidH,S,0..

22.1.c Answers of intext questions:

1. @) DithionousacidH,S,O,
O O

HO—S——S——OH
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b) Disulphurousacid H,S,0,
O O
"
HO—ﬁ—S —OH

@)
2. DithionicacidH.S O

27276

Oxidation state +5. o o

|
Ho—ﬁ — ﬁ— OH
O O
22.4a Fluorine & Chlorine

Preparation of Fluorine:

Theisolation of fluorinefromitsmineralswasahuge chalengein chemistry. Many unsuccessful
attemptsweremadetoisolaefluorinefor over six decades. Commercialy severd typesof ectrolytic
cellsareusad for the preparation of fluorine. All these methods utilizethe same M oisasan'sprinciple
influorineisolation. The commonly used methodsisWhytlaw Gray’smethod.

Whytlaw Gray Method:

Inthismethod el ectrolysisiscarried out inan electrically heated copper cell. Theedectrolysisfused
potassium hydrogen fluoride (1:2; KF HF) thefoll owing reactionsoccur.

KHF, oG K'+H'+ 2F at anode 2H' + 2e — H,—> at anode 2F — F, + 2&-
The copper vessel servesas cathode also. Anodeismade of graphite. Theanodeissurrounded by
acopper diaphragm at the bottom. Thisdiaphragm preventsthe mixing of H, and F, which react
explosively if they comeinto contact.

Fused KHF2

Heseting coil

Graphite (Anode)
Copper digphram
Hourospar lid
Hourine

Copper cell (Cathode)
H

2

Way to HF
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Fig. 22.4.a Witlaw Grey Method
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Liberated at the anodeis passed through the U —tube contai ning sodium fluoride. Hydrogen fluoride
vapoursaccompanying fluorineasimpurity areremoved by NaF.

NaF + HF —— NaHF,

H, isliberated at the cathode. The corrosion of the cell by the action of F, isprevented by Teflon
coating givento variouspartsof thecell. The Fluorine obtained in thismethod isalmost pure with
tracesof theHF presentinit.

Other methods of preparation of fluorine area so known.

Preparation of Chlorine:
Nelson’s process.
Brine solutioniseectrolyzed. Thefollowing reactionstake place
lonization: 2NaCl —— 2Na+2Cl
Attheanodechlorideionsare oxidized to chlorine.
2CI —— Cl,+2e (deélectronation or oxidation)
Reduction of Na" to Nadoes not occur. But H,O isreduced at the cathode.
At the cathode 2H,0+2e —— H,-+20H (electronationor reduction)

2Na"+20H —— 2Na'OH
Intheeectrolytic cel, if the products comeinto contact with one another, other sdereactionsare
likely totakeplace.
Eg: 2NaOH + Cl, —— NaCl + NaOCl + H,0
Or 20H +Cl, —— CI +0OClI +H,0
Therefore Nelson’s cell arrangements are such that NaOH and Cl,, do not come together
Nelson’s Method:

Inthisprocess, aperforated steel U-tubelined insidewith ashestosisused ascathode. The U-tube
issuspended in outer iron tank. Brine solution istakeninside U-tube. A carbon rod is suspended

1. Perforated steel U-tube and cathode
2. Asbestos lining

3. Brinesolution

4. NaOH solution collected

5.Cl, outlet

6. H, outlet
7. Steaminlet
8. Brineinlet

9. Graphite anode

Fig. 22.4b Nelson'sCell
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into brine solution from the roof of the tank. The cathode and The anode are separated by the
asbestoslining present inside U-tube. Chlorineliberated during theelectrolysisisled out fromthe
anode.

Na" ionsdiffusethrough the asbestoslining. They combinewith OH ionsandformNa'OH . H,
escapes from the cathode compartment. H, and NaOH arethe by productsin this process. Sodium
Hydroxide getscollected at the bottom. Steamissent from the bottom of thetank whileeectrolysis
iscarried out. This passage kegpsthe solution hot and clearsthe perforations of the U-tube and of
theasbestoslining.

22.4.a Intext questions:
1. Nametheélectrolyteusedinthe preparation of Cl, by Nelson cell method.

What you havelearnt:
1. Preparation of Fluorineby Whytlaw grey’smethod.

2. Preparation of Chlorineby Nelson cell method.
Terminal Exercise:

1. ExplaintheNelson Cell method of preparation of Cl,
2. How doyou prepare F, by Whytlaw grey method.

22.4.a Answer to I ntext questions:
1. SodiumChloridesolution.

2. Huorine.

22.5.a Physical-chemical method of isolations of inert gases
Noblegasesare present inair though very rarely. They are separated from the other components
like O, N, etc. two principle methods are empl oyed for separating thenoblegas. They are
1) physico—chemica methods
2) physical methodsbased onfractiond distillation
Theinert gasesare separated fromair intwo steps A and B.
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Step A

Thisgtepinvolvesthe separation of amixture of noblegasesfromair by adopting chemica methods.
1) Ramsay —Rayleigh First method.

Pureand dry air ispassed over sodaline (NaOH+ CaO intimate mixture) and potash solution. This
removes CO, from air. The gases are passed through along tube containing red hot copper. This
removes O, fromthe gases. O, combineswith Cu

2Cu+0, — 2Cu0

Thentheresulting gases are passed over hot mg metal. N, of theair isremoved by thefollowing
reaction

N, +3Mg — Mg\,
Magnesium nitride.

Theaboveprocessisrepeated dternately severa timestill al theN, and O, arecompletely iminated.
A mixture of noble gasesisobtained.

2) Ramsey — Rayleigh second method:

1. Coil 2. NaOH Solution 3. NaOH Solution

N, and O, presentinair combine under theinfluence of an éectric dischargeand formoxidesof N,
—thedetailsof the processare given below.

A largeflask of 50-60 liter capacity isfitted with five hoked rubber cork. Through the cork two
stout pt e ectrodesareintroduced. Two long tube areintroduced into theflask through thesetubes
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NaoH iscirculated. Through another holeinthe cork long tubein passed through which amixture
of dry airand O, issentintheair and O, intheratio of 9:11.

Anéectric dischargeat 6000-8000 voltsis passed through the gas mixture. Nitrogen combinewith
O, tooxideof N,

N2+O2 —— 2NO
2NO+0, —> 2NO,

2NO,+2NaOH —— NaNO, + NaNO, + H,0
Step B:

separation of theindividual gasesthis step isbased on adsorption of gaseson activated charcoal.
Thiswasdeveloped by “ Dewar” principleinvolvedin Dewar method.
1) Activated coconut charcoa adsorbsall the noble gases except Helium.

2) Theadsorption dependson temperaturelower the atomic weight of the Noblegasthelower isthe
temperature needed to adsorbit.

[N}
i
i

lll‘nyl‘

e . -

- -

Fig. 22.5.a Dewar'sflask
1. Heand Ne 2. Mixture of noble gases 3. Coconut Charcoal
4.Liquidair 5. Dewar'sflask

Themixture of inert gasesis sent into aflask called Dewar’sflask. It isadouble walled flask-
containing activated coconut charcoa

At 173K Ar Kr and Xegases are adsorbed by charcoal. While He and Ne remain un adsorbed.

Themixture of He and Neis passed into another Dewer’sflask at 93K only Ne gets adsorbed
leaving behind Helium.

Thecharcoal with Ar, Kr, Xeiscooled to 77K. Argon comes ouit.
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Thetemperature of the charcoal raised to 183K at thistemperature Kr comesout Xeremainson
thefirst charcoal isreleased by warning.

22.5.a Intext questions:

1. Draw thediagram Dewar flask and label it.

22.5.a Answersto Intext Questions

1. Seethediagram

2. By subjectingtheO,, N, toelectric discharge. O,and N, will beremovedintheformof NO
N, + 0O, — 2NO
2NO + O, + 2NO,
2NO, + 2NaOH NaNO, + NaNO, + H,0

3. Noblegasesadsorbson activate charcoal.

Terminal Exercise:
1. Draw theneat |abeled diagram of Dewar Flask.

2. Writethenamesof physical methodsby whichinert gases separated from the mixture.
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d-BLOCK AND
f-BLOCK ELEMENTS

You havealready learnt inlesson 4 on periodic classification, that each period (except thefirst
period) of the periodic table startswith thefilling of nssubshell and endswith thefilling of np subshell
(nistheprincipa quantum number and also the number of the period). Thelong form of the periodic
tableisbased onthefilling of dectronsin variouslevelsin order of increasing energy asgiven by Aufbau
principle. Inthefourth period, filling of the 4th shell commenceswith thefilling of 4ssubshell followed
by 3d and 4p subshells. For thefirst time, we come acrossagroup of e ementsin which asubshell of
the previous principal quantum number (3d) startsgetting filled instead of the expected subshell 4p.
Thisgroup of elementsthat occursin between the4sand 4p elementsisreferred to as 3d eementsor
elementsof first trangition series (seeperiodictable). 4 f Seriesconsist of 14 membersfrom CetoLu
(At.No.58-71), wherethe penultimate subshell, 4 f subshell isfilled up. They havegenera eectronic
configuration [Xe] 4 f 14 5d2 6% Laisalsoincluded in this series: it is the prototype for the
succeeding 14 elements. In thislesson you will study more about these elements and al so about the
preparation, properties and uses of potassium dichromate (K,Cr,O,) and potassium permanganate
(KMnO,).

P\
D), Objectives
After reading thislesson, youwill beableto:

o definetrangtion metalsand writetheir € ectronic configuration;

o listthegeneral and characteristic propertiesof thetransition eements;

o explainthepropertiesof 3d trandtion series: metdlic character, variable oxidation Sate, variation
in atomic and ionic radii, catalytic properties, coloured ions, complex formation, magnetic
properties, interdtitial compoundsand aloy formation;
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o recall thepreparation of potass um permanganate from pyrolusiteore;

« writethechemica equationsillustrating theoxidizing propertiesof KMnO, inacidic, dkaineand
neutral media(acidic: FeSO,, SO, alkaline: K1 and ethene, neutral: H,Sand MnSO,);

o recall the preparation of potassum dichromatefrom chromiteore;

« Writetheoxidation reactions of potassium dichromatewith SO, and ferrous sulphatein acidic
medium;

« Writeeectronic configuration of lanthanoides (4f-eements) and
o explainlanthanoidecontraction.

23.1 d-Block Elements

d-Block elementsoccupy the middle portion of the periodic tablei.e. between s- and p-block
elements. They include elementsfrom groups 3to 12. Inthese elementsthe outermost shell contains
one or two electrons in their outer most i.e., ns orbital but the last electron enters into the inner
d-subshell i.e. (n-) d orbital. The elements of the d-block are metallic in nature. Their general
characteristic properties areintermediate between those of the s-block elements, on one hand and of
the p-block e ementson the other. We can say that d-block el ementsrepresent achange (or transition)
fromthe most electropositive s-block €l ementsto theleast el ectropositive p-block elementsand are,
therefore, also named astransition e ements.

Transition elements are elementsin which the d subshell is partially filled either in
atomic stateor inionic state.

Therearefour seriesof trangition eementsin the periodictable. Thefirst trangition seriesbegins
with scandium (At. No. 21) and ends at copper (At. No. 29) whereas the second, third and fourth
seriesbeginwith yttrium (At. No. 39), lanthanum (At. No. 57) and actinium (At. No. 89) and end at
silver (At. No. 47), gold (At. No. 79) and at the element having atomic number 112 (a synthetic
element), respectively. These seriesare also referred to as 3d, 4d, 5d and 6d series, respectively. It
may be noted that although elemental copper, silver and gold aswell asCu™*, Agt* and Au'* havead™
configuration but Cu** hasa3d®, Ag*" a4d® and Au*" a5d® configuration and that iswhy these
elementsare classified astransition elements. On the other hand, zinc, cadmium and mercury do not
havepartidly filled d subshell either inthedementd stateor inany of their commonions. Thesedements,
therefore, arenot transition el ements. However, zinc, cadmium and mercury are often considered along
with d- block elements.

Intext Questions 23.1

1. What aretransition e ements?
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2. How many dementscomprisethefirst transition series? Give names of all theseelements.

23.2 Electronic Configuration

The general electronic configuration of transition elementsis (n—1) d*° ns'. The (n— 1)
stands for inner shell and the d-orbitals may have one to ten electrons and the s-orbital of the
outermost shell (n) may have one or two electrons. It isobserved from the Fig. 23.1 that 4sorbital
(I=0and n=4) isof lower energy than 3d orhitals (I = 2 and n = 3) upto potassium (At. No.19). The
energy of both these orbitalsisamost samein case of calcium (At. No. 20), but the energy of 3d
orbitalsdecreaseswith further increase of nuclear charge and becomes|ower than 4s, and 4p, (in case
of scandium At. No.21). Thusafter filling of 4sorbital successvely with two electronsat atomic number
19 and 20, the next incoming el ectron goesto 3d orbital instead of 4p, astheformer isof lower energy
than thelatter. Thismeansthat 21st el ectron entersthe underlying principal quantum level withn=3
rather than the outermost level with n =4 which started filling at potassium (At. No.19), the first
element of thefourth period. Inthe case of next nineeementsfollowing calcium, theincoming eectron
isfilledinthed- subshell. Since half filled and completely filled subshellsare stabler than the onein
which one electron is short, an el ectron getstransferred from 4sto 3d in case of the elementswith
atomic number 24 and 29. Consequently, configuration of chromium and copper have only one4s
electron (Table23.1).

Energy (E) —

Atomic number —
Fig. 23.1 : Variation of energy of orbitals vs atomic number
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Table 23.1: Electronic configuration of first series( or 3d) transition e ements

Element Symbol Z Electronic Configuration

Scandium S 21 1? 2° 2p° 35 3p° 3d 457
Titanium Ti 22 17 25 2p° 3? 3p° 3d? 4
Vanadium v 23 17 25° 2p° 3% 3p° 3d° 4
Chromium Cr 24 1% 27 2p° 35 3p° 3d* 457
Manganese Mn 25 17 2¢” 2p° 3% 3p° 3d° 4
Iron Fe 26 17 25° 2p° 3% 3p° 3P 4¢
Cobalt Co 27 1% 27 2p° 35° 3p° 3d’ 457
Nickel Ni 28 1% 2% 2p° 35° 3p° 3 4¢°
Copper Cu 29 17 2¢° 2p° 3% 3p° 3d° 45
Zinc Zn 30 1s? 27 2p° 3¢ 3p° 3d'° 4¢

As can be seen, in case of zinc, the 30th electron goesto 4slevel and not 3d level whichis
already full. Thus by definition, zinc cannot be called amember of d block elements. Besides, no
compound of zincisknownto haveapartidly filled 3d subshell. Thusit doesnot fit into the definition of
atransition element either. Hence zinc cannot berightly called either ad-block element or transition
element. However, zinc and other members of group 12, viz., cadmium and mercury are discussed
along with 3d, 4d and 5d transition elementsfor the sake of convenience.

It isimportant to understand at thispoint, the process of ionization (i.e. oxidation) of transition
elements. From what has been said aboveregarding filling of the orbitals, it islogical to concludethat
duringionization e ectronsshould belogt first fromthe (n-1) d subshellsand thenfromthe4slevel. This,
however, isnot the case. Thereason for the deviation from the expected behavior isthat oncethefilling
of the 3d subshell commencesat scandium (At. No.21) energy of 3d subshell decreasesand becomes
lower than that of 4ssubshell. Consequently, onionization, thefirst row trangition dementslosedectrons
from the 4ssubshdll followed by thelossfrom 3d level. For examplevanadium (Z = 23) haselectronic
configuration VV=[Ar]3d°4s” and the el ectronic configuration of V>*is[Ar]3d>, Similarly electronic
configuration of V3" and V#* are [Ar]3d? and [Ar]3d", respectively. In some cases, however, for
examplescandium, al thee ectronsbeyond thecoreof 18 electronsarelostinsnglestep. Itisimportant
to notethat though 3d orbitalsare of higher energy than 4sorbitals (asisevident from the order of
filling) thedifferenceissolittlethat these are considered dmost of sameenergy.

Intext Questions 23.2

1. Writethegeneral eectronic configuration of transition elements.
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3. Writedown theelectronic configuration of thefollowingions: Cr¥*, Ti**, Ni** and Cu®*.

23.3 Physical Properties

Someimportant physical propertiesof d-block elementsarelisted in Table23.2. Like s-block
elements, d-block elementsare also metals. But properties of these elementsare markedly different
fromthose of s-block e ements. Theinteresting feature of the chemistry of transition elementsisthat
similaritiesin the propertiesof transition elementsare much more marked ascompared tothoseins-
block. Almost all transition el ements show typical metallic properties such ashigh tensile strength,
ductility, malesbility, highthermal and electrica conductivity and metdliclusture. All thetrangtionlements
havetypica metalic structure except mercury, whichisliquid a room temperature.

Trangtion e ementsshow high melting and boiling points. They typically melt above 1356 K. Itis
duetothesmall atomic sizeand stronginteratomic bonding. All thetransition e ementsare hard except
zinc, cadmium and mercury. They show highenthalpy of atomization (Table23.2). Dengtiesof trandtion
elementsarevery high ascomparedto those of s-block elements. The density of theelementsina
given transition seriesincreases across a period and reachesamaximum value at groups 8,9 and 10.
Thistrend can be explained on the basisof small radii and close packed structure of the elements.

Table 23.2: Someimportant physical propertiesof 1st transition series

Property Sc Ti \% Cr Mn Fe Co Ni Cu Zn
Atomic number 21 22 23 24 25 26 27 28 29 30
Outer electronic

configuration 3d 48 3d%4s? 3d*4s?  3di4s? 348 3d%s?  3d’ 48 3dP4s? 3d%4s’ 3004
Atomic radius (pm) 160 146 131 125 129 126 125 124 128 133
lonic radius M 2+(pm) - 90 88 84 80 76 74 72 69 79
lonic radius M**(pm) 81 76 74 69 66 64 63 63 - -
Crystal structure fcc hcp bce bce bce beefecc hepfec  fee fcc hcp
Density (g mi™) 31 45 6.1 7.2 7.6 7.9 87 89 89 71
Mélting point (K) 1817 1998. 2173 2148 1518 1809 1768 1726 1356 693
Boiling point (K) , 3003 3533 3723 2138 2423 3273 3173 3003 2868 1179

Stable oxidation states +3 +4  +3,+4+5 +2+43+6 +2,+3+4,+7 +2+3 +2+3 +2 +1+2 +2
1st ionization enthalpy

(kJmol™) 632 659 650 652 717 762 758 736 745 906
Electronegatively 13 15 1.05 1.6 1.05 18 18 18 18 16
Heat of fusion

(kmol™) 159 155 176 13.8 14.6 153 152 176 130 74
Heat of vaporization

(kImol™) 3389 4456 4436 305.4 224.7 3539 389.1 380.7 3389 1146
Reduction potential

(EOMZ IM(V) - -163 -120 -0.91 -1.18 -044 -028 -025 +0.34 -0.76
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Atomic radii

Theradii of the elementsdecreasefrom left to right acrossarow in thetransition seriesuntil near
theend, then thesizeincreasesdightly. On passing from left to right, extraprotonsare placed inthe
nucleusand extrael ectronsare added. Thed-orbital e ectronsshield the nuclear charge poorly. Thus
the effective nuclear charge increases and, therefore, electrons are attracted more strongly, hence
contractioninsizeoccurs. Thereisanincreasein atomicradii withincreasein atomic number inagiven
group, for example Ti (146 pm), Zr (157 pm) and Hf (157 pm). Thevery closesimilarity betweenthe
radii of elementsof second and third transition seriesisaconsequence of thefilling of the4 f- subshell
(causinglanthanide contraction which you will study later inthislesson).

Intext Questions 23.3

1. Why dotrangtioneementsshow higher melting and boiling points?

23.4 Characteristic Properties

These arethe properties shown only by transition elements. On the basis of these properties
trangition el ements can be distinguished from sand p-block elements.

23.4.1 Variable Oxidation States

s-block, d-block and f-block el ements show positive oxidation states (except H which shows
—1 oxidation state al so) whereas, most of the p-block e ements show both positive and negative states.
Thenumber of dectronsused for bonding by an eectropositivedement isequad toitspositive oxidation
dtate. A characteristic property of d-block elementsistheir ability to exhibit avariety of oxidation states
intheir compounds. Thisisduetothefact that for bonding, in addition to nselectrons, these el ements
canuseinner (n—1)d electrons aswell because of very small differencein their energies. Thus,
depending upon the number of d electronsinvolved in bonding, different oxidation statesarise. The
lowest oxidation stateisusually equal to the number of s-electronspresent (except Sc). For example,
copper hasan electronic configuration of 3d*°4s! and shows oxidation state of +1 besidesthe usual
oxidation state of + 2. The highest oxidation states are observed in compounds with fluorine and
oxygen, which arethetwo most e ectronegative e ements. Thedifferent oxidation states of e ementsof
thefirst trangtion seriesaregiven below:
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Sc Ti Vv Cr Mn Fe Co Ni Cu Zn*
+3 (+2) +2 +2 +2 (+1) (+1) (+1) +1 (+1)
+3 +3 +3  (+3) +2  +2 +2 +2 +2
+4 +4 +4 +4 +3 +3 +3) (3
5 (+5) (+6) +6 (+4)  (+4)
+6  +7

(* Givenfor comparison only.) Heretherare oxidation statesare given in parentheses. An examination
of thecommon oxidation states given above, revea sthefollowing:

Except for scandium, the most common oxidation state of 3d eementsis+2 which arisesfrom
theloss of two 4s electrons. Thismeansthat after scandium, d orbitals become more stablethan s
orbital. Compounds having oxidation states+2 and + 3 of these elements haveionic bondswhereas
bondsare essentialy covalent in higher oxidation states. For example, in case of permanganateion,
MnQO),, bondsformed between manganese and oxygen are covaent. Congdering the acid base character
of theoxides, it can beinferred that increasein oxidation state leadsto decreasein basic character of
the oxide and vice-versa. For example, MnO isabasic oxidewhereasMn,O. isan acidic oxide.

Sincetrandgtion metal sexhibit multiple oxidation states, their compoundsin thehigher oxidation
states are strong oxidizing agents asthey tend to accept el ectronsand cometo stablelower oxidation
states.

23.4.2 Magnetic Properties

Substances possesstwo types of magnetic behaviour, either diamagnetism or paramagnetism.
Diamagnetic substancesare either repelled or remain unaffected by an applied magnetic field wheress,
paramagnetic substances are attracted towardsthe applied field.

Thereisastrong co-rel ation between themagneti c behaviour, € ectronic configuration and oxidation
state. Paramagnetism ari ses dueto the presence of unpaired electrons (Table 23.3). Sincetransition
meta ionsgenerdly contain unpaired e ectronsalarge number of trangition metd ionsexhibit paramagnetic
behavior.

Magnetic moment (1) of paramagnetic material can becalculated (in B.M., Bohr Magneton) by
using ,theexpression: u=./n(n+ 2) wherenisthenumber of unpaired electrons.

For example, Ni* ion has two unpaired electrons (i.e. n = 2). The magnetic moment can be

caculatedasp = /2(2+2) = /8 =2.83 B.M The magnetic momentsof some 3d metalsionsare

listed/in Table 23.3 which showsthat greater the number of unpaired el ectrons, greater isthemagnetic
moment.
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Table 23.3 : Magnetic moments of someions of thetransition elements:

lon Electronicconfiguration Number of unpaired | Calculated magnetic
electrons moments (B.M.)
sc* 3d° 0 0
T 3d* 1 1.73
Ti?" 3d? 2 2.83
V2 3d® 3 3.87
Cr?t 3d* 4 4.90
Mn?* 3d° 5 5.92
Fe?* 3d° 4 4.90
Co** 3d’ 3 3.87
Ni%* 3d® 2 2.83
cu?t 3d° 1 1.73

Compounds containing Sc*, Ti**, V°*, Cr®", Mn" and Cu® ions are diamagnetic since these
ionsdo not contain any unpaired el ectron.

23.4.3. Colour of lonsand Compounds

Most of the compounds of d-block elementsare coloured or they give coloured solution when
dissolved inwater (Table23.4). Thisproperty of trangition e ementsisin marked contrast to that of the
s and p-block e ements, which often yield white compounds. In transition metal compoundscolour is
generally associated with incomplete (n-1) d subshell of thetransition metal. Whenwhitelight, which
has colored constituents, interacts with a substance, a part of it is absorbed by the substance. For
example, if red portion of whitelight isabsorbed by asubstance, it woul d appear blue (the complementary
colour of red). Thisisobserved in case of copper sulphate solution. Since most compoundsof transition
elementsare coloured, there must be energy transition, which can absorb some of the energy of the
vighblelight. Thecolour of trangtion metal ions containing unpaired €l ectronsisattributed to el ectronic
transitionsfrom oneenergy level to another inthe d-subshell. In these metal sthe energy difference
between the variousd-orbita sisinthesameorder of magnitude asthe energiesof theradiation of white
light (A.=4000t0 8000 A).
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Table23.4: Coloursof hydrated ions of sometransition elements

Hexahydrated ion of Number of d electrons Color of solid/solution
L 1 Violet

Ve 2 Blue

v 3 Vioet

cr¥ 3 Green
Mn®* 4 Violet
Fe* 5 Yellow/colorless
Mn?* 5 Yellow/colorless
Fe?t 6 Palegreen
Co?* 7 Pink

Ni?* 8 Green
cu** 9 Blue

23.4.4 Alloy and Interstitial Compound Formation

Inthe Table23.2it may beobserved that the atomic size of theelementsof first transition series
isquite closeto each other. Thus, inthecrystal lattice, anyone of these el ements can easily replace
another ement of smilar sizeforming solid solutionsand smooth aloys. Trangition eements, therefore,
formanumber of dloys. Cr, V and Mnareused to producealloy steel and stainlessstedl, copper forms
brass, bronzeetc. Besides, transition metalsalso formanumber of interstitial compoundsinwhichthey
take up atoms of small size, like hydrogen, carbon and nitrogen etc. These arelocated in the vacant
gpacesof metal |atticesand are bound firmly therein. The productsthusobtained are hard and rigid.
For example, sted and cast iron become hard dueto formation of anintergtitial compound with carbon.
In such compounds, malleability and ductility may marginally decrease but tenacity isconsiderably
enhanced. Someexamplesof alloysaregivenin Table23.5.

Table 23.5 : Examples of some alloys

Alloy Composition

Brass Cu (50%-80%) and Zn (50%-20%)
Bronze Cu (90%-93%) and Sn (10%-7%)
Gunmetd Cu (88%), Sn (10%) and Zn (2%)
Bell metdl Cu (80%) and Sn (20%)
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23.4.5 Complex Formation

Transition metal sexhibit astrong tendency to form complexeswith different ligandsdueto the
following ressons.

1. Small szeand high chargedensty.
2. Variableoxidation ates.

3. Availability of vacant d-orbital sto accept €l ectron pairsfromligands. You will learn more about
complexesinthenext lesson

23.4.6 Catalytic Properties

The catalytic activity of transition metalsand their compoundsisassociated with their variable
oxidation states. Typical cataystsare vanadium(V) oxide (contact processfor sulphuric acid), finely
divided iron (Haber’s process), nickel (catalytic hydrogenation) and palladium(l1) chlorideand a
copper(I1) sat for the production of ethanol from ethane and water (Wacker’s process). Haemoglobin,
alargemolecule containing Fe(l1), actsasacatalyst for the respiration process.

Catdysisat asolid surfaceinvolvestheformation of bonds between reactant moleculesand the
catalyst surface atoms, thishasthe effect of increasing the concentration of thereactantsat the catalyst
surface and al so of weakening the bondsin the reactant mol ecul es (the activation energy islowered).

Trangtion meta ionsfunction ascataystsby changing their oxidation states, e.g., Fe(I11) cations
catalysethereaction betweeniodide and peroxodisul phateions:

21" (a0) + S,05 (ag) ——— I,(a0) + 2507 (a0)
Anoveramplified, explanation of thiscataysisreaction might be:
2Fe™(aq) + 217 (a0) — 2F€*" (aq) + 1 (a0)

2Fe?*(aq) + S,0%(ag) — 2Fe™(ag) + 2SO2" (aq)

It isknown that both the above reactions can take place, and it would be expected that two
reactions between ions of opposite chargewould befaster than onereaction between ionsof the same
typeof charge.

Intext Questions 23.4

1. Why dotransition elementsact asgood catalysts?

3. Which of the following compounds are expected to be diamagnetic: CrCl,, ScCl,, CuSO,,
CoCl,, TiCl,and ZnCl,,?



4. Which of thefollowing do you expect to be coloured and why, Cr* and Cu*?

6. CdculateinB.M., magnetic momentsexpected for thefollowingions:
V& NI VA NI and Ti

23.5 Important Compounds of Transition Elements

The, preparation, propertiesand applications of two important compoundsof trangition ements
viz. K,Cr,0, and KMnO, which arewidely used inindustry and laboratory are discussed bel ow:

23.5.1 Potassium Dichromate (K,Cr,0.)

Mineral chromite (FeO.Cr,O,) isthe starting material for themanufacture of all chromatesand
dichromates. Soluble chromates are prepared using alkali metal oxides, hydroxides or carbonates
whereasinsol uble chromates are made by double decomposition of soluble chromates.

L arge Scale Production of Potassum Dichromate from Chromite ore

A mixtureof finely powdered chromite, sodium carbonateand quick limeisheatedinareverberatory
furnaceinfreesupply of air. Carbon dioxideisevolved and sodium chromateisformed. Thefunction of
quick limeisto keep the mass porous and prevent fusion.

4Fe0.Cr,0, + 8Na,CO, + 70, — 2Fe,0, + 8Na,CrO, + 8CO,
Chromite

Themassafter roasting isextracted with water, which dissol ves sol uble sodium chromateleaving
behindinsolubleferric oxide. After concentrating the sol ution contai ning sodium chromate, concentrated
sulphuric acidisadded.

2Na,CrO, + H,S0, — Na,Cr,0, + Na,SO, + H,O

Sodium sul phate produced, crystallizesout andisremoved. On further concentrating the solution,
deliquescent red crystal sof sodium dichromate separate out dowly on cooling. When ahot saturated
solution of sodium dichromateismixed with asaturated sol ution of potassium chloride, sodium chloride
separatesout, followed by separation of gamered triclinic crystalsof potassium dichromate.

Na,Cr,0, + 2KCl — K.,Cr,0, + 2NaCl

Since potassium dichromateis moderately solublein cold water (100 gL~ at 298 K) but easily
solublein hot water (1000g L") at 373K, itisreadily purified by recrystallization from water.
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Physical Properties

K,Cr, O, formsorangered prismatic crystals. Itsspecific gravity is2.676 and itsmelting point is
696 K. Itismoderately solublein cold water but highly solublein hot water and insolublein acohal.

Chemical Properties

1. Sincechromium formsstable compoundsinlow oxidation statesaswell, potassium dichromate
inwhich oxidation number of chromiumis+6, actsasapowerful oxidizing agent. For thisreason,
itisused asaprimary standard in volumetric analyses. In acidic solutions, one molecul e of
potassium dichromatefurnishesthreeatoms (i.e. Six equivaents) of available oxygen asfollows:

K,Cr,0, + 4H,80, — Cr,(SO,), + K,SO, + 4H,0 + 30
Theavailable oxygen then oxidizesferrous, iodideionsand sulphur dioxide asfollows:
2FeSO, + H,S0, + [O] — Fe,(SO,),; + H,0
2HI +[O] - H,O+1,
S0, + [0] + H,0 — H,SO,
Thesereactions can a so be shown asionic equations.
Inacidic solution, theoxidizing action of K,Cr,O, canberepresented asfollows:
Cr,05 + 14H" + 66 — 2Cr* + 7TH,0
Theionic equation for the reducing action of Fe(I1) can berepresented as:
Fe?* 5 Fe +e

The completeionic equation may be obtained by adding the haf reaction of dichromateiontothe
half reactionof Fe(ll):

Cr,05 +14H"+66 — 2Cr*" + 7H,0

(FE* 5 Fe'+e ) x 6

Cr,05 + 14H" + 6Fe”" — 2Cr*" + 6Fe> + 7H,0

Similarly thereactionsof dichromatewithiodideion- and sulphur dioxide can bewritten asgiven
below:

Cr,05 + 14H* + 66 — 2Cr*" + 7H,0

(27 > 1,+2e) x 3

Cr,O5 +6l+ 14H" — 2Cr*" +31,+ 7H,0
Cr,05 + 14H* + 66 — 2Cr* + 7H,0

(SO, +2H,0 — SO2” +2¢7) X 3

Cr,05 +3S0, + 14H" — 2Cr* +3S0; + H,0
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2. Potassumdichromatewhen heated with concentrated sul phuric acid withanionic chloride (such
asNaCl, KCl etc.) formsred vapours of chromyl chloride, (CrO,Cl,) asfollows:

K,Cr,0; + 2H,S0, — 2KHSO, + 2CrO, + H,0

[NaCl + H,SO,— NaHSO, + HCI] x 4

[CrO,] + 2HCl — CrOCl, + H,O] x 2

K,Cr,0O; + 4NaCl + 6H,S0, — 2KHSO, + 4NaHSO, + 2CrO,Cl, + 3H,0

Red vapoursof chromyl chloride, aderivative of chromic acid isabsorbed in dil ute solution of
NaOH . A yelow solution of sodium chromateisformed. On acidifying thissolution with acetic
acid and adding lead acetate, ayellow precipitate of lead chromate, isformed whichissolubleon
heating and reappears on cooling. Thisisused asaconfirmatory test to detect the presence of
chlorideionsinqualitativeanayss.

3. When concentrated sulphuric acid is added to a solution of chromate or dichromate, a red
coloured solution of chromictrioxideoftencaled” chromicacid’, isobtained. Intheacidic solution
itexistsasdichromicacid (H,Cr,0,). Chromiumtrioxideisavery powerful oxidizing agent.

4. Oxidation number of chromiumis+6 in both chromates and dichromates. However, in neutral
aqueous solution, dichromateionsexist in equilibrium with chromateionsas.

Cr, 05 +H,0 —= 2Cro; +2H"
Orange Yellow

Thusinan acidic medium, equilibrium shiftsto theleft and dichromateionsexist whereasin
akainemedium, only monomeric chromateionsexist.

Uses:

1. Potassium dichromateisused asanimportant volumetric reagent for the estimation of Fe?*, 1™,
SO7 etc.

2. Itisusedinthemanufactureof chromeaum, whichisanimportant compound used for tanning of
leather and dyeing of fabrics.

Intext Questions 23.5

1. Namethegtarting materia sused in preparation of soluble chromate and dichromates.



4. What happenswhen potassum dichromateishested with an alkali metal chlorideand concentrated
sulphuricacid?

23.5.2 Potassium Permanganate (KMnQO )

Pyrolusiteore (MnQ,) isthe starting materia for the manufacture of potassium permanganate.
Pyrolusiteisfirst convertedinto potass um manganate which isthen oxidized to potass um permanganate.

Conversion of pyrolusite into potassum manganate

When pyrolusiteisfused with hydroxide of sodium or potassiumin the presence of air manganite
first formedisconverted into adark green massof corresponding manganate asfollows:

MnO2 + 2KOH — KZM nO3 + HZO
Potassium manganite
2K2M nO3 + O2 - 2K2M nO4

Potassium manganate

Thedark green mass of potassium manganateisdissolvedinasmall quantity of cold water to
form adark green solutionfromwhich dark green crystalsof potass um manganate may be obtained on
concentration.

Conversion of potassium manganateto potassium per manganate:
Any of thefollowing methods can be used for preparing potass um permanganate.

1. When green concentrated sol ution of potassium manganateisgently warmed, or largely diluted
with water, the green color changesto pink owing to theformation of potass um permanganate.
Potassum manganateisstableindkaine solutionsor in purewater. But even atraceof acid, like
carbonic acid, isenough to bring about itsdisproportionation :

3MnO;~ + 4H" — 2MnO; + MnO, + 2H,0
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2. Potassum manganate may aso be converted into potassium permanganate by oxidation either
chemically with chlorineor ozoneor eectrolytically at theanode.

Chemical oxidation:
2K, MnQO, + Cl, — 2KMnO, + 2KCl
2K,MnO, + O, + H,0 — 2KMnQ, + 2KOH + O,

Anodic oxidation:
MnO; — MnQ; + € (at anode)
green purple

Physical properties:

Potassium permanganate formsdark purplered rhombic prisms. It issparingly solubleinwater
(5.31gin 100 mL at 298K) giving adeep purple coloured solution whichisopaque until very dilute.
Thecrysta son hesting evolve oxygen and form ablack powder of potass um manganate and manganese
dioxide.

2KMnO, —» K,MnO, + MnO, + O,
Chemical properties:

Potassium permanganateisapowerful oxidizing agent. Theactionisdifferentinacidic, neutral
and akdinesolutions.

() Inacidicsolution, two moleculesof permanganate furnish fiveatomsof oxygen asfollows:
2KMnO, + 3H,S0, — K,SO, + 2MnSO, + 3H,0 + 50
Inionicformtheequationis.
MnO, +8H"+5¢ — Mn*" +4H.,0
Ferrous sul phateisoxidized to ferric sul phate by acidified potass um permanganate.
2KMnO, + 8H,S0, + 10FeSO, — K,SO, + 2MnSO, + 5Fe,(SO,), + 8H,0
or
MnO, +8H" +5Fe” — Mn** + 5Fe* + 4H,0
Sulphur dioxideisoxidized to sulphuric acid:
2KMnO, + 580, + 2H,0 — K,S0, + 2MnSO, + 2H,S0,
or

2MnO, +5S0, + 2H,0 — 2Mn** + 550; + 4H"
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(i)

Inneutral solutionthemainreactionis:

MnO, +2H,0+ 3¢ — MnO,+40H"

KMnO, oxidisesMn** saltsto MnO, and H,Sto Sand SO;asfollows:
2KMnO, + 3MnSO, + 2H,0 — K,SO, + 5MnO, + 2H,S0,
2KMnO, + 4H,S — 2MnS+ S+ K,S0, + 4H,0

Inakainesolutionsthemainreactionis:
2KMnO, + 2KOH — 2K,MnO, + H,0+ O

Inionicformtheequationis.

MnO; +e& — MnOZ

However, MnO, isfurther reduced to MnO, hence the compl ete equation representing the
oxidizing behaviour of KMnQO, inakainesolutionissameasin neutral medium

MnO, +2H,0+3e — MnO, +40H"
Alkaline permanganate oxidizesiodidesto iodates and etheneto ethyleneglycol:
2KMnO, + H,0 + KI — 2MnO, + 2KOH + KIO,
2KMnO, + 3CH, = CH, + 4H,0 — 2MnO, + 3HOCH, — CH,OH + 2KOH

Potass um permanganateisused asan oxidizing agent inthelaboratory and inindustry.

Becauseof itsoxidizing properties, itisused for disinfecting wellsand lake water, asmouthwash,
for washing woundsand gargling during throat infections.

Itisused asareagent in volumetric analysesfor estimating Fe(l1) ion, oxalic acid, oxalateion,
sulphitesand hydrogen peroxide.

Intext Questions 23.6

1.

How is potass um manganate converted into potass um permanganate?

Givereactionsof KMnO, to show that it actsasan oxidizing agentinneutral, dkalineand acidic
medium. .



4. Writedown the chemical formulae of pyrolusite ore, potassium permanganate and potassium
manganae.

23.6 f-Block Elements (L anthanoides)

In addition to d-block elements, there aretwo rows of e ementsshown separately at the bottom
of the periodic table. The elementsfrom Lato Lu (14 elements) are called lanthanoides. They are
characterised by thefilling up of theanti penultimate 4f orbitals. They are extremely similar to each
other in properties. Earlier these were called the rare earths. Thisnameis not appropriate because
many of these elementsare not particularly rare. Now these elementsare known asinner transition
elements (becausethey form transition serieswithin the d-block transition elements) or lanthanoids.

23.6.1 Electronic Configuration

Lanthanumisthefirst member of thethird transition series, and it hasone 5d and two 6selectrons.
The next element is cerium, which whilestill retaining two 6s el ectrons, hastwo electronsin the 4f
orbitalsand noneinthe5d orbitals. There are 7 separate 4f orbital s, each of which can accommodate
two electronswith opposite spins. The atoms of the elementsfrom cerium to lutetium have two to
fourteen electronsin 4f- orbitals, respectively. Theseelements congtitutethefirst inner trangition series
known aslanthanidesand, although lanthanumitself doesnot possessany 4f e ectrons, itiscustomary
toincludethiselementinthisseries.

Thefilling up of the 4f orbitalsisregular with some exceptions (Table 23.6); the element
europium hasthe outer electronic configuration 4f '5s°5p®5d°6s? and the next element gadolinium has
the extraelectroninthe 5d orbital. The element ytterbium hasa full compliment of 4f electrons
(4f 1*55°5p°5d%s?) and the extra electron in the lutetium atom enters the 5d orbitals
(4f 1455’5p%5d"65%). Except for lanthanum, gadolinium and lutetium, which haveasingle 5d el ectron,
thelanthanoides do not have electronsinthe 5d orbitals.
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Table23.6: Electronic configuration of lanthanides

Element Symbol z Electronicconfiguration
Lanthanum La 57 [Xe]4f %506
Cerium Ce 58 [Xe)4f 265>
Praseodymium Pr 59 [Xe)af 365>
Neodymium Nd 60 [Xe]4f ‘65
Promethium pm 61 [Xe]4f 657
Sarnaium 9n 62 [Xe]4f 65
Europium Eu 63 [Xel4f "6
Gadolinium Gd 64 [Xel4f '5d'6s’
Terbium Tb 65 [Xe]4f %65
Dysprosium Dy 66 [Xe)4f %65
Holmium Ho 67 [xe]4f 1t6s?
Erbium Er 68 [Xe|4f 267
Thuium m 69 [Xe)af P6s?
Yitterbium Yb 70 [Xel4f Y67
Lutetium Lu 71 [Xe ]4f ¥5d'6s?

23.6.2 Thelanthanoide contraction

Each succeeding lanthanoide differsfromitsimmediate predecessor in having onemore e ectron
inthe 4f orbital s (except for some exceptions as discussed above) and one extraproton in the nucleus
of theatom. The4f eectronsconstituteinner shellsand arerather ineffectivein screening the nucleus;
thusthereisagradua increasein theattraction of the nucleusfor the peripheral e ectronsasthenuclear
chargeincreases, and aconsequent contraction in atomic radiusisobserved. For example, theionic
radii of the +3 cations decrease steadily from avalue of 115 pmfor La* toavalueof 93 pmfor Lu*.
Theregular decreasein atomic radii withincreasein aomic number isknown aslanthanoide contraction.

Thelanthanoide contraction cong derably influencesthe chemistry of thed ements, which succeed
thelanthanidesintheperiodictable; for insancetheatomic radii of zirconium (At. No. 40) and hafnium
(At.No. 72) aredmost identica andthechemigry of thesetwo dementsisarikingly smilar. Incidentaly,
thedengity of hafnium (whichimmediately followsthelanthanides) isamost twicethedengty of zirconium
(whichisinthesamegroup).
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Intext Questions 23.7

1. How many dementscongtitutelanthanoide series?

VIZ;’{’
{,{J.f'ﬂ’ What You Have L earnt

o Trangtioneementshavepartidly filled d-orbitalseither inatomic or ionic state.
« They show general electronic configuration (n-1)d*"°ns™2.
o They show high M.P. and B.P. dueto strong inter-atomic bonding.
o They show variableoxidation states.
o They form coloredionsand compounds.
o They show paramagnetic behaviour.
o Theyformcomplexes.
o Theyformaloy andinterstitial compounds.
» Manufacture of K,Cr,0,and KMnO,.
o K,Cr,0,andKMnO, act asoxidizing agents.
These compoundsare used in volumetric analys's.
o Electronic configuration of lanthanoids.
o Lanthanoid contraction.

%‘ Terminal Exercises

Wheat distinguishesatransition metal from arepresentative metal ?
Why iszinc not considered atransition metal ?

Explainwhy atomic radii decreasevery gradually from Scto Cu.

A w DN P

Writedown the ground state el ectronic configuration of thefirst row trandtion elements. Explain
theirregularities.
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10.

11.
12.

13.
14.

15.

16.

17.

18.

19.

Writedown the e ectronic configuration of thefollowingions.

V5+, Cr3+, M n2+, Fe3* ’ Cu2+, Sc3 and Ti

Why do transition e ements have more oxidation states than other €l ements?

Givethehighest oxidation statesfor theelementsfrom Scto Cu.

How would you definetrangtion el ements?List the propertiesassociated with trangtion e ements.
How do thefollowing propertiesvary intrangition elements?

(a) Stahility of thevariousoxidation states.
(b) Ability toformcomplexes.

What do you understand by theterms paramagneti sm and diamagnetism? Predict themagnetic
momentsfor Fe**, CO**, Ni** and Cu* ions.

4ssub-shdl isfilled prior to 3d- sub-shdll but onionization 4selectronsareremovedfirst. Explain.

Why doesMn(I1) show maximum paramagnetic character amongst the bivalent ions of first
trangtion series?

Why isCu?* ion colored and paramagnetic while Zn* ionis colourlessand diamagnetic.
Why dotransition elements.

(@ show variableoxidation states?

(b) formalargenumber of coordination compounds?

(¢) givecolored and paramagneticions?

(d) exhibit good catalytic properties?

Discussthemain characteristic featuresof thetransition elementswith specia referenceto their
atomic size, variable oxidation states, magnetic and catalytic properties.

Explainthetrendsof variationsof:

(8) mdtingandboiling points.
(b) atomicradiusinthefirsttransition series.

A solutionof KMnO, on reduction yieldseither acol ourless solution or abrown precipitateor a

green sol ution depending on the pH of the solution. What different stages of thereduction do
theserepresent and how arethey carried out?

A black colour compound [ X] of manganesewhen fused with KOH under atmaospheric oxygen
gaveagreen coloured compound [ Y]. When the compound [ Y] wastreated with an oxidizing
agent (chlorineor ozone), it gaveapurple coloured solution[Z]’ Identify X, Y, Z and writethe
chemicd equation.

Compound [A] of chromium when treated with sodium carbonatein the presence of atmospheric
oxygen gaveayellow coloured compound [B]. Compound [B] on treatment with acid gavean
orange coloured compound [C]. [ B] can aso be obtained by treatment of [C] withakali. Identify
thecompound A, B, C and writethe chemical equations.
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20. Why dotranstion elementsformalarge number of dloysandinterstitial compounds?
21. What arelanthanides? Why arethey called inner trangition elements?
22. What islanthanide contraction and what areits consequences?
23. Writetheédectronic configurationsof thefollowingin ground state:
Eu, Ho and Gd.
24. Describetwo oxidizing propertiesof potassum dichromate.
25. Describetwo oxidizing propertiesof potassum permanganate.

@ Answers to Intext Questions

1. Trandtiondementsaredefined as” Elementswhoseatomshavepartidly filled d-orbita seither in
theatomic or inionic state (common oxidation state).

2. 10dementscongtitutethefirst transition series. Theseare Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu and
Zn.

3. Sincezincdoesnot havepartidly filled d-orbitalseither in atomic or inionic Sate.
Becausetherearepartialy filled d-orbitalsin Cu®*, Ag”* and Au®".

»

23.2

General electronic configuration of transition dementsis: (n—1)d*°ns 2,
Sc = [Ar]3d'4s?, Cr = [Ar]3d®4s!, Zn = [Ar]3d'%4%, Cu = [Ar]3d'%4s!
cr¥ = [Ar]3d®, Ti*" = [Ar]3d°, Ni** = [Ar]3d” and Cu®* = [Ar]3d°

Becauselessamount of energy isrequired to remove an eectron from4sinstead of 3d orbital. It
isduetothefact that after Sc, 3d, becomeslower in energy than 4s.

23.3
1. duetostronginteratomic bonding.

Eol < A I

2. duetoincreasein effective. nuclear charge.
3. duetosmal size. Sizedoesnot increasein the same proportion asthe atomic mass.

23.4
1. variableoxidation States..
2. U,0q (contact process for H,S0,) and iron (Haber’s process)
3. ScCly(3d%), TiCl,(3d%) and ZnCl(3d™).
4. Cr*becauseit haspartialy filled d-orbital i.e. 3d°.
5. Nichromeand brass.
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6.

23.5

23.6
1.

© N o g M wDd PR

v*#3d /n(n+2) = /n@+2) =3 =173B.M., Ni¥*3d'n=3, /3(3+2) =15 =3.87

B.M

Chromite ore, Na,CO, and O,

FeO.Cr,0,.

Na,Cr,0, + 2KCl — K,Cr,0, + 2NaCl

K,Cr,0O, + 4NaCl = 6H,S0, — 2KHSO, + 4NaHSO, + 2CrO,Cl,, + 3H,0
KCr(S0,),. 12H,0 or K,SO,.Cr,(S0,),.24H,0, tanning of leather and dyeing fabrics.
For Cr, +3isthe stable oxidation state but in K ,Cr,, O, the oxidation state of Cr is+6.
Cr,02 +20H™ — 2CrO;~ + H,0. Dichromate changes to chromate.

(i) +6 (ii) +6.

By oxidation with ozoneor chlorine
K,MnO, + O, + H,O — 2KMnQO, + 2KOH + O,
2K,MnO, + Cl, — 2KMnO, + 2KCl

Alkaline
2MnO; +H,0 + I~ — 2MnO, + 20H™ +10;

Neutrd:
2MnO; + 2H,0 + 3Mn** — 5MnO, + 4H"

Addic:
MnO, +8H" +5Fe” — Mn*" +5F€’ + 4H =0

Becauseitisused asdisinfectant (kill microorganisms)

4. PyrolusiteMnO,, potassium permanganate KMnO,,, potassium manganate K ,MnQO,.

Inacidic medium, because it liberates 50 atoms or changein oxidation stateof Mnisfrom
+7to +2.

6. K,MnQO,, green and KMnQO,, purple.

~

23.7

A wDdPE

MnO2 =+4.K,.M nO4 =+6 and KM nO4 =47.

14.
Dueto lanthanide contraction. (Dueto samesize)

Gd[Xe]5f '5d*6s?, Lu[Xe]4f *5d'6s?, Ho [Xe]4f 1165 and Er [Xe]4f 12657
Eu® = [Xe]4f®, Yb** = [Xe]4f 1 and Ce** = [Xe]4f°
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COORDINATION COMPOUNDS

You have come across compounds like NaJAg(CN),] and Na,[Zn(CN),]. Such compounds
arereferred to as coordination compounds or complex compounds. Coordination compoundsplay an
important roleinthechemica industry andinlifeitsalf. For example, theZiegler-Nattacatdyst whichis
used for polymerization of ethylene, isacomplex contai ning the metal sa uminum and titanium. Meta
complexes play important rolein biological systems. For example, chlorophyll, whichisvita for
photosynthesisin plants, isamagnesium complex and heamoglobin, which carries oxygen to animal
cdlls, isaniron complex. These arethe compoundsthat contain acentral atom or ion, usualy ametal,
surrounded by anumber of ions or molecules. The complexestend to retain their identity evenin
solution, although partial dissociation may occur. Complex ion may be cationic, anionic or nonionic,
depending on the sum of the charges of the central atom and the surrounding ionsand molecules.

Inthislesson you will study about the complexesincluding their nomenclature and nature of
bonding inthem.

After reading thislesson, thelearner will beableto,
o Statethepostulatesof Werner’stheory;
o defineligands, coordination number and coordination sphere;
o namesmplecomplexesby IUPAC system;

o explanvaancebondtheory;

o apply VB theory toexplain hybridization, shapeand magnetic behavior of thefollowing complexes
[Fe(CN)]*", [Fe(CN) >, [Cr(NH,) >, [NiCI J*", [Ni(CO),] and [Ni(CN),]* and
o explanthegpplicationsof coordination compoundsinextraction of meta's, medicineand quditetive
andyss.
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24.1 Werners Coordination Theory

Coordination compoundswere known in eighteenth century. It wasamystery for thechemist, of
those days to understand as to why a stable salt like CoCl, reacts with varying number of stable
moleculesor compounds such asammoniato give several new compounds:

CoCl ;.6NH,, CoCl;.5NH, and CoCl ;. 4ANH;; and what aretheir structures? These compounds
differed from each other intheir chlorideion reactivity. Conductivity measurements on sol utions of
these compounds showed that the number of ions present in solution for each compound are different.
Severd theorieswere proposed, but none could satisfactorily explain all the observabl e properties of
these compoundsand similar other seriesof compoundswhich had been prepared by then. It wasonly
in 1893 that Werner put forward a set of ideaswhich are known asWerner’s coordination theory, to
explainthenatureof bondingin complexes. Histheory hasbeen aguiding principleininorganic chemistry
andinthe concept of valence. Theimportant postulates of Wer ner’stheory are:

1. Metdsexhibittwotypesof vaence:
(& Primary vdence (ionizable)
(b) Secondary vaence (non-ionizable).

Primary or ionizablevalenceis satisfied by negativeionsand correspondsto oxidation state of
themetal. The secondary or non-ionizable valence, whichissatisfied by negative, positiveor
neutral groups, isequal to the coordination number of metal ion.

Every metal tendsto satisfy bothits primary and secondary vaence.

2. Thesecondary vaenceisdirected toward fixed positionsin spacei.e. thishasspatid arrangement
corresponding to different coordination number.

For the complexes CoCl ;.6NH,, CoCl,.5NH, and CoCl ;. 4NH,. the number of ionizableions
in these complexes are three, two and one, respectively. It has been proved by precipitation
reactionsand conductivity measurements. On the basis of Werner’ s postul ate these compounds
areformulated as.
[Co(NH,)ICl;, [Co(NH,)CI]Cl, and [Co(NH,) ,CI] Cl, respectively, the speciesinside the
sguare brackets being the complex ion and outside the square bracketstheionisablelons.
Onthebasisof Werner’stheory the structure of [Co(NH,).CI]Cl, is.

Cl

HN

\ - NH,
. Co.

.
.
. e
. S
. o
-
.

" HN H,
Cl NH
Primary valance (ionizable) (-------- )

Secondary valance (non-ionizable) (

)
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One of thethree chlorideionssatisfy both primary and secondary valence.

Heal so postulated that octahedral, tetrahedral and square planar shapes are more common for
coordination compoundsof trangition elements. Six coordinated complexessuch as[Ni(NH,) ] 2 and
[Co(NH,)]*" are octahedral whereas four coordinated such as [NiCl,]* and [Ni(CN),]*" are
tetrahedral and square planar, respectively.

Intext Questions 24.1

1. Explanprimary vaence.

3. What is the number of the secondary valence in the following: [Cr(H,O)/] Cl; and
[Co(NH,)CI]CL,?

4. What isshape associated with asix-coordinated complex?

24.2 Definition of Somel mportant Terms

Therearecertainterms, which arenormally used in dealing with coordination compounds. Some
of theseimportant terms are defined bel ow:

Ligand: themoleculesor ionsthat are attached to the metal inacomplex ionarecaled ligands.
Theinteraction between ametal atom and theligands can bethought of asL ewisacid-basereaction.
Asyou know alL ewisbaseisasubstance capable of donating oneor moreelectron pairs, every ligand
hasat |east one unshared pair of valence electron. Few examplesare shown below:

0 I'\'I
il \H H/IL\

g (G

Theatomintheligand that isbound directly to the metal atomisknown asthe donor atom. For
example, nitrogen isthe donor atom and Cu®+ isthe acceptor atominthe[Cu(N H,),l 2 complex ion.

Depending on the number of the donor atoms present, ligands are defined as monodentate,
bidentate or polydentate. H,O and NH,) are monodentate ligandswith only one donor atomin each.
Ethylenediamine (en) isabidentateligand.
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7N\

HN NH,
CH,— CH,
Ethylenediamine

Thetwo nitrogen atoms can coordinate with ametal atom. Bidentate and polydentateligandsare
also called chelating agents because of their ability to hold themetal atom likeaclaw (from the Greek
Chele, meaning “claw”) one example is ethylenediarninetetraacetate ion (EDTA), a polydentate
(hexadentate) ligand.

0 0
| |
« 0C—CHy} 4 __CH,-CO=»
_N—CHy=CH-N{_ 4
«"0C—CH, CHz‘ﬁO =
o)

Ethylenediaminetetraccetate ion

Coor dination number : The coordination number in coordination compoundsisdefined asthe number
of ligand (donor) atoms/ions surrounding the central metal atominacomplex ion. For example, the
coordination number of cobaltin[Co(N H3)6]3+ issix. Similarly the coordination number of Ag*in
[AQ(NH,),]* is2, that of Cu”* in[Cu(NH,),]*" is4, and that of Fe>* in[Fe(CN)]* is6.

Coordination sphere: Thecentral metal atom and theligandswhich aredirectly attachedtoit are
enclosed in asquare bracket and are collectively termed as coordination sphere. Theligandsand the
metal atomins dethe square brackets behave assingle constituent unit.

1Cr(NH3),C13] 1
Coordination sphere
Oxidation number: Another important property of coordination compoundsisthe oxidation

number of the central metal atom. The net charge on acomplex ion isthe sum of the chargesonthe
central atom and its surrounding ligands. Inthe [PtCI 6]2‘ ionfor example, each chlorideion hasan
oxidation number of —1, so the oxidation number of Pt must be +4. If the ligands do not bear net
chargestheoxidation number of themeta isequa tothechargeof thecomplexion. Thusin[Cu(NH,) | 2
each NH, isneutral, so the oxidation number of copper is+2.
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Intext Questions 24.2

1.

What isthe coordination number of themetal ioninthefollowing?
(i) [Co(NH,)C1]*

(i) [Cr(en),Cl 2]+

(iii) [NiCL,]*

What isthe oxidation sate of themetal ioninthefollowing?

(i) [MnCIJ*

(ii) [Fe(CN){|*

(iii) [Cr(NH,)**

(iv) [Ni(en)*

Wheat isthe oxidation and coordination number of Cointhis[Co(en),(H,O)CN] 2* complexion
Whichligandishidentateintheabove complex?

24.3 Rulesof Nomenclatur e of Coor dination Compounds

We haveaready discussed about theligands and oxidation number of metal, our next stepiis, to

learn how to name these coordination compounds. Therulesfor naming coordination compoundsas
recommended by I[UPAC areasfollows:

1.

The cationisnamed beforethe anion, asin other ionic compounds. Therule holdsregardless of
whether the complex ion bearsanet positive or anegative charge. For example, in K [F&(CN) ]
and [Co(NH,),,Cl,,] Cl compound, we namethe K™ and [Co(NH.,) ,Cl,)] * first, respectively.

Within acomplex ligandsare named first, in a phabetical order, and themetal ionisnamed last.

Thenameof anionicligand endswiththeletter ‘O’ , whereasaneutral ligandisusually called by
thename of the’ molecule. TheexceptionsareH, O (aqua), CO (carbonyl) and NH, (anmine).
Thetablegiven below lissssome common ligands:
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Table24.1: Some Common Ligands

Ligand Nameof theligand in coordination
compounds

Fluoride(F) Fluro

Chloride(ClI™) Chloro

Bromide(Br) Bromo

Hydroxide (OH") Hydroxo

Sulphate (SO72") Sulphato

Oxide (0%) Oxo

Carbonate (COZ") Carbonato

Oxaate (C,07) Oxaao

Thiocyanate(SCN") Thiocyanato

Cyanide(CN") Cyano

Isothiocyanate (NCS") I sothiocyanato

Ethylenediamine (NH,CH,CH,NH.) Etylenediamine

Ammonia(NH,) Ammine

Waeter (H,0) Agua

Carbon monoxide (CO) Carbonyl

EDTA Ethylenediamineteracetato

. When severad ligandsof aparticular kind are present, we usethe Greek prefix di, tri-tetraetc. to
namethem. Thustheligandsin cation [Co(NH,),Cl.] " are named as*“ tetraammine dichloro”
(notethatyrefixesareignored when aphabetizing ligands). If theligand itself containsa Greek
prefix, we usethe prefixes bis,trisand tetrakis etc. to indicate the number of ligands present.
For example, theligand ethylenediamine dready containsdi, therefore, if two suchligandsare
present thenameisbis(ethylenediamine).

. Theoxidation number of the metal iswritteninroman numerasfollowing thenameof themetd.
For example, theroman numeral 111 isused toindicate the +3 oxidation state of chromiumin
[Cr(NH,),Cl] *, whichisnamed astetraamminedichlorochrornium (111) ion.

. If the complex is an anion, its name ends in -ate. For example, in K, [Fe(CN),] the anion
[Fe(CN)G]"” iscalled hexacyanoferrate(l1) ion. Notethat thenumera (I1) indicatethe oxidation
state of iron. Tablegiven below givesthaname of anionscontaining metal atoms.

. Ifthecomplexiseither acationor isneutra, no changeisrequired inthenameof thecentral metal
ion. For example[Co(N H3)6]3+ and [Ni(CO),] are named as hexaamminecobalt(l11)ion and
tetracarbonyl nickel (0), respectively.
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Table 24.2 : Some anionscontaining metal atoms

Metal Name of metal in anionic state
Copper Cuperate
Zinc Zincae
Aluminum Aluminate
Chromium Chromate
Tin Stannate
Cobalt Cobaltate
Nickel Nickelate
Gold Aurate
Sive Argentate
Lead Plumbate
Rhodium Rhodate
Iron Ferrate
Manganese Manganate
A. fewexamplesaregivenbelow:
[Co(H,0)|C1, hexaaquacobalt(l11) chloride
K, [PtCl ] potassi um hexachl oroplatinate(1 V)
[Pt(NH,),Cl ] diamminetetrachl oroplatinum(lV)
[Co(en),Cl,]Cl dichlorobis(ethylenediamine) cobdt (111) chloride.

Intext Questions 24.3

1. Writedownthenameof thefollowing complexes:
@ [Co(NH3)4CI2]+
(b) (NH,),[Cr(NCS)]
(©) Ni(CO),
(d) K,[Fe(CN)]
(e) [Cr(en),]C1,

2. Writedowntheformulaof thefollowing:
(8 Tetrachloronickelate(ll)
(b) Pentaamminenitrocobalt(l11)ion
) Potassium hexacyanoferrate(l11)
d) Dichlorobig(ethylenediammine) chromium(lil)ion



24.4 Valence Bond Theory

LinusPauling of the Californial nstitute of Technology devel oped the valance bond theory. He
wasawarded theNobel prizein chemistry in 1954. Pauling’sideas have had animportant impact on dl
areasof chemigtry. He applied va ence bond theory to coordination compounds. Thistheory canaccount
reasonably well for the structure and magnetic properties of metal complexes.

Thebasic principles, which areinvolved in theva ence bond trestment of coordination compounds
ae

(@ Hybridization of vaance orbitasof the central metal/ ion
(b) Bonding between ligand and themeta ion/atom.
(c) Relation betweenthetype of bond and the observed magnetic behaviour.

Six Coordinate Complexes

L et usexplain by taking smpleexamplessuch as[CoF,]* and [CO(NH,)]**, Althoughin both
the complexes, the oxidation state of cobaltis+3, but [CoF] % jsparamagnetic and [Co(NH el *is
diamagnetic, why? Theformation of acomplex may be considered asaseries of hypothetical steps.
First the appropriate metal ionistaken e.g. Co*". Cobalt atom hasthe outer el ectronic configuration
3d’4s”. Thus Co®* ionwill havethe configuration 3d° and the el ectronswill bearranged as:

3d 4s 4p

tririrt

Co*3ion formsboth paramagnetic (outer orbital) and diamagnetic (inner orbital) complexes
depending upon the nature of ligandsasillustrated bel ow.

AsCO* ion combineswith six fluorideligandsin [CoF] % empty atomic orbitalsarerequired
onthemeta iontoreceivethe coordinated lonepair of eectrons. Theorbitalsused areone4s, threedp
and two 4d. These are hybridized to give aset of six equivalent sp°d? hybrid orbitals. A ligand orbital
containing alone pair of eectron formsacoordinate bond by overlapping with an empty hybrid orbital
onthemetal ion. Inthisway ac bondisformedwith eachligand. Thed-orbitalsused arethe4d,2 , 2
and 4d_,. Itisshown below:

3d 4s 4p 4d

”TTTT *x k| k% | k% % | %%
F FF F F FF F

sp*d %, outer orbital complex

Sincethe outer 4d orbitalsare used for bonding, thisis called an outer orbital complex. The
energy of these orbitalsisquite high, sothe complex will bereactive. Thiscomplex will behigh-spin
paramagnetic, becauseit hasfour unpaired electrons.
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Andlternativeoctahedra arrangementin[Co(NH,) ] % jspossiblewhen the electronson metal
ion arerearranged as shown below:

3d 4s 4p
Tl Tl Tl X% | k% * % ¥k | kk | k%

NH, NH, NH, NH, NH, NH,
d’sp’, inner orbital complex

Sinceinner d-orbitals are used thisis called an inner orbital complex. Thereisno unpaired
electron, thecomplex will below-spin diamagnetic.

The meta ion can aso form 4-coordinate complexes. For such complexes two different
arrangementsare possiblei.e. tetrahedral (sp®) and square planar (dsp?):

3d 4s 4p
“ T T T T *x Xk | Kk | k%
tetrahedral sp?
3d 4s 4p

U] o] [

square planar dsp?

About such complexesyouwill study |ater.
Let usillustrate Six coordinate complexeswith moreexamples.
1. Crr(NHp)g*

Thedectronic configuration of only 3d, 4sand 4p orbita saretaken into account. Thefollowing
stepsareinvolved. Theeectronic configuration of Cr atom and Cr¥* ion aregivenin (i) and (ii)
below:

(i) Crground dtate:

3d 4s 4p
RERRERERARE

@) cr®

3d 4s 4p
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(i) [Cr(NHp >

3d 45 4p

T T T “kk | kk * % % | kk | k%

NH,NH, NH, NH,NH,NH,

d’sp? (inner orbital)

The 12 e ectronsfor bond formation comefrom six ligands, each donating alone pair of eectrons.
Theresulting complex will be paramagnetic becauseit hasthree unpaired el ectrons. Itsmagnetic
momentwill be:

Jn(n+2) =3(/3+2) = 15 =3.87B.M

2. [Fe(CN)J*
() Fe
3d 4s 4p
NEREREREEmIY
(i) Fe**
3d 4s 4p
REREERE
(i) [Fe(CN)gl*"
3d 4s 4p

Tl Tl “ ¥k | k% * % IAETIRT

CN CN" CN° CN CN' CN-

d?sp?
Theresulting complex isinner orbital, octahedral and dueto the absence of unpaired electron, it
will bediamagnetic.

3. [Fe(CN)J>
() Fe
3d 4s 4p
NI
(i) Fe*+
3d 45 4p
(HRRRRARN
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(iii) [FE(CN)]*

3d 4s 4p

“ N T I *x X% | kx| %x
CN " CN° CN" CN CN CN°
d*sp?

Theresulting complex isinner orbital, octahedral. Dueto presence of oneunpaired el ectron,
itwill be paramagnetic.

Four coordinate complexes:

1. [NiCl,*
(i) Ni
3d 4s 4p
NINNIEnL
(i) Ni%*
3d 4s 4p
Pttt
(i) [NiCl,]*
3d 4s 4p

TUTLEI L] (e [ee]oe |
CI' crcrcr

3

sp

Theresulting complex will betetrahedra with two unpaired e ectrons. It will be paramagnetic.

2. Ni(CO),
@) Ni
3d 4s 4p
Tttt
(i) Ni(O)
3d 4s 4p

Tttt e]
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(i) Ni(CO),

3d 4s 4p

Tl Tl Tl Tl Tl iy ¥ | kx| k¥
Co Co CoCoOo

3

sp
Theresulting complex will betetrahedral. It hasno unpaired € ectronsand will be diamagnetic.
3. [Ni(CN),]*
(i) Ni
3d 4s 4p

IR

(i) Ni%*

3d 45 4p

Tttt
i) [Ni(CN),]*

3d 45 4p

PRI

CN- CN CNCN

dsp?

Theresulting complex issquare planar and diamagnetic.

Intext Questions 24.4

1. Namethetypeof hybridization presentin: [Co(N H3)6]3+.
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4. Whichoneisdiamagnetic: [Ni(CN),]* or[NiCl ]* ?

24.5 Applicationsof Coordination Compounds

Coordination compoundsarefoundinliving syslemsand have many usesinthehome, inindustry
andinmedicines. A few examplesare given bel ow:

Extraction of metals: cyanideionsare used for theextraction of gold and silver. Thecrushed
oreisheated with an ag. cyanide solution in the presence of air to dissolvethe gold by forming the
solublecomplexion[Au(CN),] .

4Au(s) + 8CN(ag) + O4(g) + 2H,0(1) — 4AU(CN),] (aq) + 4 OH (a0)
Zn(s) + 2[AU(CN),](ag) — [Zn(CN),]*" (ad) + 2AU(S)

Complex formationisaso useful for the purification of metals. Nickel ispurified by converting
themetd to the gaseous compound Ni(CO),, and then decomposing the latter to pure nickel.

Medicines: EDTA isachelating agent which isused in thetreatment of lead poisoning. Cisplatincis
[Pt(NH,),Cl,] isusedinthetreatment of cancer. Sodium nitroprusside, Na,[F&(CN) NO] isused to
lower blood pressureduring surgery.

Qualitative Analyses: complex formationisuseful for quaitative analyses.
(8) Separationof Ag* from Pb*" & Hg?*
Ag"+2NH,(aq) — [Ag(NH,),]"
Soluble

(b) Separation of 1A and 11B groups: The cations of 1B group form soluble complex with
ydlow ammoniumsulphide.

(©) Cu?* ionformscomplex on addition of ammonia[ Cu(NH,),]**.
(d) Fe™* formsablue complex with K Fe(CN),, i.e. K Fe'[Fe"'(CN) .
(t) Cobalt (I1) givescolor with HCI dueto theformation of complex [ CoCl 4]2‘.

(9 Nickel formsared complex [Ni(DMG),] with dimethylglyoxime (H,DMG).
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Intext Questions 24.5

1. Nametwo eementswhich areextracted by complexation.

7z
watyd What You Have L earnt

« Coordination compounds are compound inwhich acentral metal ionisattached to agroup of
surrounding ligands by coordinate covalent bond. Ligands can be monodentate or polydentate,

depending upon the number of donor atoms attached to the metal . Polydentateligandsarealso
caled chdating agents. They form complexesthat haveringsof atomsknown aschelaterings.

o Thenumber of donor atomshbonded to ametal iscalled the coordination number of themetal.
Common coordination number and geometriesare 2 (linear), 4 (tetrahedral and square planar),
and 6 (octahedrd).

o Systematic namesfor complexes specify thenumber of ligandsof each particular type, themeta,
anditsoxidation state.

o VaanceBond Theory describesthe bonding in complexesintermsof two-electron, coordinate
covaent bondsresulting fromtheoverlgp of filled ligand orbital swith vacant meta hybrid orbitals
that point in the direction of theligands; sp (linear), sp° (tetrahedral), dsp? (square planar) and
d?sp® or sp®d? (octahedral).

o Complexesarevery useful in quaitative analysesand inmedicine.
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:a Terminal Exercises

1. Definethefollowing:

(i) Coordination number
(if) Coordination sphere

(iii) Oxidation number
2. Defineligands. Give oneexampleof each of monodentate, bidentate and polydentateligands.

3. Writethe postulates of Werner’ stheory of coordination compounds.
4. Writedownthe nameof thefollowing complexes:
(i) K5[Cr(C,0,),]
(ii) [Co(NH,),(H,0),Cl,]"
(i) [Pt(en),]**
(iv) [NiCl >
(v) [Fe(CN)gl"
5. Writedowntheformulae of thefollowing complexes:
(i) Tris(ethylenediamine) platinum(1V)
(i) Tetraaguadibromocobalt (111)ion
(iii) Sodiumtetraiodozincate(ll)
(iv) Tetracyanonickelate(ll)ion
(v) Dichlorotetrathiocyanatochromium (111)ion
6. Givethesalient featuresof VB theory for complexes. What do you mean by inner and outer

orbital complexes?
7. [NiCl,]” andNi(CO), aretetrahedra but differ in magnetic behaviour, explain.

8. NI(CO),and[Ni(CN),] %~ arediamagnetic but have different geometry, explain.

9. [NiCl,]* isparamagneticwhereas[Ni(CN),]* isdiamagnetic, explain.

185



10. Explainthetypesof hybridization and magnetic behaviour of thefollowing complexesonthe
basisof VB theory:

() [Fe(CN)gl*"
(i) [Cr(NHy)J*
(iii) [Fe(CN)g*
(V) [NiCl,]*

(V) Ni(CO),
11. Explaintheapplication of complexesinextraction of e ements, medicinesand quaitativeanalyses.

@ Answersto Intext Questions

24.1

1. Primary valence correspondsto the oxidation state of the central metal ion. It issatisfied by
negativeionsonly.

2. Secondary vaenceof themetal correspondsto coordination number and issatisfied by negative
ionsor neutral molecules.

3. Inboth secondary valanceis®6.
4. Octahedral.
5. Twoi.e. Tetrahedra or square planar.
24.2
1. (i) 6
(i) 6
(iii) 4
2. () +2
(ii) +3
(i) +3
(iv) +2
3. EDTA
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4. NH,, ethylenediammineand EDTA
5. 43,6, Ethylenediammine.
24.3

1. (i) Tetrearnminedichlorocobalt(l1l)ion
(i) Ammonium-hexai sothiocyanatochromate(l11)
(iii) Tetracarbonylnickel(0)
(iv) Potassum-hexacyanoferrate(ll)
(v) Tri(ethylenediamine)chromium(lil) chloride

2. (i) [NiCI > (i) [Co(NHZ)NO,]**
(ill) K [Fe(CN) ] (iv) [Cr(en),CL]"

24.4

1. d’sp®

2. [Fe(CN)G]} isparamagnetic becauseit has one unpaired electron.
3. Boththecomplexeshave sp° (tetrahedral) hybridization.
4

. [NI(CN,] %" jsdiamagnetic becauseit is square planar (dsp® hybridization). It hasno unpaired
electron.

5. Inner — d’sp®, outer — sp®d?
24.5
1. Goldandsilver areextracted by cyanide process.

EDTA formssoluble complex with e ements. It isused in the trestment of |ead poi soning.

Cis-platin

A W

[Cu(NH,),]** & [Ni(DMG),]
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24.1.a Bonding, Isomerism and EAN rule

Bonding, EANrule:

A trangtion dement shal haveanincompletely filled d-subleve either initselementa formor inits
chemicaly sgnificant oxidation State.

Werner’sviewsof the complex formation weregiven an el ectronic basisby N.V. Sidgwick.

In Complex formation the e ectron transfer correspondsto the electrovalency of themetal. These
electrovaent bondsarethe primary valenciesof Werner.

Thenon-ionizablevaenciesof themetal correspondsto the co-ordinate covalent bonds.

Theligandspossesslonepair or pairsof e ectronswhich aredonated tofill thevacant orbitalsof the
metal and form co-ordinate covalent bonds (or) semi-polar bonds.

Thesebondsareindicated by an arrow starting from the donar atom in theligand to the acceptor
metal atomorion® —”

Thetotal number of e ectronsthe central metal inacomplex possessesafter coordinationisknown
asEffective Atomic Number (EAN) of themetal inthat complex.

Effective Atomic Number (EAN) = (z) Atomic number of metal —number of eectronslost by the
metal + number of el ectronsgained by themetal coordination.

(or)
EAN =Z- no. of electronslost by metal (x) + 2 x coordination number (y).

Themetal ion tendsto accept the e ectronsor e ection pairsfrom ligandsuntil the total number of
electronsonthe metal isequal to that of the next inert gas.

EAN of various metals in complexes.

Complex Central | At.noof no.of no.of EAN
Compound metal themetal(z) |electrons electrons Z-x+Y

lost (x) gained (y)
K, [Fe(CN) ] Fe 26 2 12 26-2+12=36
K. [Fe(CN)] Fe 26 3 12 26-3+12=35
[Cu(NH) ICl, Cu 29 2 8 29-2+8=35
Na,[PtCl] Pt 78 4 12 78-4+12=86

24.1.a Intext Questions:
1. Whatisligand.

188



24.1.a Answers to Intext Questions:

1.

Thosegroupsor atomsor ionspossesslonepair or pairsof e ectronswhich donate el ectron pair to
the central metal or metal ionincomplex arecalled ligands.

24.1.b lsomerism in complexes:

1

b)

©)

Two or more chemica substanceswithidentica chemical composition but with different properties
arecalled isomers. Thisphenomenonisknown asisomerism.

Theisomerismin complexesisbroadly dividedinto two types. They are

1) Structural isomerismand
2) Stereoisomerism

Structural isomerism: Compounds having same chemical formulabut different kinds of bonds
between themetal and theligandsare called structura isomersand thisphenomenon asstructural
isomerism.

Structural isomerismisfurther sub dividedintothreetypes.

| onization isomerism: Compoundswhich have the same stoichio metric composition but yield
differentionsin solution are called ionizationisomersand thisphenomenon asioni zetion isomerism.

Eg- [Co(NH,).Br]SO,; [Co(NH,).SO,] Br

Hydrateisomerism: Compoundshaving samechemica formula, complexeshavedifferent places
for aquamoleculesand thistype of isomerismiscalled hydrateisomerism.

Eg- [Co(H,0)]Cl,; [Cr(H,0).Cl] Cl,.H,0

Ligand isomerism: When theligandsin different complexesarethemselvesisomersthen this
isomerismiscaled Ligandisomerism.

Tri methylenediamine (tn) and propylenediamine (Pn) areligand isomers.

2)

H,N-CH_~CH,—CH,—NH, (tn), CH.—-CH—CH,, (Pn)
NH, NH,
Eg- [Co(tn),Cl,] CI;[Co(Pn),Cl,]CI

Stereoisomerism: Complexeshavingidentical compaosition of coordination spherebut differ in
therelative positionsof co-ordination groupsare called stereo isomersand this phenomenon as
stereoisomerism.

Itissubdividedintotwotypes.

Geometrical isomerism: This is known as cis-trans isomerism. The isomers having same
geometrical shapesbut may differ inthe pogtion of theligandsaround metd ioniscalled geometrica
isomerism.

189



If the sameligands are arranged on one side of the metal ion, they arecalled cisand if they are
arranged in oppositedirection, they arecalled transisomers.

Eg- [Co(NH,),CL]"

A‘_@_/‘CI 4‘_@_/‘NH
M-x m_x

Cisform Transform

b) Optical isomerism: Itisaso called mirror-imageisomerism. Intwoisomersthearrangement of
ligand groupsaround the central metal atom in oneisomer isthe mirror image of the other and they
arenon super imposable. Itiscalled optical isomerism and they are optical isomers. Isomerscan
rotatethe plane polarized light. If thelight isrotated to right the substanceis called dextrorotatory
(or) d-formandif thelight isrotated toleft it iscalled Lagvorotatory (or) [-Form.

Eg:- [Co(en)(NH,).CL]*

2\4‘__ Cl
/4_\J

N+ +p L |

\1" A

2

NZ SN HN/CH2

2
| | 3 ||

24.1b Intext Questions:

1. How many typesof structural isomerism shownin co-ordinate complexes.

24.1.b Answersto Intext Questions:

A. Threetypesof structural isomerism are shown co-ordinate complexestheseare
1. lonization Isomerism, 2. Hydrateisomerism, 3. Ligandisomerism.
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NOMENCLATURE AND
GENERAL PRINCIPLES

Organic compounds are all around usin several forms. They are present in avast range of
substanceslikefuds, foods, polymersand pladtics, textiles, dyes, drugs, medicines, explosives, cosmetics,
paintsand pesticides. Theword organic isderived from theword organism because the body of living
thingsiscomposed mainly of organic compounds. In addition to the organic compoundsof animasand
plantsorigin, alarge number of them have been synthesized inthelaboratory. All organic compounds
areknown to contain carbon. The carbon atomshave aunique property caled‘ catenation” whichisthe
ability toform long chains, ringsand networks of carbon atomsresulting into theformation of large
number of carbon compounds.

The basi c organic compoundsare hydrocarbons (compounds of carbon and hydrogen) which
can be converted to different typesof organic compoundsby performing different reactions. Theorganic
chemistry is the branch of chemistry which deals with the study of compounds of carbon. Some
compounds containing carbon are not studied in thisbranch of chemistry such as oxides of carbon,
metal carbides, metal cyanides, and metal carbonatesand these comeunder ‘ Inorganic Chemistry’.

Thislesson describesvariousrulesfor naming of organic compoundsbased upon lUPAC system.
A distinction between different types of bond fissionin organic compoundsisalso explained. Various
typesof reactionsand e ectronic effects are discussed with examples. Thislesson also coversdifferent
typesof isomerism.

After reading thislesson, youwill beableto:
e namevarioustypesof organic compoundsaccording to lUPAC system;
e distinguish between different typesof bondfission;
e explandifferent typesof reactions: substitution, addition, dimination and molecular rearrangements;
e identify nuclophilesand eectrophiles;
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explandectronic effectsinacovaent bond such asinductiveeffect, dectromeric effect, resonance,
hyperconjugation and steric hindrance, and

explain structura isomerism and stereoi somerism.

25.1 Classification of Hydrocarbons

All organic compounds may bedivided into two broad classes based upon the pattern of chain of

carbon atoms. L et usnow understand these classes of compounds.

1.

0]

Open-chain or Aliphatic compounds: Thisclassincludesall hydrocarbons (saturated and
unsaturated) and their derivativeswhich have open-chain structures. Saturated hydrocarbons
arethosewhich contain single bonds between all carbon atomssuch as

CH; - CH, and  CH,;-CH,—CHj

Ontheother hand, unsaturated compounds contain adouble (—-C=C-) or atriple (—C = C-)
bond between two carbon atoms.

For example:

CH,

, =y — o =
CH,— C=CH, CH, - CH = CH, CH, - C=CH
Closed-chain or cycliccompounds: These compoundshaveatleast onering (cyclic) system.
These are further divided into two sub-classes: homocyclic and heter ocyclic based on the
atomspresentinthering. They arecalled homocyclicor car bocyclicwhentheringisformed by
carbonatomsonly.

Homocyclic (carbocyclic) compounds may again bedivided into two groupsnamely alicyclic
and ar omatic compounds.

Alicycliccompounds: Thisgroup includes saturated and unsaturated cyclic hydrocarbonswhich
resemblewith the aliphatic hydrocarbonsin properties. Some examplesare given below:

cH, H,C CH, Pl
/ \ H,C \/CH2
H,C———CH, \

H,C CH, pc——CH,

The above compounds can be represented in theform of condensed structures as shown bel ow
where each corner represents a—CH,—group.

192



(i) Aromaticcompounds: Thegroup of homocyclic compoundshaving special set of properties
arecdled aromatic compoundswhichwill bediscussedinLesson 26. They dsohavecharacteristic
smell or aroma and hence called aromatic. These include aromatic hydrocarbons and their
derivativesare examples of such compoundsareasfollows:

CH, CH,
CH,
Theabove classification of the organic compounds can be summarised asbelow:

OrganicCompounds

I
I I
Open-chainor Aliphatic Closed chainor Cyclic
|
I I

Homocyclic or carbocyclic Heterocyclic
I
I I

Alicydic Arométic

On the other hand, heter ocyclic compounds contain one or more atom (usualy O, N or S
atom) other than the carbon atoms.

Someexamplesof heterocyclic compoundsareasfollows:

sXs¥s¥e
|

H

25.2 Nomenclature of Organic Compounds

I n the beginning, the organi c compounds were named after the source from which they were
obtained e.g. methane was named as marsh gas aswell as damp fire because it was obtained from
marshy places. Similarly, formic was named so because it was obtained from red ants (Latin
nameformica). These namesof organic compoundsare called common namesor trivial names. There
was no systematic basisfor naming them and it was very difficult task to remember the names of so
many organic compounds. Even the same compound was known by different names. In order to bring
uniformity and rationdity in naming the organic compoundsthroughout theworld, I nternational Union
of Chemidtry (in 1958) came out with asystem of nomenclaturelater knownas|UPAC (International
Union of Pureand Applied Chemistry) system. Before explaining lUPAC system of snomenclature,
weshall discussabout homologous series.
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Homologous Series: A seriesof compoundsinwhich the molecular formulaof acompound differs
from those of its neighbouring compounds by the CH, group, isknown asahomol ogous series. Each
of such homologous seriesisgiven ageneral name. For example, homologous series of open chain
saturated hydrocarbons is known as alkanes and open chain unsaturated hydrocarbons form two
series of compounds namely alkenes and alkyneswhich contain carbon - carbon double bond and
triple bond, respectively. Some members of homologous seriesof aliphatic hydrocarbonsarelistedin
the Table 25.1.

Table 25.1: Homologous series of hydrocar bons

Satuar ated Unsaturated

General Name : Alkanes Alkenes Alkynes
General Formula: CH, ., CH,, CH, .,
CH, Methane

CH, Ethane CH, Ethene CH, Ethyne
CH, Propane CH, Propene CH, Propyne
CH, Butane CH, Butene CH, Butyne
CH, Pentane CH, Pentene C.H, Pentyne
CH, Hexane CH, Hexene CH,, Hexyne

25.2.1 lUPAC Nomenclature of Acyclic Hydrocarbons
Acyclichydrocarbonsinclude straight chain aswell asbranched chain compounds.

(a) Straight chain Hydr ocar bons: The namesof these hydrocarbons consist of two parts. Thefirst
oneisword root and second oneis suffix. Theword root designatesthe number of carbon atomsin
the chain. Specia word roots (Meth-, Eth-, Prop-, But-, etc.) are used for chains containing oneto
four carbon atomsbut for chains of five and more carbon atoms, Greek number roots such as Pent-
, Hex - etc. areused thein [UPAC word rootsfor afew carbon chainsare given below in Table 25.2.

Table25.2: SomeWord Rootsand corresponding number of carbon atoms

Number of C- Atoms Word root Number of C- Atoms Word root
1 Meth - 6 Hex-
2 Eth- 7 Hept-
3 Prop - 8 Oct-
4 But- 9 Non-
5 Pent- 10 Dec-

Thegenera word root for any carbonchainisalk.
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In order towritethe lUPA C name, asuffix isadded to theword root to i ndi cate saturation or unsaturation
inthe hydrocarbons. These suffixesarelisted below inthe Table 25.3.

Table 25.3: Typesof hydrocar bonsand suffixesin their name

Classof compound Suffix General name
Saturated -ane Alkane
Unsaturated (>C=C<) -ene Alkene
Unsaturated (-C=C-) -yne Alkyne

L et usconsider someexamples.
Compound [UPACName Word root Suffix
CH,CH,CH, Propane Prop- ane
CH,CH,CH,CH.CH, Pentane Pent- ane
CH,=CH, Ethene Eth- ene
CH-C =CH Propyne Prop- yne

b) Branched chain Hydrocarbons

In branched chain hydrocarbons, one or more alkyl groupsare present asside chain attached to
the main straight chain of carbon atoms. The carbon atoms of the side chain constitute alkyl
groups. Theseakyl groupsarewritten asprefixesinthelUPAC name. Anadkyl group isobtained
from an akaneby removing onehydrogen atom. Sincethegenera formulaof dkaneisC Ho, 5,
thegeneral formulaof alkyl groupisC H,_,,. Thealkyl groupsare generally represented by
R- and named by replacing the suffix ane of the corresponding alkane by yl. L et us see some
examplesof thealkyl groupsgiveninthe Table25.4.

Table 25.4 : Some alkyl groups

Parent Chain FormulaR-H Alkyl group R Name
Methane CH, CH4- Methyl
Propane CH,CH,CH, CH,CH,CH,- Propyl
|
CH;-CH-CH, |sopropyl
Butane CH,CH,CH,CH, CH,CH,CH,CH,- Butyl
CH3CH2—(|?H—CH3 sec-Butyl
| sobutane |CH3 |CH . |sobutyl
H,C-CH-CH, CH,~CH-CH,~
CH,
l tert-butyl
CH,-C-CH,
I
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Branched chain hydrocarbonsare named using thefollowing rulesin [UPAC system.

Rulel. Longest chain Rule: According tothisrule, thelongest possible chain of carbon atomsis
considered and the compound isnamed asthe derivative of the corresponding alkane. If somemultiple
bond is present, the selected chain must contain the carbon atoms of the multiple bond. The
number of carbon atomsin the selected chain determinestheword root and the saturation or unsaturation
will determinethe suffix.

L et usconsider thefollowing example:
6 5 4 3 2 1
CH3—CH2—CH2—|CH—CH2—CH3
CH,-CH,
Word root -Hex + Suffix -ane

Sinceit hasamain chain of six carbon atoms; hence, it will benamed asaderivativeof hexane.

Smilaly, -
3

|
CH,-CH-C-CH,~CH,

CH,

Wordroot -But + Suffix -ene

Themain chain of carbon atoms containing doublebond consstsof four carbon atoms. Therefore,
the compound will beaderivative of butene.

If two equally Long chains are possible, the chain with maximum number of side chainsis
selected asthemain chain.

5
|C H, CH,
5 4 3 2l 3 4|
CH3—CH2—ICH_CH—CH3 CH,-CH;1CH-CH+{CH,
- — |
CH-CH, 2C|3H--CH3
CH, 'CH,_
Main chain has 2 branches (Wrong) Main chain has 3 branches (Correct)

196



Rule2: Lowest number or lowest sum rule: Thelongest carbon chainisnumbered from oneendto
another and the positions of the side chain areindicated by the number of carbon atomstowhichthese
areattached. The numberingisdonein suchaway that:

a) Thesubstituted carbon atomshavethelowest possible numbers.

b 3 2 1 1 2 3 4
CH3—(|1H—CH2-CH3 CH3—(|3H—CH2—CH3
CH, CH,
wrongnumbering Correct numbering
b) Thesum of numbersusedtoindicatethe positionsof variousakyl groupsmust bethe
lowest.
CH, CH, CH, CH,
s o4 2l 2l 3 4 s
CH3—(|3—CH2—CH—CH3 CH3—CI~LH2—CH—CH3
CH, CH,
Sum of positions = 2+4+4 = 10 Sum of positions =2+ 2+4 =8
(Wrong) (Correct)

Rule3: If somemultiplebond ispresent inthe chain the carbon atomsinvolved in the multiple bond
should get thelowest possible numbers. For example:

1 2 3 4 4 E 2 1

CH3—?H—CH=CH2 CH3—C|H—CH=CH2
CH, CH,

Wrongnumbering Correct numbering

Rule4: Naming of compoundswith onealkyl group asthe substituent (sidechain)
Thenameof asubstituted hydrocarbon consists of thefollowing parts.
Position of substituent - Name of substituent, Word root, Suffix.
L et usconsider acompound represented by thefollowing structure:

CH,

1 2 3 4 5
CH,~CH,-CH-CH,-CH,

In the given structure, we find that the longest chain consists of five carbon atoms and the
substituent ismethyl group at position number 3. Theword root isPent and suffix isane. Hence, the
nameis3-methylpentane.
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Rule5: Namingthe samealkyl groupsat different positionsor morethan one alkyl groups

If the compound contains more than oneidentical alkyl groups, their positionsareindicated
separately and the prefixesdi (for two), tri (for three) etc. are attached to the name of the substituents.
The positions of the substituentsare separated by commas (,). In thefollowing structure, two methyl
groupsare attached to themain chain of five carbon atoms.

CH, CH,
2| 3| 4 5

CH, — CH - CH - CH, - CH,
You can seethat they are attached to the positions 2 and 3 of the main chain. Hence, the name of
the compound is2,3-dimethylpentane.
Rule6: Naming different alkyl substituents

If therearedifferent alkyl substituents present in the compound, their namesarewritteninthe
alphabetical order. However, the prefixesdi, tri, etc. are not considered in deciding the al phabetical
order.

For example, in the compound shown bel ow thelongest chain consists of five carbon atoms; hence,
the parent hydrocarbon is pentane. The main chain hastwo methyl groupsat C, and C, and oneethyl
group at C, assubstituents. Thenamesof thesealkyl

Csz
1 2 3' 4 5
CH3—’CH—$—CH2—CH3
CH, CH,

groups are written beforethe name of parent alkaneand their positionsareindicated by number
of carbon atom to which they are attached. Thus, the name of the compound will be 3-ethyl-2,
3-dimethylpentane,

Intext Questions 25.1

1. ldentify word root and suffix for thefollowing:
(i) CH,CH,CH,CH,CH,CH,
(i) CH,CH,CH = CHCH,
(i) CH,C = CH



25.2.2 Nomenclature of Cyclic Hydrocarbons

Wead ready know that cyclic hydrocarbonscan bedivided into alicyclic and aromatic compounds.
Now let uslearn the nomenclature of these compounds.

a) AlicyclicCompounds

Aswe havealready discussed (in Section 25.3) that alicyclic compoundshaveclosed chaini.e.
cyclic structures, hencetheir namesare derived by putting prefix ‘ cyclo’ beforetheword root.
Thesuffix ane, eneor ynearewritten according to the saturation or un saturationin thering
structure. Given bel ow are some examplesof alicyclic compounds.

Iéz H, H
N C 2
H,C CH, PR C
I | H,C CH e ¢
2
HC C/CHz \ // I Il
H, H,C—CH = ¢
Cyclohexane Cyclopentene Cyclopentyne

If an alkyl substituent ispresent, it isindicated by the appropriate prefix and itspositionis
indicated by numbering the carbon atoms of theringin such away so asto assign theleast possible

number to the substituent. For example:
- CH, H3C—CH2

3
3 ? 2 CH,

4 D CH, 6 1
5
[-Ethyl-2-methylcyclobutene 2,3-Dimethylcyclohexene  Ethylcyclopentane
b) Aromatic Compounds
Themost important members of thisclassare benzene and itsderivatives. For naming an alkyl

substituted benzene, the carbon atoms of benzene are numbered from 1 to 6 by giving the lowest
possible number to the position of theside chain or substituent. Thisisshown below.

H,C < Side chain H,C —-CH, < Side chain
1 1
6 2 6 2
5 3 5 3
4 4
Methylbenzene Ethylbenzene
(Toluene)

Benzeneformsonly onemonosubstituted derivativeslike methyl benzene or ethylbenzene. However,
it canform three disubstituted compoundsnamely 1, 2; 1, 3and 1, 4 derivatives. Thesearea so known
asortho- (or 0-), meta- (or m-) and para- (or p-) substituted compounds, respectively.
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4
1, 2-Dimethylbenzene 1,3- Dlmethvlbenzene
(ortho-Xylene) (meta-Xylene) 1, 4-D1methylhenzene
(para-Xylene)

25.2.3 Writing Structure of Hydrocarbons from their IUPAC Names

Till now, we have named hydrocarbonsfrom their structures using |UPAC nomenclature. L et usnow
dothereverseexercisei.e. writing structure of hydrocarbonswhentheir [IUPAC namesaregiven. Let
ustake some examplesto writestructuresfor given lUPAC names.

Example 1. Writing the structure of 4-Ethyl-5-methylhex-2-ene
Step 1 Theskeleton of parent hydrocarbon chain of six carbon atomswith C=C at C, isdrawn.

1 2 3 4 5 6
C-C=C-C-C-C

Step 2 Attach ethyl group at C, and methyl group at C..
Step 3 Attach H-atomsto the C-atoms of main chain to satisfy tetravalency of al the carbon atoms,
Thus, the correct structure of the compound isasgiven below:

1 2 3 4 5 6
CHS—CH=CH—1JH—?H—CH3

C,H, CH,
Example2. Writing thestructure of Octa-3, 5-diene
Step 1 Theskeleton of parent hydrocarbon chain of eight carbon atomsisdrawn,
Step2 MakeC=Cat C,andat C..

Step 3 Attach hydrogen atomsto the carbon atoms of main chain to satisfy tetravalency of dl the
carbon atoms,

Thecorrect structure of the compound isasfollows:

1 2 3 4 ] 6 7 8
CH,~CH,~CH=CH-CH=CH-CH,~CH,

Thefollowing compoundsillustrate somemoreexamples:

(i) 2,3-Dimethylbut-1-ene (i) Cyclobutane (i) 2,2-Dimethylpropane
CH, CH, H.C—CH CH,
| 2| I z T
CH ,—CH-C=CH, H,C - CH CH3-—C|—CH3
3021 2
CH,
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After thisreverseexercise, youwould have definitely gained confidencein naming and writing structures
of varioushydrocarbons.

Intext Questions 25.2

1. WritelUPAC namesfor thefollowing compounds:

Hs
(i) @ (ii) (iit) @
CH, :

2. Writethestructura formulafor thefollowing compounds:
(1) 1,3-Dimethylcyclohexane (i) Ethylcyclobutane (i) n-Propylbenzene

25.2.4 1UPAC Nomenclature of Aliphatic Organic Compounds Containing
Functional Groups

A functional group isan atom or group of atomswhichisresponsiblefor characteristic propertiesof
acompound. For example:

—Cl, -Br, I, -COOH, ~OH, —NH, efc.

a) Compounds with one functional group (monofunctional Derivatives): The derivatives of
hydrocarbons containing only onefunctiona group arecaled monofunctiond derivatives.

Mogt of thelUPAC namesof functional derivativesof hydrocarbonsare derived by replacing the suffix
ane of the parent alkane (corresponding to the number of carbon-atomsin the longest chain) by a
specific suffix for the functional groups, (see Table 25.5). There are some derivativesin which a
particular prefix isadded to the parent a kane name asin nitroalkanes, hal oalkanes, and haloarenes
etc. Given be ow aresomerulesfor thel UPAC nomencl ature of organic compoundscontai ning functional
groups. In addition to the ruleslisted below, all the general rules discussed earlier for naming of
hydrocarbons are a so applicableto such compounds.

Rulel: Firgt of al thelongest chain of carbon atoms containing thefunctiona groupisidentified. In
case of carbon containing functional group, (-CHO, - COOH) themain chain must includethe carbon
atom of thegroup.

——» P,
CH,-CH,
I I > P,
CH,CH,CH COOH - (Structure -I)
>Pp
1

For Example:

P, or P, arecorrect selections of chain of carbon atomswhereas P, iswrong selection asit does not
includethe carbon atom of thefunctiona group.

Rule 2: Thelongest continuous carbon atom chain is numbered from that end which will givethe
lowest number to the carbon atom bearing the functional group.
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Rule3: Thereisaspecific suffix for each functional group that replacesthe ending -einthenameof the
corresponding parent alkane.

Rule4: If the carbon chainisbranched, then the attached alkyl groupsare named and numbered asin
Structurel (rule 1) main chain contain abranch of two carbon atomsi.e., ethyl group at position 2.

CH,CH,

4 3 2 1
CH,CH,CHCOOH

(Structure I)

Rule5: Whilewriting the name of the compound, place the substituentsin the al phabetical order.

Table 25.5list of some examples of the functional groups present in the organic compounds
together with the names of the class of compoundsthey belong to.

Table 25.5. Some Common Functional Groupsand their Aliphatic Derivatives

Functional Suffix/ General Example
Group Prefix name (TUPAC name)
—OH (Hydroxy) —ol Alkanol(Alcohals) CH,CH_,OH(Ethanol)
— COOH —oicacid Alkanoicacid CH,COOH
(Carboxyl) (Ethanoic acid)
-SO,H - Alkysulphonicacid CH,CH,SO,H
(Sulphonic) (Ethyl sulphonicacid)
—CHO (Aldehydic) -a akand CH_CHO (Ethand)
>CO (Ketonic) -one Alkanone CH,COCH,(Propanone)
— CONH, (Amide) -amide Alkanamide CH,CONH,
(Ethanamide)
—COX -oyl hdide Alkanoyl hdide CH,COCI
(Carboxyl halide) (Ethanoyl chloride)
—COO-(Ester) -oate Alkanoyl dkanoate CH,COOCH,
(methyl ethanoate)
—CN(Cyano) -nitrile Alkanenitrile CH,CH,CN
(Propanenitrile)
—SH(Thiol) -thial dkanethiols CH_CH,SH(Ethanethiol)
~NH, (Amino) -amine Alkanamine CH,CH,NH,
(Ethanamine)
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-0O- -OXy Alkoxyakane CH_-O-CH,
(Ether) (Methoxymethane)
—C=C—(Yne) -yne Alkyne CH,C=CCH,
(But-2-yne)
—C=C—(Ene) -ene Alkene CH,CH=CHCH,
-X =-F-Cl, -Br-I —-Hdo Haloalkane CH,CH,-X(Ha oethane)
(Prefix)
—NO,(Nitro) —Nitro Nitroakane CH,CH,NO,
(Prefix) (Nitroethane)

Certain derivatives have some specific general names e.g. monohydroxybenzeneiscalled and
monoaminobenzeneasaniline.

o ©

Phenol Aniline

b) Naming of Organic compoundswith morethan onefunctional group : In case of organic
compounds containing morethan onefunctional group, onegroup isgiven preference over the other(s)
in deciding the parent compound. The priority order of the variousfunctional groupsisasfollows,
-COOH, —-COOR, -SO_H, -COX, —-CONH,, —CHO, -CO-, -CN, -OH, -SH, -O-, -NH,,
—X (halogen), -NO,, -C=C~, and-C = C-. Let ustry to name apolyfunctional compound by
followingthepriority of thefunctiona groups.

(l)H 1|3r
CH, - CHCH, CHCOOH

2-Bromo-4-hydroxypentanoic acid
In the above example, —-COOH groupisgiven priority over the—OH and —Br (hal o) groups.

25.3 Types of Reactions in Organic Compounds

You areaware that achemical reaction occurs when one substanceis converted into another
substance(s). A chemical reaction isaccompained by breaking of some bondsand by making of some
others. In organic chemistry, thiscan happenin morethan oneway involving avariety of reactions. The
different typesof reactionsin organic compoundsare: (i)Substitution (ii) Elimination (iii) Addition and
(iv) Molecular Rearrangements.

These different ways of occurrence of organic reactions can be understood by the study of
reaction mechanisms. A reaction mechanismisdefined asthe detailed knowledge of thestepsinvolved
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inaprocessinwhich thereactant moleculeschangeinto products. Let usexplain first someof theterms
used inreaction mechanism.

25.3.1 Breaking of a Covalent Bond - Types of Bond Fission

Chemical reactionsinvolve breaking of oneor more of the existing chemical bondsin reactant
molecule(s) and formation of new bonds leading to products. The breaking of a covalent bond is
known as bond fission. We know that acova ent bond isformed by the haring of two electronsfrom
two atoms. During bond breaking or bond fission, the two shared el ectrons can be distributed equally
or unequally between thetwo bonded atoms. There aretwo typesof bond fission.

1. Homolyticfission : The fission of a covalent bond with equal sharing of bonding electrons
is known as homolytic fission.

Homolyticfissioninahypothetica molecule: A — B — A® + B®

(Free radicals)
Now consider thefollowing C - Cbondfission:
Heat
(Freeradicals)

Theneutral speciessoformed areknown asfreeradicals.

Freeradicalsare neutral but reactive species having an unpaired el ectron and these can al'so
initiateachemical reaction.

2. Heterolyticfission : Thefission of a covalent bond involving unequal sharing of bonding
electronsisknown as heterolytic fission. The heterolytic fission of ahypothetical moleculeis
shown below.

A:B A" + B-
Carbocation  Carbanion

Thistype of bond fission resultsintheformation of ions. Theionwhich hasapositivechargeon
the carbon atom, isknown asthe carbonium ion or acarbocation. For example,

CH 3(+: H, (Ethyl carbocation) and CH3€: HCH, (Isopropy! carbocation)
Ontheother hand, anion with anegative charge on the carbon atom isknown asthe carbanion.
For example,
CH4CH, (Ethyl carbanion), CHg (Methyl carbanion)

The charged species obtained by the heterolytic fisson initiate chemical reactionsandthey are
classified asd ectrophilesand nucleophiles.

Electrophiles: An electrophileisan electron deficient speciesand it may be positively charged or
+
neutral. ExamplesareH*, N O3 ; Br*, Cl*, Ag, CH, C O, BF, etc. Thus, an electrophileisan electron
seeking speciesand hence, it attacksat aposition of high electron density.
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Nucleophiles: A nucleophileisnegatively charged or electron rich neutral species. Examples of
nucleophilesare OH-, N O5 ; H,O, :NH, etc. Nucleophiles attacks aposition of low electron density.

25.3.2 Electron Displacementsin a Covalent Bond

For areaction to take place by breaking of a covalent bond, with the attack of a nucleophile or
electrophile, the molecule or bond under attack must devel op polarity on some of its carbon atoms.
Thispolarity can only be devel oped by the displacement (partial or complete) of bonding e ectronsdue
to certain effects. Someof thesedectronic effectsare permanent (e.g. inductive) and othersaretemporary
(e.g. dectromeric) in nature. Such changesor effectsinvolving displacement of dectronsinthe substrate
molecules (molecule under attack of areagent) are known as electron displacement or electronic
effects. Some of these effects are discussed bel ow.

a) Inductiveeffect: Inacovalent bond between thetwo dissimilar atoms, the shared electron pair is
attracted moretowardstheatom having grester € ectronegativity. L et usconsder the case of ahdodkane
(higher than halomethane). The ha ogen atom (X) being more €l ectronegative than carbon atom, pulls
the bonded el ectrons of the C—X bond. Thus, the C-X bond is polarised as shown below.

C6+ —_— CS—

Thecarbon atom getsapartia + vecharge (6 +) and halogen atom apartid negativecharge (6-). This
positively charged C, attracts bonded electrons of C, - C, bond, thus making C, atom alittle less
postivethan C . Smilarly, this+vechargeisshiftedto C, but to avery lessmagnitude (nearly zero +ve
chargeispresent after third atom)

555+ 8%+ &+ 8-
C—>—C—>— C—>—X (where X = F, Cl, Br).
3 2 1

Thistransmission of induced charges along a chain of (¢ bonded carbon atomsis ( known
asinductiveeffect. Theinductive effect isapermanent polarisationin the molecule (and it decreases
aswemoveaongachain of carbon atoms, away from the el ectronegative atom. Many of the properties
of organic compoundssuch asacidic strength of carboxylic acidsareexplained onthebasisof inductive
effect.

Groupswith - | Effect (Electron Withdrawing Groups):

Any atom or group of atomsthat withdraws electronsmore strongly than the H-atom, issaid to have--
| effect. Following arevariousgroupsarranged in thedecreasing order of their -1 effect.

(CH,),N*>-NO,>-CN>-F>-Cl >-Br>-1>-0OH >-0OCH, >-CH>-H
Groupswith + | Effect (Electron Releasing Groups) :

Any atom or group of atomsthat repel s electrons more strongly than hydrogen, issaid to have +1
effect. Following arethevariousgroupsin thedecreasing order of +1 effect.

(CH,),C- > (CH,),CH- > CH,CH,— > ~CH, >-H
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(b) Electromericeffect : Thistypeof temporary el ectron displacement takes placein compounds

- . N, o :
containing multiple covaent bonds (e.g C= c\ 3 :c = o,\c =N €tc.). It involvesthe complete
e

transfer of electronsresulting into the development of + veand - ve chargeswithinthemolecule. The
el ectromeric effect takes placein thedirection of more el ectronegative atom and isgenerally shown by
an arrow starting fromthe original position of the electron pair and ending at the new position of the
electron pair. Inacarbonyl group it operatesasfollows:

-~ ~N
~ 4 =
/C=O S —— /C—O

Thedectromeric effectisrepresented by the symbol E. Itisknown as+E effect when displacement
of electron pair isaway from the atom or group, or — E effect when the displacement istowardsthe
atom or group. Asinabove exampleitis+E effect for Cand —E effect for O.

(c) Resonance : This phenomenon is exhibited by anumber of organic molecules, which can be
represented by two or more structureswhich are called resonating or canonical structures. However,
noneof those structuresexplainsall the properties of the compound. All the possible structuresof a
compound arearrived a by the redistribution of valence el ectrons. Thetrue structure of the compound
isanintermediate of all the possible resonating structures or canonical structuresand thuscalled a
resonance hybrid. For example, the benzene molecule (C,H,) may be represented by thefollowing
two structures, | and 1.

1 1
6 2 6 2
<> =
s 3 S 3
4 4
1 i L

Resonating or canonical structures Resonance hybrid

Theevidencein support of the hybrid structure (111) of ‘ benzene’ isavailable from the bond
length data. Equal bond lengths of all C-C bonds (139 pm), whichisanintermediate value of C—C
single bond (154 pm) and C=C double bond (130 pm) lengths, indicates that each C—C bond in
benzene (structurelll) hasapartial doublebond character. Hence, structurelll, aresonance hybrid,
representsthe benzenemolecule.

Some more examples of resonance structuresareasfollows:

O, <5 o

L > o-c = o=

C/" L" Ethanoate ion

& (’(‘): % (\O_ +__0
CH3—1\/6_. <> CHs—Nigz = CHS—N\CO—
' C/ ("! Nitromethane
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d) Hyperconjugation : Hyperconjugation is also known as no-bond resonance. It involves the
conjugation of ¢ (sigma) bond with rt(pi) bond. For example, hyperconjugation in propene can be
represented asfollows.

H + H

N oA o | _
H-CECH=CH, €—> H—?:CH—CHZHH+ $=CH_CH2

l

C H H

I 11 I

Thestructures|| to IV have no bond between one of the H-atom and the C-atom.

25.3.3 Steric Hinderance

Theeffect iscaused by thelarge bulky groups present in thevicinity of thereaction centre. Thiseffect
wasflrst observed by Hofmann (1872) and Meyer (1874). They regarded it asmechanica hinderance
for the attacking speciesto approach thereaction site.

R
Hofmann (1872) observed that when acompound of the type@Y (where, Y = - COOH,

R
— CONH,, — CHO, -~ NH, etc. and R =-CH,, —-C H_ etc) istreated with the reagents such as Cl-,
Br-, 17, OH-, etc., thereactionis hindered or retarded by the substituentsat ‘ R’. The magnitude of
hinderanceisproportional to the size and number of substituents present inthevicinity of reaction site.
Meyer (1874) observed that rate of esterification of aliphatic carboxylic acidsand found that their
activity was decreased by increasing the number of substituents at the carbon atom adjacent to the
COOH group.

CH3COOH>RCH,COOH >R ,CHCOOH>R;CCOOH
decreasing order of reactivity with alcohols

Intext Questions 25.3

1. Whatisthecondition of polarity for acovaent bond?

2. ldentify thegroupswith -1 and +1 effect from thefollowing species:.
-NO,, ~CHj, —CN, —C,H;, -CgH5 and CH; CH-CH,
|



3. Whatisthedifference between e ectromeric and inductive effects?
4. Classfy thefollowing speciesasée ectrophilesor nucleophiles:
(i)H3O" (ii)NO; (i) Br- (iv) CH:O™
(v) CH5COO- (vi) SOq (vii) CN~ (viii) "CH4 (ix) :NH,

With theabove genera background, et usstudy varioustypesof reactionsinalittlemoredetails.
25.3.4 Substitution Reactions

A substitution reaction invol vesthe displacement of one atom or groupinamolecule by another atom
or group. Aliphatic compounds undergo nucl eophilic substitution reactions. For example, aha odkane
can be converted to awide variety of compounds by replacing halogen atom (X) with different
nucleophilesas shown below.

&+ 6
R-X+Nu:——>R-Nu+X"~

Haloalkane

(where R-isan alkyl group and Nu: = —-OH, -NH_, -CN, -SH, -OR’, -NHR" etc.)

Thereisyet another type of substitution reaction which takesplacein an aromatic hydrocarbons. Inthis
case, an electrophilic reagent attacksthe aromatic ring becausethelatter iselectronrich. Theleaving
group, inthiscase, isalwaysone of the hydrogen atom of thering.

o
H HNO, NO,
—_—>
H,SO,

Nitrobenzene

For example, in case of nitrationthe—NO, group replaces one hydrogen atom of benzene.

25.3.5 Addition Reactions

Unsaturated hydrocarbons such asakenesand akynesare extremely reactivetowardsa widevariety
of reagents. The carbon-carbon double bond (—C=C-) of an alkene containstwo types of bonds; one
6 (sigma) bond and another t (pi) bond. In alkynes, out of the three carbon-carbon bonds, oneisc
(sigma) bond and the other two aret (pi) bonds. The t (pi) bond isweaker than the ¢ (ssgma) bond
and breskseasly. For example, the colour of bromine sol ution disgppearswhen added to theunsaturated
hydrocarbons. Thisisdueto thefollowing addition reaction.

CH,=CH, + Br, —> |CH2‘ |CH2

Br Br

1, 2-Dibromoethane
(Colourless)
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Similarly, hydrogen, halogen acids and chlorine add on to a—C=C- double bond, as shown
below.

CH3 _CH= CH2 + H2 (Ni/Pt as catalyst) CH3 CH2 CH3

Themultiple bond of an alkene or alkyneisaregion of high electron density. Therefore, itiseasily
attacked by the e ectrophilic reagents. One of the most thoroughly studied addition reactionsisthat of
halogen acids.

~ ~
= C=C
/C C\ +HX —>

Inakynes(—C=C-), twomoleculesof hydrogenadd; first to givean dkeneandfindly thecorresponding
alkane, asshown below:

+H, / Ni—Pt

CH,C = CH CH,CH = CH, —22/NIZPt |, cp cH CH,
Propyne propene Propane

25.3.6 Elimination Reactions

From the above discussion, you know that we get asaturated compound by the addition reaction
of anakene. Thereversereactioni.e. theformation of an akenefrom asaturated compound, can aso
be carried out and iscalled an elimination reaction. An elimination reaction is characterized by the
removal of asmall molecule from adjacent carbon atoms and the formation of a double bond. For
example, when a cohols are heated with astrong acid asthe catalyst, amol ecul e of water isremoved
and adoublebondisformed.

T
|
H,SO
H-C-C-H ——5 CH,=CH,+H,0
|| 403 K 2
H OH Ethene
Ethanol

25.3.7 Molecular Rearrangements

A molecular rearrangement proceedswith afundamental changein the hydrocarbon skeleton of the
molecule. During thisreaction, an atom or group migratesfrom one position to another. For instance,
I-chlorobutanein the presence of aL ewisacid (AICl,) rearrangesto 2-chlorobutane.

Cl

AICI I
CH,CH,CH,CH,C1 ——3— CH,CH,CHCH,

1- Chlorobutane 2 - Chlorobutane
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Intext Questions 25.4

1. Writethe productsof each of thefollowing reactions:
() CH,CHBr + CN' —
(i) CH.Cl + RNH,——

2. Writetheconditionsfor nitration of benzene.

3. Predict theproductsof thefollowing reactions:

() CH, =CH, —HBr

. CH=CH,
(ii) +Cl-Cl —

.. CH3 ~
(iif) C=CH, + Br-Br —
CH{”
CH,
iv) Sc-cH, 2%
CHy” | 403K

OH

() CH,-CH,-CH-CH, __HSO;
| Heat
OH

25.4 |somerism

The simple akanes containing upto three carbon atoms, i.e. methane, ethane and propane have
only one possiblestructure. Thereisonly oneway inwhich the carbon atoms can belinked together as
shownbelow :

H H H H H H
adn ol wddd
; BB HOH

Methane Ethane Propane

But for next higher hydrocarboni.e. butane(C,H, ), therearetwo possiblewaysin which the carbon
atoms can belinked together. They may belinked toformastraight chain or abranched chain.

210



HHHH H HH
I |1

A A
l
H HH H H CH,H
Butane (b.p.- -5 °C) 268 K (2-Methylpropane) (b.p.- 12 °C) 261 K

Thus, there are two types of butane which are different compounds and they show different
properties. Different substances which have the same molecular formula but differ in their
structures, physical or chemical properties are called isomers and this phenomenon is known as
isomerism. Theisomerism can be of varioustypesasshown below :

Isomlerism
I

Structural isomerism Ster eocisomerism

Chain  Functional Positional Metamerism Geometrical Optical
Group

1. Structural somerism : Compoundswhich have the same molecular formulabut differ intheir
dructureare caled structura isomersand the phenomenoniscalled structurd isomerism. Thisisfurther
subdividedintofour types; chain, functional, positional isomerism, and metamerism.

(i) Chainisomerism: Theseisomersdiffer inthechain of the carbon atoms, for instance, n-butane
and isobutane aretwo isomersof C,H,,.

CH3
I
CH, - CH, - CH, - CH, CH3 —CH- CH3
n-Butane Isobutane

Similarly, pentane (C_H,,) hasthefollowing threeisomers:

L L
CH, - CH,- CH, - CH,—- CH, CH,-CH,-CH -CH; CH,-C- CH,
n-Pentane 2-Methylbutane |
(Isopentane) CH,

2,2- Dimethylpropane
(Neopentane)

Similarily, hexane (molecular formulaC_H, ) canhavefivechainisomers.
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(i) Functional isomerism : Theseisomersdiffer inthetype of functional group. For example;
ethanol and ether thetwo isomers having molecular formulaC,H¢O, belong to two different
classesof organic compounds. Similarly, thetwo isomers corresponding to molecular formula
C5HgO, are, anacid and an ester having quite distinct structuresand properties.

(Molecular Formula: C,H,0) C,H.OH and CH,-O-CH,
Ethanol M ethoxymethane
(alcohal) (ether)

(Molecular Formula: C;HgO,) CH,CH,COOH and CH5; — COOCH4
Propanoic acid Methyl ethanoate

(iif) Positional isomerism: Theseisomersdiffer in the attachment of the functional group tothe
chain at different pogitions. Examplesareasfollows:

OH
CH,CH,CH,OH and CH3—(|3H—CH3
Propan-1-ol Propan-2-ol
d
CH,CH,CH,CH,CI and CH3CH2(IZHCH3
1-Chlorobutane 2-Chlorobutane

(iv) Metamerism isexhibited by those compoundsinwhich functiona group comesin betweenthe
carbon chain and breaksthe continuity of the chain. Thisbreaking occursat different positions
and different isomersareformed which are called Metamers. For exampl e, 1-methoxypropane
and ethoxyethane are two metamers differing in chain length (size of alkyl groups) onthetwo
sidesof oxygen atom as shown below.

CH, - O - CH,CH,CH, and CH,CH,-O-CH, CH,
1-Methoxypropane Ethoxyethane

2. Serecisomeriam : Stereoisomerismisexhibited by thecompoundswhich havesimilar attachment
of aomsbut differ intheir arrangement in space. Thereistwo typesof stereoisomerism-geometrical

andoptical.
(i) Geometrical | somerism: Consider twoisomersof 2-butene as shown below.
CH~. _CH CH _H
*Sc=c Sc=C
H~  H H”  NCH,
cis— But-2-ene trans— But-2-ene

A cis- isomer isthe one having identical groupson samesideof doublebond. On the other hand,
atrans-isomer hasidentical groups on opposite side. In the above structures, cis-2- butene (two -
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CH, groups on the same side) and trans-2-butene (two - CH, groups on different sides) are two
geometrical isomers (sterecisomers) asthey differ inthe geometries of the groupsaround the double
bond. Another example of cis-and trans-isomerismis 2-butenoic acid or But-2-enoic acid.

CH,~ .~ COOH CH~ —H
Cc=C c=C
5 NH H”  CooH
cis- But-2-enoic acid trans-But-2-enoic acid

Notethat in the above examples, the two isomers exist because the rotation of groups across
C=Cbondisnot possible(itisalso called asrestricted rotation).

Geometrica isomerismsisaso shown by cyclic compoundsand compounds containing —C=N—
bond, about which youwill study at higher level.

(ii) Optical | somerism: Theoptica isomerismisshown by the compoundshaving at least one carbon
atom joined to four different atoms or groups. Such a carbon atom is called asymmetric or chiral
carbon atom; and those which arenot chiral (do not havefour different groups) arecalled achira. A
chira compound can havetwo different arrangements of groupsattached to the chiral carbon asshown
below for 1,2-dihydroxypropane.

Thewedgesign (1) showsthat the direction of the bondsistowardsthe viewer and dotted line
(.....) indicatesbackward direction of the bonds.

A
zZ i
CH “ H,
S Z |
C -. s .- C
- / I ’ o \H
OH CH,OH g HOH,C OH
7
Mirror

The resulting isomers are non-superimposable mirror images of each other and are called
enantiomers. Thus, the enantiomersdiffer in thethree-dimensiona arrangement of atomsor groups.
Another example of enantiomersisthat of |actieacid asshown bel ow:

A
Z
COOH § COOH
| z |
C--. - L. C
S Z T o
HO H CH3 j H3C H
e
Mirror
Enantiomers of Lactic acid
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Theoptical isomershaveidentical physical propertiesexcept optical activity. They rotatethe plane of
plain polarizedlight in oppositedirections. Theplain polarized light isdefined asthelight that vibratesin
oneplaneonly. Therotation of the planeof polarized light iscalled optical activity. Those substances
that can rotate the plane of polarized light are said to be optically active. Compoundsthat rotatethe
planeof plane polarized light to theright (clockwise) are said to bedextr or otatory. The dextrorotatory
isdenotedby ‘d’ or (+) beforethe name of the compound. Similarly, compoundsthat rotatethe plane
totheleft (anticlockwise) arecalled laevor otatory and thisisdenoted by placing ‘I’ or (-) beforethe
name of the compound. A mixture containing equal amountsof d- and |- isomersiscalled arecemic
mixtureandisoptically inactivedenoted by dl or £.

Intext Questions 25.5

1. Is1-buteneastructural isomer of cis- or trans-2-butene?

2. ldentify thetypeof isomerismexhibited by thefollowing pairsof compounds:

() CH3CH2CH2?HCH3 and CH3CH2C|:HCH2CH3
OH OH
CH H
(in) CH,~ C/C2H5 3\C=C/
Il £
H- \H and H \Csz
i

4. Whichoneof thefollowing compoundswould show geometrica isomerism?
(i) CH3CH,CH = CHCH,CHg4 (i) CHF =CHF (iii) CH,=CHCH,CH,



(759

Wz
{,{Jo,y’ What You Have L earnt

Organic compounds are classified into aliphatic (open-chain), homocyclic (closed ring) or
carbocyclic (alicyclic and aromatic) hydrocarbons and their derivatives, and heterocyclic
compounds (contain at least one heteroatomi.e., N,S,0O inthering).

Homologous seriesof organic compoundsand |UPAC naming of different classes.
Thesubstitution, elimination, additionsreactionsand molecul ar rearrangements.

Homolyticfisson of acovaent bond producesfree radica s because each of the parting away
atomstakesaway itsshared el ectron.

Heterolytic fission of acovalent bond producesions because one of the atomstakes away
both the shared electrons.

Electrophilesarepositively charged or el ectron deficient species.

Nucleophilesare negatively charged or electron rich species.

Benzenering undergoes aromatic substitution reactions.

A functional group isan atom or group responsiblefor specific propertiesof acompound.

The compoundswhich havethe samemolecular formulabut different sructurearecaled structura
isomers.

® |someismisclassifiedinto structura isomerism and stereoi somerism.

@ A carbon atom attached to four different groupsiscalled chira atom or asymmetric carbon atom.

’

%‘ Terminal Exercise

1
2.
3.

The non-superimposable mirror imageisomersof acompound arecalled enantiomers. They are
opticaly activeand rotatetheplain of plain polarized light in oppositedirections.

What are hydrocarbons? Explain giving two examples.
Givetwo examplesof aromatic hydrocarbons.
Classify thefollowing hydrocarbonsasakanes, dkenesor alkynesand writetheir [IUPAC names.
(i) (CH,),CH (if) CH,CH=CH,
(i) (CH,)),C (iv)CH,.C = CH
(V) CH, C = CCH, (vi) CH,=CH,

o™ @
(vii) (viil) (ix) 2
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4. Writegtructuresof thepossibleisomersand their [UPAC namesof compoundshaving thefollowing

molecular formula:
(i) CsHyg and (i) CsHg

5. Writethestructuresof thefollowing compounds:
(i) 1sobutylbenzene

(i) 4-Methyl-2-pentene

(iii) Hepterl,6-diene

(iv) Cyclobutene

6. Writethestructuresfor thefollowing compounds:

(i) 1-Bromo-3-methylhexane (i)  3-Chloro-2,4-dimethylpentane
(iii) 3-Methylbutana

(iv) Ethyl propanoate

(v) 2-Methylbutanenitrile

(vi) Cyclohexene

(vii) 3-Methylhexan-2-one

7. What aredectrophilic aromatic substitution reactions? How will you prepare nitrobenzenefrom
benzene?

8. Draw all the possiblestructural isomers having the molecular formulaC,HyCl and givetheir
[UPAC names.

9. What isanucleophilic aiphatic subgtitution reaction? Give oneexample.

10. Describethe electrophilic addition reaction of an alkene. Write the product obtained by the
addition of Br, to propene.

11. Writeashort noteonthefollowing; (i) Structura isomerism (ii) Stereoisomerism
12. Defineafunctiond group. Identify thefunctiona group(s) present infollowing compounds:

HO CH,COOH CH,O0CH,
@) ij (i)

(ii) CH,COCH,C = CH
(iv) CH,— CH,— CH, - O —CH,

Cl

I
(v) CH;-CH-CH,-CHO

(vi) CH,CONH,
15. Describe hyperconjugationintermsof resonance.
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@ Answersto Intext Questions

251
1. Wordroot Suffix
(YHex ane
(i) Pent 2-ene
(iii) Prop yne
2. (1) Oct-2-ene  (ii) 2, 4-Dimethylpentane
25.2
1. (i) l-ethyl-3-methylbenzene
(i) Cycloheptane
(iii) Cyclopenta| ,3-diene

CH, CH,
2. () \O/

el
C,H

5

(i)

CH.CH,CH,
" O
25.3

1. Covaent bond betweentwo different atomshaving largedifferencein their electronegetivities.
2. -l effect groups—NO,, —CN, —CHz +

| effect groups—CH,, —-C,H, CH3CHCH,
I
3. Electromericeffect istemporary polarization, whereasinductive effect ispermanent pol arisation

of acovalent bond.

4. (i) Electrophile (i) Electrophile
(i) Nucleophile (iv) Nucleophile
(v) Nucleophile (vi) Nucleophile
(vii) Nucleaphile (viii) electrophile
(ix) Nucleophile
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25.4
1. (i) CHCH,CN (if) CHNHR
2. HNOg inpresence of H,SO,.
3. (i) CH5CHBr
Cl ?l

|
i) @/CH—CH2

(iii) (CH4),CBr - CH,Br (major product)

CH,

I
(iv) CH,-C=CH,

(v) CH;—CH =CHCHg(major product)
255
1. Yes
2. (i) Pogtiona isomerism
(i) Geometrica isomerism
(iii) Chainisomerism
(iv) Functiona groupisomerism

CH,

|
CH, CH,
(iii) CH3CH2—(IZ‘H—CH2CH3 (iv)CH, - CH - CH - CH,

CH,

CH

|
(v) CH,- ? ~CH, - CH,

3

CH,

4. ()Yes (ii) Yes (iii)No
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Methods of Purification

The organic compounds obtained from natural sourcesor synthesized inthelaboratory are not
pure. They are contaminated with impurities. So they must be purified.

M ethodsof Purification of solid or ganic compounds:
1. Crystallization:-

ThePrincipleinvolved inthis processesisthat substanceto be purified should be sparingly soluble
at roomtemperaturein the given solvent but highly solubleat hightemperatureand impuritiesare
either not soluble or solubleand gointofiltrate.

Process:

Theimpure substanceisdissolved in asuitable solvent, asaturated solution is prepared. Animal
charcoal isadded which adsorbsthe colored impure substance and solution is concentrated by
heeting. Thesolutionisfilteredinhot condition. Thefiltrateisalowed to cool without any disturbance.
Slowly crystalsof purecompound separate out. Care should betaken in choosing the solvent. For
fast crystal formation to take place, a crystal of the same substance isto be added. The added
crysta iscalled mother crystal and the processiscalled seeding.

2. Fractional crystallization:

ThePrincipleisbased onthedifferentia solubilitiesof different compoundsinasolvent. Thecompound
whichislesssolubleinthe solvent crystallizesout first on cooling. For better results, sometimes
mixture of two solventsisused. Example: 1) Alcohol & Water, 2) Alcohol & Ether, etc.

3. Sublimation:

Thisprocessisused for solidswhich go directly into vapor state when heated and comes back
directly from vapour stateto solid state on cooling. Thisisknown assublimation. Thismethod is
suitablefor organic compoundswhich sublimewhileimpuritiesdo not. If the sublimating substances
havelower vapour pressure are decompose on heating before sublimation, then sublimationis
carried out under low pressure.
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Methodsof purification of liquids:
25.aDistillation:

The processof vaporization of liquid by heating and subsequent condensation of vapoursto get the
liquidiscalled distillation. Thismethod of purificationissuitablefor liquidswhich contain non-
volatileimpuritiesand the compound to be purified does not undergo decomposition on heating.

| thefmometsr
-

Cold wazer oue

*

Fig. 25.a Digtillation

Process:

Theimpureliquid istakenin adistillation flask and heated to its boiling point. The vapoursare
cooled and thedistillateispureliquid. Theimpuritiesremaininthedistillationflask. Fig. 25.a

25.b Fractional Distillation:

Thisprocessisused for separating two or morevolatileliquidshaving boiling pointscloseto each
other.

Process:

Themixtureof lipidsistakeninadidillation flask
fitted with afractionating column. When the
mixtureisheated, the vapours of liquidspass
through thefractionating column. Whilemoving
through thefractionating column thevapours of
high bailing fractionscondenseandfal back into

{Fracaana) Disdl
Caold water out ™ m;;:bwgmmmé

liebig condesser

cold watar in

ditillation flask. The processisrepeated until o /N
thefractionsof highvolatileliquid go up. They 2 S NN o
arecollected separately. Fig. 25.b.

25.c Distillation under reduced pressure: Fig. 25b Fractional Distillation

Liquidswhichundergo decomposition when heated to their boiling Point are purified by thismethod.
Process:
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Whenthepressureisreduced, liquid boilsat lower temperaturethanitsnorma boiling point without
decomposition. So liquids can be purified by distillation under reduced pressure, the processis
sameasdidtillation. Liquidslikeglycerol, formadehydeetc., are purified by thismethod. Fig. 25.c.
Lid

Thermometer

Airregulairy
Caoillay

” towater sink

Fig. 25.c Digtillation under reduced pressure

25.d Steam distillation:

Liquidswhich areinsolublein water but are steam volatilein nature are purified by thismethod,
impuritiesarenot seam volatile.

Process:

Theimpureliquidistakeninadidtillation flask fitted with two holed stopper. Inlet for seamisfitted
to one hole and condenser to the second. When steam is passed into the distillation flask, the
mixture of steam and vapours of volatile organic compound come out which are condensed and
collected inthereceiver. Using separating funnel, the aqueous and organic layers are separated.
Theimpuritiesremainintheditillation flask. Eg. Anilineispurified by thismethod. Fig. 25.d

Water

# water tosink

Fig. 25.d. Steamdistillation
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Solvent Extraction:
If the organic compound ismore solublein organic solvent than in water thismethod issuitable.
Process:

The agueous sol ution of the compound i s shaken with the organi c solvent, the compound goesinto
organiclayer. Theaqueousand organiclayersare separated. Theorganic layer isdigtilled toremove
the solvent. The compound remainsinthedidtillation flask.

25.a.3 Chromatographic methods:

Tswett, aBotanist separated chlorophyll, xanthophyllsand other compounds by percolating the
vegetable extractsthrough acolumn of calcium carbonate.

Principle
Sel ective adsorption of various components of mixture between two phases—fixed or stationary
phase and moving or mobile phase.

Thetechniquesof chromatography involvethree steps. 1) Adsorption and retention of mixture of
substances on stationary phasefollowed by separation of adsorbed substances by mobile phase.
2) Elutionie., recovery of the substances separated by mobilephase. 3) Andysisof e uted substances
both qualitativeand quantitative.

Classification:

Depending upon the physical states of stationary and mobile phases, and also on the basis of
principle of adsorption chromatography isclassfied into severa types.

Processof Chromatogr aphy Stationary Phase Mobile Phase
1 Column Chromatography Salid Liqud

2 Liquid-liquidPartition Liquid Liquid

3 Paper Chromatography Liquid Liquid

4 ThinLayer (TLC) Liquidor solid Liquid

5 Gasliquid(GL C) Liquid Gas

6 Gas-Solid (GSC) Salid Gas

7 lonexchange Solid Liquid

Themixture of substancesis passed over the stationary phasewhich may besolid or liquid. A pure
solvent or gaswhich ismobile phaseisallowed to move slowly over the stationary phase. The
componentsof the mixture get separated from one ancther.

Two important techniques of chromatography are 1) Adsorption Chromatography, 2) Partition
Chromatography.
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Adsor ption Chromatogr aphy:

Thisisbased on the principle of adsorption of different compounds on an adsorbent to different
degrees. Generally used adsorbentsare silicagel and alumina. The mobile phaseisallowedto
move over the stationary phase. The components of the mixture are moved to different distances
over thestationary phase. Thisprincipleisused ina) column chromatography and b) Thin layer
chromatography.

25.eColumn Chromatogr aphy:

Thestationary phasegeneraly duminaor silicagel are packed in glasstube (Column) fittedwitha
stop cock at itslower end. The mixtureto be adsorbed is placed to thetop of the column packed
with theadsorbent A. Suitable mobile phaseiscontinuoudly poured from thetop of the column.
Thiscontinuous pouring of solvent from thetop of the columnisknown aselution andthesolvent is
known as eluent. The component whichisweakly adsorbed iseluted first by |east polar solvent
whilemore strongly adsorbed component iseluted later. Fig. 25.e.

iI

Solvent

Mixture of
compounds
{a+b+c)
Adsorbent
{stationary
phase}

Glass wool

Plug

Fig. 25.e Column Chromatogr aphy
25.f Thin Layer Chromatography:

Thisasoinvolvesdifferentia adsorption by the componentsof the given mixture. Theadsorbent is
slicongd or duminacoated on aglassplatein uniformthickness (0.2 mmthick). Theplateiscaled
T L CPate. A lineisdrawn about two centimetersfrom the bottom of the plate and the sol ution of
the mixtureto be separated isapplied asasmall spot with the help of micro pipette. Theplateis
thenkept inaclosedjar containing the el uent. Asthe e uent risesup, the componentsof the mixture
also move up aong with the el uent to various distances depending upon the degree of adsorption.
Therelative adsorption of acomponent of the mixtureisexpressed intermsof itsretardation factor

R)

distancetravelled by component

" distancetravelled by solvent

Coloured componentsare easily spotted. The colourless compounds are spotted with the help of
UV Light or by spraying an appropriatereagent. Fig. 25.f.
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Start
to

solvent o Start
front io
center

spot

I I e

Fig. 25.f Thin layer chromatography

25.g Partition Chromatogr aphy:

Depending uponthephysica state of the stationary and mobile phasewehaveliquid-liquid partition
chromatography and liquid-gas partition chromatography. In paper chromatography aspecia paper
called chromatography paper isused which containswater trappedinit (Stationary Phase). The
solution of the mixtureis spotted on the chromatography paper at the baseand issuspendedina
suitable solvent (Mobile Phase). Dueto capillary action the sol vent risesup and movesover the
spot. Asper thediffering partition in mobile and stationary phases, the paper selectively retains
different compounds. This paper strip iscalled chromatogram. The spots of separated coloured
compounds are detected while the col ourless compounds by spraying suitablereagents. Fig. 25.9.

-

Solvent
Front

Fig. 25.g. Partition Chromatography
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Qualitative Analysis of Organic Compound

Thefirst stepintheanaysisof Organic compound istofind thee ements present in the compound
qualitatively. Following experimentsare carried out for detecting the various possibleelementsin
any organic compounds.

25.h.a Detection of Carbon and Hydrogen:

Thegiven organic compound istakeninadry test tube, mixed with threetimesitsweight pureand
dry copper oxide and heated strongly. The CO, and H,O produced dueto combustion are passed
through limewater and anhydrous copper sulphate. If carbonispresent it forms CO, gaswhich
turnslimewater milky. If hydrogenispresent inthe compound, it formsH,O vapour whichwhen
passed over anhydrous CuSO, it termsto blueforming CuSO, SH,O Fig.25.h.

Guard tube

containing sodalime

i

Fig. 25.h.a Detection of Carbon and Hydr ogen

C+2Cu0 —— CO,+2Cu

inthecompound
2H+CuO0 —— H,0+Cu
Inthe compound
CO, + Ca(OH), —— CaCO,+H.0
Limewater milky
5H,0+ CusSO, —— CuS0O,.5H,0
(anhydrous)

b) Detection of Halogens, Nitrogen and Sulphur (L assaigne’stest):

Elementslikenitrogen, sulphur and halogensin any organic compound aredetected by ‘ Lassaigne's
test’. Organic compound isfused with sodiummetal. If nitrogen, sul phur or halogensare present,
they are converted to ionic compoundsasfollows.
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C+ N+ Na _fuson . NaCN

present in organic compound sodium cyanide
S+ 2Na _fuson , Na,S
from organic compound sodiumsulphide

X (Cl, Br, 1) + Na o0, NaX (X=Cl, Br, I)
from organic compound sodiumhdide

Thefused massisextracted with water by plunging thered hot tubein distilled water, boiled for few
minutesand filtered. Thefiltrateiscalled sodium fusion extract.

i. Testfor nitrogen:

If nitrogenispresent inthe organic compound, on fusonwith sodium metd it givescyanide (NaCN)
solubleinwater. The sodium extract on reaction with ferrous sulphate, givessodium ferrocyanide.
Someof theferroussatisoxidized totheferric salt on heating and thisreactswith sodium ferrocyanide
toformferricferrocyanide. A Prussian blue or green precipitateindicatesthe presence of nitrogen.

6NaCN + FeSO, ——  Na[Fe(CN) ] + Na,SO,
Sod. Ferrocyanide
2Na,[Fe(CN),] + 2Fe(SO,), —— Fe[Fe(CN)], + 6Na,SO,
prussianblue

ii. Testfor sulphur:

Toasmall quantity of sodium extract takenin atest tube, 2 to 3 dropsof sodium nitroprussideare
added to the solution. A deep violet color indicatesthe presence of sulphur.

Na,S + Na, [Fe(CN).,NO] —> Na, [F&(CN) NOS]
Sod. nitroprusside violet colour

When nitrogen and sul phur both are present in any organic compound, sodium thiocyanateisformed
during fusion. It gives*blood red coloration’ when FeCl, is added dueto theformation of ferric
thiocyanate.

Na+C+N+S —— NaCNS
From organic Sod. thiocyanate
compound

3NaCNS+Fe* —— Fe(CNS),+ 3 Na'
blood red colour
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Lead acetate test:

A small portion of sodium extract isacidified with acetic acid and |ead acetate solutionisadded to
it. A black precipitate of lead sul phideindicatesthe presence of sulphur.

(CH,CO0),Pb + Na,S —— PbS+2CH,COONa
lead acetate insodium black ppt
extract

iii. Testsfor halogens:

Thesodiumfusion extract isacidified with nitric acid and treated with AgNO,. Different coloured
preci pitatesareformed which confirm halogens.

NaCl + AgNO, —— AgCl + NaNO,
White ppt

NaBr + AgNO, —— AgBr + NaNO,
paleyellow ppt

Nal + AgNO, —— Agl +NaNO,
yellow ppt
c) Detection of Phosphorous:

The compound is heated with an oxidizing agent (Na202) the‘ P’ in the organic compound is
oxidized to Phosphate. The solution is boiled with conc. HNO3 and treated with ammonium
Molybdate. Formation of canery yellow precipiceindicatesthe presence of phosphorous.

2P +3Na0+0O, — 2NaPO,
ar
Na,PO, + 3HNO, —— H,PO, + 3NaNO,
H,PO, + 12(NH,),MoQ, + 21 HNO, —— (NH,), PO, 12Mo0Q, + 21INH,NO, + 12H,0
d) Detection of Oxygen:
Thereisnodirect test for Oxygen. After determining the% composition of al theeementsandif it
doesnot cometo 100% then theremaining isoxygen.

Quantitative Organic analysis.

After detecting the different el ements present in the organi c compound the percentage composition
of thedifferent dementsisto befound out, whichiscalled Quantitativeandyss. i.e., estimating the
number of grams of each element per every 100 gramswel ght of the compound. The quantitative
anaysisof different lementsareasfollows.
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25.i.aEstimation of Carbon and Hydr ogen:

Carbon and Hydrogen are estimated in the same experiment s multaneoudy. A know weight of the

organic compound isburnt completely inexcessof air and dry cupric oxide. Thecarbonisconverted
to CO, and H to H,0. CO, is absorbed in U tube containing Potash and H,O in the U tube
containing anhydrous CaCl... Theincreasein theweightsof thetwo tubes givestheweight of CO,
& H,O respectively. Fromtheweight of CO, & H,Othe percentage of C & H arecalculated.

12 W,
= —x—=x100
Percentage of carbon 22" W

WhereW,, istheweight of CO, formed, W istheweight of organic compound

2 W
= —x—=x100
Percentage of carbon 18°W

WhereW . istheweight of H,O formed, W istheweight of organic compound

organic compound CuO

____________________

O_.C%_—JEE s Y B 52 v
pure U; : e ',.’,c’/,c::izfj E 7 - it anhydrous CaCl,
: i & .
A

i SRR Rt e ¥ KOH solution
Cu gauze Cu gauze ) =

anhydrous CaCl,

Fig. 25.i.aEstimation of Carbon and hydrogen

b) Estimation of nitrogen:

Therearetwo methodsfor the estimation of nitrogen.
i) Duma'smethod ii) Kjeldahl’smethod

25.) Duma’s method:

A known weight of the organic compound isheated with cupric oxide. Carbon and hydrogen get

oxidized, whilenitrogenisset free. Itiscollected over caustic potash. CO, isabsorbed by KOH
solution. Nitrogeniscollected over KOH solution and itsvolumeisfound out. Fig.25.i.
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CuO+ Organic Compound Reduced
copper
Cuogauze 1 \ Coarse CuO gaze

T

Fig. 25.). Duma'smethod for theestimation of nitrogen

Calculations

L et, the mass of the organic compound takenbe=W g

Volume of nitrogen collected =V, ml; Atmospheric pressure= 760 mm Hg
Temperatureat which gasiscollected=T K

Therefore, Pressure of the N, gas, P, = (P—p) mm of Hg

Volumeof nitrogenat STP= M’: mL
760x Ty

. RVi_PRV;
(usng T, = T,
28g of nitrogen at STP occupies 22400ml 1 mol of N, = 28g = 22400 mL
M f V mL of nit at STP= 28V

assof V mL of nitrogen = 224009
Therefore,
Percentageof nitrogeninth d= v 20

centage of nitrogeninthecompound = 25 oo X

25k Kjeldahl’s method:

To egtimatetheamount of nitrogen in organic compoundsthe most widely used methodisKjeldahl’s
method.

Theprincipleinvolvedin Kjeldahl’smethod for estimation of nitrogenis

1. Treatingthe organic compound with conc. Sulphuric acid to reducethe nitrogen of the compound
into ammonium sulphate. Thisiscalled digestion.
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. Theammonium sulphateisdistilled in presence of excessbase so that it decomposesinto ammonia
gas. Thisiscalled digtillation.

. Theammoniagasis then absorbed in a known, excess volume of acid solution that has been
standardized. Thisacidisgeneraly HCL or H,SO,. Theexcessacidisthen estimated by titration
using standard NaOH solution. Thisiscalled estimation.

The quantity of ammoniaproduced isthus determined and from thisthe percentage of nitrogenin
theorganic compoundiscalculated. Fig. 25.k.

Organiccompound+H,SO, —— (NH,),SO,
(NH,),S0, + 2NaOH —— 2NH, + Na,SO, + 2H,0
2NH, + H,SO, —> (NH,),SO,

NaOH
solution
Y =

= ~—Pwater

water cooled

Kjeldahlised condenser
liquid + excess

NaOH

standard acid

Fig. 25.k Estimation of Nitrogen

Calculation

L et theweight of organic compound bew gram

Volumeof acidtaken=V_ ml Normality of acid=N

Volumeof alkali of normality N requiredto neutralizeunreacted acid =V, ml
Volumeof acidto nuetralisesammonia=V ml of acid—V, ml of acid

(V, ml of alkali isthesame amount of acid neutraized asthenormality issamefor acid and akali)
=(V,-V,) mlof N acid soln.

=(V,-V,) ml of alkali soln of N normal.
Now 1000 ml of (N) anmoniasoln. has17 g NH, ie 14 g Nitrogen
So (V,—=V,) ml (N) NH, has[14 x (V,-V,)ml x L/w x 1/1000 gram
Sothe % of N inthew gm organic compoundis
14x(V,-V,) x 1w x 1/1000 x 100
ield x (V,-V,)w %N
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Theamount of hal ogen in an organic compound is estimated by Cariusmethod. In Cariusmethod
aknown mass (0.2 to 0.3 g) of the organic compound is heated with fuming nitric acid in the
presence of silver nitrate at about 200°C in a sealed tube (called Cariustube) for 5to 6 hours.
Carbon and hydrogen are oxidized to carbon dioxide and water while halogen formsaprecipitate
of silver halide (AgX). After filtration and washing, the precipitate of silver halideisdried and
weighed. Fig. 25.1.

Irorn tube

Carius tube

Utl*ganic
substance HNOD; + AgN :

%

Fig. 25.1. Cariusmethod for the estimation of halogens.

Calculations
L et, the mass of the organic compound takenbe=W g
Massof AgX formed=W, g
From stoichiometry, 1 moleof AgX contains1 moleof X
Therefore,

Atomic mass of X
Molecular mass of AgX

Massof halogeninW, of AgX =

Mass of halogenin W, of AgX

= . x100
Mass of organic compound taken

Percentage of halogen

Atomic mass of X x W,
Molecular mass of AgX

Estimation of sulphur:

To estimatetheamount of sulphur inthe organic compound, aknown massof organic compound is
heated strongly with fuming HNO, or sodium peroxide in a Carius tube for about 2 hours. If
sulphur ispresent it isoxidized to sulphuric acid. The contentsof the Cariustube are cooled and
treated with excess of barium chloride (BaCl,) solution to precipitate SO,* ions present inthe
solution as BaSO,. The precipitate of barium sulphate (BaSO,) isfiltered, washed, dried and
weighed.
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Calculations
L et, themass of the organic compoundbe=W g
Mass of the precipitate of BaSO, =W, g
From stoichiometry, 1 mol BaSO,=1mol S
1 molecular massof BaSO, = 233g & 1 atomic massof S=32g
Therefore,
1moleof BaSQ, ......... contains 329 of sulphur

Mass of sulphur in W, g of BaSO, precipitate = Wlx;—;g

. 329
If Wg of organic compound has Wy x— 2
W, x 32 y 100
233 \W

Percentage of sulphur in the compound =

Estimation of Phosphorous:

To estimate the amount of phosphorousin the organic compound, aknown mass of the organic
substanceisheated with fuming nitric acid in aCariustubefor about 2 hours. The phosphorus of
the organic compound gets converted into phosphoric acid. Thetotal phosphate content of the
solutionisprecipitated using magnesiamixture (mixture of asol ution containing 100g magnesium
chloride, 100g ammonium chloride in water and 50ml of conc. Ammonia). The precipitate of
MgNH,PO, isfiltered, washed, dried and thenignited to give magnesium pyrophosphate (Mg,P,0.).

Calculations

Let, themassof theorganiccompoundtakenbe =W g

Massof Mg,P,0, obtained =W, g

From stoichiometry, 1 mol Mg,P,O, =2mol P
(1x molecular massMg,P,0, = 2x atomic massof P)

22292x31g=629

Therefore,
. VY 62
Mass of phosphorusin W, gof Mg,P,0, = WV; X 5559
_ 62 100
Percentage of phosphorusinthe compound = Wj X 220 X W
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Estimation of oxygen:

Thereisno direct method for the estimation of oxygen present in any organic compound. The
percentage of oxygen in an organic compound isusually obtained by subtracting the sum of the
percentagesof al other elementsfrom 100.

% of oxygen in an organic compound = 100 — (Sum of the % of al other elements present inthe
compound).

25.a-1. Intext Questions:

© © N g bk~ 0w D PE

Who prepared thefirst organic compound.

Which unique property of carbon isresponsiblefor such large number of organic compounds?
Mention themethodsof purification of solid organic compounds.

Mention themethods of purification of liquid organic compounds.

Writethe principleinvolvedin chromatographic technique.

What isthe adsorbent usedin TLC

How are‘'C’ ‘H’ detected in organic compound?

Namethetest used to detect presence of Nitrogen in an organic compound.

How isnitrogen estimated in organic compound.

10. Namethe method used to estimate hal ogens.

What you have learnt:

Carbon forms numerous compoundsdueto itsunique property called catenation.

Solid organic compounds can be purified by Crystalization, fractional & sublimation.
Didtillationisaprocessto separate mixture of liquids.

Liquidswhich undergo decomposition on heating arepurified by distill ation under reduced pressure.

Chromatography isbased on the principle of selective ca sorplim of variouscomponentsof mixture
between two phases. Stationary phase, mobile phase.

Halogens, Nitrogen & Sulphur are detected in organic compound by lassaigne'stest.

Quantitative estimation of organic compounds.

Terminal Exercise

1.

Writethedifferent methods of purification of solid carbon compounds.

2. Explandidillaionwiththehep of adiagram

Writebriefly about thefollowing :
1. Patid Didtilation 2. Distilation under reduced pressure 3. Steam distilation
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25.a-1. Answers to intext questions

a » W N PE

Wholer

Catenation

Crygallization, fractiona crystdlization and sublimation.

Didtillation, fractiona ditillation, distillation under reduced pressure, seam didtillation.

Selective adsorption of variouscomponentsof mixture between two phases—stationary & mobile
phase.

6. Silicagd or Alumina

7. CorH areconverted to CO, & H,O respectively.
8.

9. By Dumasmethod, Kjeldahl’smethod

Lassaigne'stest.

10. Cariusmethod.

25.4.a Configuration and Fisher Projections

To convey stereo chemicd informationin an abbreviated form, fisher described amethod. Infisher
projection formulae, themoleculeisoriented in such away that the vertical bondsat the stereogenic
centrearedirected away from the viewer and the horizontal bonds point towardsthe viewer and
the projection of thebondsisby across.

If chain contains morethan one carbon, the chainiswritten verticaly.
The carbon atoms of the chain are at the centre of crossesand not shown through symbols.

Eg

o H "
Br O+ cl I (é:——q Br al
Ball 'n?ggéIStiCk Wedg;—ozlja? - das Fisher Projection

formula
Fisher Projection formulafor glyceraldehyde

CHO CHO
|

CHOH | is H OH
|

CH,OH CH,OH
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Absoluteand Relative configuration
Thethree dimensional arrangement of substituents at astereogenic centreiscalled itsabsolute
configuration. Thesign or magnitude of rotation doesnot provideany information about the absolute
configuration of asubstance.

H
C2H5 E
\ : OH E
C/ HO ) e Csz

/ @ (b) ) \\

CH CH

3 3

H

aand b represent absol ute configuration of 2-butanol. Without any additional informationitis
difficult to say whichis(+) 2-butenol and whichis(-) 2- butanol. Hence the configurations of
thousands of moleculesweredetermined relativeto oneanother. Itiscaled relative configuration.
It isdetermined experimentally through chemicd inter conversion.

Eg: When (+) -3- butane -2-ol ishydrogenated the product is (+)-2-butanal.

CH ~CH-CH=CH H,/Pd CH ~CH-CH ~CH
3 | 2 e 3 | 2 3
OH OH

Sinceno changetakes place a the stereogeni ¢ centre dueto hydrogenati on substituents must have
been arranged in the same manner in both the reactants (+)-3- butene-2-ol & (+)-2- butanol. As
they havethesamesign of rotation, their identical configurationisestablished. Itisto be noted that
some compoundswith the samerel ative configuration could have opposite sign of optical rotation.

Eg: CH—CH_—CH-CH,OH+HBr CH—CH_,—CH-CH_Br+H,0O
I I
CH, CH,
2-methyl -1- butanol 1-bromo 2-methyl butane
(<)% = +5.8° ()2 = +4.0°

25.4.a Intext questions:

1. Writethefisher projection formulafor bromo, chloro fluoro methane.

What you have learnt:

Todraw thefisher projection formulaof stereoisomers.
Different methods of notation of stereoisomers.
Absolute and relative configuration of stereoisomer.
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Terminal Questions,

1. How doyou represent fisher projection formulaof astereoisomers?
2. Whatismeant by relative and absol ute configuration?

25.4.a Answers for intext questions:

H
Br d
F
CHO
H OH
CH,OH

25.4(b) Asymmetric carbon and e ementsof symmetry

25.4.h Conformations of ethane

Thedifferent spatial arrangementsformed by rotationsabout asinglebond are called conformations
or conformers. Let usconsider the cylindricaly symmetric nature of Sgmabonds. Thesigmabond
can maintain afull degree of overlap whileitstwo endsrotate. Hence, the energy barrier torotate
about sgmabondsisgeneraly very low.

Several methods are used by organic chemiststo visualize the conformations of molecules. One of
these methods uses wedges to denote bonds that are extending out from the plane of the page
toward the reader and dashesto indicate bonds that are going into the plane of the page away
fromthereader. Thisnotationisfrequently used to represent thetetrahedra geometry of p* hydrilized
carbons,

A Newman projection can be used to specify the conformation of aparticular bond with clarity and
detail. A Newman projection representsthe head-on look down thebond of interest. Thecirclein
the Newman projection representsthe atom in front of the bond, and the linesradiating from the
center arethe bondsof that atom. The bondsof therear atom emergefrom thesidesof thecircle.

Look down
thisbond .
fromt
hydrogen
Linewedger epresentation Newman projection
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Whilethereareaninfinite number of conformationsabout any sigmabond, in ethanetwo particular
conformersare noteworthy and have specia names. Inthe eclipsed conformation, the C-H bonds
onthefront and back carbonsare aligned with each other with dihedral anglesof O degrees. Inthe
staggered conformation, the C-H bonds on therear carbon lie between those on thefront carbon
with dihedral anglesof 60 degrees.

60° - % : |
- 15 actallyl,
i H e @H bt 1¢ tilted
e = oo slightlyto make
H H <Gt Eearbonds vishle,
H
stacoered eclipsed

The eclipsed and staggered conformations of ethane.

Energeticaly, not all conformationsare equally favoured. The eclipsed conformation of ethaneis
less stablethan the staggered conformation by 3 kcal/mol. The staggered conformation isthe most
stableof al possible conformations of ethane, sincethe angles between C-H bonds on thefront
and rear carbons are maximized at 60 degrees. Int he eclipsed form, the electron densitieson the
C-H bonds are closer together than they are in the staggered form. When two C-H bonds are
brought into adihedral angle of zero degrees, their el ectron clouds experience repulsion, which
raisestheenergy of themolecule. The eclipsed conformeation of ethane hasthree such C-H eclipsing
interactions.

dihedral angle
Energy diagram for rotation about the C-C bond in ethane

The staggered and eclipsed conformeation areinterconvertable by rotation. They arethreeimportant
waysto represent the conformers. They are Wedge-and-ash, sawhorse and Newman projection
formulae. They arerepresented as
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(1) Wedge-und-dash

H
xﬁ”‘“’"}“ H i
|

Hef-H Hp/ —H
1 ' ke -

5

th Sawhorse

Ho L n B H
7 Pt
T T”\;é LA L,

H H g

(¢} MNowsan projection

25.4.b Intext questions:

1. Writethe Newmann projection formulafor ethane.

What you have learnt:

Conformeation of ethane
Typesof representing the conformations

Potentia energy diagram of ethane conformations

Terminal exercise:

1. What areconformations?
2. Writethevarioustypesof representation of conformation of ethane?
3. Writethepotentid energy diagram of conformationsof ethane?
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25.4.b Answers to Intext questions:

2. Staggeredform, eclipsedform
3. 3k.cas

25.4.c Asymmetric carbon and elements of symmetry

Asymmetric carbon: Carbonwhosefour valenciesare satisfied by different atomsor group of
atomsiscalled asymmetric carbon.

COOH
o Thefour valencies of C* are satisfied by H,OH,
/| \ CH,, COOH. Soitiscalled asymmetric carbon
H OH
CH,
Lactic Acid

Stereoisomersthat have object mirror image relationship and are on-super imposablearecalled
enanliomers. If theisomersarenot mirror images, they arecalled diastereomers.

Eg

CH, CH,
| Thesetwo are non super imposablemirro
/c\ c images. Hencecalled enantiomers.
H | OH HO | H
COOH COOH
(+)LacticAcid (-)LacticAcid

Enanti omers occur only for those compoundswhose moleculesarechiral. A chiral moleculeis
defined asthe molecul ethat isnot super imposable onitsmirror image.

Chiremeanshand in Greek. The enentiomersarerelated to each other likethe relation between |l eft
hand and right hand. Thereforetheterm chiral isused. To know whether themoleculeischira or
not, the molecule should lack in e ementsof symmetry.

Elementsof symmetry:

Therearethreetypesof e ementsof symmetry. They are centre of symmetry, plane of symmetry,
axisof symmetry.
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1. Centreof symmetry:

A moleculeissaid to have centre of symmetry if it has same groupson either sdefromthe centre.

By H H
N/
c=cC

N\

2. Planeof Symmetry:

When animaginary place bisectsamol eculein such away that thetwo haves of themoleculeare
mirror images of each other.

ol Mol
1T L]
i M
wcT | T o1 ] e,
LH_I LH_I
2 - chloro propane 2 - chloro butane
has plane of symmetry has no plane of symmetry

3. Axisof symmetry:

A moleculeissaidto haveaxisof symmetry, if themoleculeisrotated about that axis, it givesback
theorigina arrangement of themolecule. If thesamestructureisrepesated twice during 360° rotation,
itissaidto havetwofold axisof symmetry. If ‘0’ identical configurationsare obtained by rotations
thro’ 360°, thenthemoleculeissaid have n-fold axisof symmetry.

Eg. H | H
If benzene is rotated thro '360” 6 time cdentiacal
H H  configurationisobtained. Henceit issaid to have Six
fold axisof symmetry.

H | H

If benzeneisrotated thro’ 360° 6 timeidentical configurationisobtained. Henceitissaidto havesix
fold axisof symmetry.

25.4.c Intext questions:

1. Giveanexampleof asymmetric carbon.



What you have learnt:

Asymmetric carbonisonewhosefour vaenciesare satisfied by different atomsor groups.
Enantiomersareapair of optical isomerswhich have object mirror image relationship isnon super

imposable.
Chirdity ismoleculeswhicharedissymmetric.
Threetypesof dementsof symmetry. They arecentresymmetry, planeof symmetry, axisof symmetry.

Terminal questions:

1. What areenantiomers?
2. Explanthedementsof symmetry with suitableexample.

25.4.c Answers to Intext questions
1) cooH

H+OH

CH

3

2) Thepair of optically activeisomerswhich lane object minor imagerel ationship and are non-super
imposable.
3) Centreof symmetry, placeof symmetry, axisof symmetry.

25.4.d Compounds containing one chiral centre enantiomers

Geometrical objectslike sphere, cube, cone etc. can be superimposed on their mirror images.
There are some objectslikeright hand and left hand which cannot be superimposed on their mirror
images. In stereo chemistry such moleculesare called dissymmetric or chiral. A moleculewhichis
super imposable onitsmirror imageis called achiral. According to van't organic moleculeis
asymmetricif oneof thecarbon atomshasfour different groupsaroundit. All asymmetric sructures
aredissymmetric and they cannot be super impaosed on their mirror images.

Eg: Bromo Foro chloro methane.

CIC\ /CI
Bro—— C———oH Ho— C——Br
F B F

A

StructuresA & B arenon—super imposable mirror images. Therefore bromo chloro flour methane
isachiral molecule. Thetwoformsare called enantiomers. Asthey havedifferent arrangement of
atomsin space, they are stereoisomers. The stereo i somersthat have object imagerelationship are
cdled enantiomers.

Totest super impossihility, reorient B by turning if to 180°. A & B cannot be super imposed on each
other.
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For Eg: 2 - bromo propane

H
C|—13 : /CH3 c \3\
A 7
N AN
HC B—C Br | Br ! i CH, 1800 HC 70 Br
n

| H H

A B B!

| & Il aremirror images. If Il isrotated thro * 180° 11’ is super imposable on |. Hence these are not
enantiomers.

Eg: 2 - bromo butane

HC | o, HC,
. I ’ R
HC, 70 Br | c’\< HC, 1800 HC 70 Br
H | H H
1 2 2

Themirrorimageof 1is2. 2when rotated thro 180° 2 is obtained which isnot super imposableon
1. Hence 2-bromo butaneisachiral moleculeand 1 & 2 are enantiomers.

Enantiomerspasserssame physical propertieslikem.p., b.p., refractiveindex etc. but differ intheir
actiontowardsplane polarized light.

25.4.d Intext questions:
1. Whatisdissymmetric?

What you have learnt:

Non- super imposable mirror images of stereoisomersare dissymmetric.
Asymmetric carbonisonewhosevaenciesare satisfied by different groups.
Super imposableimageisomersare said to beachira molecules.

Terminal exercise:

1. What are enantiomers? Givean example?
2. Whatismeant by chirality?
3. What ismeant by asymmetric carbon?
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4. Explainthedementsof symmetry with oneexampleeach?

5. What areconformations? Whichistheleast preferred and whichisthemost preferred conformations
of ethane?

6. Givetheenergy profilediagram of the conformationsof ethane?

7. How do you represent the fisher projection formula? Write the fisher projection formulafor
glycerddehydes?

25.4.d Answers to Intext questions:

1. Nonsuper imposableisomersaredissymmetric.
2. Enantiomershavesamephysica properties.

25.4.e . Racemic forms, Racemisation, R-S nd D-L namenclature
Resolution of aracemic mixture:

When aracemic mixtureisseparated into itscomponent isomers, itiscaled resolution. Theresolution
of aracemic mixtureiscarried out by treating the racemix mixturewith an enantiomer of some other
compounds. Thisgivesamixtureof diastereomerswith different melting and boiling points, solubility
etc., These arethen separated diasteremer isbroken down to give pare enantiomers. Eg : A racemic
mixtureof acarboxylicacid (+ A) istreated withanamino acidi.e,, base(+B). (+ )A reactswith (+ B)
giving (+A) (+B), (-A) (-B) two saltsareformed. Thesediastereomershavedifferent physical properties
andadsoint herateof formation. Using one of these differentiating propertiesthe diastereomers.

R.S. Notation :

The Cahn-Ingold—Prelog formul ated rulesto specify the absolute configuration atastereogenic
centre. Theruleswere developed assequencerules.

Rules:

The substituent on the sterogenic centreare arranged in the decreasing order of the atomic number
of theatom directly attached to the stereogenic centre (Priority givenas1,2,3....)

Eg:

H
H.C, : (+) 2- butanol

<

C __OH

/

H.C

3

—OH>CH,CH,—~CH_>H
highest lowest atomic number
atomic number

2. Themoleculeisso oriented such that theleast ranked substituent isfar away fromthegiven here
‘H.
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3.  Theremaining three ranked substituents are to be written as they appear to the viewer in the
molecule.

4. |fthepriority groupsarearangedinclockwisemanner (i.e, 1,2,3) thentheconfigurationisassgned
‘R’ (Rinlatin meansrectorswhich meansright side) andiif thepriority groupsareinanti clockwise
direction, theconfigurationisassignedas‘S (Sinlatin standsfor smister meansleft sde) For the
aboveeg.: According to the atomic number of theatom directly attached to stereogenic centre—
OH isgiven (1) priority —C,H, (2) Priority, C,H, (3) priority keeping away theleast priority ‘H’
themoleculeisviewed as

H.C@ 1—-2—3areinanticlockwisedirection.
S~ OH " Thisconfigurationisassigned*S configuration.

M
H,C @

Themirror image of themoleculeis(-)2 but and which asassigned the configuration R.

H H

=) CE

H.C, m—C——0OH | HO - C—=CH,
@ | @ @ |

CHy) CH,(3)
S(+) 2 butanol R (-) -2- butanol

Theracemic mixtureiswrittenas(R), (S). 2-butanol. Whilewriting thethreedimensiond formulae
to describe R,S configuration, Fisher projection formulaeiswritten such that the groups having the
viewer areonthehorizonta line.

D,L notation of configuration :

Thismethod givestherelative configuration with respect to dyceradehyde. D isassignedtothe
molecule whose configurationis Similar to D (+) dlyseraldyhyde about the chiral carbon. In D(+)
dylyceraldehyde, in Fisher projection formula—OH iswritten on theright sdeto thechiral carbonand
for theenantiomer of ‘L’ configuration. —OH iswrittento theleft.

S

CH,OH CH,OH CH,OH CH "OH

D(+) glyceraldehyde Fisher projection  L(-) glycerddehyde

formulafor D(+)
glyceraldehyde
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The substanceswhich havesimilar configuration with that of D (+) glyceradehydesbelongto D-
series, whilewhich have similar configuration that of L (-) glyceraldyhydebelongto L series. It should
be noted that thereisnorelation with D L configurationally relationtod,L or (+) —which represent

optical activity generally D,L relationisused to represent the stereo chemical aspect of carbohydrates
andaminoacids.

Eg: CHO
H————HO CHO

H——+—— HO HO H

| | CH,OH

D (+) Glyceraldehyde

HO————H CHO

HO————H HO H

| | CH,OH

L (-) Glyceraldehyde
L (-) Glucose 0 Gly Y

CHO COOH
H————NH,
H OH " —T —ou’
| |
CH,
CH,OH b -
D - theonin

D (+) Glyceraldehyde

25.4.e Intext questions:

1. Whatisnotation used for dextroisomer?
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What you have learnt

e  Theprocessof conversion of an enantiomer into aracemic mixtureiscalled racemisation.

e  Theprocessof separation of racemic mixtureinto itscomponentsiscalled resolution.

¢ R,Snotationisusedto assign the absolute configuration of e Stereo isomer.

e D, L notation is used to assign the relative configuration of a stereo isomer with respect to
glyceraldehydes.

Terminal Exercise :

1.  Whatismeant by racemisation ?

2.  Whatisresolution?

3. Writethesequencerulesfor assigning the configuration for stereoisomer in R,Snotation.

4. HowdoyouassgnD, L configuration of stereoisomer.

25.4.e Answers to Intext questions :

1. dorL

2. Separationof racemic mixtureintod, L forms.

3. D, L represent therelative configuration of the stereoisomer with respect to glycerablehyde.

25.4.f  Compounds containing two chiral centres, diastereomers,
mesoforms, resolution, importance of stereo chemistry.

For a moleculewith onechiral centre, two pairs of enantiomersare possiblefor moleculewith
two chird centresi.e., four enantiomersarepossible. For compoundswith‘n’ Chiral centres, generaly
2" Stereo isomersare possibleand 2™ pairs of enantiomers.

For Example: 2,3 di-hydroxy butanoic acid.
4 3 2 1
CH3—CI:H—C|:H—COOH

OH OH

C-2, C-3arechira centresi.e, 2, 4 stereoisomersarepossiblei.e., at ¢-2 R, or S configuration and
at c-3R & Sconfiguration.

CH, CH, CH, CH,
HO———— H H ————— OH H ———— OH HO————H
H ——OH HO ————H H ————OH HO ———— H
COOH COOH COOH COOH
| (W), =+9.5° Il (W, =-9.5° iy, =-17.8° IV (W), =+17.8°
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| & Il areenantiomers, smilarly 111 & 1V areenantiomers. For ‘I, 111 & 1V not have object mirror
imagerelationship. Il for Il alsolll & IV are not having object, mirror image relationship. Such
moleculeswhich do not have object mirror imagerelationship are called diastereomers.

Example: 2,3 butanediol

CH,-CH-CH-CH, Four isomers can bewritten
OH OH
They are

CH, CH, CH, CH,

H ————OH HO———— H H ——f—— OH HO————H

HO ———— H H ————OH H ——f——OH HO———— H
CH, CH, CH, CH,

I I 1 \Y

| & Il areenantiomersbut 111 & IV identical. Thelll isachird. Itisnot optically active. Thistype
of compoundsare called meso compounds. Whentheasymmetric carbonsaresimilar thereisplane of
symmetry inthemolecule. Thereforethemoleculeisachira. Theoptical inactivity isduetointerna

compensation.
Importance of Stereochemistry :

When two optically inactive compoundsresact, it leadsto product whichisopticaly inactive. But
if an optically active compound isused ascataly<, the product may have optica activity usingachira
catalyst preparing achiral product from achiral reactant is called symmetric induction. Thisstereo
chemical aspect isuseful to know the chemical reactionsthat aretaking placein biologica systems.

The properties of the compound with respect to thereactionsin biologica systemscan beknown.
Example: (-) Nicotineisharmful than(+) Nicotine.

Inthe structure of blood vessels(+) endrevaineismorereactivethan (-) endrevaline.

25.4.f Intext questions :

1. How many stereoisomersare possiblefor amoleculehavinginchiral centres.

2. How many enantiomersare possiblefor amoleculehaving 2 chiral centres.



What you have learnt :

e Foramoleculewith‘n’ chird centres2" stereoisomersand 2™ pairsof enantiomersare possible.
¢  What two asymmetric centresaresmilar, than the molecule hasonly one pair of enantiomers.

e Diagtereomersareisomerswhich do not have object uninor imagerelationship.

Terminal Exercise :

1. Explainstereoisomerismexhibited by molecule having two different chiral centres.
2. Explainstereoisomerism exhibited by moleculehaving two similar chiral centres.
3. Givenanexample of meso compound.

25.4.f Answersto intext questions:

1. 2"stereoisomers.
2. 2*'=2'=twoi.e, apair of enantiomers.
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HYDROCARBONS

You have studiedin the previous|esson that hydrocarbons arethe compounds containing carbon
and hydrogen. You aso know that they areclassified asdiphatic, alicyclic and aromatic hydrocarbons.
They constitute avery important class of organic compoundsand arewidely used asfuels, lubricants
and dry cleaning agents. They ared so used asimportant ingredientsin medicinesand in dyes. Petroleum
and cod arethe mgjor sourcesof varioustypesof hydrocarbons. The productsobtained from fractional
digtillation of petroleum and destructive distillation of coal are used almost in every sphereof life.
Hydrocarbonsare consdered to bethe parent organic compounds, from which other organic compounds
can be derived by replacing one or more hydrogen atomswith different functional groups. Inthis
lesson, youwill study about the preparation, important physical and chemica propertiesof hydrocarbons.

After reading thislesson, youwill beableto:

e ligtdifferent methodsof preparation of alkanes;
explainthereasonsfor variationin physical propertiesof alkanes,
describedifferent chemical propertiesof dkanes;
list different methods of preparation of alkenes,
explainthephysica propertiesof alkenes;
describethe chemical propertiesof akenes;
list different methods of preparation of akynes,
explain physical and chemical propertiesof akynes,
discussthe cause of greater reactivity of dkenesand alkynesover akanes;
distinguish akanes, dkenesand adkynes,
list variousfractionsobtained by destructivedistillation of codl;

explainthe stability of various organic compounds using resonance;
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e describemethodsof preparation, physical propertiesand chemical propertiesof benzene, and
e listvarioususesof hydrocarbons.

26.1 Alkanes (Paraffins)

Alkanesare saturated hydrocarbons. They arevery lessreactivetowardsvariousreagents, hence,
they arealso referred to as par affins (parummeanslittl e, affins means affinity).

26.1.1 Methods of Preparation
Someimportant methods of preparation of dkanesareasfollows:

From Haloalkanes (Alkyl Halides): Monohal oalkanes can be converted to alkanes by following
threemethods:

a) By reduction of haloalkanes: Thereplacement of halogen atom of hal oalkaneswith hydrogen
iscalled thereduction and can be carried out by thefollowing reagents:

() ZincanddiluteHCl
CH,Br + Zn+2HCI —— CH,+ZnCl, + HBr
Bromomethane Methane

(i) HI inthe presenceof red phosphorus

red phosphorus
CH.l +HI K C,H, +ZnCl, + HBr

| odoethane Methane
(i) Catalyticreduction

CHC1 + H, —fueash , oy 4 Hcl

2

Chloromethane Methane

b) ByusingGrignard sReagent : A Grignard reagent isacompound of thetype RMgX whichis
prepared by reacting ahal oalkanewith magnesium metal inthe presence of dry ether.

CHBr + Mg __dryether - CHMgBr
Bromoethane Ethyl Magnesium Bromide

The Grignard’s reagents are used to prepare various compounds like hydrocarbons, ethers,
alcoholsand carboxylic acids. It reactswith the compounds containing active hydrogen and forms
alkanes. An easly replaceable hydrogen atom present in the compoundsiscalled active hydrogen. An
activehydrogenispresentin (i) a coholsand (ii) water and (iii) acids.

CH_MgBr + CHOH — CH, + Mg(OCH,)Br
C,HMgBr + H,O — CH, + Mg(OH)Br

¢) ByWurtzReaction: Inthisreaction, an akyl halidereactswith sodium metal inthe presence of
dry ether and formsthe higher alkanes.
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CH, — Br + 2Na+ Br - CH, —* ™", CH__ CH, + 2NaBr

Bromoethane Ethane

. From Unsaturated Hydr ocar bons: Theunsaturated hydrocarbons(i.e. dkenesand akynes)
can be converted to a kanesby the addition of hydrogen inthe presence of acatalyst likenicke,
platinumor palladium.

Ni or Pt

CH2 = CH2 + H2 W CH3 - CH3
CH = CH +2H, — =2t s CH, - CH,

Thisreactionisalso called hydrogenation and isused to prepare vegetable gheefrom edibleoils
(by converting unsaturated fatsto saturated ones.)

. From Alcohals, Aldehydesand K etones: Alcohoals, aldehydesand ketoneson reduction with
HI, in presence of red phosphorus, give alkanes. The general reactionsare as shown below.

redP /423K

ROH + 2HI —F25 5 pH 41+ HO

Alcohal Alkane

RCHO +4HI —P#8K , peH, +21 +H0
Aldehyde Alkane
RCOR’ + 4HI —%F2K 5 pey R +21 +H0
Ketone Alkane

. From Carboxylic Acids: Carboxylic acids can produce a kanesin anumber of waysasshown
below :

i) Heating with soda lime: RCOONa+NaOH —=2>— RH + Na,CO,

Inthisreaction, an alkanewith one carbon lessthan’ those present in the parent carboxylic
acidisobtained.
i) By Reduction of carboxylicacid :

RCOOH + 6HI — /42K, peH +31 +2H.0

Here, andkanewith samenumber of carbon alomsasinthestarting carboxylicacidisobtained.

iii) Kolbe'sElectrolysis. Sodium or potassium salt of acarboxylic acid, onelectrolyss, givesa
higher alkane. Thereactiontakesplaceasfollows.

RCOONa __electrolysis RCOO- + Na'
Sodium salt of carboxylicacid Anion Cation
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At Anode:
RCOO~ —— RCOOQO* +e
RCOO* —— R* +CQ,

R®* +R* — R-R

Thus, ethane can be obtained by the electrolysis of sodium ethonate.
2 CH,COONa —— CH, - CH,

Sodium ethanote Ethane (at anode)

Notethat the a kaneswith even number of carbon atoms can easily be prepared by thismethod.

26.1.2 Physical Properties of Alkanes

Physical State: Thephysical state of akanes depends upon theintermolecular forces of attraction
present between molecules which in turn, depend upon the surface area of the molecules. Asthe
molecular mass of the alkanesincreases, their surface area also increases, whichinturn, increases
the intermolecular forces of attraction, and accordingly, the physical state of alkanes changes
from gaseous to liquid and then to solid. The akanes containing 1 to 4 carbon atoms are gases,
whereasthose containing 5to 17 carbon atomsareliquids, and the still higher onesaresolids. Inthe
caseof isomeric alkanes, thestraight chain akaneswill have maximum surface areaand hence, stronger
intermolecular force of attraction. As the branching increases, surface area decreases. Hence the
intermolecular forces of attraction decrease. L et usconsider theisomersof pentane (C.H,,).

CH3—CH2—CH2—CH2—CH 5
n-Pentane

P
CH, — CH,— CH — CH,

2-Methylbutane
(Isopentane)

CH,

CH, — C — CH,
|

CH,

2,2-Dimethylpropane
(Neopentane)

Amongst these threeisomeric compounds, neopentane will have the weakest intermolecul ar
forcesof attraction dueto thesmallest surface areaof itsmolecules.

Density: The density of alkanes increases with the increase in molecular mass which increases
withtheincreasein the number of carbon atoms. All alkanesarelighter than water i.e. their density
islessthan 1.0 g/ce. Themaximum density inthe case of alkanesis0.89 gcm?®. Thelower density of
alkanesthan water isdueto the absence of strongintermolecular attractionsin akanes.
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Boiling Point : The boiling points of alkanes also increase with the increase in the molecular
mass. |n straight chain akanes, theincreasein boiling pointsdueto theincreasein surface areaof the
molecules. Branching inachain reducesthe surfaceareaand therefore, decreasesthe boiling point of
akanes. Thus, inthe above example, isopentane and neopantane have alower boiling point than pentane.

Melting Point : Similar to the boiling points, the melting points of alkanes also increase with the
increaseintheir molecular mass, but thereisno regular variationin melting point. Themelting pointsof
alkanesdepend not only upon the size and shape of themol ecules, but also onthe arrangement (i.e. the
packing) of themoleculesinthecrystal lattice.

In alkanes, each carbon atom is sp? hybridized which resultsin abond angle of 109°28'. In
graight chain hydrocarbonsthe carbon atomsarearranged inazig-zagway inthechain. If themolecule
containsan odd number of carbon atoms, then thetwo terminal methyl groupslieonthesameside. So
theinteraction between thea kane molecul es, with odd number of carbon atoms, islessthanthemolecule
with even number of carbon atoms, inwhich terminal methyl groupslie onthe oppositesides.

CH, CH, CH, CH, CH CH, CH, CH,

/NN NN SN NN
CH, CH, CH, CH, CH, CH, CH, CH, CH, CH,
n-Pentane n-Hexane n-Heptane

(Carbon atoms=5, m.p.142 K) (Carbon atoms=6, m.p. =179 K) (carbon atoms= 7, m.p. = 183K)

Inthe above structures, wefind that alkanes containing even number of carbon atomsaremore
symmertical and can be more closely packed as compared with alkanes containing odd number of
carbon atomsand can be more closely packed. Van der Waal’ sforce of attraction isstronger, dueto
which they have higher melting points. Therefore, the alkanes with odd number of carbon atoms
have lower melting point than those having even number of carbon atoms.

26.1.3 Chemical Properties of Alkanes

1. Halogenation reactions. Thechemica reactionsinwhich ahydrogen atom of an alkaneisreplaced
by ahal ogen atom are known as hal ogenation. Alkanesreact with chlorinein thefollowing way.

Diffused Sunlight

CH,+Cl, T CH,CI
Methane Chloromethane
CH.Cl +Cl, ~—par . CHC,
Dichloromethane
CHC,+Cl, ——hg~  CHCL
Trichloromethane
CHCI,+Cl, ~——xg >  Cd,
Tetrachloromethane
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Chlorination of methanetakesplace viathefreeradical mechanism. When thereaction mixtureis
exposed to sunlight, chlorine mol eculesabsorb energy from sunlight and get convertedtofreeradicals

i.e. chlorineatomswith anunpaired electron (C1) . Thechlorine radica sthen combinewith methane

andformmethyl radial [ C H_]. Themethyl radical further reactswith chlorinemoleculeand produces

chloromethane. Thisreaction continuoudy takes placetill itisstopped or the reactants completely react
toformthe products. Thefreeradica mechanisminvolvesthefollowing three steps.

(i)

(i)

(iif)

Chain Initiation Step: Itinvolvestheformation of freeradicals.

c, v, o2cr (hv=energy of light)

2

Chain Propagation Step: Thefreeradicalsgiverisetotheformation of morefreeradicasasis
showninthefollowing reaction.

CH,+Cl — CH_+HCl

CH,+C1, — CHCl + Cl

Chain Termination Step : Inthisstep, freeradicals combinewith one another and the further
reaction stops.

CH,+Ccl — CHLCI
Ccl+cl — CI2

CH,+ CH, —— CH, - CH,
Thereactivity of halogensisintheorder of F,>Cl,>Br, > L.,

Oxidation: Alkanesundergo oxidation (combustion) in excess of oxygen and produce carbon
dioxideand water. Thisreactionishighly exothermicin nature. For example:

CH, + 20, —— CO, + 2H,0 + 890 KJ mol"
If the combustion is carried out in the presence of an insufficient supply of air or O,, then
incompl ete combustion takes place forming carbon monoxide instead of carbon dioxide.
2C,H, + 50, —a , 4CO + 6H,0
Crackingor Pyrolysis: At very high temperatureand in the absenceof air, the alkanesbreak
gpart into smaller fragments. For example,
CH,— CH, — CHy —2%  CH,CH=CH, +H,
or CH,=CH, +CH,

| somerisation : n-Alkanes, inthe presence of auminium halideand HCl, are converted to their
branchedisomers.
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CH,

AICL, /HCI |
CH3 - CH, —CH,; —CHj3 3 = CH, — CH — CH,

n-butane isobutane

26.1.4 Usesof Alkanes

Alkanesareused asfud gases, solvents, drycleaning agents, lubricantsand in ointments (paraffin wax)
. Methaneisused for illuminating and domestic fuel and aso for the production of other organic
compounds such as hal oalkanes, methanol, formal dehyde and acetylene. Propaneisused asafuel,
refrigerant and asraw materia inthe petrochemical industry. Butane and itsisomer-isobutane, arethe
major congtituentsof LPG.

Intext Questions 26.1

1.

List four important usesof hydrocarbons.

26.2 Alkenes

These are unsaturated hydrocarbons containing at |east one double bond between two carbon

atoms. Thehydrocarbons of thisclassare also called olefines (ol efiant = oil forming).
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26.2.1 Methods of Preparation
Inthelaboratory, dkenesaregenerdly prepared either from hal oalkanes (alky! haides) or cohols.

1. From Haloalkanes: Ha aoalkanesare converted to akenes by dehydrohal ogenation. The process
of removal of haogen acid likeHCI, HBr or HI from the adjacent carbon atomsof akyl halides, when
reacted with a coholic solution of potassium hydroxide, iscalled dehydrohal ogenation.

CH,-CH,-Cl + KOH(adc) —— CH,=CH,+KClI +H,0
Chloroethane Ethene

CH,CH,CHCH, —XOHGe) 5 CH,CH=CH CH, +CH,CH,CH =CH,
|

& But-2-ene (Major) But-1-ene (Minor)
2-Chlorobutane

Themaor product isformed according to the Saytzeff’sRule.

Saytzeff’s Rule: It states that when an alkyl halide reacts with alcoholic solution of potassium
hydroxide and if two alkenes are possible, then the one which is more substituted, will be the
major - product. I n the above example, but-2-eneisthe major product becauseit containstwo akyl
groups attached to the -C=C- group.

2. From Alcohols: Alkenescan be prepared from alcoholsby dehydration inthe presenceof asuitable
dehydrating agent such as(i) Al,O, or (ii) concentrated H,SO,.

AI203 _
CH, - CH, - OH ——2-2— CH,=CH, +H,0
Ethanol Ethene
conc.H,SO _
CH,~CH,— OH 7350 —— CH,=CH,+H,0
Ethenol Ethene

Inthe dehydration of higher a cohols, themajor product obtained isaccording to the
Saytzeff’sRule.

26.2.2 Physical Properties of Alkenes
Someimportant physical propertiesof dkanesareasfollows:

Physical State: Unbranched alkenes containing upto four carbon atomsare gasesand containing five
to sixteen carbon atomsare liquidswhile those with more than 16 carbon atomsare solids.

Boiling Points: Theboiling pointsof alkenesincrease with molecular massasisshownin Table 26.1.
Table 26.1 : Boiling points of Alkenes

Alkene Ethene Propene But-1-ene  Pent=1-ene Hex-1-ene

b.p. (K) 169 226 267 303 337
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Theincreasein boiling point can be attributed to the van der Waal sforceswhich increaseswith
number of carbon atoms of the alkene. The branched chain alkenes havelower boiling pointsthan
those of straight chainisomers.

Mdting Point : Inakenes, thereisincreasein the melting point with theincreasein molecular mass. In
the case of isomeric akenes, the cisand transisomers have different melting points.

For example
CH, _-H CH, ~ _-CH,
/C = C\ C=C
~
H CH, H S
trans-But-2-ene cis-But-2-ene
(m.p. 167 K) (m.p. =134 K)

26.2.3 Chemical Properties of Alkenes

1. Addition Reactions: Thechemical reactionsinwhichamoleculeaddsto another moleculeare
called an addition reaction. Thesereactionsare characteristic of unsaturated compoundslike
alkenesand akynes. Thefollowing reactionsillustrate the addition reactions of alkenes.

(i) Addition of Hydrogen : Addition of hydrogen to unsaturated hydrocarbonstakesplacein
the presence of acatalyst like Ni, Pt or Pd.

_ Ni (Pt or Pd)
CH, =CH,+H, 3K CH, - CH,

Ethene Ethane
(i) Addition of Halogens: Halogenson addition to alkenes, form 1,2-dihal oal kanes.

CH, = CH, + Br, (in CCl,) —— CH, - CH,

Ethene
Br Br

1, 2-Dibromoethane
Asaresult of thisaddition reaction, the reddish-brown colour of Br,, getsdischarged. This
reactionisalso used astest for unsaturation in hydrocarbons.

(iif) Addition of Halogen Acids(HX) : When halogen acids are added to alkenes, hydrogen
adds to one carbon atom whereas halogen atom adds to the second carbon atom of the

doublebond.
CH2 = CH2 + HBr —— CH3 - CH2 - Br
Ethene Bromoethane

In caseof unsymmetrical alkenes (which contain unequal number of H-atomsattached to the
carbon atoms of the double bonds), the addition of HX takes place according to the
Markownikoff’s rule. This rule states that in the addition of halogen acids to
unsymmetrical alkenes, the halogen of HX goesto that carbon atom of C = C bond
which already hasless H-atoms attached to it. In other words, hydrogen atom of HX
goesto the carbon atom with more number of H-atomsattached toit.
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CH,CH = CH, + HBr —— CH,CHBr CH,
Propene 2-Bromopropane

If theaddition of HBriscarried out in the presence of peroxides such asbenzoy! peroxide, then
the reaction takes place contrary to Markownikoff’s rule. This is also known as Anti
Markownikoff’saddition or peroxide effect.

CH,CH = CH, + HBr —2enzoylperoxide oy cH, — CH, - Br

Propene 1 - Bromopropane
(iv) Addition of Water : Addition of water takes place in the presence of mineral acidslike
H,SO,.
_ H,SO
CH,=CH,+H,0 # CH,-CH,-OH
Ethene Ethanol

(v) Additionof H,SO,
CH,=CH, + conc. H. SO, —— CH_ - CH, - HSO,
Ethene Ethyl hydrogen sulphate

(vi) Addition Polymerization: Theprocessinwhich many moleculesof an akene add together
toformalarger moleculeiscalled addition polymerization.

n(CHZ - CHZ) heat, pressure _(CHZ o CHzen_

Ethene Polyethene

2. Oxidation: Theoxidation of dkenescan bedoneby using different oxidizing agentslikeKMnO,,
oxygen and ozone.

(i) Oxidation with KMnO,
Alkenesare unsaturated hydrocarbons having Pi (rr)-bond(s) between the carbon atoms, so
they areeasily oxidized by cold diluteakainesolutionof KMnQO,.

CH, - OH
|C|H2 KMnO 4 2

_—
CH2 cold alkaline CH2 _OH
Ethene Ethanediol

When an alkaline solution of KMnO, (Baeyer’s Reagent) is added to an alkene, the purple
colour of KMnO, getsdischarged. Thisreactionisused totest unsaturationin hydrocarbons. On
treatment with hot akaline KMnO, the alkene gets oxidized to ketones or further to acids
depending uponitsstructure. Thishappensdueto the breaking of carbon-carbon double bond.

s CH,
CH,~C= CH, + 3[0] X SMI0s ,)C=0 + HCOOH
O
2-Methylpropene > (Acetone) (Formic Acid)

Propanone Methanoic acid
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(ii) Oxidationwith Oxygen : Ethene on oxidation with oxygeninthe presenceof silver (Ag)
givesepoxyethane. Thereactionisshown below:

CH2 = CH2 +102 _S_Si.) CH2-— CH2
2 AL NG/

Epoxyethane

Ethene

(iii) Combustion : Theoxidation reaction, in which carbon dioxideand water areformed aong
with theliberation of heat and light, iscalled combustion.

CH, =CH, +30, —2_,2C0, +2H,0 AH =-1411KJmol .

(iv) Oxidation with Ozone: Ozone addsto the alkeneforming ozonide. The isozonidewhen
further reacted with water inthe presence of zinc dust, formsaldehydes or ketones, or both.

Ha O~ H
C - S C
H| 5 5 | H
| Zn/H,0
CH,=CH,+0, — 0—=—0 ——2_ 5 2HCHO
Ethene Methanal

0 zo;l ide
Thisprocess of addition of ozoneto an unsaturated hydrocarbon followed by hydrolysisis
called ozonolysis.

Ozonolysiscan be used for the determination of the position of doublebondsin alkenesby
analysing the productsformed i.e. a dehydesand ketones. Thisisexplained below,

R o NS
4 3 2 1 0 O
CH,-CH,- CH=CH, — > CH,CH-C" . CH,
But-1-ene I KA. |
0——=—0
_Z0/H10 , CH,CH,CHO+ HCHO

Propanal Methanal

When but-1-eneis oxidized with ozone and the ozonide formed ishydrolysed, we get one
moleof propana and one moleof methanal, showing that the double bond isbetween carbon
atom 1 and 2. Whereas but-2-ene on oxidation with ozone, followed by hydrolyss, givestwo
molesof ethanal, showing that the double bond is present between carbon atoms2 and 3as
shown below.

4 3 2 1 o O Zn/H,0
CH,CH,=CH- CH, —3>CH,- CH  :CH —-CH,——2—2CH,CHO
|5 Ethanal
0———0

But-2-ene
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26.2.4 Uses of Alkenes

Etheneisused for making mustard gas, whichisapoisonousgasused inwarfare. Itisalso used
for artificial ripening of fruits, asagenera anaesthetic and for producing other useful materiassuch as
polythene, ethand, ethyleneglycol (antifreeze), ethylene oxide (fumigant) etc.

Intext Questions 26.2

1. Whichonehashigher boiling point: cisbut-2-eneor transbut-2-ene?

26.3 Alkynes

Theseare a so unsaturated hydrocarbonswhich contain atleast one triple bond between two carbon
atoms. Someexamplesareasfollows:

CH=CH, CH,-C=CH, CH-C = C-CH,
Ethyne Propyne But-2-yne

26.3.1 Prepar ation of Ethyne (Acetylene): Someimportant methodsfor preparation of ethyne
areexplained below.

1. From Calcium Carbide: Ethynecanbe preparedinthelaboratory, aswell asonalargescale,
by the action of water on calcium carbide.
CaC, + 2H,0 —— H-C=C-H +CaOH),
Cdciumcarbide Water Ethyne

Ethyne prepared by thismethod generally containsthe impurities of hydrogen sulphide and
phosphine dueto theimpurities of cal cium sul phideand calcium phosphidein calcium carbide.

2. Preparation of Ethynefrom Dihaloalkanes

Ethyne can be prepared by refluxing geminal dihal oalkanes (having both halogens attached to
the same carbon atom) or vicinal dihal oa kanes (having hal ogen atoms attached to the adjacent
carbon atoms) with al coholic solution of KOH.

|CHZBr h %HZ alc. KOH |C|| —H
+alc. KOH 2, e

CH,Br ¢ CHBr heat C—H

1,2-Dibromoethane Vinyl Bromide Ethyne
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ICH2Br ("sz u ﬁlj —H
+ al . KOH heat c. KOH

CH,Br ‘ CHBr heat ~ C—H

1,2-Dibromoethane Vinyl Bromide Ethyne

3. Preparation of higher alkynes: Higher alkynescan be prepared by thereaction of alkynides
of lower akyneswith primary akyl halides.

R-C=CH+Na—"9\":s b c=c Nat

R-C=C Na +CH,J]| — R-C=C-CH,+ Nal
26.3.2 Physical Properties of Alkynes

1. First three members of alkynes are gases, the next eight members are liquids and members
having morethan twelve carbon atomsare solids.

2. They arecolourlessand odourl ess, except ethynewhich hasagarlic odour.

3. Themelting points, boiling pointsand densities of alkynesincrease with theincreasing molar
mass. In akynes, there are nt(pi)-el ectrons due to which these moleculesare dightly polar. So
charge separation takesplacein akynes, and hence dipolesareformed. Thepresenceof dipoles
increasestheinter molecular force of attraction, and hencethe boiling pointsof alkynesare higher
than those of the corresponding alkanes.

4. Alkynesarevery dightly solubleinwater and solublein acetone.
26.3.3 Chemical Properties of Alkynes

1. Addition Reactions: Some of the addition reactionsof alkynesareasfollows.

(i) Addition of Hydrogen : Addition of hydrogen to alkynestakes placein the presenceof a
catalyst likeNi, Pt or Pd.

CH=CH+H, —2CPLPD , o, = CH, _ Hp#Nior PtorPd , CH_CH,

(it) Addition of Halogens: When halogensare added to akynes, they form 1,2-dihal oalkenes
and 1,1,2,2-tetrahal oal kanes.
CH=CH _ BrinCCl, , CHBr=CHBr  _BrinCcCl . CHBr,-CHBI,
Ethyne 1, 2 - Dibromoethene 1,1,2,2-Tetrabromoethane

(iii) Addition of Halogen Acids(HX) : Addition of HBr to ethyneisasfollows:

CH=CH —"B ,CH,=CHBr —"8; CH,- CHBIr,
Ethyne Bromoethene | ,I-Dibromoethane

(iv) Addition of Water : Addition of water takes place in the presence of mineral acidslike
H,SO, andinthe presence of Hg* asthe catalyst.
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0%H,SO
CH=CH+H,0 —Tyis0— [CH,= CHOH] Reamangement , ¢y cHo

Ethyne Vinyl Alcohol Ethanal
(Unstable)
(v) Addition of H,SO,: Conc. H,SO, addsto ethyne as shown bel ow.

CH = CH conc.H,SO CH, = CHHSO, _ HpS04 CH, - CH (HSO,),

Vinyl hydrogen sulphate Ethylidenehydrogen sulphate
2. Oxidation: Alkynesundergo oxidation with oxygen, KMnO, and ozone.
(i) OxidationwithKMnO,

. COOH
CH = CH + 4[0] Cold alkaline KMnO, , |
Ethyne COOH
Ethanedioic acid

Thecolour of dkainesolution of KMnO, isdischarged onreaction with dkynes. Alkyneson
heatingwithakaineKMnO, givecarboxylicacids.

KMnO,+KOH

R-C=C-FR heat

RCOOH + R"COCH

However, ethyne, on similar treatment, gives carbon dioxideand water.

KMnO, +KOH
heat

[©]
(COOH), —2— 2CO, +H,0

CH= CH + 4[O]

Combustion: Combustion of ethynein excess of oxygen or air gives carbon dioxide and
water asshown below :

2CH,+50, —MA , 4C0,+2H,0 AH=-1300KImol-*

Ozonolysis: Onozonolysis, akynesgivedicarbonyl compoundsat the positionof C=C
without breaking the chain of carbon atomsas shown below :

+03 %HC{ _.-\CH Zn/H,0

CH=CH »yH-C-C-H

I
0 0 00

3. Formation of Acetylides: Ethyneforms precipitates of copper and silver acetylideswhen
passed through ammonica solution of cuprouschlorideand anmonica slver nitrate, repectively.

CH = CH + 2Cu(NH;), —— CuC = CCu+ 2NHj +2NHj,
Cuprous acetylide (red)
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CH= CH + 2Ag(NH;), —— AgC = CAg+2NH, +2NH,4
Silver acetylide (white)
26.3.4 Acidic Nature of Ethyne

Theacidic nature of hydrocarbons can be determined with the help of the percentage (%) of
s-character of the hydrocarbon. The greater the percentage of s-character of ahydrocarbon, the
morewill beitsacidic nature.

Table26.2: % s-Character of hyrid orbitalsin Hydrocarbons

Hydrocarbon Typeof hybridization (%) s-character
Alkanes 3 25%
Alkenes 2 33.3%
Alkynes P 50%

Asakyneshave50% s- character, they arethemost acidicin nature. An sp-hybridized carbon
atomismore electronegativethan sp? or sps carbon atoms. Dueto greater electronegativity of
sp hybridized carbon atomin ethyne, hydrogen atomislesstightly held by thecarbon and hence,
it can be removed as a proton (H*) by a strong base like sodium metal and sodarnide. The
following reactions of ethyne with sodium and sodamide confirm itsacidic nature. In
thesereactions, disodium acetylideisformed.

H-C=C-H+2Na_Heat  Na—-C=C-Na+H,

Ethyne DisodiumAcetylide
(Acetylene)

H-C=C-H+2NaNH, _Heat 'Na-C=C-Na+2NH,
Ethyne Sodamide Disodium Acetylide

26.3.5 Uses of Alkynes

Ethyne (acetylene) isused for producing oxyacetyleneflame (2800°C) whichisused for welding and
cutting of ironand stedl. Itisalso used for artificia ripening of fruitsand vegetables. It dsofindsusein
the production of anumber of other organic compoundssuch asethand, ethanoic acid, ethanol, synthetic
rubbersand synthetic fibreorlon.

26.3.6 Distinction Between Alkanes, Alkenesand Alkynes
Thefollowing table showsdifferent testsfor distinction between alkanes, dkenesand akynes:
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Table 26.3 : Testsfor identification of alkanes, alkenes and alkynes

S.No Test Alkanes Alkenes Alkynes
1. Addbrominedissolvedin No change Reddish brown Reddish brown
carbon tetrachloride. colourof Bryis  colourof Br,is
discharged discharged
2 Addakainesolution of No change Purplecolour Purplecolour
KMnO, (Baeyer’sreagent) of KMnQ,is KMnQO,is
discharged discharged
3. Addammonicd solution of No change No change White ppt. of
dlvernitrate dlver acetylide
isformed
4. Addammonica solution of No change No change Red ppt. of
cuprouschloride (Cu,Cl.) cuprousacetylide
isformed

Intext Questions 26.3

1. How isethyneprepared from calcium carbide?

26.4 Aromatic Hydrocarbons

Till now, we have explained variousmethods of preparation of aliphatic hydrocarbons. Now, we
shall deal with anaromatic hydrocarbon (benzene) indetail. Itisoneof the mgjor componentsobtained
by the destructivedistillation of coal asshowninFig. 26.1
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COAL
Destructivedidillation

v v

Coke Hot vapour and gases cooled and
(Solidresidue) passed through water

|
' !

Condensed Liquid Cod gas
[Allowed to stand, two layersare formed)] [Uncondensed gas|
. I
Ammoniacd liquor Co%l tar
(Upper Layer) (Lower Layer)

Fractional Distillation

Crudelight il Middleail Heavy Qil GreenQil Fitch
(Benzene, (Phenal) (Alkyl Phenols  (Anthraceneand  (Residue)

Tolueneand Naphtholsand Phenanthrene) Mainly carbon
Xylenes) Naphthaene)

Fig. 26.1: Destructive Distillation of coal

26.4.1 Structur e of Benzene

Themolecular formulaof benzeneis C ,H, whichindicatesthat benzeneisan unsaturated hydrocarbon.
The unsaturation in benzene can be verified by thefollowing reactions.

(i) Benzeneundergoestheaddition of H, inthe presence of Ni or Pt ascatalyst.

Ni or Pt
CeHe +3H, > CgHyp

Benzene Cyclohexane

(i) Benzeneundergoestheaddition of chlorinein the presence of sunlight.
CgHg +3Cl, — ™ CeHeClg
Benzene Benzenehexachloride(B.H.C.)

Benzene does not respond to thetests of unsaturation which are shown by alkenesand alkynesLe.,
both the alkenes and the alkynes decolourize bromine water and alkaline solution of potassium
permanganate (Bayer’s Reagent). However, benzene undergoes substitution reactions.

eg. CH,+Br, _FeorFeCly =~ CHBr+HBr
Benzene Bromobenzene
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KekuleStructure: A ring structurefor benzenewas proposed by Kekulein 1865. According to him,
six carbon atomsarejoined to each other by aternate single and double bondsto form ahexagonring.
Asthe proposed structure of benzene hasthree double bonds, so its properties should resemblewith
the properties of alkenes. But the chemical propertiesof benzeneare different from alkenes.

0 - O
AsKekule s structure contains three single bonds and three doubl e bonds, one may expect that in
benzenethere should be two different bond lengthsi.e. 154 pmfor C-C singlebond and 134 pm for

C=C doublebond. But the experimenta studiesshow that benzeneisregular hexagon with an angle of
120° and al the carbon-carbon bond lengths are equal i.e. 139 pm.

If Kekule's structure is to be taken as a true structure, then benzene should form only one
monosubstitution product and two ortho distubstitution products, shown below as(a) and (b).

Cl Cl
f Cl f Cl
(a) (b)

In structure (a), the two halogen atoms are on the doubly bonded carbon atoms, whereasin
structure (b), thetwo halogen atomsare on singly bonded carbon atoms. As per the Kekul€ sstructure
thesetwoisomers (aand b) should exist and show different properties. But, inredlity, only oneortho
disubgtituted product exists. In order to explain this, Kekul e proposed adynamic equilibrium between
thetwo structures.

Cl Cl

Cl Cl
—_—
———

Kekule's structure does not explain the stability of benzene and its some unusual reactions.
Resonance can explain the unusual behaviour of benzene. Let usnow study about resonance.

Resonance : The phenomenon by virtue of which a single molecule can be represented in
two or morestructuresiscalled resonance. The actua structureistheresonance hybrid of all the
canonical or resonating structure. (seelesson 25)

Heat of hydrogenation data provides proof for resonance stabalization in benzene. The heat of
hydrogenationistheamount of heat liberated when hydrogen isadded to aone mole of an unsaturated
compound inthe presence of acatalyst.

Cyclohexene +H, _ Catalyst , Cyclohexane + 119.5 KJmol

Heat
(One - C = C- bond)

If thethree double bondsin benzene do not interact, thenit should behavelike cyclohexatriene and the
amount of heat liberated on adding there molecul es of hydrogen should be 358.5 KJmol-I. But, the
actual heat of hydrogenation of benzeneis208.2 KJmol .
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Catalyst

Benzene +3H, ——— Cyclohexane+208.2KJmol™

(Three - C = C- bond)

Thisdifferenceof (358.5 - 208.2) 150.3 KIJmolinthe heat of hydrogenation isthe measure of
gability of benzene. Benzene acquiresstability dueto resonanceand hence, thisenergy iscalled resonance
energy of benzene.

26.4.2 Physical Properties of Aromatic Hydrocarbons
1. Benzeneanditshomologuesare colourlessliquidshaving acharacteristic odour.

2. They areimmiscibleinwater but aremisciblein al proportionswith organic solventssuch as
alcohol, ether, petrol, etc. They dissolvefatsand many other organic substances.

3. Mot of thearomatic hydrocarbonsarelighter than water.

4. Their boiling points show a gradual increase with increasing molecular mass e.g. benzene
(b.p. 353K), toluene (b.p. 383 K) and ethylbenzene (b.p. 409 K) and so on.

o © ©

Benzene Toluene Ethylbenzane
(b.p. 353 K) (b.p. 383 K) (b.p. 409 K)

26.4.3 Chemical Properties of Aromatic Hydrocar bons

Aromatic hydrocarbonsgenerally undergo e ectrophilic substitution reactionsinwhich hydrogen
atom of thearomatic ring isreplaced by an el ectrophile. Such reactionsare discussed below in detail
taking benzeneasan example.

(i) Halogenation: Thereactioninwhich ahydrogen atom of benzeneisreplaced by ahalogenatomis
called halogenation of benzene. Hal ogenation takes placein the presence of iron, or ferric halides
(FeX,, where X = Cl or Br).

X
@ + X2 Fe or FeX, @ + HX
Halobenzene

In case of iodination them formed can reduceiodobenzene back to bebenzenewhichis prevented
by carrying out thisreaction inthe presence of HNO, or HIO,. These acidsreact with HI assoon asit
isformed.

I

2 @ +1, conc. HNO3 2 @

Iodobenzene
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(i) Nitration: The chemical reactioninwhich ahydrogen atom of benzeneringis replaced by
—NO, group, iscalled nitration. Itiscarried out inthe presence of nitrating mixture, i.e. amixtureof

conc. HNO, and conc. H,SO, Nitroniumion (N O3 ) so formed actsasan electrophile.

2 H,80, + HNO, —— 2HSO; +NO} +H,0*

NO,
© + Noj 2% © +H,S0,
Nitrobenzene

(i) Sulphonation: The chemical reaction in which the hydrogen atom of benzeneisreplaced by
—S0,H group when benzeneis heated with fuming sulphuric acid (oleum), iscalled sulphonation.

SOH

@ + (HSO, + SO) — +HO

Fuming sulphuric acid Benzenesulphonic acid

(iv) Friedel-Craft’sReactions: In Friedel-Craft’ sreaction, benzeneisheated either with alkyl halide
(akylation) or acyl halide (acylation) in the presence of acatalyst (anhydrous AlCI3). The products
formed areakyl or acyl derivativesof benzene.

Alkylation
CH,
Anhydrous AICl,
@ + CH;Cl1 Ticat > @ + HCl1
Benzene Chloromethane Toluene
Acylation
COCH,
Anhydrous AlCl;
+ CH3COC1 Hoat > + HCl1
Benzene acetyl chloride Acetophenone

26.4.4 Directive Influence of Functional Groups

In case of substituted aromatic compounds, the functional group(s) already present directsthe
next incoming groupto aparticular positioninthearomaticring .. Itiscaled directiveinfluence of the
group already attached to the benzenering. For example, phenol on chlorination givesamixture of
ortho - chlorophenol and para- chlorophenol as- OH groupsisan ortho and para directing group.
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OH

@ _FeCly
" Cl Heat

Phenol o-Chlorophenol
p- Chlorophenol

Incaseof nitrobenzene, wefind that -NO,group isameta directing group and hence, the product
obtained on chlorination is meta-chloronitrobenzene.

NO, NO,
Q o = QL
LA Heat Cl
Nitrobenzene m-Chloronitrobenzene

26.4.5 Uses of Aromatic Hydrocar bons

Benzeneisused asasolvent for several organic compounds and thus, acts asamedium for
carrying out synthetic reactions. It isthe basic aromatic hydrocarbon and can be converted to other
organic compoundsby carrying out substitution inthe benzenering. Toluene, ahigher homologueof the
benzene, findsitsusesfor dry-cleaning, asasolvent, and asastarting materia for the manufacture of
dyes, drugs, explosive (trinitrotoluene, T.N.T.), benzal dehyde, benzoic acid etc.

Intext Questions 26.4

1. What isthevalue of resonance energy of benzene?

2. Namethe product formed when:
(i) benzenereactswith chlorineinthe presenceof light.

3. Classfy thefollowinginto o-and p- or m-directing groups.

-NH,, -NO,, -CI, -C-R, -OH, -SO,H
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VIZ”{’
1',,‘«?3." What You Have L earnt

e Alkanescan be prepared by (i) thereduction of haloalkanes, (ii) action of water or alcohol on
Grignard'sreagent, (ill) Wurtz reaction and (iv) hydrogenation of unsaturated hydrocarbons.

e Physica propertiesof hydrocarbonsdepend on theintermolecular forcesof attraction. Whichin
turn depend upon the shapes of moleculesand their surface area.

e Themdting pointsof hydrocarbonsdependsuponthesymmetry of themoleculesi.e. hydrocarbons
with even number of carbon atomsare more symmetrica and have higher melting points.

e Alkenescanbeprepared by dehydrohal ogenation of akyl halidesand by dehydration of alcohals.

e Alkenesand alkynesundergo addition reaction e.g. addition of hydrogen, halogens, halogen
acids, water, sulphuric acid etc. dueto the presence of carbon-carbon double or triplebonds.

e Additionof halogenacidsand other unsymmetrica reagentsto unsymmetrica dkenesand dkynes
takes place according to the Markownikoff’srule.

e Alkenesundergo polymerization on heating under pressure.

e All hydrocarbons (saturated aswell as unsaturated) form CO,, and H,O on combustion and
liberateenergy.

e Anakainesolutionof KMnO, can oxidize akenesand alkynesforming different productssuch
ascarboxylic acids, aldehydesand/or ketones and carbon dioxide.

e (Ozonecan oxidize unsaturated hydrocarbons (alkenes and alkynes) forming ozonideswhich
when further reacted with water inthe presence of zinc dust either form aldehydesor ketonesor
both.

e Reaction of ozonewith alkcnes can be used to determine the position of double bond.

e Ethynecan beprepared by the action of water on calcium carbide and by dehydrogenation of
dihdoadkanes.

e Alkynesareacidicin nature dueto sp-hybridization of carbon atoms. Because sp hybridized
carbon atomsare more el ectronegativethan sp? and sp3, and the bond between C-H isweskened.
Hence, hydrogen atomsin alkynes can be replaced by certain metal atoms.

e Alkanes, dkenesand akynescan bedistinguished by using:
a) Br, dissolved in carbontetrachloride. ) Ammoniacal solutionof AgNOg

¢) Ammoniacal solutionof Cu,Cl, d) Alkalinesolutionof KMnQO,
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e Benzeneisobtained by destructivedistillation of codl.

e A ringstructureof benzenewas suggested by Kekule. Actua structureof benzeneistheresonance
hybrid of the canonical structures.

e Aromatic hydrocarbonsundergo substitution reactionsi.e. thereactionsin which hydrogen atom
of hydrocarbonsisreplaced by another atom or group of atoms. Hal ogenation, sul phonation,
nitration and Frieddl Craft’sreaction are substitution reactions of benzene.

e The position of second substituent on a benzene ring depends upon the nature of the group
already present.

% ‘ Terminal Exercise

1. What happenswhen: (Writechemical equations)
(i) lodoethaneisheated with HI inthe presence of red phosphorus.
(if) 2-Chlorobutanereactswith sodium metal.
(iii) Ethyl magnesium bromideisreacted with methyl acohol (methanal).
(iv) 2-Chloropropanereactswith acoholic solution of KOH.
(v) 1,1-Dichloroethanereactswith a coholic solution of KOH.
2. Givereasonsfor thefollowing:
(1) Theboiling point of neopentaneislessthan that of n-pentane.
(i) Stability of benzenering
(i) Bailing pointsof hydrocarbonsdecrease withtheincreasein branching.
3. Howwill you preparethefollowing?
(i) Ethanefromethene
(i) Ethenefromethanol
(iii) Cyclohexanefrom benzene
(iv) Methanefrom sodium acetate
(v) Butanefrom bromoethane
4. What happenswhen (write balanced chemical equations):
(i) Hydrochloric acid isadded to ethene.
(i) Hydrobromic acid (HBr) isadded to propenein the presence of benzoyl peroxide.
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(iii) Benzenereactswith chloromethanein the presenceof anhydrousAICI...
(iv) Br,isaddedto ethyne.

(v) Methaneisoxidized with oxygeninthe presence of copper at 475K and ahigh pressure of
120 atm.

5. How arethefollowing conversionscarried out?
(i) Ethynetoethane
(i) Benzenetonitrobenzene
(iii) Ethyl dcohol (ethanal) to ethene
(iv) Ethynetoethanedioicacid
(v) Benzeneto O-nitrochlorobenzene.

6. Youareprovided withthree gasjars containing ethane, ethene and ethyne. Givethe suitable
chemical teststoidentify thethree hydrocarbons.

7. What isozonolysis?How isit used to determinethe position of adouble bond?
8. Givereasonsforthefollowing:
(i) Alkanesdo not undergo addition reactionslikeakenesand alkynes.
(i) Ethyneismoreacidicthan ethane.
(i) Etheneundergoes polymerization but not ethane.

(iv) Benzeneundergoese ectrophilic substitutionreactions.

@ Answers to Intext Questions

26.1

1. They areused asfuelsand to prepare detergents, dyes, drugs, explosivesetc. Hydrocarbons
are used to prepare someimportant organic compounds like a cohols, adehydes, carboxylic
acidsetc.

2. Theadkyl magnesium halides(R-MgX) arecalled Grignard'sreagent.
3. Easly replaceable hydrogen present inamoleculeiscalled active hydrogen.

4. Thephysica propertiesof hydrocarbonsdiffer from oneanother dueto differencein molecular
mass, surfacearea, intermolecul ar force of attraction.

5. Methaneand ethane are gases, pentane and hexane areliquids.
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6. Threeisomersof pentaneare: n-pentane, isopentane and neopentane.
7. n-pentane hahigher boiling point than n-butane.
8. CgHg+50, —> 3CO, +4H,0
26.2
1. Trans-2-butene hashigher boiling point than cis-isomer.
2. Ethane-1,2-diol
3. Hydrogenin presenceof catalist Ni, Pt or Pd
4. Epoxyethaneisproduced.

26.3

1. Cacium carbideisreacted with water to prepare ethyne.
CaC, + 2H,0 —— C,H, + Ca(OH),

2. Reactionwith sodiummeta confirmstheacidic nature of ethyne.
H-C=C-H+2Na— Na-C=C -Na+H,
Ethyne Disodium acetylide

3. Thes-character in: Ethane = 25%, Ethene = 33%, Ethyne=50%

26.4

1. Theresonanceenergy of benzeneis 150.3 KJmol-I.
2. (i) Benzenehexachloride(BHC).
(i) o-Chlorophenol and p-chlorophenal.
(iii) m-Chloronitrobenzene.
3. 0-andp - directing groups: -NH,, -Cl, - OH
m-directing groups: NO,, -C-R, — SO;H

O
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26.1.4.a Cycloalkenes

Alkenesarethesimplest classof hydrocarbonswith general molecular formulaC H, .. They are
acyclic, saturated molecules. All the carbonsare sp* hybridized. Cycloa kenesare hydrocarbons
with carbon atomsjoinedinring. Like akenes, they also have C-C single bondswith sp* carbons
and genera molecular formulaC H,, . thesimplest cycloalkaneiscyclopropane.

Cyclodkenesare monocyclic hydrocarbon. Thefirst member iscyclo propane. Molecular formula
C,H,. Next higher homologuesare C,H,, CH,, C.H,, and soon.

A CH,
—CcH c (H32\
‘ i HZC\/ \CHZ He” ‘CHZ
CH HC—CH H,C—CH, . o
Cyclopropane Cyclobutane Cyclopentane Cydl (Inkexane

Cyclohexane: M ethods of preparation:

1. Freund’smethod: From (a, w)—dihal o akenes. When 1:6 dibromo hexaneistrested with metallic
sodiumor zinc, internal wurt, reaction takes placeto form cyclo hexane.

CH,-CH,-CH_-Br
| Znor Na
CH,-CH,-CH_-Br 5 O
1, 6 dibromo hexane Cyclo hexane

2. Widlicenus method: Calcium or barium salts of dicarbonylic acids ondistillation give the
corresponding cycloketone.

For Eg: when calcium heptanesdioteisdistilled, cyclo hexanoneisformed which when reduced
with sodium in ethanol formscyclo hexanol. Thison treatment with HI givesdo cyclo hexaneon
reduction givescyclo hexane.

CH,-CH,- COO CH.-CH
/ \_ distillation /% Z N
CH, Ca—— CH, C=0
\ / \ /
CH,-CH,- COO CH,-CH,
Calcium heptanediote Cyclo hexanone
Na / EtoH
CH_-CH H. -CH
/AN HI /C ~CH, N
CH, CH-l ———CH, CH-OH
\ / \ /
CH,-CH, CH,-CH,
lodo cyclo hexane Cyclo hexanol
/CHZ—CHZ\l
CH, CH, = O
\ /
CH,-CH,

Cyclo hexane



3. By reduction of benzenewith Hydrogen / Nickel: By catalytic reduction of benzene cyclo
hexaneisprepared.

H, / Ni

Benzene Cyclo hexane
4. Dieckmann Condensation: Itisintramolecular condensation estersof dicarboxylic acidsusing
Sodium ethoxide.

(@) (@)
CH,-CH,-COOC H, _cooc, L coon

| CZHSQL\Ia H$
CH,-CH,-CH -COOC H, H,0

-Cole

OH O

| |
— — —

Cyclo hexane Cyclo hexene Cyclo hexanal Cyclo hexanone

5. Did’sAlder reaction: Thisreactionisaddition of amono ene called dienophileto aconjugated
diels. Two new sigmabonds areformed at the cost of two I T bonds.

STTET SO

1:3 butadiene ethylene Cyclo hexene
Properties:

Cyclohexaneisaliquid, non-polar, insolublein water but solublein organic solvents. Cyclo hexane
isas stable as hexane due to minimum angle, strain. Cyclo propane and cyclo butane are more
reactive due to angle strain. Like alkenes, cyclohexane is inert towards chemical reactions.
Hal ogenationsof cyclo hexaneinfreeradicd substitution, smilar to akenes.

26.1.4.a Intext Questions:

1. What arecyclo akenes?



3. Writethegeneral molecular formulaof Cyclo akenes.

What you have learnt:

1. Cycloakenesaremonocyclic hydrocarbonswith general molecular formulaC H, .
2. Methodsof preparation of cyclo alkenes.

3. Did’sAlder reactionisby addition of dienophitetodiens.

4

. Cycloalkenesalso giveriseto subgtitution reactionslike alkenes.

Terminal exercise:

1. Discussany threemethodsof preparation of cyclo hexane.
2. Explain Dieckmann condensation.

3. What ismeant by die’'sAlder reaction? Givean example.

26.1.4.a Answers to intext questions:

1. Cycloakenesaremonocyclic hydrocarbons.
2. Diene& dienophile
3. CH,.

26.2.a Alkenes

Alkenesa so known as ol efins are open chain hydrocarbons containing atleast one C=C. Hence
they areaso known asaunsaturated compounds. Genera molecular formulaof alkenesisC H, .

Nomenclature;

Inthe |UPA C nomenclature of these compounds suffix usedis‘ene’. Thisclassof compoundsstart
from n=2. For theroot word ‘ ene’ issuffixed to name the compound.

For Eg: Whenn=2 alkeneisC,H, root word iseth, ene, isthe suffix. Therefore CH, iscalled
ethane.
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'n' Value | Moal. for Root Word |UPAC Name Common Name

2 CH, eth Ethene Ethylene
3 CH, Prop Propene Propylene
4 C,H, But Butene Butylene

For n=4 onwardsdifferent strictures are possible. Mol eculeswith same molecular formulaare
calledisomers. For naming theisomers, the position of the double bond is prefixed to the name of
theakene. If substituent ispresent, it isalso prefixed along with its position to the name of the
dkene.

Eg: CH, = CH-CH,—CH, CH,-CH=CH-CH,
CHg 1-Buteneor But-1-ene 2-buteneor But—2—ene

| I
CH, = C-CH,
|
CH

3
2-methyl propene
Threeisomersare possiblefor C,H,,
For C.H,, 5structuresare possible.

&1, 11&111 arechainisomers, &I are positionisomers.

Activity:
Students should be asked to write the five possible structuresfor C.H,  and nametheisomers.

Structureof thedoublebond:

In alkeneswe have atleast one C=C. in C=C oneissbond formed by end on end overlap of SP?
hybrid orbital of one carbonwith SP? hybrid orbital of the other carbon. The p bond isformed by
later overlap of P orbital of thetwo carbons containing one unpaired election each. Itisaweak
bond having bond enthal py 284 K.Jmol. The s gmabond isastrong bond having bond enthal py
397 KJmol. The C=C bond length is 1.34A° which is shorter than C-C (1.54A%. Aspbondis
weak bond, these el ectionsattract e ectrophiles. Hence akenesaremore reactivethan alkenesand
the characteristic reactionsare e ectrophilic addition reactions.

Thestructure of ethylene can berepresented as

H
112170 M
C )116.6°

5 SN
H/">9 W <o H
1.34A°
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Geometrical |somerism:

The phenomenon of existence of morethan one compound with same structure but clifferingin
gpatia arrangementsof atomsor groupsdueto restricted rotation about C=C is called geometrical
isomerism. Theseare stereoisomers. Theformulashould be cab=cab.

Eg: 1) CHCI=CHCI
Two spatial arrangementsare possibledueto planar configuration.

cl
AN N

c=C c=C
c|/ I\CI c/ I \H

In structure | both Cl atoms are on one side of the double bond. Thisisdesignated as‘cis . In
structurell the*cl” atomsare on opposite side of the doublebond. Thisisdesignated astrans. So
liscalledas1,2-dichloro ethane & liiscalled trans— 1,2 —dichloro ethane.

cl
N N
c=C Cc=¢C

H/ \Cl H/ I \H

| & 1l areidentiacal. So they are not isomers.

If thereare*n’ number of conjugated or isdated doublebonds. Therewill be2" geometrical isomers
provided al substituentsaredifferent.

Geometrical isomerismisalso observed in ring compounds dueto restricted rotation.

H H H COOH
COOH H
HOOC HOOC
Cis-1, 4- cyclohexane Trans-1, 4- cyclo hexane
dicarboxylic acid dicarboxylic acid

Asgeometrical isomersarenot mirror images, they arecalled diasteromers. They havedifferent
properties.

Physical propertiesof geometrical isomers:
Transisomersaremore symmetrical than cis-isomers. Steric hindrance dueto bulk groups present
on sameside, makethecis-isomer non symmetrical. Therefore, transisomershave generdly more
melting pointsand lower solubilitiesininert solvents. Thecis-isomer hashigher density, refractive

index, dipole moment, heat of combustion than itstransisomer. Asthey contain samefunctional
group, their chemical propertiesare same except in stereo specific reactions.
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26.2.a Intext questions:

1 Whatisthegenera molecular formulaof alkenes?

CH

AN N
c=C c=C

C,.f ! \CH3 CH/3 I Y

What you have learnt:

*  Alkeneshavegenera molecular formulaC H,,

* Inakenes‘C’ isSP?hybridized

* Inakenes C=C oneissbond and the other isp bond.

*  cyeometricisomerism arisesdueto restricted rotation about C=C.

*  |f amilar groupsareon onesideof thedoublebonditiscalled ciswhileif they areon oppositesides
itistrans.

*  Generdly transisomer has higher melting point and lesssolubility than cisisomer.
Terminal exercise:

1) What ismeant by geometri isomerism?Giveexample.
2) Writetheformation of ethylene.
3) Explancistransisomerismwithanexample.
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26.2.a Answersto Intext questions.

1 CH,

2 Ethene

3 SP?

4 Onthesamesideof doublebond

5 liscis—2—-bhutane,, Il istrans—2 —butane.

26.3.a Alkynes

Inthe lUPA C nomenclature of these compounds* Y ne’ issuffixed to theroot word. The class of

compounds start from n=2.
For eg: n=2 HC=CH ‘Eth’-rootword ‘Y ne suffix.

Thereforename of HC=CH isEthyne common nameisacetylene.

'n' Value | Mol. for Root Word I[UPAC Name Common Name
2 CH, eth Ethene acetylene

3 CH, Prop Propyne methyl acetylene
4 CH, But Butyne ethyl acetylene

For n=4wehavetwo structural isomers. They are
CH C-CH,-CH, CHC C-CH
1- Butyne 2-Butyne

3

Theseare position isomers. The position of thetriple bond should be prefixed to the name of the

akyne. For n=5wehave3isomers& Forn=6, 7isomersarepossible.

Activity: Students should beasked to draw the structuresfor n=5, & n=6 alkynesand namethem.
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Structureof thetriplebond:

Thefirs moleculeof akynesisEthyneor acetylene. In ethyneeach carbon undergoes SPhybridizetion
initsexcited stateleaving behind two unhybridised P-orbitswhich are perpendicular to each other
containing an unpaired electron each. In the formation of ethyne, one SP hybrid orbital of first
carbon overlapsend on end with SP hybrid orbital of second carbonforminga‘s bond. The other
SPhybrid orbital on each carbon isthen overlapped by isorbital of hydrogen. Forming two—C-H
s bonds, one each carbon. The P,-P,, P -P, on both carbons which are perpendicular to each
other, overlap laterally forming two p bonds. The strength of C°Cis823 K.Jmol and C°C bond
lengthis 1.20A%horter than C-C (1.54 A% or C=C (1.34 A°). The bonded €l ectron cloud between
two carbon atomsiscylindricaly symmetrical about theinter nuclear axis. Dueto thisethyneisa

linear molecule. With H-C-C bond angle 180°.

H-C = C-H

Fig. 26.3.aOrbital overlappingin Ethyne/ Acetylene
26.3.a Intext questions:

1. WhatistheUPAC nameof acetylene?
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What you have learnt:
ThelURAC nameof alkynesissuffix ‘Y ne’ to root word.
Inakynesat -C= C- carbonis SP hybrilised.

The shape of acetyleneislinear, bond angle 180°.

Terminal Exercise:

1. Writethe possibleisomersfor themolecular formulaC H,, ,, whenn=5and namethem.

2n-2!

2. Drawtheorbita diagram of acetylene.

26.3.a Answers to Intext questions

1. Ethyne
2. SP
3. 1.20A°
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COMPOUNDS OF CARBON
CONTAINING HALOGENS
(HALOALKANESAND HALOARENEYS)

You have studied about the hydrocarbonsin the previous|esson. When ahydrogen attached to
acarbon atominthe hydrocarbonsisreplaced by ahalogen atom (i.e. F,C | ,Br or 1), the compounds
formed are called halcalkanes or haloar enes. The hal ogen derivatives do not occur in nature and
they are synthesizedin thelaboratory. These compoundshavewide applicationsinindustry and domestic
uses. They areused asindustriad solvents, inthe manufacture of pharmaceuticas, asdry cleaning agents,
aspesdticides, asanestheticsin medicine, asrefrigerants, asfire extinguishersand asantiseptics. Inthis
lesson, you will study the nomenclature, methods of preparation and properties of thisimportant class
of carbon compounds.

©
After reading thislesson, youwill beableto:
e defineha oalkanesand hal oarenes;
e namehaloakanesand haoarenesaccordingto IUPAC rules;

e explanmethodsof preparation, physica properties, chemical propertiesand usesof hal oadkanes
and haloarenes,

e distinguish between hal oal kanes and hal oarenes, and

explain the preparation, propertiesand uses of someimportant poly hal ogen compounds.

27.1 Nomenclature of Haloalkanes and Haloar enes

You have learnt the nomenclature of hydrocarbonsin lesson 25. In this section, you will learn the
nomenclature of hal ogen derivativesof both aliphatic and aromatic hydrocarbonsi.e. hal oa kanesand
haloarenes.
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Nomenclatur e of Haloalkanes
Thefollowing rulesare used for naming hal oalkanes according to the [lUPAC system.
1. Thelongest chain of the carbon atoms bearing the hal ogen atomis selected.

CH,-CH-CH, -CH,
37T 2
1
Cl

Thelongest chain of carbon atomsin the above exampleisshowninthe box.

2. Numbering of the carbon atomsin the chainisdonein such away that the carbon atom bearing
the halogen atom getsthelowest number.

For example.
1 2 3 4 4 3 2 1
CH, - (le - CH, - CH, CH, - ICH — CH, - CH,
cl cl
(Correct) I (Incorrect) 11

In the above example, numbering shownin (1) iscorrect whilein (11), itisincorrect sincethe
carbon atom bearing hal ogen atom getslower number in 1 thaninll.

3. Theword chloro, isprefixed to the parent hydrocarbon name.

So, the correct namefor the above halocompound is
1 2 3 4
CH, - CH - CH, - CH,
Cl
2- Chlorobutane
4. Incaseof dkyl substituted hal oa kanes, thelongest chain containing halogen atomisselected for
numbering.

For example:

22 33 1 2
CH, } CH - CH, CH, - CH{CH,
— — s |17

CII{; I‘ICI CH, [
1

v

i

Instructurel, the selection of chainisshown by two different ways. Both thewaysof selection
arecorrect sincethey includechloro group. Instructurell numbering shownisnot correct since
it doesnot include chloro group.
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5. Whentwo or more halogen atomsare present in acompound, thelongest chain sel ected must
contain the maximum number of halogen atoms. The multiplicative prefixes(di, tri, tetra, etc.)
areadded beforethe name of ha ogen atomtoindicatethe number of ha ogen atoms. Thefollowing
examplesillugratethisrule.

CH,-CH-Cl CH,-CH-CH,
I |
Cl Br Br
1, 1 - Dichloroethane 1, 2 - Dibromopropane

CH3—CH—CH—CH2—C|H—CH3
|

Cl CH(CH; @
2,5 - Dichloro - 3 - etylhexane

Somemoreexamplesaregivenin Table27.1 toillustratethe aboverules.
Table 27.1: Names of Some Haloalkanes

Compound I[UPAC name Common name
CH,CH_Br Bromoethane Ethyl bromide
CH,CH,CH_Br |-Bromopropane n-Propyl bromide
CH, - (|3H - CH, 2-Bromopropane iso-Propyl bromide
Br
CH, - CH - CH, - Cl |-Chloro- 2- methylpropane iso-Butyl chloride
n,
CH, - CH - CH, - CH, 2-Chlorobutane sec- Butyl chloride
&
CH,
CH, - lc _CH, 2-Chloro- 2-methylpropane tert-Butyl chloride
o

* All compounds essentially do not have common names.
Nomenclature of Haloarenes

Hal oarenes are those aromatic hal ogen compoundsin which thehalogen atomisdirectly linked toan
aromaticring. Their general formulaisAr-X where Ar- representsan aromatic ring and X denotesthe
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hal ogen. In naming ahal oarene, the prefix chloro, bromo-or iodo- etc. isare added to name of arene
according to halogen(s) present. Therelative positionsof halogen atomsareindicated by appropriate
numbers. The prefixes ortho (0-), meta(m-) and para (p-) are also commonly used respectively to
indicatetherelative positionsi.e. 1,2- ; 1,3 - and 1,4- of substituentsin abenzenering. Following
examplesillustrate the nomencl ature of somehal oarenes.

Cl CH CH,

3
1 1
@ 6 5 Cl 6 2
5 3 5 2 Br
v ; )
Chlorobenzene 2-Chlorotoluene 3-Bromotoluene
(o-Chlorotoluene) (m-Bromotoluene)
Cl
1
6 2
5 3
4
Br
4-Bromochlorobenzene 2, 4-Dichlorotoluene

(p-bromochlorobenzene)

Cl
Cl 1
) 1 Cl 6 2
B 5 3
5 3 4
4 Cl
1, 2-Dichlorbenzene 1, 4-Dichlorobenzene
(o-Dichlorobenzene) (p-Dichlorobenzene)

Intext Questions 27.1

1. WritethelUPAC namesof each of thefollowing compounds:
() CH,-CH-CH,-CH,-CH,

Cl



(ii) CH,

|
CH, — CH, - CH — CH - CH,CI

|
CH,
Cl
CH,
(iV) Cl
Cl
CH,CH,
v)
Br Br
Br Br
I

2. Draw gructurd formulae of thefollowing compounds:
(i) 2-Bromo-3-methylbutane

27.2 Preparation of- Haloalkanes and Haloarenes

27.2.1 Preparation of Haloalkanes

(i) From Hydrocarbons: Direct halogenation of hydrocarbons takes place in the presence of
sunlight or at hightemperaturein dark. For example, chloroethaneisprepared by monochlorination
of ethane.
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(i)

(@)

(b)

©

Sunlight

Ethane Chloroethane

Thisreaction follows afree radical mechanism. You have aready learnt the mechanism of
chlorination of methanein lesson 26.

Bromo derivativesof alkanesare also prepared by direct bromination.

CHg- CHg + Br, —2M9" , o - CH, - Br + HBr

Ethane Bromoethane

Directiodinationisnot possiblewithiodineasthereactionisreversible. Direct fluorinationisaso
not possible because dueto the high reactivity of thefluorine, thereaction cannot be controlled.

From Alcohols: Alcoholsareconvertedinto halo alkanesby treating with (a) hydrogen halides
(b) phosphorushdidesor (c) thionyl chloride.

Reaction with Hydr ogen Halides: Hydrogen halidesreact with an alcohol in presence of a
dehydrating agent such asanhydrous zinc chlorideto produceaha oadkane.

Chloroethaneisconveniently prepared by thereaction of ethanol with concentrated hydrochloric
acidin presence of anhydrouszinc chloride.

CH,CH,OH + HCl —2MW-2Clz ¢y - CH, Cl + H,0

Ethanal Chloroethane
Zinc chloride absorbswater from the reaction mixture and thus preventsthe reversereaction.

Bromoethaneisobtained by refluxing ethanol with HBr in presence of little concentrated H,SO,,
asthecatalyst.

CH,CH,OH + HBr —H2%%% , cH CHBr + H,0
Ethanol Bromoethane

Reaction with PhosphorusHalides: Haloakanesare conveniently prepared by thereaction
of analcohol with aphosphorushalide (PCl5), PClg or PBr according to thefollowing equations.

3C,H.OH + PCl, ——> 3C,H.Cl +H,PO,
C,H.OH + PCl, —— C,H.Cl + POCI, + HCl
3 C,H.OH + PBr, — 3CH.Br + H_PO,

Reaction with Thionyl Chloride: Thionyl chloride (SOCI,) isanother reagent which reacts
withanacohol toyield achloroakane.

CH.OH +S0Cl, — CH.CI +S0O, 1 +HCI 1
Ethanal Chloroethane
Asboththe byproducts, SO, and HCl aregases, the purification of final product isnot required.
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27.2.2 Preparation of Haloarenes

()

(i)

From Aromatic Hydrocar bons: Ha oarenes are obtained by direct hal ogenation of aromatic
hydrocarbonsinthe presenceof acatalyst. Usudly ironfilingsoriron (111) halideisused asthe
catayst.

X

@ +X, Fe or FeCly @ +  HX
Benzene Halobenzene (Haloarene)

where X =Cl or Br

Thedirect iodination of aromatic hydrocarbonsisnot auseful reaction sincethe HI produced
reducesthearyl iodide back to the aromatic hydrocarbon.

I

@ L, === @ + HI

Benzene Todobenzene

However, inthe presence of an oxidizing agent such asnitric acid, iodic acid (HI1O5), mercury
oxide, theHI produced iseither oxidized toiodineor iseliminated asmercuriciodideand, thus,
iodobenzeneisobtained.

5HI + HIO; ——> 3I,+3H,0

Fluorobenzene cannot be prepared by direct fluorination of aromatic hydrocarbonssincethe
reactionisvery violent and cannot be controlled.

From Diazonium Salts: Benzene diazonium salt isformed by treating an aromatic primary
aminewithNaNO, and dil. HCI at low temperature. The processisknown as diazotisation.

+
NH, N= NCI™
@ NaNO,-dil HCl
273-278K
Aniline Benzenediazoniumchloride

Diazonium salts are highly reactive compounds. They are used in the preparation of alarge
number of arenederivatives. When adiazonium st istreated with copper (1) chloride(Cu,Cl.)
or copper (1) bromide (Cu,Br,), the corresponding hal oareneisformed.

Thisreactionisknown as Sandmeyer reaction. Itisused for introducing achloro or bromo
groupinthe benzenering.
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Cl

CuCI/HC1
> + 1\]2 T

Chlorobenzene
Br

CuBr/HBr _
_— +N, T +a

+ =
N= NCl —

Bromobenzene
I
Benzene diazonium KI -
. +N T + Cl
chloride warm - ?

Sandmeyer reaction

Todobenzene
F
NaNO,/HBF,
272-278K +N, T+ BF,
Fluorobenzene

Hal oarenescan a so be prepared by reacting benzene diazonium chloride with copper powder in
presence of corresponding halogen acid. Thisreactioniscalled Gattermann reaction andis

shownbelow:
Cl
___ CuwHCl @ N1
+ ~
N=NCl
® X

Cu/HBr
E— @ +N, 1 +a”

Intext Questions 27.2

1. Writethestructure of themain product obtained by treating 1-propanol with excessof hydrogen
chlorideinthe presence of anhydrouszinc chloride.



4. Completethefollowing reaction:

27.3 Properties of Haloalkanes and Haloarenes

Theimportant physical and chemical propertiesof akylhalidesand aryl halidesare discussed bel ow:

27.3.1 Physical Properties

1. Thelower alkyl halides(CH5F, CH;Cl, CH4Br, C,H:CI) are gases at room temperature. The
other alkyl haidescontaining upto C, g areliquidshaving high bailing points.

2. Haoakanes and haloarenes are moderately polar molecul%(_:f’:+ - 5%). Still they are
immiscibleinwater. Itisdueto their inability to form hydrogen bondswith water molecules.

3. Themetingand boiling pointsof hal oal kanesand hal oarenesare higher thanthose of their parent
hydrocarbons (Table 27.2) Thisis dueto (i) the greater molecular mass and hence greater
meagnitude of van der Wad sforcesof attractionin halocompoundsthan inthe parent hydrocarbons
and (ii) theexistence of intermolecular dipole-dipoleinteraction, asshown bel ow:

For agivenakyl or aryl group, the boiling pointsincreasefrom fluoro toiodo compoundsasthe
szeof hdogenatomincreases. Thebailing pointsof ha omethanes, hd oethanesand ha obenzene
giveninthe Table27.2 to show thisvariation.

Table 27.2: Boiling Points of Haloalkanes and Haloar enes

Compound Boiling Point(K)

X=H X=F X=0 X=Br X=l
CH,-X 1115 194.6 248.8 276.6 3154
CH-X 184.3 241 285 311.4 345
CHX 351 358 405 429 461

4. All monoha obenzenesareliquidsat room temperature. Among diha obenzenes, the paraisomers
havethe highest melting points. Itisdueto thegreater symmetry that causesabetter packing of
moleculeintheparaisomer.
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Cl Cl Cl
@F . @
Cl
Cl

M.p. 256K 249K 325K
27.3.2 Chemical Properties

Halo compounds can undergo thefollowing typesof reactions:

Substitution Reaction with metals

Halo compound

1. Substitution: Substitution reactionsarethoseinwhich an atom or agroup of atomsfromthe
reactant molecul eisdisplaced by another atom or agroup of atoms. For example, on treating
chloroethane with sodium hydroxide, the chlorine atom of chloroethaneis substituted by the
hydroxy! group and ethanol isformed asthe reaction product.

C,Hg— Cl + OH™ —— C,H;OH + CI~

Inthisreaction, itisto be noted that the hydroxideion (nucleophile) displacesthe chlorineatom
from C,H:Cl aschlorideion (another nucleophile). Such reaction which areinitiated by the
attack of anucleophilic are known as nucleophilic reactions. In hal oalkanes, the carbon atom
carrying the halogen atomiselectron deficient dueto - | effect of halogen atom. Thiselectron
deficient carbon atom is susceptibleto attack by anucleophile. Thus, you may conclude that
hal oa kanesundergonucl ephillic substitution reactions. Followingareafew examplesof nudeophilic
subgtitution reactionsof halo alkanes.

Elimination Reduction

OH _, R-0H
/ NH (Alcohoi)
> RN,
_ (Alkylamine)
CN > R-CN
. ) SH- (Alkylnitrile)
RO-x? > Alkahiol)
R-NH, °
(Haloalkane) > R-NHR
OR-" (Secondary amine)
—> R-0-R
RcoC- (Ether)
———— R-C=C-R
(Higher alkyne)

Inall the abovereactions, the stronger nucleophile (HO™, CH.O~, CN™ or NH, etc.)

displacesawesaker nucleophile X- aslunds
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NG+ R X5 R-Nu+:X™
Stronger Weaker
nucleophile nucleophile

Haloarenes are almost unreactive to reagents such as NaOH, C,H-ONa, NaCN and NH,
under ordinary laboratory conditions but can show nucleophillic substitution reactions under
drastic conditions.

Cl OH
@ (i) 6 — 8% NaOH, 623K, 300 atm @
(i) dil. HC1
Chlorobenzene Phenol

It isalso observed that the presence of electron withdrawing groupssuchas NO3 groupsat
0- and p-position (but not am-position) with respect to hal ogen activatesthe hal ogenstowards
nucleophillic digplacement. For example:

cl OH
(1) 15% NaOH, 433K
(i) Dil. HCI
NO, NO,
4-Nitrochlorobenzene 4-Nitrophenol

Hal oarenes can a so readily undergo substitution reactionsin benzenering. Thebenzeneringisan
eélectronrich species. Therefore, itisattacked by an electron deficient speciessuchas NOJ . As
ortha and para positionsin haloarenes are el ectron rich dueto resonance

(Fig. 27.1), theeectrophilic substitution takes place mainly at these positions. For example, the
nitration of chlorobenzene, with amixture of concentrated HNOz and H,SO,, givesamixture of
2-nitrochlorobenzene and 4-nitrochlorobenzene.

Cl
NO,
conc. HNO3+conc. HoSO4
Chlorobenzene 2-Nitrochlorobenzene

4-Nltrochlorobenzene

Ha oa kanesare highly reactive compounds dueto the presence of apolar carbon-hal ogen bond
intheir molecules. The bond energy values of C-X bondsin hal oalkanes and haloarenesare
giveninTable27.3.
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Table 27.3: C-X bond energy Values

Bond Energy/KJ mol=
C-F 485
c-c 339
C-Br 284
C-l 213

These bond energy values show that C-I bond is the weakest bond and C-F bond isthe ,strongest
bond. Therefore, the order of reactivity of halo akanesisiodoa kane >bromoalkane > chloroa kane>
fluorodkane.

Comparing the hal oal kanesand hal oarenes, hal oalkanes arefound to morereactive than haloarenesin
reactions involving the breaking of C-X bond (X =F,Cl,Br, or I). It is due to the existence of the
phenomenon of resonance which cause carbon-halogen bond to acquire double bond character in
hal oarenes. Theresonating structures of chlorobenzeneare shown below :

Fig. 27.1 : Resonance Structures of Chlorobenzene

2. Eliminationreactions: When hal oa kanes are heated with aqueous sol ution of potassium or
sodium hydroxide, the major product formed is the alcohol, produced by nucleophilic
displacement of thehalogen atom by HO ™.

C,H:Cl ag.KOH C,H;OH + CI™
Chloroethane Ethanol

If ahal oalkaneis heated with concentrated al coholic potassium hydroxide, the major product
formed isan alkene dueto the elimination of hydrogen halide. Thisiscalled B-elimination or
dehydroha ogenation.

CH.CI _2aKOH . CH,=CH,
Chloroethane Ethene

Inthisreaction, the OH™ ion actsand abase removesaproton from themolecule.

If thestructure of alkyl halideissuchthat it can undergo eimination intwo different ways, then
themorehighly substituted alkene (i.e. having lesser number of hydrogen atoms on the doubly
bonded carbon atoms) isthemajor product of elimination . Thisisknownas Saytzeff'srule.
For exampl e, elimination reaction of 2-bromobutane gives 2-buteneasmajor product according
tothe Saytzeffsrule, (refer lesson 26).
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——> CH,CH = CHCH
3 3
CH,CH, - (le - CH, But-2-ene
Br alc. KOH (80%)
2-Bromobutane L CH3CH2CH = CH2
But-1-ene
(20%)

3. Reactionswith metals : Haloalkanes and hal oarenes react with a variety of metals (zinc,
magnesium and lithium). The compounds so obtained have ametal atom directly bondedtoa
carbon atom. Such compoundsinwhichthemetal atomisdirectly bonded to acarbon atomare
known as or ganometallic compounds. The organometallic compounds of magnesiumwith
alkyl and aryl halidesareknown asGrignard reagents.

CH.-Cl+Mg __dryether [ CH_—Mg-Cl
Chloroethane Ethyl magnesumchloride

These are named after the French chemist Victor Grignard.

Alkyl halidesreact with metallic sodiumin presence of dry ether to form symmetrical higher
alkanes. Thisreactioniscaled Wurtzreaction.

2R—X+2Na__dyether “R-R+2Na"'X

Ethyl bromide can react with lead in presence of dry ether toformtetragthyl lead (TEL) whichis
used asantiknocking agent in gasoline used for running automobilies.

ACH,CH,Br + 4Pb __dry ether _ (CH,CH.,),Pb

Bromethane Tetraethyl lead

When hal oarenesreact with akyl halidesin presence of sodiumand dry ether, theakyl derivatives
of benzeneareformed. Thisreactioniscalled Wurtz-Fittigreaction.

Cl CH3
@ +2Na+ CH,Cl _dnyether | @ + 2NaCl
Chlorobenzene Toluene

When hal oarenes are treated with sodium, diarylsare produced. Thisreactioniscalled Fittig
reaction.

Cl
+2Na __dyether , + 2 NaCl
Chlorobenzene Diphenyl
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4. Reduction: Haoa kanescan be reduced to the corresponding alkanes. For example, bromoethane
can bereduced to ethane by using metal catalyst such asnickel or palladium or platinum or by
using hydroiodic acid (HI) in presence of red phosphorus.

CHACH,Br +Hy — 2P CH, — CH, + HBr
Bromethane Ethane

CH4CH,1+H1 redP | CH;—-CH5+1,
| odoethane Ethane

Distinction between haloalkanesand hal oar ene

Hal oalkane and hal oarenes can be distinguished by silver nitrate (AgNO). Hal oal kanesreact
with AgNO, to givewhite preci pitate of AgCl while hal oarenedo not react.

RCl + NaOH —— NaCl + ROH
NaCl + AgNO; —— AgCl | NaNOg

Intext Questions 27.3

1. Althoughhadoalkanesarepolar innature, they areimmiscibleinwater. Explain.

2. Whichoneof thefollowing isomershasthehigher boiling point and why?
(i) o-dichlorobenzene (i) p-dichlorobenzene

4. What productswill obtained when ethylbromidereactswith
(i) ag. KOH and (i) ale. KOH

27.4 Some Useful Poly Halogen Compounds

A largenumber of poly hal ogen aliphatic and aromatic hal ogen compoundsare known. These
areextensively used as solvents, pesticides, anaesthetics etc. Some of theimportant compoundsare
chloroform (CHCI,), iodoform (CHI,), carbon tetrachloride (CCl ), benzene hexachloride (BHC),
DDT, etc.
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L et usnow study some of these compounds.

27.4.1 Chloroform

Chloroform is a derivative of the ssmplest hydrocarbon, methane. Its 1TUPAC name is
tricchloromethane. Inthelaboratory, it isprepared from ethanol or propanone asgiven below:

1. FromEthanol

Chloroformisprepared in thelaboratory by treating ethanol or propanonewith chlorinegasin
the presence of an akali. Following isthe reaction sequencein thisprocess.

CHZCH,OH ——2— CH,CHO —=2— Cl,CCHO
Ethanol Ethanal Trichloroethana
(Chloral)
Ca(OH), + 2Cl,C — CHO —— (HCOO),Ca+ 2CHCl,
Cdcium Chloroform
formate
CHZCOCH; ——S22Cl,C— CO~ CH,

Propanone

Ca(OH), + 2 CCI;CO -~ CH; —— (CH4CO0), Ca+ 2 CHCl,
Cdcium chloroform
acetate

Chloroformisacolourlesssweet smelling liquid (b.p. 334K). Itisslowly oxidized by airinthe
presence of light to a poisonous gas, phosgene. Chemically phosgeneis carbonyl chloride,
(COCl,). Therefore, chloroformisstored in dark coloured bottlesto protect it fromlight. The
bottle are completely filled so that the air iskept out. A small amount of ethanol isadded to
chloroformto convert toxic phosgene, if formed, into anontoxic compound, ethyl carbonate.

CHCl, +0, —9" , cOCl, + 2 HCl

Phosgene
COCl, + 2C,H;OH —— CO(OC,Hg), + 2HCI
Ethyl carbonate

Chloroformisusedinisocyanidetest for the detection of primary amines. Inthistest, amixtureof
amineand chloroformisheated with a coholic NaOH. A foul smellingisocyanideisobtained.
Thistest is aso known as carbylamine test. It can be used to test aliphatic and aromatic
primary amines.

C,HsNH, + CHCl5; + 3NaOH —— C,H;NC + 3 NaCl + 3H,0

Ethylamine Ethyl isocynanide
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27.4.2 1odoform
lodoformisapaleydlow solidwith adistinct smell. ItsIUPAC nameistriiodomethane.

Preparation
lodoformisprepared by heating ethanol or acetonewith iodinein the presence of alkali.
CH5;CH,OH + 3l, + 4 NaOH —— CHI; + CH3COONa+ 3Nal + 3H,0

Ethanadl lodoform
CH;COCH; + 3l,+ 4NaOH —— CHI3+ CH3CONa+ 3Nal + 3H,0
Acetone |odoform

Yellow crystalsof iodoform can easily be recognized by the characteristic smell. Formation of
iodoformisused totest compoundscontaining CH, - C = O or CH, - ?H —group This test
S

OH
isknown asiodoform test. lodoform isused asan antiseptic.
27.4.3 Dichlorodiphenyltrichlor oethane (DDT)
Itisavailableinseverd different forms: powder, aerosols, granules, etc.

oM

CH - CCl,

cl DDT

Uses: It isused mainly to control mosquito-borne malaria. It isaso used asan agricultural
insecticide. Theuseof DDT hasbeen banned in many countriesbecause being non-biodegradable,
it accumulatesin environment. It istoxicto other living organismssuch as: mammas, birds, fishes,
etc.

27.4.4 Benzene hexachloride (BHC)

Itissold under the name gammexane, lindane or 666 and hastheformulaC,H.Cl..

Cl gy
Cl H
H Cl
Cl H
H Cl
Cl H
Gammexane

(1,2,3,4,5, 6-hexachloro cyclohexane)
Uses: Itisused asapesticidein agriculture.
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Intext Questions 27.4

1. WritelUPAC namesof chloroform andiodoform.

4

’;0\’
{,{Jo,'ﬂ' What You Have L earnt

e Haodkanesand hd oarenesareimportant organic compoundshaving wideindustria and household
goplications.

e Variousrulesfor lUPAC naming of haloakanesand hal oarenes.

e Methods of preparation and chemical properties of haloalkanes and hal oarenes which are

summarized below :
“R-H Cl, aqKOH » on
(R=alkyl) " gntight (R = alkyl)
Mg
> R-Mg-Cl
R—OH HCI \ dryether (R = alkyl)
(R=alkyl) anhy. ZnCl], Na
> R-R
PCL dryether (R =alkyl)
ROR —N  Rr-a Pb
(R = alkyl) or PCI, (R = alkyl 5 > (R),Pb
| o aryl) Ty ether (R =alkyl)
R-OH SOCl, Na, dry ether _ R—CH
(R = alkyl) T
y CH_,’CI (R = aryl)
R - OH Cl, M, ®-B
(R =aryl) Fe or Fe Cl, dry ether (R = aryl)
f_nc-  CuCl/HCI 2, R-H
————— NiorPtorPd (R= alkyl)
> R-H
Red P (R = alkyl)
e Dueto the polar nature, halo compounds have higher melting and boiling points than the

corresponding hydrocarbons.
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e Chemically, fluoro compoundsare comparatively least reactive and iodo compounds arethe
most reactive. Also, hal odkanesare morereectivethan ha oarenesinreactionsinvolving cleavage
of C-X bond.

e Haoakanesundergo nucleophilic substitution reactions. But in hd oarenes, thesubdtitutionin the
benzeneringisan dectrophilic substitution reaction.

e Grignard reagentsare produced by the reaction of ahal oarene or hal oalkane with magnesium
metd.

e Chloroformandidoform areuseful trihal o derivativesof methane. Chloroformispreparedinthe
laboratory from ethanol or propanone by reacting with chlorinein presence of akali.

I I
e lodoform test is given by compounds containing either CH;— C =Oor CH;— CH-OR
group.

’
. Terminal Exercise

1. GivelUPAC namesof thefollowing compounds:
(i) see-butyl chloride

(i) iso- propyl bromide

Cl
(iif)
Cl
Br
CH,
(iv)
CH

3

(V) CH; — (|3H — C|H — CH;
Br Br
2. Nametheproduct obtained by tresting 2-propanol with hydrogen chloridein presenceof anhydrous
zincchloride. Alsowritereactioninvolved.
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3. Alkyl haidesaremorereactivetowardsnucleophilic reagentsthan aryl halides. Discusshbriefly.
4. Writechemicd equationsfor thereactionsof :
() n-propanol with PCI ..
(i) chlorinegaswithbenzenein presenceof FeCl, ascatalyst.
(iii) bromoethanewith agueous KOH solution.
(iv) nitrousacidwithanilineat 278 K.
(v) chlorobenzenewith magnesum.
(vi) chlorobenzenewith amixtureof conc. HNO, andH,SO, .
5. Givereasonfor thefollowing:
(1) Haoalkanesundergo nucleophilic substitutionreactions.
(i) Haloarenesundergo dectrophilic substitution reactions.
6. WhatisaGrignard reagent? How isit prepared?
Discusshriefly thefollowing:
(i) lodoformtest
(i) Carbylaminetest
(iii) Diazotization
(iv) Reativereactivitiesof chloroethane and bromoethane
8. How ischloroform preparedinthelaboratory? Writethereactionfor itspreparation from ethand.

@ Answers to Intext Questions

27.1
1. (i) 2-Chloropentane
(i) 3-lodo-2-methylpentane
(iii) I-Chloro-2,3-dimethyl pentane
(iv) 1,3,4- Trichloro-6-methylbenzeneor 2,4,5 - Trichlorotoluene
(v) 1,3-Dibromo-5-ethylbenzene
(vi) 2,4-Dibromohexane
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2. () CH,- CH - CH—CH,
I

CH, Br

(i) CH,-CH,- ICH - ICH - CH,CH,

a1 CH,
Cl
Br
CH,
iv) Br
Br
27.2

1. CH;CH,CH.CI
2. |-chloropropane
3. TheDiazonium sat ontreatment with copper (1) chloride Cu2 Cl., giveschlorobenzene.

IiI—E NCl1 Cl
@ Cu,Cly @ + NzT
Chlorobenzene
Cl
. @

27.3
1. Duetotherinability toform hydrogen bonds.
2. Paradichlorobenzene; dueto greater symmetry and hence abetter packing.

Cl

3. @ HNO; + HySO4 @ @

o-Nitrochlorobenzene

p-Nltrochlorobenzene
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4. (i))CHCl __aaKoH | C H.OH

(i) C,H.Cl __aakOH | CH,=CH,

5. CH,-CH,-CH-CH, _ 3K , CH,CH =CHCH;
I major product

Br

27.4
1. (i) Trichloromethane(ii) Triodomethane

2. Chloroform oxidisesto phosgenein the presence of air and sunlight. Dark coloured bottles
reduceformation of poisionousphosgene
CHCl; + O, __sunlight . COCI, + HCI

3. Compoundshaving CH,-C=0 or CH;~CH- unitsintheir structure.

| |

OH

Dark coloured bottlesreduce formation of poisonous phosgene.

4. DDT,BHC, CHCl;and CHI .
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27.2.1.a Compounds of Carbon containing Halogens (Haloalkanes)

The bond between carbon and hal ogen of akyl halideispolarized with partia positive chargeon
carbon atom and partial negative charge on halogen atom.

|6+ O-
_C|: —X
Alky! halides undergo substitution and €imination reactions. In akyl halides substitution reactions
takes place with the help of nucleophile. Thistype of nucleophile substitution reactionsare of two

types. They are 1) SN2 2) SN

SN2 (Nucleophilic substitution bi molecular reaction):

In thisreaction the rate of the reaction depends on both the reactants concentration. So, itisa
second order reaction. Here the rate depends on alkyl halide concentration and nucleophile
concentration.

Rateo [Alkyl haide] [Nucleophile]
Eg:-CHBr+OH —— CH,OH+Br
The abovereaction takes placein two steps.

Inthefirst step of SN2 reaction the nucleophile attacksfrom back side of the carbon of alkyl halide
forming aweak bond with the carbon and atransition stateisformed.

In thetransition state both the nucleophile and the hal ogen of the halide form weak bondswith
carbon atom.

Inthe second step halideisremoved from thetransition state and the productsare formed.

In SN2 reaction thefirst step both the reactantsakyl halideand nucleophileareinvolved sotherate
of thereaction depends on the concentration of both reactants.

H H

N/

HO-w-+- c| ----- Br
H
Transition state

—

Free energy

OH + CH,Br CH,OH + Br~

Progress of the reaction
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If asymmetric dkyl haideisinvolvedin SN2 reaction, wecan observeinversion of configurationin
the productsformed. Thisinversion of configurationisknown aswadeninversion.

Thereactivity order of SN*inalkyl halidesis
CH, x> 1°R-x > 2°R-x > 3°R-X.
If the basi city difference between rel easing group and nucleophileincreasestherate of areaction
asoincreasesin SN?reaction.
SN*(nucleophilic substitution unimolecular):
Inthistype of reaction therate of the reaction depends on the concentration of only onereactant.
SoitisSN*reaction.
Heretherate dependson the concentration of alkyl halide.

Rate of thereaction a[alkyl halide]
CH CH

3 3
I I

CH—-C—-Br +HO —— CH,—C—OH + HBr
I I

CH CH

3 3

The above SN*reaction takesplacein two steps.
Inthefirst step of SNt reaction akyl halide undergoesionization and carboniumionisformed.

i I
CH—-C—Br +Br —— CH,—C+
I I
CH, CH,
In the second step nucleophile attacks on this carbonium ion and the products are formed.
CH, CH,
S !
Co (+)HO — CH,—C—OH + H*
I
CH, CH, CH,

In both stepsthefirst stepi.e., carboniumion formation step takesplace slowly. Soitistherate
determining step. Inthisstep (rate determining) only onereactant alkyl halideisinvolved. Sothe
rate depends on concentration of akyl halide.

In SN*reactionif asymmetric akyl halideisinvolved raumic mixtureisformedinthereaction.
Thereectivity order inakyl halidesis
3R- x> 2°R-x > 1°R-x > CH_-x.
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Dueto theresonancein allyl and benzyl halides stabilized carboniumionisformed. Sointhis
halides SN* reaction takes place morei.e., they have higher reactivity towards SN*reaction.

[CH,=CH—CH,<> CH,—CH = CH,]
Allyl carbo cation.

Free Energy

Progress of the reaction '
27.2.1.a Intext questions:

1. Writetheorder of reactions. In SN*and SN2 reactions?

27.2.1.a Answersto Intext Questions:

1. SN*first order reaction SN2 second order reaction

2. Thefirst step formation of Trangition stateisrate determination stepin SN2 reaction.
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ALCOHOLS, PHENOLS AND
ETHERS

So far you have learnt the chemistry of hydrocarbons which serve as basic skeleton for the
attachment of variousfunctiona groupsto givealarge number of their derivatives. Inthelast lesson, we
discussed one such class of compounds viz halogen derivatives of hydrocarbons. Another very
useful and important category of hydrocarbon derivativesisthat of compounds contai ning functional
groupsinwhich the carbon atomislinked to an oxygen atom.

We have devoted two |essonsfor the study of these compounds. In thislesson, you will study
about compounds contai ning carbon-oxygen single bond (—C-0O) whereasthe next |esson dealswith

compounds contai ning carbon-oxygen double-bond (>C =0).

Among the compounds with carbon-oxygen single bond are the classes of alcohols, phenols
and ethershaving thefollowing general structures.

R—O—H @O—H R—O—R’

Alcohol Phenol Ether

R/R’ can also
be aromatic

Thesearevery important categories of compounds both intheindustry and in the synthesis of other
organic compounds. You will study each of these classes of compoundsin thisL esson.

After reading thislesson, you should beableto
e Classfy acoholsasprimary, secondary or tertiary;
e Namesimplea coholsaccording to lUPAC system of nomenclature;
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List genera methods of preparation of alcohols;

Discussthe propertiesof a coholsinthelight of their structure;

Explain variousreactions exhibited by a coholsto give other categories of organic compounds;
Givethe namesof common phenolic compounds;

Describethelaboratory and industrial methods of preparation of phenols;

Explainthegreater acidity of phenolsascomparedto alcohals,

Discussthereactionsof phenols,

Name ethersaccording to the lUPAC system of nomenclature;

Describethe genera methods of preparation of ethersand

Explaintheimportant reactionsof ethers.

28.1 Alcohols

Alcohols are organic compoundsthat have one or more hydroxy (-OH) groups bonded to the
carbon atomsin aliphatic compounds. They occur widely in nature and have many industrial and
pharmaceutical applications. For example, methanol and ethanol aretwo industriadly important alcohols.

CH,— OH CH,CH,, -OH
Methanol Ethanol
(Methyl dcohol) (Ethyl alcohol)

28.1.1 Classification and Nomenclature of Alcohols

Alcoholsareclassified asprimary (1°), secondary (2°) or tertiary (3°) depending upon whether the
number of alkyl groups bonded to the carbon atom bearing the hydroxy group isone, two or three,

respectively.

H H R
R—C—OH R——(|I—OH R—C:—OH
H Il{ R
primary alcohol secondary alcohol tertiary alcohol

According to the [UPAC system of nomenclature, al coholsare called akanols. They arenamed asthe
derivativesof the corresponding alkaneinwhichthe -e of theakaneisreplaced by -ol .

The procedurefor nomenclatureinvolvesthefollowing steps:

Step 1: Select thelongest carbon chain which containsthe carbon atom bearing the-OH group. Count
the number of carbon atomsand identify the corresponding a kane. From the name of thisalkane, drop
thefinal eand suffix -ol initsplace. Thisgivestheroot name or the parent name.
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Step 2: Number the carbon chain sarting from the end nearest to the hydroxy group. The number of the
carbon atom bearing the hydroxy group isindicated before-ol inthe name.

Step 3: Number the other substituents according to their position onthechain.

Step 4: Writethe nameof thea cohol by listing the substituentsin the al phabetical order alongwiththeir
position.

You may remember from Lesson 25 that the hydroxyl group takes precedence over double and
triple bonds.

Table 28.1illustrates some common a coholsand their [UPAC and common names. Go through them
inlight of the stepsgiven abovefor nomenclature.

Table28.1 : Some common Alcoholsand their Names

Cle CH3CH(1,‘H20H
3 2
'mw, CH,OH 1-Propanol
al SHng(fH:OH @ 2 (n-Propyl alcohol)
Alcohol H,C= CHCH,0H
2-Methylpropan-1-ol Phenylmethanol 3 2 1
(Isobuty! alcohol)* (Benzyl alcohol) Prop-2-en-1-ol
OH OH 3
Sec 1
ondary CH;CHCH, CH;CHCH,CH, 4 OH
1
Alcohal 2 3 T 23 4 5 6
Propan-2-ol Butan-2-ol Cyclohexanol
(Isopropyl alcohol) (sec Butyl alcohol) (Cyclohexyl alcohol)
OH CH 3
| | ’ |CH3 4 gy CHs
i Sl CH,—C —C—CH OH
. 3
Tertiary 1 2C|‘H3 A Ts 2 1 N/
Alcohol 3 CH; OH
2-Methylpropan-2-ol 2,3,3-Trimethylbutan-2-0l ~ 1-Methylcyclohex-1-ol
(tert-Butyl alcohol)

* The namesgiveninthe brackets are common names.

Inthe above examples, only one-OR groupispresent inthemolecule. Thesea coholsarecalled
monohydric acohols. Alcoholshaving two hydroxyl groupsinamoleculeareknown asdihydricacohols
or diolsor glycols. Examplesof somediolsare shown below:

OH
N
3 2 1
Ethane-1,2-diol Propane-1,2-diol
(Ethylene glycol) (Propylene glycol)

Notethat theterm glycol generally means 1,2-diol or avicina diol. Inthesediols, thetwo hydroxyl
groups are present on the adjacent carbon atoms.
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Similarly, a coholshaving threehydroxyl groupsarecaled trihydric acohols. 1,2,3-propanetriol which
iscommonly known asglycerol, isatrihydricacohal.

OH

|
HO—CH,—CH—CH,—OH
1 2 3
1,2,3-Propanetriol
(Glycerol)
28.1.2 General Methods of Preparation

Alcoholsare synthesized by thefollowing general methods. You might have comeacrosssomeof these
methodsin previouslessons. L et usnow study these methods.

1. Hydrolysis of Haloalkanes

Ha oal kanes can be converted to corresponding a cohol s using agueous sodium or potassium hydroxide
or water asnucleophiles.

CH,CH,Cl + NaOH(ag.) —— CH,CH,OH + NaCl

Chloroethane Ethanol
Br (l)H
l ag.NaOH
q.Na
——————» CH CH-_
N T e NcHy T CHy
2-Bromobutane Butan-2-ol

(90%)
2. From hydration of Alkenes

Hydration meansaddition of water molecule. In case of alkenes, hydrationistheaddition of H* and
OH™ acrossthe double bond to give alcohols.

Alkenes can be hydrated by thefollowing methods:
() Acid-catalysed Hydration
Alkenescan behydrated to yield alcoholsinthe presenceof acid catalysts.

H;0"
H,C=CH, + H,S0, —» clH3CH2—i——> CH3$H2

HSO, OH
Ethene Ethyl hydrogen Ethanol
sulphate

Thereaction proceedsviaalkyl hydrogen sulphate and thismethod is used for the industrial
preparation of ethanal.

In case of unsymmetric akenes, theaddition followsMarkovniokov'srule.
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T
CH H H* /H,0
Ne=cl 220 5 oy C—C—H
cua;y7  H ]
2 CH; H
2-Methylpropene 2-Methyl-2-propanol
(i) Oxymercuration demercuration 0

: . . I
Alkenesreact with mercury (I1) acetate, i.e. mercuric acetate[ Hg(0OCCH;), asSo represented as

Hg(OAc),] inaqueoustetrahydrofuran (THF) solvent to give hydroxyalkyl mercury compoundswhich
arereduced to al cohols by sodium borohydride.

Step 1: Oxymercuration

THF |
€= C_+H0 +Hg(OA)y ————>—C—C 3
HO Hg—OAc
Step 2: Demer curation
| _ | i}
—C—C— + OH + NaBH; —* —C—(C— + Hg + CH3COO
|
HO Hg-OAc HO H

Thismethod givesvery good yield of acoholsand herea so, theaddition takesplacein Markovnikov's
fashion.

Hg(OAc), _CH
CH3(CH2)2 CH:CH2 aq. THF CH3(CH2 )2 T:H 2
Pent-1-ene OH HgOAc
‘OHl NaBH,
CH;5(CH,), (|3HCH3 +Hg
OH
Pentan-2-ol
(93%)

(iif) Hydroboration - Oxidation
When an akenereactswith BH, (aboron hydride) in THF sol ution, an organoboraneisobtained.

H |
~ ~Nc— O
. CB—H + C=C —* (l? Cl‘
Borane Alkene H B
N
H H
Organoborane
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Since BH, hasthree hydrogens, above addition can occur threetimesto givetriakylborane (R,B). This
isshown below for propene.

CH;CH=CH, + BH; —— CH3(|;H_ (|3H2 CHCH=CH,, (CcH;— CH,CH,),B

Propene Di 1b
P H BH, ipropylborane
Propylborane CH;CH=—CH,
(CH3CH,CH, );B
Tripropylborane

Thetriakylboraneso obtainedisoxidised us ng akaine hydrogen peroxide solutionto givethreemol ecules
of alcoholsand boricacid.

H,0, /OH
Tripropylborane

(CH,CH,CH)), B 3CH,CH,CH,OH + B(OH),

Propanol Boric acid

Notethat hydroboration-oxidation yiel dstheanti-Markovnikov addition of water althoughthereaction
proceeds according to Markonikov’srule.

3.  Reduction of Carbonyl Compounds

0)

Carbonyl compounds (which contal n_g_ group) such asadehydes, ketones, carboxylic acidsand
esters can bereduced to alcohols.

Aldehydesgive primary alcoholswhileketonesyield secondary a coholsonreduction.

0 H
R— I —H Reduction R— (l: o
H,/Pd | —OH
H
Aldehyde Primary alcohol
] I
R—C—R foton, p_c—pg
H
Ketone Secondary alcohol

Carboxylic acidsand estersal so give primary a coholson reduction.

o H
R—C—op Reduction | R—~IC—OH
LiAlH,
. H
Carboxylic acid Primary alcohol
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R—C—QR' Redution,  p_ C__OH +R' — OH

T—O— o

Ester Primary alcohol

Thereductioniscarried out using hydride reagents such aslithium aluminium hydride (LiAIH,) and
sodium borohydride (NaBH,). LiAIH, isstronger and reactsexplosively withwater whileNaBH, is
convenient to handleand reactsdowly.

Lithium aluminium hydridereducesall of the above classes of compoundswhile sodium borohydride
reducesonly aldehydesand ketonesand does not reduce carboxylic acidsand esters. Hence, it can be
used to selectively reduce aldehydic / ketonic carbonyl group in presence of carboxylic acid/ester
function. Someexamplesbe ow illustrate the use of these reagents.

O
Il 1.NaBH,,C,H,OH
CH,CH,CH,CH "2;0; s> CH;CH,CH,CH,O0H
<)
Butanol Butan-1-ol
o H_ OH
1.LiAlH,, ether
2.H;0"
Cyclohex-2-enone Cyclohex-2-enol

4. From Aldehydesand K etonesusing Grignard Regents
Grignard reagentsreact with methana (or formal dehyde) to giveaprimary alcohal.

1. ether

, CH3CH,CH,CH,O0H
2.H,0’

H\ —
CH;CHpCH, - MgBr+  >C=0

Propyl magnesium bromide = Methanal Butan-1-ol
(Primary alcohol)

All other aldehydesyield secondary al cohol s on reaction with Grignard reagents.

CH;
CH, ) |
3 .ether
: 'H, — C= o CH,CH,—C— OH
CH3CH2 MgBr + q - 2.H3O 3 2 |

H

Ethyl magnesium Ethanal Butan-2-ol

bromide (Acetaldehyde) (Secondary alcohol)

With ketones, Grignard reagentsgivetertiary alcohols.
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CH,

CH
CH,CH, - MgBr+  >>¢=0 —=__, CH,CH,—C—OH
CH. 2.H;0 |
3 CH,
Ethyl magnesium Propanone 2-Methylbutan-2-ol
bromide

5. Diazotization of Primary Aliphatic Amines
Thisreaction alsoyieldsa cholsand will bediscussedin Lesson 30.
6. Fermentation

Ethanol isprepared on alarge scaleusing fermentation. It involvesbreaking down largemolecules
intosmpler onesusing enzymes. Usudly, yeastisadded asasourceof enzymes. Thefermentation
of sugar isshown below :

C.H,0, + HO =5 CH,0, + CH,0,
Sugar Glucose = Fructose
Zymase

2 C,HOH + 2 CO,
Ethanol

28.1.3 Structure and Physical Properties

Thestructureof alcoholsissimilar to that of water. The structuresof water and methanol moleculesare
showninFig. 28.1.

Fig. 28.1: Water and Methanol molecule

You know that the e ectronegativity of oxygenismorethanthat of hydrogen. Therefore, inacohols, the
O-H bondispalar in nature. In other words, oxygen hasadight negative chargeon it whereashydrogen
hasadight positivecharge. Thisbond polarity al one cannot explain the higher boiling pointsof acohols
ascompared to hydrocarbonsor similar haloalkanes, aslisted in Table 28.2.

Normally, hydrogen bonding isresponsiblefor higher boiling pointsof acohols. Hydrogen bonding
amongst alcohol moleculesisdepictedinFig. 28.2.
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Fig. 28.2: Hydrogen bonding in alcohol molecules

You can seethat the negatively polarised oxygen atom of one alcohol molecul e attracts: the
positively polarised hydrogen atom of the other molecule. Thus, alcohol moleculesare associated or
areheldtogether. Thisforceof attractionisto be overcome beforeamoleculeisset freefromtheliquid
state and vaporises. Thus, more heat energy isrequired to break the hydrogen bonds and hence, the
boiling pointsof acoholsare higher than alkanesand hal oalkanes of comparable molecular mass.

Table28.2: Physical Propertiesof someAlcohols, Hydrocarbonsand related Haloalkanes

Compound I[UPAC Name MéltingPoint  Boiling Point Solubility
(K) (K) 9/100 m of water
CH,OH Methanol 175.2 322.8 oo
CH, Methane 90.5 181.13 -
CH,CI Chloromethane 175.3 248.8 -
CH,CH,OH Ethanol 158.3 351.5 oo
CH,CH, Ethane 189.7 184.4 -
CH,CH.CI Chloroethane 136.6 285.3 -
CH,CH,CH,OH Propan-1-ol 378.04 oo
CH,CH.CH, Propane 85.3 230.9 -
OH

CH, (|JH CH, Propan-2-ol 184 355 o

CH,CH,CH, CH,OH  Butan-1-ol 183 391 83
OH
CH, CH, ClH CH, Butan-2-01 159 373 10.0

Fromthelast columnof Table28.2, you must have noticed that a coholshave high solubilitiesin
water. Thelower alcoholsare completely miscibleand their solubilities decrease asthe hydrocarbon
portion of the molecule becomeslarger. The higher solubility of acoholscan beagain attributed to the
hydrogen bonding. In thiscase, hydrogen bonding takes place between thea cohol and water molecules
asisshownbelowinFig. 28.3.
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i
R-0---H-0---H-Q---H-0---
H R

Fig. 28.3: Hydrogen bonding in a solution of methanol and water

28.1.4 Reactions of Alcohols
Alcoholsexhibit thefollowing reactions:
1. Acidicand Basic behaviour

Alcohol behaveboth asacidsand bases. They areweakly acidic. A strong basesuch asahydrideion
(H) insodium hydride (N aH), can removethe proton from the al cohol moleculeand an alkoxideion
results.

R——O~ H + B, /m R—._O._:_ + B—H
Alcohol Base Alkoxideion Protonated base
CH;CH,— 0 —H + B/ CH,CH,0: +BH
Ethanol Base Ethoxideion rotonated base
When water isused asabase, the acid dissociation constant (K ) and pK, can bewritten asfollows:

R-O-H+HO X2 R-O"+HO"

_[H30"][RO]
2 [ROH]
pK, =-log K_
SomepK  valuesarelistedin Table28.3.
Table 28.3: pK, values of some compounds

Compound pK
CHSOH 15.5
H,O 15.74
CHSCH ,OH 15.9
CH3CHCHj3
| 16.5
OH
CH,
I 18.0
CH, - (|: - OH
CH,
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Remember that the lower the pK_ value, higher is the acidity of the compound.

Alcoholscan behave asweak basesa so. They havelone pair of electronson oxygen atom and hence
they can be protonated by strong acidsto give oxonium ionsas shown below:

H
i |
R_Q—H+H—X——): R Q+ H+X

Alcohol Acid Oxonium ion

2. Formation of Alkoxides
Alcoholsreact with sodium or potassium metal sto give the respective alkoxides.

1
CHZCH,OH + Na —— CHZCH,0 Na* +2 Ha(9)

Ethanol Sodium Sodium
metal ethoxide

1
(CHgsC—OH + K —— (CHy)sC-O K" +2Hy(0)

tert-Butyl alcohol Potassium Potassium
metal tert-butoxide

Alkoxidesareusedinthesynthesisof organic compounds.
3. ConversiontoAlkyl Halides

You haveaready studiedin Lesson 27 that al cohol sreact with avariety of reagentstoformakyl
halides. Theseare hydrogen halides (such asHCI, HBr or HI), phosphorustribromide (PBr)
andthionyl chloride (SOCI.). Thereaction involvesthe breaking of R - OH bond of alcohol
molecule.

CH, CH;

| _
CH,—C— OH + HCl(conc) 225 CH3——(|3—C1 +H,0

CH,4 CH;
2-Methyl propan-2-ol 2-chloro-2-methyl propane
H HBr H
—
(Fon (< o
Cyclohexanol Bromocyclohexane
CH,4 CH,

3CH3_C|* CHon + PBI'3 _— CH3_|C_‘CH2BI' +HJP03

CH,4 CH;
2, 2-Dimethylpropan-1-ol 1-Bromo-2, 2-Dimethylpropane
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CH4CH,CH,0H + SOCl, —— CH4CH,CH,CI + SOy * HCI ©
Propan-1-ol 1-chloropropane

Tertiary dcoholsarereadily converted to akyl halidesby HCI or HBr whilethe best method with
primary and secondary a coholsisby using PBr4 or SOCI,, asthereagents. Another advantage
of using SOCl,isthat both the by-productsinthisreaction, i.e. SO, and HCl aregases and hence
canbeeasly diminated toyield pureakyl haide.

Lucas Test

Theformation of akyl haidesfrom acoholsisthebassof thistest. Ininvolvesthereaction of the
alcohol with Lucasreagent (i.e. anhyd. ZnCl,, + conc. HCI). Sincethereactivity of alcohalsisin
thefollowing order.

primary dcohols < secondary alcohols < tertiary alcohols

With primary a coholsturbidity doesnot gppear. In case of secondary a cohols, turbidity appears
within 5 mintueswhereasit appearsimmediatdy with tertiary a cohols. Theturbidity isduetothe
formation of alkyl chloridesfrom the corresponding acohols.

For mation of Alkenes

Alcoholscan bedehydrated to alkenes. Thisreaction requiresan acidic catayst and isfavoured
at higher temperatures. Usually sulphuric and phosphoric acid areused asacidic catalysts. You
have comeacrossthisreactionin Lesson 26 also. Theease of dehydration followsthefollowing
order amongst alcohols.

tertiary alcohols > secondary alcohols > primary acohols
. Dehydrationtoform Ethers

Intermolecular dehydration of alcohols yields ethers. This reaction takes place at a lower
temperaturethan that for dehydrationto giveakenes.

\A,LSOh CH2 == CH2
A% Ethene

CH,;CH,0H (Alkene)

\"IS&
Ethanol M3

CH;CH,0CH,CH;,4
Ether
Theformation of ethersby dehydrationisasubdtitution typeof reaction and givesonly symmetrica

ethers. You will study abetter method of synthesisof etherslater under the section of ethersin
thislesson.

. Oxidation

Alcohalscan beoxidised to carbonyl compounds. Primary a coholsgivea dehydesor carboxylic
acidson oxidation while secondary acoholsyield ketones. Thetertiary alcoholsdo not usualy
undergo oxidation. Normally KMnQ,, crO) and Na,Cr,0O-, or K,Cr,0, areused asoxidising
agents.

K,C , H,SO, S
CH,CH,CH,OH —* rzf(zoz *— CH,CH,CHO __Further oxidation , CH,CH,COOH

Propanal-1-ol Propanal Propanoic acid
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Theadehydes obtained by oxidation of the primary a coholsget further oxidised to carboxylic
acidsasshown above. Youwill study moreabout these classes of compoundsin the next lesson.

The oxidation can be controlled and a dehydes are obtained asthe products by using pyridium
chlorochromate (PCC) whichisamild reagent.
CH4(CH,)gCH,0OH _PCC_ . CH,4(CH,)gCHO
Decanol Decand
Secondary a cohols can be oxidised to ketones as shown below :
H OH

Nazcrzo'/
H,S0,

Cyclohexanol Cyclohexanone
7. Formation of Esters
Alcoholsreact with carboxylic acidsto form esters. Thisreaction isdiscussed inthe next |esson.

H+
CH4;COOH + CH4CH,OH CH,COOCH,CHg + H,O
Ethanoicacid  Ethand Ethyl ethanoate Water
Thisreactioniscalled esterification reaction and isreversiblein nature.

Uses

Alcoholsfind alargevariety of usesasfollows:
Assolvents

Aslaboratory reagents

Inmedicines

A w D P

Asthinnersin paints, varnishes, etc.

Intext Questions 28.1

1. Givethel UPAC namesof thefollowing acohols:

OH
I
) CH3(I?CH2CH2CH3 (ii) CH,CH == (|3CH2CH3
CH, CH,0H
OH

|
(iii) CH,CHCH,CH,CH,0H



2. How Will you prepare propan-1-o1 from propanal ?

4. Givetheproduct of thefollowing reactions.

Cr03
(i) Hexan-l-ol H,0, H*
(i) Hexan-l-o —--yndum

Chlorochromate

28.2 Phenols

Thename phenol isspecificaly used for thefollowing compound (hydroxybenzene) inwhich one
hydroxyl group isattached to the benzenering.

@/O H
Phenol

Itisaso used asagenera namefor the class of compoundsderived from the above compound.
Phenol isadisinfactant. Phenolsarewidely distributed in nature. They aredsoimportantinthesynthes's
of organic compoundssuch asaspirinandinthepreparation of dyes. Phenol isdso usedinthemanufacture
of bakelitewhichisavery useful polymer.

28.2.1 Nomenclature of Phenols
Some representative examples of phenolic compoundsare given below:

OH OH
g 1 : NO
OH 6 2
3
5
" CH4

2-Methylphenol 3-Methylphenol 2-Nitrophenol
(0-Cresol) (m-Cresol) o-Nltrophenol)
1,2-Benzenediol 1,3-Benzenediol
(Catechol) (Resorcinol) 1, 4-Benzenediol
(Hydroquinone)
OH OH
] 8 1
Br. o Br
6) 7
3
5 63
4 5 4
2,6-Dibromophenol 1-Naphthol

(o — Naphthol)
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Note that the term phenol is used as a parent name and the other substituents present in the
compound are given aspecific number according to their position onthearomatic ring. Asdone
beforethe common names of the above compoundsaregiveninthe bracketsbelow their IUPAC
names.

28.2.2 General Methods of Preparation

We can categorise the methods of preparation as methods of |aboratory synthesis and industrial
synthesisof phenols.

A. Laboratory Synthesisof Phenols
1. From Arenediazonium Salts

Itisthemost general method of preparation of phenolsand requiresmild conditions. Arenediazonium
saltsor aromatic diazonium saltsare obtained by the diazotization of primary aromatic aminesasgiven
below:

NH, N3CI™
(i) NaNO, ,HCI, H,0 - O
273- 278K _
~
Benzenamine Benzenediazonium chloride
(Aniline)
(an aromatic amine)

Thearenediazonium salt on hydrolysisyieldsphenal.

N3 CIT OH
O
_—
-N,.-H"
Benzenediazonium chloride Phenol

2. Alkali Fusion of Sodium Benzenesulphonate

Thiswasthefirst commercia synthesisof phenol developedin Germany in 1890. It canasobeused as
alaboratory method for synthesisof phenal.

Sodium benzenesul phonate is fused with sodium hydroxide to give sodium phenoxide which on
acidificationyieldsphenal.

SO3Na* O Na'
623K
@/ + 2NaOH ——m» + Na,SO; + H,0
Sodium benzenesulphonate Sodium phenoxide
H,0"
@/OH
Phenol
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B.

Industrial Synthesisof Phenols

1. Dow Process

Inthisprocess, chlorobenzeneis heated with agueous sodium hydroxide under pressure. Sodium
phenoxide so produced on acidification gives phenol.

“ 623K O'Na:'
+ 2NaOH ————» + NaCl + H,O
Pressure (300 atm)

Chlorobenzene Sodium phenoxide

H,0"

: OH
Phenol

Thismethod wasin usefor many yearsbut now phenol issynthesised viacumene hydroperoxide
whichisdiscussed below.

From CumeneHydroper oxide
Thereaction between benzene and propenein presence of phosphoric acid yieldscumene.

CH;
7
CHZ CH,
523K
= —_——
@ + CHy CHCH3 H;PO,, pressure
Benzene Propene 1-Methylethyl benzene
(Isopropylbenzene)
Cumene

Cumeneisthen oxidised to cumene hydroperoxideby air.

s o on

CHZ TO0—
+ 0, 368- 408K
Cumene Cumene hydroperoxide

Inthefinal step, cumene hydroperoxideistreated with 10% sulphuric acid to give phenol and
acetone on hydrolytic rearrangement.

g
H;C—C—0—O0OH OH
i
10%H,S0, - + CH;—C—CH,
323- 363K
Cumene Phenol Propanone
hydroperoxide (Acetone)

Notethat propanoneisobtained asavaluable byproduct in thisreaction.
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28.2.3 Physical Properties

Similar to a cohols, phenolsa so have hydrogen atom linked to the € ectronegative oxygen atom. Thus,
phenols also exhibit hydrogen bonding and hence have higher boiling points as compared to the
hydrocarbonsof smilar molecular weight.

G

b.p.=454.7K b.p.=383.6K
Phenol Methylbenzene
(Toluene)

Dueto their ability to form hydrogen bonds, phends show somewater solubility. For example, the
solubility of phenol is9.3 g per 100 ml of water.

28.2.4 Reactions of Phenols
L et usnow study thereactionsexhibited by phenols.
1. Acidicand Basic Nature
Phenolsare much moreacidic than alcohols. pK,, valuesof somephenolsarelistedin Table 28.4.
Table 28.4: pK,, values of phenols

Name pK,
Phenol 9.89
2- Methylphenol 10.20
2-Chlorophenopl 8.11
3-Chlorophenal 8.80
2-Nitrophenol 7.17
3-Nitrophenal 8.28
4-Nitrophenol 7.15
2,4,6- Trinitrophenol 0.38
(Picricacid)
Sincephenolsareacidicin nature, they are solublein dilute sodium hydroxide.
OH ONa
@ + NaOH —* @ + H0
Phenol Sodium phenoxide

Thegreater acidity of phenolscan be attributed to the resonance stabli sation of the phenoxide
ion. Theresonance structures of phenoxideionareshowninFig. 28.4.
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(i)

HOH

St

Fig. 28.4: Resonance structuresof phenoxideion

Thedel ocalisation of the negative charge over the benzenering stabilisesthe phenoxideion. No
such stabilisationispossible, in caseof alkoxideions.

Similar resonanceisa so shownin phenol itself, see Fig 28.5. But the resonance structures of
phenol areless stable ascompared to those of phenoxideion asthey involve the separation of
charge.

00 : 0 :
e [ [ [

Fig. 28.5 : Resonance structures of phenol

If you carefully gothroughthe p’ K, valuesgivenin Table 28.4, you would seethat the el ectron
donating substituentssuch asmethyl group decreasetheacidity of phenol and henceakylphenols
have greater pK, valuesas compared to phenol itself. On the other hand, electron withdrawing
substituentsincreasethe acidity and phenols having these substituents (-Cl, -NO,,, etc.) have
lower pK, valuesthan phenol. Infact, 2,4,6-trinitrophenol ismoreacidic than many carboxylic
acids,

Phenols behave as weak bases also. Similar to alcohols, they can also be protonated to give
phenyloxoniumion.

Phenyloxonium ion

Electrophilic Substitution Reactions

Thehydroxyl groupisapowerful activating group and hence phenolsreadily undergo e ectrophilic
subgtitution reactions. Inthisreaction, an e ectrophile (el ectron loving speci es) atacksthebenzene
ring and replaces one of its hydrogen atoms. Since the ortho and para positions of the phenol
aredectronrich, the subgtitution takes place a these positions. Two such reactionsare ha ogenation
and nitration reactions. Let usnow study themin details.

Halogenation: Phenol reactswith brominein aqueous solution to give 2,4,6-tribromophenol in
about 100% yield.
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OH OH
Br Br
H,0
+ 3B, —2i—» ‘ + 3HBr
Br
Phenol 2,4,6-Tribromophenol

Bromination can be limited to monobromination to give mainly 4-bromophenol using low
temperature and lesspolar solvent such as carbon disulphide. Theother product formed inminor
quantity is2-bromophenal.

OH OH
+ Bp %l—(—» + HBr
I
Br
Phenol 4-Bromophenol

(i) Nitration: Phenol givesamixture of 2-nitro and 4-nitrophenolson nitration with dilutelsnitric

acid.
OH
_20%HNOy
ek

2-Nitrophenol 4-N1trophenol
Phenol (o-Nitrophenol) (p-Nitrophenol)
(30-40%) (15%)

Themixtureof nitro phenolsso obtained isseparated using steam ditill ation. Both these products
show hydrogen bonding. In case of 2-nitrophenol, the hydrogen bondingisintramolecular (inthe
samemolecule) whereasin caseof 4-nitrophenal, itisintermol ecular (between different molecules).
ThesearedepictedinFig. 28.5.

:0 * '(')’—g/\intraxnolecular

N SO -droo : Intermolecular
A N H hydrogen bonding hydrogen bonding
[
(0] s
@ "'HO@‘N HO— g
\O

2-Nitrophenol 4-Nitrophenol

Fig. 28.5: Intramolecular and intermolecular hydrogen bonding in nitrophenols

2-Nitrophenol issteam volatileand distills out on passing steam whereas 4-nitrophenol isless
volatileduetointermolecular hydrogen bonding.
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Treatment of phenol with amixture of cone. nitric acid and cone. sulphuric acid at 323K yields
2,4,6-trinitrophenol alsoknown aspicricacid.

. Kolbe Reaction

It involves sodium phenoxidewhichisallowed to absorb carbon dioxide and then heated under
apressureof CO, to 398K. Sodium salicylate so obtained on acidificationyieldssalicylic acid.

OH ONa OH OH
|
COON= . _COOH
NaOH H3O U
—=

pressure

(4-7 atm) ‘

Phenol Sodium 398K Sodium Salicylic acid
phenoxide —salicylate

By reactionwith acetic anhydride, sdicylicacidyiedsaspirin, whichisthecommon painreliever.

. Oxidation

Phenol sundergo oxidation reactionsto give productswhich aredifferent from those obtained by
alcohols. They can beoxidised using avariety of oxidising agents such as sodium dichromateor
slver oxideto givequinones. ThesedaysFremy’ssdlt [(KSO,),NO] ispreferred for oxidation.

OH ﬁ
(KSO,),NO O
.
H,0
I
o)
Phenol Benzoquinone

. Reimer Tiemann Reaction

Phenolsreact with chloroform in the presence of sodium hydroxide (or potassium hydroxide)
solution followed by acidification to givehydroxy adehydes.

Na OH
CHO ) CHO
NaOH CHCI H,0
Rcﬂux

Phenol _ Sodium phenoxide Salicyldehyde

Useof carbon tetrachloridein place of chloroformgivessdicylicacid.

@ i @/COOH ‘COOH
NaOH (0}

Phenol Sodlum phenoxide Salicylicacid
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6. Ederification
Similar to alcohols, phenolsreact with carboxylic acidsto give esters.

O
OH O—C—CH
COOH COOH
+ CH;COOH 6—————
2-Hydroxybenzoic acid Ethanoic acid " Acetyl salicylic acid

This reacti onisan acetylation reaction asthe H of - OH the phenol isreplaced by the acetyl
(CH3~g ) group.
7. CouplingReaction

Phenol sreact with aromatic diazonium satsin dightly akaline conditionsto give azo compounds.
These azo compoundsare brightly coloured and areused as azo dyes.

g _mKk
O+ ©ron e QD

Benzenediazonium Phenol orange solid
chloride : Pp-Phenylazophenol

Uses (p-Hydroxyazobenzene)
1. Phenal isused asadisinfectant.
2. ltisasousedinthesynthesisof polymers.
3. Phenolsareused inthe synthesisof many organic compounds.
4

. Substituted phenolsare used in dyeing and tanning industries.

Intext Questions 28.2

1. How will you convert anilineto phenol ?

3. Arrangethefollowingintheincreasing order of their acidity:
Phenol, 2-Methylphenol, 2-Chlorophenol



5. Whatisanazodye?

Ethersare organic compoundsin which an oxygen atomisbonded to two alkyl groupsor aryl groups.
Thus, etherscan berepresentedasR— O — R’ whereRand R’ may beakyl or aryl groups. Whenthe
two substituent groups (R and R’) areidentica, then the ether iscalled asymmetrical ether, otherwise
if thesetwo groupsaredifferent, then the ether isknown asan unsymmetrical ether.

CH4CH, -~ O - CH,CH4 CH; - O - CH,CH4
A symmetricalether Anunsymmetrical ether

The oxygen atom of the ether can also be part of aring, inwhich casethe ether isknown asacyclic
ether. Tetrahydrofuran isone such cyclic ether whichisused asasolvent.

$

O
Tetrahydrofuran (THF)

Ethersare commonly used as solventsfor organic reactions. The symmetrical ether shown hereis
diethyl ether and iscommonly aso referred to Simply as ether because of its nature as solvent for
reactionsand extraction of organic compounds. It wasasoused asan anaesthetic for over hundred
years.

28.3.1 Nomenclature of Ethers

Common names of ethersare arrived by a phabeticaly naming thetwo groups attached to the oxygen
followed by theword ether. The common namesfor some ethersare given bel ow:

O\cmcn3
CH3;0CH,CH; CH;CH,0CH,CHj, N
Ethyl methyl ether Diethyl ether
Ethyl phenyl ether
i
—CH,4

| Cl-CH, -O-CH;

CH, Chloromethyl methyl ether
tert-Butyl phenyl ether

In1UPAC nomenclature, thelarger alkyl (or aryl) group isused astheroot name asthe alkane
and thesmaller alkyl group istreated as an alkoxy substituent on thisalkane. For example, in
ethyl methyl ether having ethyl and methyl groups, theethyl groupislarger than methyl group and
hencethisether istreated asthe ethane derivative.

CHZOCH,CH,
Ethyl methyl ether
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Theremaining portion, i.e., ~OCH, part in this case, is called the methoxy substituent. Hence, the
above ether is called methoxyethane. Some more examples of IUPAC names of ethers are given
below:

, OCH,CH, . )
CH;CH,0CH,CHj,4 CH;3;0CH, CH,0CH;
Ethoxy ethane ‘ 1, 2-Dimethoxyethane

Ethoxybenzene

28.3.2 General Methods of Preparation

You haveaready studied under thereactionsof al coholsthat ethers can be obtained by thedehydration
of acohols. Etherscan also be prepared by Williamson synthesiswhich isexplained below :

Williamson Synthesis: It involvesthereaction of ametal alkoxidewith aprimary akyl halide. The
metal alkoxideis prepared by adding sodium or potassium metal or sodium hydride (NaH) to the
acohal.

<ROH+ Na —— RO Na' + %Hz >

Metal alkoxide
<ROH + NaH —— RO™Na" + H,>

Metal alkoxide
< RO Na" +R’-X —— R-O-R’ + Nax>
Metd Alkyl halide  Ether
akoxide
CH4CH,CH,OH + NaH —— CH4CH,CH,ONa __CHsCH,l , CH,CH,CH,OCH,CH4+ Nal

propan-I-ol Sodium propoxide |-Ethoxypropane
(Ethyl propyl ether)

Williamson synthes sinvolvesthe displacement of the halideion by theakoxideion.
28.3.3 Structure and Properties of Ethers

Ethershave geometry similar towater and dcohals. The oxygen atomissp® hybridised. Therearetwo
lone pairsof el ectrons present on the oxygen atom asisshowninFig. 2.8.6.

>4

Fig. 28.6 : Geometry of an ether molecule

Note that the ether molecule has abent structure. Since the carbon-oxygen bond is polar and the
molecule hasabent structure, thereisanet dipole moment and the ether moleculeispolar in nature
(Fig. 28.7). Ethers, thus, act as polar solvents.
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Netdipole moment

QP
RS Ny

Fig. 28.7: Polar ether molecule

Since ethers do not have a hydrogen atom linked to the oxygen atom, they cannot form hydrogen
bondsamongst their own molecules. Dueto the albbsence of hydrogen bonding, they havelower boiling
pointsas compared to a coholshaving smilar molecular masses. Theboiling pointsof someethersare
listedin Table28.5.

Table 28.5: Boiling points of some common ethers

Ether Boiling point (K)
CH,OCH, 248.1
CH,OCH,CH, 283.8
CH,CH,OCH,CH, 307.6

CH,OCH,CH,OCH, 356

( 5 > 3384

28.3.4 Reactions of Ethers

Ethersarenormally unreactivein nature. Their unreactivity makesthem good solvents. However, they
show somereactionswhich are discussed below :

1. Reactionwith Oxygen : Ethersdowly react with oxygento form hydroperoxidesand peroxides.

| | |
2RO-C—-H+07 —— 2RO—-C—-0—0O—H —— RO—-C—-0—-0—-C—OR
| | |

Ether A hydroperoxide of ether A peroxide of ether

Peroxides have atendency to explode. Therefore, one should bevery careful in handling ethers
which may have been stored for sometime becausethey may contain some peroxide.

2. Reactionwith Acids
Sincethe oxygen atom of etherscontainslone pairsof eectrons, they can accept aprotonfrom
theacids. Thus, ethersarebasicin nature.
+
CH3;0CH; + HBr —= CH; QCH;3Br~
H

An Ether .
Anoxonium salt
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3. AcidicCleavage
Heating diakyl etherswith strong acidssuch asHI, HBr or H,S0, leadsto their cleavage.
CH4CH,0OCH,CH; + HBr —— CH;CH,Br + CH,CH,OH
Ethoxyethane Bromoethane Ethanal
Thead cohol formed further reactswith additional HBr to give bromoethane. Hence,
CH4CH,OCH,CH,4 + 2HBr —— 2CH,CH,Br + H,0

In case of ethershaving primary or secondary alkyl groups, the nucleophile (Br— or |~ attacks
thelesshindered akyl group. Thus, in case of thefollowing unsymmetrical ether, the products
contain alkyl halideformed by the attack of the halideion onthelesshindered primary akyl
group, i.e., ethyl group.

+
CH;C-0-CH,CH; +Hl —> CH3CIH - ()l— CH,CH;
|
CH; CH; H

Protonated ether

|-

CH3(lJH ~ OH + CH,CH,I

Intext Questions 28.3

I. What arethe|lUPAC namesof thefollowing ethers?
(i) CH;CHCH,CHj
ocH,
(i) CH,— O - CH,

CH,

2. (i) How will you prepare methyl propyl ether using Williamson synthesis?
(i) What isthe lUPAC name of methyl propyl ether?



Y| What You Have L earnt
Inthislesson, you havelearnt that
e Alcoholscanbeclassified asprimary, secondary or tertiary.
e Alcoholscanbemonohydric, dihydric or polyhydric.
e Alcoholscan beprepared by thefollowing general methods:
- Hydrolyssof haloalkanes
- Hydration of akenes
- Reduction of carbonyl compounds
- From adehydesand ketonesusing Grignard reagents
e Alcoholsbehave both asweak acids and weak bases.

e Alcoholscan beconvertedto alkyl haides, akenes, ethers, ddehydes, ketones, carboxylic acids
and esters.

e Inthelaboratory, phenols can be prepared from arenediazonium salts and sodium benzene
sulphonate. Their industria preparationisdoneby Dow’ s processand from cumene hydroperoxide.

e Similar to alcohols, phenolscan aso behave both as acids and bases.

e Typical reactionsof phenolsbeing e ectrophilic substitution reactions such as hal ogenation,
sulphonation, nitration, etc.

e Phenolsundergo oxidation and aso exhibit Reimer Tiemannreaction. They react with aromatic
diazonium saltsto give azo dyes.

e Etherscanbesymmetrical or unsymmetrical.
e FEtherscanbeprepared by Williamson synthesis.
e Diakyl ethersarecleaved on heating with strong acids.

’
i Terminal Exercise

1. GivethelUPAC namesof thefollowing compounds:
CH,

I

() cH,-CH-OH

(i) CH.OCH.CH,
OH

(i)

OH
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Comparetheboiling pointsof ethyl alcohol and dimethyl ether. Which one has higher boiling
point and why?

Which ester would give ethanol and methanol onreduction?

4. Completethefollowingreactions:

© o N o O

() CH,CH,CH,Cl + NaOH () —> ........

1.LiAIH, ether
2H30+ .............

(i) CH,CHO

(i) CH,OH + Na —— .........
How isethanol prepared using fermentation?
What isLucastest? What isitsuse?
Which reagent isused for oxidising primary a coholsto a dehydes?
Why are phenolsmore acidic than a cohols? Explain.
Why areetherspolar in nature?

@ Answers to Intext Questions

28.1
1.
2.

3.

4,
28.2

1.

o s~ w D

() 2-Methyl pentan-2-al (i) 2-Ethylbut-2-en-1-al (iii) 1, 4-Pentanediol
By reductionwithNaBH, or LiAIH,
0 sz
[
CH,CCH, + CHMgBr —=—=— CH,- C=CHL,
- Hj3
OH
(i) Hexanoic Acid (i) Hexand
NH, NjCI- OH
(i) NaNO,, HCLH,0 i A
273- 278K -N,,H*
Aniline Benzenediazonium Phenol
‘ chloride '
Chlorobenzene
2-Methylphenol < Phenol < 2 - Chlorophenol
By Kolbereaction

Azo dyesare azo compoundsformed by thereaction of phenolswith aromatic diazonium salts.
They arebrightly coloured.
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28.3
1. (i) 2-Methoxybutane (ii) Methoxymethane
2. (i) CH3CH,CH,O~ +CH4Br —— CH4CH, - O - CHg+Br—
(i) Methoxypropane
3. They may explode dueto the presence of peroxides.
4. Becausethey areunreactiveinnature.
5. ltisacyclicether.

()

0
Itisused asasolvent.
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ALDEHYDES KETONES AND
CARBOXYLIC ACIDS

Inthelast lesson, you studied about organic compounds contai ning functional groups having

carbon-oxygen single bond. There are other classes of organic compoundsinwhich thefunctional
group contai nsthe carbon- oxygen double bond. The examplesof these classes of compoundsbeing
carbonyl compounds such as aldehydes and ketonesaswell ascarboxylic acidsand their derivatives.
These organic compoundsare very important both intheindustry and inthe synthesisof other organic
compounds. Therefore, their study formsanimportant part of the organic chemistry. Let usstudy the
chemistry of these classesof compoundsin detall.

After reading thislesson, you should be ableto

givelUPAC namesof aldehydesand ketones;
describethe general methods of preparation of aldehydesand ketones,

discussthetrendsin physical propertiesof the a dehydesand ketonesin thelight of the polar
nature of the carbonyl group;

e explainimportant reactionsexhibited by adehydesand ketones;
e distinguish between a dehydesand ketoneson the basis of certain reactions and testsbased on

them;

givelUPAC namesof carboxylicacids;

explain genera methodsof preparation of carboxylic acids;

discussthe physica propertiesand their trendsfor smple monocarboxylic acids,
describeimportant reactionsexhibited by carboxylic acids;

explainthe preparation and someinterconversion reactionsof carboxylic acid derivatives, and
highlight theimportance of aldehydes, ketonesand carboxylic acids.
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29.1 Aldehydes and Ketones

You have somefamiliarity with these classes of compoundsfrom previouslessons. These compounds
i

arealso referred to as carbonyl compoundsand have —C— functionality presentinthem. These
compoundsexist widely in nature and areresponsiblefor theflavour and aromaof many foods. They
areasoimportant industrially both asreagentsin synthesisand assolvents.

Aldehydes have at | east one hydrogen atom bonded to the carbonyl group, the other group may be
either ahydrogen or an akyl (or aryl) group. In ketones, the carbonyl group isbonded to two alkyl or
aryl groups. Thetwo groupsbonded to aketonemay be similar or different resultinginasymmetrical
or anunsymmetrical ketone, respectively.

0. 00 0.
I I Il
/C\ /N /TN
R H R R
Carbonyl group an aldehyde a ketone

You must befamiliar with vanilin and camphor. Their structuresare given below. You can seethat they
contain an aldehyde and aketo functiona group, respectively.

I
Lo CH, CH,
o
HO
OCH, CH ©
Vanilin 3

Camphor
(used for vanila flavour) ) amp

29.1.1 Nomenclature of Aldehydesand K etones

Inthe lUPAC system of nomenclature, diphatic aldehydes arenamed asalkanals. Thefinal -einthe
name of the corresponding akaneissubstituted by -al.

Some common examples of aldehydesand their namesare given below:

I I I 4= N\ g —H
H—C—-H CH;—C—H CH;CH, —C—H .
Methanal Ethanal Propanal Benzenecarbaldehyde
(Formaldehyde) (Acetaldehyde) (Propionaldehyde) (Benzaldehyde)

Notethat when the-CHO group is attached to aring, then the compound is called a carbal del zyde.
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Remember that the carbonyl carbon of the aldehydes is present at the end of the chain and is
assigned 1 position. Therefore, it isnot necessary to specify itsposition in the name of the aldehyde.
Theexamplesgiven beow illustrate thispoint.

]|3r
CH;CHCHO CICH,CH,CH,CHO
3 72 1 4 73 "2 "1
2-Bromopropanal 4-Chlorobutanal

Ketones are named as alkanonesin the lUPA C nomenclature. Their namesare obtained by replacing
fina -einthe name of alkaneby -one. The carbon chainisnumberedin such away that the carbony!l
group getsthelowest number. Some exampl es of ketonesare mentioned bel ow:

0]
0 0 |
Il I '
CH;CCH; CH,CH,CCH;
Propanone 4 8 2l
(Acetone) Butan-2-one Cyclohexanone
(Ethyl methyl ketone)
(l)l I
CH3CH2C(§H2(5H3 CH3C CH2CH= CHZ
5 T4 T32

Pentan-3-one Pent-4-en-2-one

(Diethyl ketone)

0 1
W X0

1-Phenylethanone

(Acetophenone) (Benzophenone)

29.1.2 Preparation of Aldehydesand K etones

You have aready studied most of the methods used in the synthesisof aldehydes and ketonesinthe
previouslesson. Let usnow refresh them.

1. Oxidation of Primary and Secondary Alcohols

From thelast lesson, you know that primary alcohols can be oxidised to aldehydes and secondary
alcohols can be oxidised to ketones.

2. Ozonolysisof Alkenes

Thisreaction hasbeen discussed inlesson 26. The products obtained ared dehydes or ketonesdepending
upon thestructure of the starting alkene.

3. Hydration of Alkynes

Hydration of dkynescan givean ddehydeor aketone. Markovnikov’shydration yiel dsketoneswhereas
anti-Markovnikov’shydration givesadehydes.
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) H 2+7 Ht ”
RC=CH —2% HO~( o HI , RrCCH,
H,0 R~ H
Alkyne 2 Ketone

O
2 Re. . _H

RC=CH ———— >c=C<{p )
2

Alkyne
J H,0,, HO

R H
RCH,CH «— |Rnc_
2y [H/C C\OH]

Aldehyde

You can go through the detail s of these reactionsasdiscussed inlesson 26.
4. Friedal-CraftsAcylation

Aromatic ketones can be prepared by Friedd -Craftsacylation (al kanoylation) reaction. Oneexample
of thisreactionisgiven below:

0
1.CH,C00COCH,,AICl,,CS, I
cnp—@ : ALt B CH3O@C~CH3
2.HCI,H,0

Similar acylation reaction using ethanoyl chloridewasa so discussed inlesson 26 under thedectrophilic
substitution reactions of aromatic hydrocarbons.

29.1.3 Structure and Physical Properties

In both al dehydes and ketones, the carbonyl carbon and oxygen atomsare o2 hybridised. Therefore,
the groups attached to the carbon atom and oxygen are present inaplane. ThisisshowninFig. 29.1.

pi bond formed by

‘/ p-orbitals

"C—o0 * " Lone pairs of clectrons

Fig. 29.1 : The structure of the carbonyl functional group

You can seeinthefigurethat an-bond isformed by the overlap of p-orbitalsof carbon and oxygen
atoms. The p-orbitals are present in a plane perpendicular to the plane of the molecule. Note the
presence of two lone pairs of e ectronson oxygen atom.
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You also know that oxygen ismore el ectronegative than carbon. Hence, it attractsthe e ectrons of the
carbon-oxygen double bond ( >C = 0 bond) resulting in itsappreciable polarisation.

: + .- & .07
[ 26— >E- G ]or >C=0

The oxygen atom, thus, acquiresapartial negative charge (6-) whereasthe carbon atom getsa
partia positivecharge (6+). Thispolar nature of the carbonyl group makesthe oxygen atom nucleophilic
and basic whilethe carbon atom becomes e ectrophilic. The physica propertiesand chemicd reactions
of aldehydesand ketonesare adirect consequence of thispolarisation.

Thedipole-dipol e attraction between the molecul es of aldehydesand ketonesresultsintheir
higher boiling pointsascompared to the hydrocarbons of smilar molecular weight. Thephysica properties
of somealdehydesand ketonesaregivenin Table29.1.

Table29.1 Physical propertiesof some representative al dehydes and ketones

Compound m.p. b.p. Weter Solubility
(K) (K) (%0)
Methand 181 252 55
Ethand 150 294 oo
Propand 192 322 20
Butand 166 348 7.1
Benzaddehyde 217 452 0.3
Propan-2-one 178 329 o
Butan-2-one 187 353 25.6
Pentan-2-one 195 375 5.5
Pentan-3-one 232 374 4.8
Acetophenone 294 475 15
Bezophenone 321 578 -

You can seefrom Table 29.1 that these compounds have appreciable water solubility. Thisis
because of the hydrogen bonding possible between the oxygen atom of the al dehyde (or the ketone)
with hydrogen atom of water molecule, asshowninFig29.2.

5
:5_' 8+//Q\ St

Hydrogen bonding

Fig. 29.2 : Hydrogen bonding between carbonyl compound and water molecule
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29.1.4 Reactions of Aldehydesand K etones

If you examinethe structure of amolecul e of the carbonyl compound, you will find that there arethree
centresof reactivity init asshown below:

3 Prone to attack by
o) electrophiles

I
o—Carbon—>C— (5:+_
/\
H R AN Susceptible to atiack

by nuclecphiles
Acidic hydrogen

Sincetheoxygen atomisnucleophilicin nature, it isattacked by the e ectrophiles, whereasthe carbonyl
carboniselectrophilicin nature and henceisattacked by nucleophiles. Thethird site of reactivity is
hydrogen atom present at the o- carbon atom. Itisacidic in natureand givestypical reactionswhich
youwill study inthissection.

Itisalso important to know herethat al dehydes are more reactive than ketones. Thisisbecause of the
following two reasons:

(i) Aldehydeshaveonly onealkyl group whereas ketones have two. Sincethe alkyl groupsare
€lectron donating in nature, the carbonyl carbon in ketoneswhich isbonded to two akyl groups,
islesspositive (electrophilic) ascompared to the aldehydic carbonyl carbon. Hence, itisless
susceptibleto attack by nucleophiles.

(i) Thetwo akyl groupsin ketones a so makethe carbonyl carbon more crowded ascompared to
carbonyl carbon in aldehydes. This factor also makes the aldehydic carbonyl carbon more
accessiblefor attack by the nucleophiles as compared to carbonyl carbon of theketone.

With thisbackground in mind, let usnow study thereactions of aldehydesand ketones.
A. Nucleophilic Addition Reactions

The general reaction of addition of nucleophileson the carbonyl group can be represented as

follows
Nu
RS & 8 & |
H/C:O + H—Nu — R—(lt—OH
H

Some specific reactions of thiscategory are discussed below :
1. Formation of Cyanohydrins
Carbonyl compoundsreact with hydrogen cyanideto yield cyanohydrins.

O CN
I
Propanone (|?H3
Cyanohydrin
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Notethat one more carbon atom is present in the cyanohydrin as compared to the starting carbonyl
compound.

Cyanohydrinsareuseful inthesynthesisof carboxylic acidsabout it you will study inthe next section.
2. Formation of Hemiacetals

Aldehydesand ketonesreact with a coholsto give hemiacetals. Hemi in Greek meanshalf. Hemiacetals
havean -OH and an -OR group attached to the same carbon atom in their mol ecul es.

When an excess of thealcohol isused, asecond molecul e of thea cohol reactsto givean acetal.

o OH OCH,
[ HCI (g) I CH,OH |
CH3CH + CH3OH # CH3CH T__——; CH3‘“C]‘OH
Ethanal  Methanol (l)CH3 OCH,
a Hemiacetal an Acetal
OH OCH;4

I HCI(g) | CH,0H
CHyCCH; + CH,0H =———> CH,CH—CH; =———— CH;—C—CH,
Propanone Methanol (I)CH3 OCH,

a Hemiacetal an Acetal

Notethat an acetal hastwo -OR groups attached to the same carbon atom.

Acetalsarestablein basic solutionsand are‘ therefore’ used as protecting groupsfor aldehydes
and ketones. A ceta s can be converted back to the carbonyl compounds by treating them with dilute
acidsbecause of thereversible nature of the abovereaction.

3. Formation of Alcohols
Grignard reagents (RMgX) react with aldehydes and ketonesto give a coholsas shown below:

i i
CH;CH,MgBr + H—é—H —> H—C—OH
Ethyl Methanal CH,CH,

magnesium bromide
a Primary alcohol
I }Il
CH;CH,MgBr + CHyC—H —> CH3 —C—OH
Ethyl magnesium Ethanal CH,CH,

bromide a Secondary alcohol
n "
CH,CH,MgBr + CH;C—CH, ——> CH; —C— OH
Ethyl magnesium Propanone CH,CH,
bromide a Tertiary alcohol

You havealready studied these reactions under the preparation of alcoholsinlesson 28.
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B. Addition-Elimination or Condensation Reactions
1. Reaction with Ammoniaand itsDerivatives

Aldehydes and ketones react with ammonia and primary amines to give imines which are
compounds having carbon-nitrogen double bond.

O H+ NH
+ NH3 T—-—'—A
Ammonia

Imine
.. s HO / N
R—NH, + Q=C\ S R—N=C\ or ,C=N—R
Primary Imine
amine (a Schiff base)

It appearsthat during the abovereaction amolecule of water islost fromthe primary amineand
the carbonyl compound. Thereactionswith other derivativesof ammoniaare given below:

@CHIO + H,NOH —> CH=N—OH + H,0
Hydroxylamine

an Oxime

H,

) Hs
@c=o + H,NNH, —> <C:>>—C:NNH2
Hydrazine

a Hydrazone

{ om0y — { wi~O)

Phenylhydrazine a Phenylhydrazone

N02 N02

CH,CH,CH=0 + H,NNH —@-N02 —> CH,CH,CH=NNH @—NOZ

2,4-Dinitrophenzylhydrazine 2, 4-Dinitrophenylhydrazone

The compoundsformed above arerelatively insoluble solids and have characteristic melting
points. These compounds can be prepared for the unknown aldehyde or ketone and their melting
points can be determined. These melting pointsare matched with the derivatives of aready known
aldehydesand ketoneslisted in standard tables and the carbonyl compoundisthusidentified.

C. De-oxygenation Reactions

De-oxygenation reactionsare reactionsinvolving removal of oxygen. Aldehydesand ketones
can be reduced to the corresponding alkanes by thefollowing two reactions:
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1. Wolff - Kishner Reduction

Whenan ddehydeor aketoneishested in abas ¢ solution of hydrazineinahigh-boiling alcohol,
then the carbony! group gets converted to amethylene (>CH,) group.

0

I 1. NH,NH, OH/A
CCH, ———> CH,CH,
: 2.H0 ‘

Ethylbenzene

2. Clemmensen Reduction

Itiscarried out in acidic medium using amalgamated zinc and hydrochloric acid.

Zn(Hg)
CH,(CH,),.CHO —& R0 H,0 CH,(CH,).— CH,

Heptanal Heptane
D. Oxidation of Aldehydes

Unlikeketones, ddehydes can beeasily oxidised to carboxylic acidsusing avariety of oxidising
agents. Thesereagents can be chromic acid, chromium trioxide, permanaganate or silver oxide. You
have aready read about oxidation with some of these reagents. Slver ionsselectively oxidise-CHO
group. Thisformsthe basisof Tollen's test. It involvesthe addition of amixture of agueoussilver
nitrate and aqueousammoniawhichisknown as Tollen'sreagent to the carbonyl compound. Tollen’s
reagent contains[Ag(NH,),]* complexion. If an aldehydeispresent, it gets oxidised to the carboxylic
acidwhereasthe Ag' ionsarereduced to form silver metad which getsdeposited onthewallsof thetest
tubeand thisgivesamirror like shining appearance.

?l) I (l‘)

[Ag(NH, ), .
—C— — —C—0 + A
R—C—H — ——> R—C g v
Aldehyde 2 mirror

Aldehydesareaso oxidised by Fehling solution, which contain Cu?+ (cupric) ionscomplexed
withtartarateionsasthe oxidant. These Cu?* ionsare reduced by thea dehydesin akaline mediumto
giveabrick red precipitate of cuprousoxide.

I NaOH
R-C—H + Cut — %5 4,04 + RCOOH

H,O0
Aldchyde blue : brick red ppt.

E. Reactionsat a - carbon

The o - hydrogen in aldehydes and ketones is quite acidic and can be easily abstrated by a
strong base.
o |

o) oY
f\,c—'c'QH'(\ HO «— {)cgc’ <> C= \J

ketio for‘m\ o~-Hydrogen enolate ion

343



Theresulting anion can stabilise by resonance as shown above. Itiscalled an enolateion. On
protonation, it givesanenal.

‘o/\ HO
/ — s N o o

AN
CZC\+ H,0 <—— /C=C\
enolate enol

Thus, keto formand enol form arein equilibrium. Thisisa so known as keto-enol tautomerism.

Other reactionsfeasible dueto the presence of a. hydrogen areasfollows:

1. Halogenation
Ketoneshaving an o . hydrogen-atom react readily with halogensand a. ha oketonesare obtained

astheproduct. Thereaction ispromoted both by acidsand bases.

x o g
Lol H

—C—C— e — > —C—-C—
c=C * )\2 or OH |

l
o-halo product

('XE = C12 ,Br2 Orlz)

Br,,CH,COOH I
- -> BICH2CLH3 + HBr

Il
H"’“CH:CCH:; H20,343K rd
Propanone Bromopropanone
In presence of the base, multiple hal ogenation occursto givethetrihal o product.

0

O H
I | 3X2+NaOH I
@c—g—H y — C—
H

trihaloketone

—X + 3NaX + 3H,0

e P L

Thetrihalo groupisagood leaving group and the trihal o ketone reactswith OH- which finally

givesacarboxylate ion and ahaoform.
0 )f 0~ X
[ i} N |
—C— HO” — > —C—0 + H—C—X
@C 7 O ]
X Carboxylate ion Haloform

trihaloketone

Thisreaction iscalled the halformreaction after the name of the product.

Ifiodineisused asthe hal ogen, then we get iodoform (CHI ) asthe product. Theiodoformisa

bright yellow solid having acharacterstic melting point. Thisreaction, thus, formsthe basis of the
iodoformtest. Thus, methyl ketones give a positive iodoform test. You had studied the iodoform

formationinlesson 27 d<o.



2. Aldol Condensation

Aldehydeshaving o - hydrogen atom on reaction with dil. NaOH give aldols. Thereactionis
illustrated bel ow by using ethanal asthe example.

|| o8
CHy—C + HyCCHO —%" 5 CH,—C—CH,CHO
[ H,0, 278 K | ‘
H H
Ethanal  Ethanal 3-Hydroxybutanal
(an Aldol)

Notethat the product containsboth the al dehyde and the al cohol functiona groupsand therefore,
it is called an aldol, The aldol addition product on heating undergoes dehydration to give an
o, B - unsaturated aldehyde which isacondensation product.

OH

l A H. _CHO
CH3— C_' CH2CHO R mmm— /C: C\ + Hzo
I H,C H
Aldol trans -But-2-enal

Thiscomplete sequence of reactionsiscalled aldol condensation.

Aldol condensationisalso possiblewith ketones, Can you now think of alittle more complex
situation? What will bethe products of aldol condensation when two different aldehydeshaving o -
hydrogen atomsare used asreactants. In thiscase, thereactioniscalled acrossed-aldol condensation.
Thisisleft asan exercisefor you. Thereisahint of course. Suppose, thetwo aldehyde moleculesare
represented by A and B; then condensation can occur between two mol ecul es of the sameal dehyde or
different a dehydes. Thus, the products obtained would bethefollowing types:

A-A, B-B,A-B and B-A.

With this background in mind, you can now proceed to write the aldol addition products of
ethana and propandl.

Intext Questions 29.1

1. Classify thefollowing asadehydesor ketonesand givetheir [IUPAC names:
(i) CH;CHO (i) CH;COCH,CH,
COCH,

(ii) (iv) OHCCH,CH,



3. Why area dehydes morereactive than ketonestowards nucleophilic addition reactions?

4. Writethegenera structurefor thefollowing:
(i) acyanohydrin (i) an acetal (iif) ahemiacetd

29.2 Carboxylic Acids

You aready know that carboxylic acids contain acarboxyl (-COOH) functiona group. They are
most widely distributed in natureand areal so industrialy important chemicals. Aceticacidintheform
of vinegar isproduced inlargequantities. Itisaso avery important building block in complex biologica
molecules. You must have also heard about fatty acidswhich arelong chain aliphatic acidsderived
fromthehydrolysisof fatsand oils. Stearic acid isafatty acid containing along chain of eighteen carbon
atoms.

29.2.1 Nomenclature

Several carboxylic acids have been known sincelong and their common names are based on
their sources. However, in the [UPAC nomenclature, carboxylic acids are named by choosing the
longest carbon chain contai ning the-COOH group. Thefinal -einthenameof thea kaneisreplaced by
-oic acid. While numbering the carbon chain, the-COOH carbon isawaysgiven number 1 asshown
below:

T

«e«C-C-C-C-C-OH
5 4 3 2 1

Theother groupsand substituents are numbered and named according to theusua rulesof nomenclature
whichyou haveadready studied.

Some common carboxylic acidsand their namesare given below:

i

(0] (o)

Il Il @-C—( )H
H—C—OH CH;—C—OH

Methanoic acid Ethanoic acid Phenylmethanoic acid

(Formic acid) (Aceticacid) (Benzoic acid)

Carboxylic acids containing two carboxy! groupsarecalled dicar boxylic acids. They arenamed
by adding dioic acid asasuffix to the name of the corresponding hydrocarbon. Both the carboxyl
carbon atomsare numbered asapart of themain chain. Notethat in thiscase, fina- e of theakaneis
not dropped.
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00 O O

TR I 1] 43 2 1
HOCCOH HOCCH,COH HOOCCH,CH,COOH

1z Propanedioicacid Butane-1,4-dioicacid

Ethanedioicacid (Malonicacid) (Succinicacid)
(Oxalicacid)
COOH COOH COOH
COOH

o-Phtha'lic a.cid m-Phthalic acid COOH
(Phthalic acid) (Isophthalic acid)

p-Phthalic acid
(Terephthalic acid)

29.2.2 Preparation of Carboxylic Acids

Thefollowing methodsare generaly used for the synthesisof carboxylicacids. You havedready
studied some of these methodsin the earlier lessons.

1. Oxidation of Alkenes
Alkeneson oxidationwith hot akaineKMnO, yield carboxylic acids.

1.KMnO,, "OH
2.H50"

RCH=CHR’ RCOOH + R’COOH

2. Oxidation of Alcoholsand Aldehydes

You havereadinthelast |esson and the previous section of thislesson that a coholsand aldehydes
can beoxidized to carboxylic acidsusing avariety of oxidising agent. You can refer back tothedetails
of thesereactions.

3. Oxidation of Alkylbenzenes

Primary and secondary akyl groupsattached to the benzenering can be oxidised, usng akaline
KMnQ, to the carboxyl group.

CH, COOH

1. KMnO,, "OH, A

—_—
Cd

2.H,0"
Methylbenzene Benzoic acid

Acidified sodium dichromate can also be used for thisoxidation.

s
CH,—CH COOH
NaZCr2O7, H280 A
A 7
Cl Cl

p-Chlorobenzoic acid
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4. Carbonation of Grignard Reagents

Grignard reagents (RMgX) react with carbon dioxideto give magnes um carboxylateswhich on
acidificationyield carboxylicacids.

O
Il

RMgX+CO, ——R—CO Mg*X——RCOOH
CH;CH,CI —£_; CH;CH,MgCl -—"‘%ecmcmcoon

Y : s
Chloroethane Bt Grignard reagent } Propanoic acid

(an alkyl halide)
MgBr COOH

1.CO,
2.H,0

Phenyl magnesium bromide Benzoic acid

Note that thereis an increase of one carbon atom in the carboxylic acid as compared to the
gatingakyl hdide.
5. Hydrolysisof Nitrilesand Cyanohydrins

Alkyl halidescan be converted to nitrileswhich on hydrolysisyield carboxylic acidshaving one
more carbon atom than the starting alkyl halide.

+
W RCH,COOH + NH,
R—CH,)X + CN”~ ———> RCH,CN

Alkyl halide Nitrile %; o
* RCH,CO0 —— RH,COOH
X + NH,
+
Br-CH,CH, -Br —*N_, NC-CH,CH, -cN —H&", HOOCCH,CH,COOH
1,2-Dibromoethane Butanedinitrile Butanedioicacld

Cyanohydrinsobtained from aldehydes a so yie d 2-hydroxycarboxylic acidsonhydrolyss.

(I)H (I)H

CH5CH,—C—CN—2"_; CH,CH,—C—COOH
I I
H H
2 - Hydroxybutanenitrile 2 - Hydroxybutanoicacid

29.2.3 Structure and Physical Properties

Similar to the aldehydes and ketones, the carboxyl carbon atomis sp? hybridised. Thus, thethree
atoms attached to this carbon which liein the same plane with an approximate bond angle of 120°
between them, seeFig. 29.3.
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i e O
Fig. 29.3 : Sructure of the carboxyl group

Carboxylic acidsform hydrogen bonds because of the presence of polar carbonyl and hydroxyl
groups. Most carboxylic acidsexist in dimeric formin which two carboxylic acid moleculesare held
together by two hydrogen bonds. Thisisshown below :

7 Mo N

V4

R—C C—R
N oo

Dimer of a carboxylic acid

Hydrogen bond

Intermolecular hydrogen bonding isin fact responsiblefor high melting and boiling points of
carboxylic acids. Themelting and boiling pointsof somecarboxylicacidsarelistedin Table29.2. You
can aso seeinthetablethat thelower membershave appreciable solubility dsinwater. Thisis,asodue
to the presence of hydrogen bonding between the carboxylic acid moleculeand solvent water molecul es.

Table29.2: SomePhysical Propertiesof Carboxylic Acids

CarboxylicAcid m.p. b.p. Water solubility

(K) (K) gmL*of H,O at 298K pK,
HCOOH 281 373-5 oo 3.75
CH,COOH 289.6 391 oo 4.76
CH,CH,COOH 252 414 oo 4.87
CH,CH_,CH,COOH 267 437 o 4.82
CH,CH,CH,CH,COOH 239 460 4.97 4.81
CICH,COOH 336 462 very soluble 2.86
CI,CHCOOH 283.8 465 very soluble 1.48
CI,CCOOH 329.3 471 very soluble 0.70
C,H.COOH 295 523 0.34 4.19
p-CH.C.H,COOH 450 548 0.03 4.36
p-CIC,H,COOH 515 0.009 3.98
p-NO,C.H,COCH 515 0.03 341

Do not worry about the pK_ valueslisted inthelast column of thetable. Wewill refer tothem
whenwediscussthe acidic nature of carboxylic acidsin thefollowing section.
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29.2.4 Acidity of Carboxylic Acids

Carboxylic acidsareacidicin nature. They dissociatein water according to following equilibriumto
giveaproton and the carboxylateion.

(0] (0]
[ _
R-C-0-H+H,0 ¢ R-C-0 +H,0"
Carboxylic acid Carboxylate ion

ThepK, valuesof somecarboxylic acidsaregiveninthelast column of Table 29.2. Remember
that thelower pK_ indicatesgreater acidity. If you comparethese pK  value with those of alcohols,
youwill notethat the carboxylic acidsare much moreacidic than a cohols. Thiscan beexplained onthe
basisof theanion formed asaresult of ionisation. The carboxylateion obtained by the dissociation of
carboxylic acids can berepresented asaresonance hybrid of thefollowing two structures:

Resonance structuresof Carboxylatelon

These structures show that the negative chargeisdelocalised over two oxygen atoms. Thus, the
carboxylateion getsstabilised. The greater stability of carboxylateionfacilitates thereleaseof proton
from the-COOH group.

If you compare this situation with the alkoxideion (RO-) obtained by the dissociation of an
alcohol molecule, you will seethat no such resonance stabilisationispossibleintheakoxidelon.

Let usnow andysetheacid strength of different acidsand correlatethemwith their structure. If
we examinethefirst fiveacidslisted intable 29.2, wefind that their pK_ valueskeep onincreasing
which meansthat aswe go down, their acid strength decreases.

Sincetheakyl groupsare electron releasing in nature, they maketherelease of H* difficult and
hence decreasethe acidity. Thus, ethanoic acidislessacidic than methanoic acid. Therefore, we can
say that the electr on-donating substitutents decr easetheacidity of carboxylic acids.

L et usnext seewhat will bethe effect of € ectron withdrawing substituents such ashaogensand
nitro-group on the acidity. The comparison of pK_ values of ethanoic acid (4.76) and chloroethanoic
acid (2-86) suggeststhat chloroethanoic acid isastronger acid than ethanoic acid. Thechloro substituent
has-| effect and pullsthe el ectronstowardsitsalf which facilitatestherelease of H* ions.

You can aso seebel ow that asthe number of halogen groupsincreasesinthecarboxylicacid, its
acidity increases. Thisisbecause they maketherelease of H* ion moreand more easy.

i i T T
H—C—COOH < Cl—?—COOHv < Cl—Cl—COOH < Cl—Cl——COOH
H H H Cl
Eth?noic acid Chloroethanoic acid Dichloroethanoic acid Trichloroethanoic acid
rK.4.76 2.86 1.48 0.70

Acidity increases
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Sincetheinductive effect decreaseswith increasein the distance of thegroup inthe carbon chain,
2-chlorobutanoic acid (pK , 2-86) ismoreacidic than 3-chlorobutanoic acid (pK , 4.05) whichisinturn
moreacidic than 4-chlorobutanoic acid (pK, 4.50).

(fl ?1 ¢
CH,CH,CHCOOH > CH,CHCH,COOH > CH,CH,CH,COOH

2-Chlorobutanoic acid  3-Chlorobutanoic acid 4-Chlorobutanoic acid

(or decreases in the reverse order)

29.2.5 Reactions of Carboxylic Acids
L et usnow study thereactionsgiven by carboxylic acids.
1. Formation of Salts
Carboxylic acidsare completely deprotonated by strong basessuch asmetal hydroxidesto givesalts.
0] (0]
CHA ~O-H+NaOH —> CH3(|Z| —~O Na*+H,0
Ethanoic acid Sodium ethanoate

Itwill beinteresting to know that soapsare sodium satsof long chain carboxylic acidswhichare
cdledfatty acids.

0] 0
|

|
CH,(CH,),, - C - OH + NaOH —— CH,(CH,),,~C -0 Na*+H,0

Stearic acid Sodium stearate (soap)

Caboxylic acids are also deprotonated by the weak bases such as sodium bicarbonate. Inthis
reaction, they form sodium salt of the acid, carbon dioxide and water.

0
[ i
R—C—O—H+NaHCO; —— R—C—0"Na*+H,0+CO, T

Thisreactionisaso used asatest for carboxylic acidsin thelaboratory. Theliberation of CO, in
theform of bubbleson treatment with NaHCO, indi catesacarboxyl functiona groupinthe compound.

Thistest isnot given by phenolssincethey are weaker acidsthan the carboxylic acids. Hence,
thetwo categories of compounds can be distinguished on the basi s of the abovetest.

2. Reduction of Carboxylic Acids
Carboxylicacidsarereduced to primary acoholsby lithiumauminiumhydride (LiAIH,) .

CH,COOH 1. LiAl, CH,CH,0H
_ >
2.H,0"

Phenylethanoic acid 2-Phenylethanol
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3. Hdll- Volhard-Zelinski Reaction

Similar to aldehydes and ketones, carboxylic acids undergo halogenation at o -carbon atom
using Br, (or C1,) inthe presence of phosphorus or phosphorustrihdide.

]|?.r
CH,CH,CH,COOH B2, CH,CH,CHCOOH
Butanoic acid ’ 2 - Bromobutanoic acid

a-Hal oacids so obtained are useful intermediatesin the synthesisof other organic compounds.
4. Synthesisof Acid Derivatives

Thisisoneof thevery important reactionsof carboxylic acids. The nucleophilic addition to the
carboxyl carbon of the carboxylic acidsisfollowed by elimination of theleaving group leadingto a
subdtitution product. If you remember thereactionsof adehydesand ketones, theaddition of nucleophile
isfollowed by addition of the proton to give an addition product.

In caseof carboxylic acids, sincethe substitution takes place at the acyl carbon atom as shown
below. Itisalso known asnucleophilic acyl substitution.

0 0
R—C—X+:Nu”" m=R—C—Nu+X"~
o)
Here, X = OH in case of thecarboxylic acidsand Nu- can beahdideion, —O_lCI_R, ~O—R’ or “NH,

group leading, respectively to car boxyl acid halides, anhydrides, ester sor amidesasthesubstitution
productswhichareknown asder ivativesof car boxylic acidsbecausethey arederived from carboxylic
acids.

Tl
O0—C—R

i
R—C—[X R—C— |
Carboxylic acid 0 Carboxylic acid anhydride
halide I

R—C—[OH]
(") / Carboxylic acld\\ ﬁ)
R—C—[0—R'] R—C—|NH,

Ester Amide
(i) Formation of Acid Chlorides
Carboxylicacidsreact with SOCI,,, PCl, or PCI, to give carboxylic acid chloridesaso known as
acyl chlorides, asshownbelow :
o o

I I
R—C—OH+S0Cl, - R—C—Cl1+S0, T+HCIT

Carboxylic Thionyl anacid
acid chloride chloride
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i i
I
R-C-OH + PCl; ——3RCCl + H3PO4

Phosphorus
trichloride
0 0
R—C—OH + PCly —— R—C—Cl + POCl; + HCI
Phosphorus
pentachloride
(i) Formation of Acid Anhydrides
(0] 0]

I [
2RCOOH —2%> RC—0—C—R

a Carboxylic acid2 an Acid Anhydride

o 0]
Il Il

2 CH,;COOH —2255 CH; —C-0-C-CH
2 Ethanoic anhydride

Sincethecarboxylic acid anhydridesareformally derived from carboxylic acidsby lossof water, their
names are derived from the corresponding acids by using theword anhydridein place of theacid. As
theanhydrideformed intheabovereactionisderived from ethanoic acid, itiscaled ethanoic anhydride.

Thismethod isused for the preparation of symmetrical anhydrides.

Carboxylic acid also react with acyl chloridesin the presence of pyridine to give carboxylic acid
anhydrides.

o o o o

I I ,
CH,CH,CH, C OH + CICCH,CH,CHj —PynAle> CH;CH,CH, C—0— C—CH,CH,CHj
Butanoic acid Butanoyl chloride Butanoic anhydride

We can prepare unsymmetrical anhydridesby thismethod.
Cylicanhydridesare obtained by the dehydration of dicarboxylic acidsat higher temperature.

i
COOH C
B,C” ST3K HC7 N\
nd o gel O
Butanedioic acid 0

(Succinic acid) Butanedioic anhydride
(Succinic anhydride)
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(iif) Formation of Esters
Carboxylic acidsreact with acoholsto form esters.

1 1
R—C—OH +R’OH====R—C—OR’+H,0

Carboxylic Alcohol Ester
acid

Notethat the acid catalysed esterificationisan equilibrium reaction. The equilibrium can be shifted to
theright sdetowards productsif we are ableto removewater or the ester from the reaction mixture.
Alsoif weuseexcessof onereagent, then the equilibrium shiftstowardstheright sdeto givethe ester.
Normally, wetake excessof a cohol and useit asasolvent to carry out esterification.

(o) (0)

] H.SO I
CH; C—OH + CH;0H 24 CH;COCH;
Ethanoicacid Methanol Methyl ethanoate

Estersare named asalkyl alkanoates. Thealkyl part comesfrom the alcohol whilethe akanoate
portion isderived from the carboxylic acid. Therefore, the above ester iscalled methyl ethanoate
becauseit isobtained from methyl alcohol and ethanoic acid.

Esterscan aso be prepared by the reaction of acid chloridesor acidsanhydrideswith alcohols. Thus
we can seethat these acid derivatives can be converted to one-another.

]

C-Cl COCH ,CH,
+ CH,CH,0H —> + HCI
Benzoyl chloride Ethanol _ Ethyl benzoate
CH,O0H
(o) o) (0]
I I Pyridine ll
CH,C—O0—C—CH; + —>CH,—C—-0—CH, + CH,COOH
Ethanoic B 1 eth Ethaneic acid
anhydride Benzyl alcohol enzyl ethanoate

(iv) Formation of Amides

Carboxylic acidsreact with ammoniaor aminesto giveamides. Thereactioninvolvestheformation of
an ammonium carboxylate sat asan intermediate which on heating givesamide.

(0] 0] (0]
Il -+ A I
R-C-OH + :NH3——=—=RC-ONH; — R-C- NH2+H20
Carboxylic Ammonium an Amide
acid carboxylate ,
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W 0
R—C—OH + RNH, — R—C—NHR’+H,0
Carboxylic Primary -Amide
acid amine (Substituted)

Amides can a so be obtained by the reaction of ammonia or amines with carboxylic acid halides,
anhydridesand esters.

(0] (0]
I NaOH I
CH; CCl + CH3NHy; ————  CH3 C—-NH—CH;
Ethanoyl N -Methylethanamide
chloride
0] (0]
él: Il
N HO CNH,
O + 2NH; ——>
/ A
ﬁ COOH
(0]
Phthalic anhydride Pnhthalamic acid
0 0

! 273-278K ;s
CICH,—C —OC,Hs+NH; —228% , ci1cH,— C—NH, + C,HsOH

Ethyl chloroethanoate Chloroethanamide Ethanol
Thus, we can make one carboxylic acid derivativefrom another. Generally, thelessreactiveacid (acyl)
derivatives can be prepared from the morereactive ones.
Theorder of reactivity of variouscarboxylic acid derivativesisasfollows:
Acidchloride> Acid anhydride> Ester > Amide
Thus, acid chlorides arethe most reactive oneswhereasthe amidesare theleast reactive.

Sincetheleast reactive derivative can be prepared from the more reactive ones, we can summarise
which derivative can be prepared fromwhich other oneinthefollowing way:

Anhydride

(Acid chloride) l (Ester ) (Acid chloride)

N /

\‘

Acid chloride

N

Anhydride

Of ,course, these derivatives can be synthesised from the carboxylic acids as well.
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I ntext Questions 29.2

1. Matchthefollowing compoundsgivenincolumn| andther classesgivenincolumn 11:

Columnl Columnl|
@ CH,COOH (a) Carboxylicacid halide
@i CH,CONH, (b) Carboxylicacid
(ilny CH,COOCH, (c) Carboxylicacidanhydride
(iv) CH_COCI (d) Carboxylicacidamide

V) CH,COOCOCH.CI  (e) Edter

2. Arrangethefollowing acidsintheincreasing order of their solubility inwater:
CH4COOH, CH4(CH,);COOH  p-CIC,H,COOH

3. Whichoneof thefollowingwill bemost acidicand why?
Butanoic acid, 2-Chlorobutanoic acid, 3-Chlorobutanoic acid, 4-Chlorobutanoic acid

4. Givetheproductsof the following reactions.

(i)NaCN
() BrCH,CH, iy oF

CH,
(il) (i) KMnO4, "OH, A R

(ii) HJO"

(i) CH,COOH + PCl,——
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.,QJ What You Have L earnt

Inthislesson, you havelearnt that

Aldehydesand ketones constitute the carbonyl compounds. Aldehydesareknown asalkanals
whereasketonesare called alkanones.

Aldehydesand ketonescan be prepared by oxidation of acohols, ozonolysisof akenes, hydration
of dkynesand Friedd-Craft’sacylation.

Carbonyl group ispolar in nature and carbonyl-carbon is susceptible to nucleophilic attack.
Thus, d dehydesand ketones undergo nucleophilic addition reactionswith many reagents. They
also exhibit condensation reactions.

Sincethe o -hydrogenisacidicin nature, a dehydes and ketones show specefic reactionsat a -
carbon atom such as hal ogenation and aldol condensation.

Carboxylic acidsare animportant class of compounds.

Themethodsof preparation of carboxylic acidsbeing oxidation of akenes, a dehydesand ketones
and akylbenzene, hydrolysisof nitrilesand carbonation of Grignard reagents.

Themoleculesof carboxylic acids show hydrogen bonding and can exist asdimers.

Carboxylic acidsareacidicin nature. Their acidity isaffected by variousfactorsincluding the
nature of substituentsattached to the carbon chain bearing the carboxylic group.

Carboxylicacidsform satswith strong basessuch asmeta hydroxides. They undergo halogenation
at a-carbon atom and can be reduced to primary alcoholsusing LiAIH,,.

Carboxylic acidsgivesriseto anumber of carboxylic acid derivatives such ascarboxylic acid
halides, anhydrides, estersand amides by nucleophilic acyl substitution reactions. They canbe
prepared from one another asshown below :

Rlarboxylic AcidJ—)' Acid chloride I——)I Anhydride ]
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%‘ Terminal Exercise

1. Writethedtructura formulaeand |UPAC namesof the compounds conta ning acarbonyl functiona
group and having the molecular formulaC3HO.

How can you prepare primary, secondary or tertiary al coholsusing aldehydesor ketones?
What isTollen's Test?

Explainketo-enol tautomerism.

What isha oformreaction?

How will you test acarboxylic acid inthelaboratory ?

Which reagent can reduce acarboxylic acid to aprimary alcohol ?

What are carboxylic acid anhydrides? Givetheir method of preparation from carboxylic acids.

© ®© N o g k&~ W DN

Which carboxylic acid derivativeismost reactive?
(a) Acid amide (b) Ester (c) Acid halide (d) Acid anhydride

@ Answersto Intext Questions

29.1
1. (i)adenyde, Ethana

(il) ketone, Butane-2-one
(iii) ketone, I-Phenylethanone
(iv) ddehyde, Propana

2. Using hydrationwith Hg?*, H*.

3. Becausethey haveoneakyl group whereasaketone hastwo alkyl groups. Hence, the carbonyl
carbonin aldehydesismorepostive.

Also, thetwo akyl groupslead to more crowding in ketones.

OH (I)R’ 11{'
|
4. () R—C—CN (ii) R—(IZ—R" (iii) R_CI_R”
|
R’ OR’ OH
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5. By Walff- Kishner reduction or Clemmensen reduction.

6. Theproduct formed by the condensation of two a dehyde moleculeshaving o-hydrogen atom.
Aldol containsboth an aldehyde and an a cohol functional group.

29.2
L (). (i) (ll).(e) (iv). @ () e
2. p- CIC4H,COOH < CH4(CH.),COOH < CH,COOH

3. 2-Chlorobutanoic acid, because of maximum -1 effect of -el at 2 - position.

COOH
4. (i) HOOCCH,CHs, (i) :
(iii) 3CH,COCI+H4PO,

5. Because of resonance stabilization of carboxylate anion. Theakoxideion cannot stabilize by
resonance.
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29.1.2.a Methods of preparation of Carbonyl compounds:
Acetaldehyde and acetone preparations:

1) Fromalcohols:
Ethyl dcohal (1 dcohol) upon oxidationwith pyridium dichromate (PDC) or pyridium chloro chromeate

(PCC) inanhydrous medialikedichloro methane gives acetal dehyde. I sopropyl acohol (2°acohal)
on oxidationwith suitable oxidizing agent gives acetone.

PDC(0r)PCC
CH3CHOH —28,— CH3CHO

Ethyl dcohol acetal dehyde

OH
I

CH,—~ CH —CH, Poceneee . CH,—CO —CH,
Iso propyl acohol acetone

2) From alkenes (wacker process):

When ethyleneis passed through an acidified agueous sol ution of PdCl,, and CuCl,, acetal dehyde
isformed. Acetoneisformed propane by the same method.

CH, = CH, + PdCl, + H,0 —“%22> CH,CO-CH, + Pd + 2 HCl
Ethylene acetal dehyde
CHy~ CH = CH,+ PdCl, + H,0 — % CH,~ CO-CH, + Pd + 2 HCI
Propene acetone

3) From calcium salts of carboxylic acids:
Carbonyl compoundsareformed when calcium satsof carboxylic acidsare heated.

Acebddehydeisformed whenthemixtureof calciumformateand cal cium acetateishested. Acetone
isformed when calcium acetateisheated.

Ca(HCOO), + Ca (CH,CO0), _A_, 2 CH,CHO + 2 CaCO,
Ca (CH,CO0), _A , 2 CH,COCH, + CaCO,

4) Rosenmund reaction:

K etones cannot be prepared with thismethod. Acetal dehydeisprepared by thereduction of acetyl
chloridewith hydrogen in the presence of palladium Catalyst supported on barium sulphate.

CH,COCl + H, __Pd-BaO, . CH,CHO + HCl
Acetyl chloride acetal dehyde
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Aromatic aldehyde (Benzaldehyde) preparation:

1. Gatterman—kock reaction:

When benzeneistreated with Co and HCl inthe presence of anhydrous AICl, and Cu,Cl,, benzal
dehydeisformed.

AlCI,
+CO+HC — 5
cu,Cl,

2. Etardreaction:

CHO

Whentolueneistreated with chromyl chloridefollowed by hydrolysisbenzal dehydeisformed.
CH,
CrO Cl,
H O*
20.1.2.a Intext Questions.

1. How will you prepare Acetonefrom propene?

29.1.2.a Answersto Intext Questions:

1. Acetoneisformed when propeneistreated with acidified PdCl., solution and CuCl.,.

2. Reductionof Acetyl Chlorideinthe presence of Pd—BaSO, gives acetal dehydeis Rosenmund
resction.

3. Benzadehydeisformed when methyl benzenetreated with chromyl chloride.
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COMPOUNDS OF CARBON
CONTAINING NITROGEN

Inthe previouslesson, you have studied the chemistry of organic compounds containing oxygen
atomasapart of thefunctiona group. Now, youwill learn about organic compounds containing nitrogen
atomasapart of thefunctional group. An historica importance can be associated with these compounds
asthefirst ever organic compound synthesised in the laboratory was ureawhich contains nitrogen.
Nitrogen containing compounds have wide applicationsin our daily life. They form apart of dyes,
drugs, fertilizers, akaloids, proteins, etc. Only two classes of nitrogen containing compounds, viz
aminesand nitro compoundsarediscussed inthislesson. Firgt, the lUPAC nomenclature of amineshas
been explained followed by their preparation and chemical properties. Thedifferenceinthebasicities
of aliphatic and aromatic amineshasa so been described. Finaly, the chemistry of nitro compoundsis
briefly discussed.

After reading thislesson, youwill beableto:
o Classify aminesasprimary, secondary, or tertiary amines,
o Writethe|UPAC namesof aminesand nitro compounds,

o describethe general methods of preparation, propertiesand uses of primary aminesand nitro
compoundsand

o explainthereativebasicitiesof primary, secondary and tertiary aiphatic aminesand compare
them with the basi citiesof ammoniaand aromatic amines.
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30.1 Amines

Aminesarederivativesof anmonia(NH,) inwhichoneor morehydrogen atomsarereplaced by
akyl or aryl groups. Aminesareclassifiedinto threedifferent typesasprimary (1°%), secondary (2°) and
tertiary (3°) depending onthe number of hydrogen atomsreplaced by alky! or aryl groups. In primary
amines, only onedkyl or aryl groupisattached to the nitrogen atom. In secondary amines, two akyl or
aryl groupsareattached to the nitrogen whiletertiary aminescontainthreealkyl or aryl groupsattached
to the nitrogen atom.

Thisisillustrated bel ow.

R-N-H R-N-H R-N-R
H R R
A primary amine A secondary amine A tertiary amine

If four akyl groupsareattached to the nitrogen atom, then the quaternary ammoniumion or salt
isformed.

+

lll

R-N-R X~
|
R

A quaternary ammonium salt

Theamino group inaromatic aminesisdirectly bonded to the benzenering. Aromaticaminesare
aryl derivativesof ammonia. Theparent aromatic amineisknown asaniline.

NH,

Aniline
30.1.1 lTUPAC Nomenclature of Amines

Similar to other classes of compounds which you have studied, amines can also be named
according tothe lUPAC system. In case of primary aiphatic amines, thelongest continuous chain of
carbon atomsdeterminestheroot name of the compound. Theending -einthenameof the corresponding
alkaneischanged to-amine. The other substituentsaong the carbon chain are given numbers. Thisis
illustrated by thefoll owing examples.
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Compounds I[UPAC name Common name

CH,NH, Methanamine Methyl amine
CH,CH,N, Ethanamine Ethyl amine
CH,CH,CH,NH, Propan-I-amine Propyl amine
CH,CHCH,NH,
|CH3 2-Methyl propan-1-amine —
NH,

Benzenamine Aniline

Secondary and tertiary amines are named by using the prefix N for each substituent on the
nitrogen atom.

Compound [UPAC name Common name
H
| N-Methylmethanamine Dimethylamine
CH,-N-CH,
H
| N-Methylethanamine Ethylmethylamine

CH,-N-CH,-CH,

CH,

‘ N-Ethyl-N-methyl propan-1-amine-
CH,CH, - N - CH,CH, - CH, y ylpropan

ThelUPAC namesof other aromatic aminesaregiven asderivativesof aniline shown below:

Compound [UPAC name Common name
Cl
2-Chloroaniline o-Chloroaniline
NH,
4- Nitroaniline p- Nitroaniline
NO,
NH,
CH,
Methylaniline o- Toluidine
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Intext Questions 30.1

1. Classify thefollowing asprimary, secondary, tertiary aminesand quaternary ammonium salts:

CH,
l
(i) CH,- C —NH, (i) CH, - 1‘\1 - CH,CH,
I
CH, H
(lll) < O >_ N- CH3 (IV) CH3CH2— Il\I = CH2CH3
'H CH,
CH, +
|

(v) CH,CH,CH - NH, (vi) |H,C-N-CH, | cI”

! |

CH, CH, B

2. WritelUPAC namesfor thefollowing amines:
(i) CH;- CH,CH,CH,CH, (i) CH, —II\I—CHZCH3
CH,
(iii) CH,— N - CH,CH,CH,CH, (iv) CH,CHCH,CH,
I l
H NH,
NH NH,
CH,CH,

) (vi)

Br

30.1.2 Prepar ation of Amines

Several methodsareavailablefor the preparation of primary aliphatic and aromatic amines. In
thissection, you will learn some of the methodswhich aregenerally used for their preparation.

(i) From alkyl halides
Alkyl haidesreact withammoniato form primary amines.
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(i)

(iii)

R—X +2NH; —— RNH, + NH,X

The primary amine so formed may further react to give asecondary amine, tertiary amineor a
guaternary ammonium salt. Soin order to get good yield of the primary amine, thereactionis
carried out using excess of ammonia. For example, bromoethane on reaction with excess of
ammoniagivesethanamine.

C,HBr+2NH; —— C,HNH, +NH,Br

Bromoethane Ethanamine

By reduction of nitriles (cyanides), am ides and nitro compounds

Comypounds containing cyano, amido or nitro groups can be reduced into the corresponding
primary amines.

Nitrilescan bereduced by hydrogeninthepresenceof platinum catalyst or by sodiumin presence
of ethanol to corresponding primary amines, For example, propanenitrile (cyano ethane) on
reduction givespropan-1-amine.

Ho /Pt
or Na/Cy,H50H

CH4CH,C = N CH3 CH,CH, — NH,
Propanenitrile Propan-1-amine

Similarly, amidesarereduced by LiAlIH, to primary amineshaving samenumber of carbon atoms
asinthegarting amide. For example, ethanamide gives ethanamine on reduction.

0

I LiAIH, CH,CH,-NH
CH, - C - NH, oo
Ethanamide Ethanamine

Reduction of nitro compounds can be carried out by using hydrochloric acid and ametal , such
asSnor Fe. They can also bereduced with hydrogen in presenceof Ni or Pt ascatayst. Sucha
reduction of nitrobenzene by any of these methods providesaniline.

NO, NH,

Sn/HCI
or Hy /Pt

Nitrobenzene Aniline
By Hofmann bromamide reaction
Aliphatic amides on treatment with bromine and astrong base like potassium hydroxide are
converted into primary amines having one carbon lessthan those present in the starting amide.

(0]

R—g—NH2+Br2+4KOH —> R-NH,+K,CO,+2 KBr+2HO

Amide Amine
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Thus, ethanamineisobtained by treating propanamidewith bromineand KOH.

(0]
CH,CH, - g —NH, + Br, + 4KOH —> CH,CH, - NH, + 2 KBr + K,CO+ 2H,0

Propanamide Ethanamine

30.1.3 Physical Properties of Amines

Aliphatic aminescontaining up to three carbon atomsare gaseswhereashigher aminesareliquids.
Somehigher aromatic aminesareeven solids. Methyl and ethyl amineshavesmell likeammonia. Amines
have higher boiling pointsthan the corresponding hydrocarbons because they form hydrogen bonds
amongst themselves. Lower aminesare solublein water and the solubility decreaseswith theincrease
insizeof thealkyl group. Thissolubility isbecause of the presence of hydrogen bonding betweenthe
amino group and water molecules. All aminesare solublein organic solventslike benzene, acohol,
ether etc.

30.1.4 Chemical Properties of Amines
(i) Basic Character

Aminesarebasicin naturedueto the presence of alone pair of el ectronson nitrogen. You know
that the strength of a base depends upon the availability of electrons. Basicities of amines can be
compared with respect to ammonia, by comparing the availability of pair of electronson nitrogen.
Ammoniaand amines, both when dissolved inwater, attract aproton fromwater to forman ammonium
or alkylammoniumion, respectively, and ahydroxideion.

NH;+H-O-H —— NH;} + OH~
Ammoniumion
R-NH,+H-O-H —— R-NH} + OH~
Alkylammoniumion
You know that aliphatic amines contain one or moreakyl groupsin place of hydrogen atoms of
ammonia Sinceakyl groupsaredectron releasing groups, they increasethe e ectron density on nitrogen.
Thismakesthelonepair of eectronson nitrogen atomto beeasily availablefor sharing and hence, this

increasesthebasicity of theamine. So, weexpect that the basicitiesof theamineswould increaseaswe
movefrom primary to secondary totertiary amines.

But the order of the basicities has been found to be
R—NH, < R, NH > R;N
Primary (1°) Secondary (2°) Tertiary (3°)

Thetertiary aminesarelessbasic than secondary amines. Thereason isthat atertiary amine,
though hasthree alkyl groupswhich can donate el ectronsto the nitrogen atom but they al so cause
crowding (also called steric hinderance) around nitrogen. This hindersthe protonation at nitrogen
atom and hence, reducesthebasicity.
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The aromatic amines are weaker bases than ammonia because the aromatic ring is electron
withdrawing, It reducesthe el ectron density at nitrogen and makesthe aromatic amineslessbasic. So
we can expressthe basic character of aiphatic and aromatic amines as shown below.

Aromaticamines< Ammonia< Aliphaticamines

(i) Alkylation : Primary aminesreact with alkyl halidesto give secondary amines. The reaction may
continuefurther toform atertiary amine and aquaternary ammonium sat. For example, thereaction of
ethanami ne with bromomethane proceeds as shown bel ow.

CH3CH2 - NH2 + CH3Br—> CH,CH, — NH - CH,
Ethanamine Bromomethane pN. Methy(lze:)hanamine
lCH3Br

CH,CH, - N - CH,

CH,
N, N- Dimethylethanamine
3
i CH,Br

CH,
|
CH,CH,-N-CH, | Br—

|
CH,

+

Ethyltrimethylammonium
bromide

(i) Acylation : Primary amines on reaction with acid chloridesor acid anhydrides give N-
substituted amides.

0) 0

] ,
JR-NH,+ R-C-Cl —> R-NH-C-R" +  HC

Primary acid chloride substituted amide
amine

For example, anilineon reaction with ethanoy! chloride (acetyl chloride) givesacetanilide.

0
Il
NH, 0 NH - C - CH,
+ CH,-C- —> @
Aniline Ethanoyl chioride Acetanilide
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(iv) Carbylaminereaction: When a primary amine is heated with chloroform in the presence of
alcoholic potassium hydroxide, then the corresponding isocyanideisformed. I socyanidesare also
known as car bylamines, hence this reaction is called as carbylamine reaction. For example,
aminoethane on undergoing thisreaction, givesethyl carbylamine.

CH,CH, — NH, + CHC1, + 3KOH —%— CH.,CH,N = C+ 3KCl + 3H,0
Ethylamine Ethyl carbylamine

Isocyanidesgiveavery offensveodour, sothisreactionisaso used asatest for primary amines.

(v) Reaction with nitrousacid: Primary aromatic aminesreact with nitrous acid to give diazonium
sdtsand thisreactionisknown asdiazotisation. Nitrousacid isan unstable compound and can not be
stored, soit isprepared during thereaction by mixing sodium nitriteand hydrochloric acid. Thereaction
isspecifically carried out at |ow temperature between 273 - 278 K. For exampl e, anilinereactswith
nitrousacidto give benzene diazonium chloride.

NH, N,CI’
+NaNO, + 2HCI —Z22BK @ +NaCl + 2H,0
Aniline Benzene diazonium chloride

(a diazonium salt)

Primary aliphatic aminesalso react inasimilar way but the diazonium saltsformed are unstable
and decomposeto give acoholsand nitrogen gas. Thus, ethanamine gives ethanol when subjected to
thisreaction.

CH,CH, — NH, — NN/, rey cH N3 C] —225 CH,CH, — OH+ N, + HCl
Ethanamine Ethyldiazoniumchloride Ethanol
Unstable diazonium salt

(vi) Primary aminesundergo condesnsation with aldehydes or ketonesto formimines. These products
arealso called Schiffsbases. Thereaction can be shown asfollows:

R'_ R

~
C=0 + HHN-R —> C=N-R
R an amine R
a Schiff’s base

(vii) Ring substitution in aromatic amines: You know that - NH, group isastrong activating and
ortho-, para- directing group for e ectrophilic aromatic substitution reactions. Thisdirectiveinfluence
can beexplained by thefollowing resonating structures of aniline.

. + + +
QNHZ NH NH NH
<——>Za e——»@jé—ﬁ | _ .

Resonance structures of aniline
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Asaresult of thisresonance, the electron density ismore at ortho- and para- positions; hence,
the e ectrophilic substitution occursat these positions.

Someimportant ring substitution reactions of aromatic amines are hal ogenation, nitration and
sulphonation.

(@ Halogenation: Aniline on treatment with an agueous solution of bromine gives 2,4,6 -
tribromoaniline.

NH, NH,
Br Br
+3Br(aq) ——> + 3HBr
Aniline Br
2,4,6-Tribromoaniline

Anilineisvery reactive and all the three hydrogen atoms at ortho- and para- positions are
subgtituted with bromineatoms.

(b) Nitration: Nitration of anilineiscarried out onthe acetylated amine (acetanilide) rather thanon
thefreeamineitsalf. Therearetwo reasonsfor this.

(i) Thefreeamineisvery susceptibleto oxidation and thusmuch of itislostintheform of a
black-sticky materia whichisformed asresult of itsoxidation.

(i) Thefreeamineisvery reactive but acetyl the group protectsit and reducesitsreactivity.
Thenitration of anilinewiththe protecti onof theamino group isshown below:

NH - CCH

CH c01 HNO H O/’
H so

Aniline Acetanilide p- Nltroacetamllde p- Nltroamlme
The first step consists of acetylation of the amino group in aniline. The conversion of
i
-NH, to -NH - C- CH, , lowerstheactivity of -NH, group because of electronwithdrawal by

0]

_lcl — CH;- This step is followed by nitration (conc. HNO/ H,SO,) which gives mainly the

p-nitroacetanilide. This, ‘onacid hydrolysis' yieldsthe desired product p-nitroaniline.

(¢) Sul phonation : Sulphonationiscarried out inthe presence of sulphuric acid. Theamino group
in anilineis abasic group. Therefore, an acid-base reaction takes place to form anilinium

hydrogensulphate sat. Thissalt undergoesrearrangement at ahigh temperatureto give sulphanilic
acid.

370



+ +
NH HSO; NH,

NH,
@ .50, @ 18475 R
5., 5

Anilinium SO,
Aniline hydrogensulphate Sulphanilic acid

30.1.5 Uses of Amines

Aminesarevery useful compounds. They areused for avariety of purposesinthelaboratory as
well asintheindustry. Somealiphatic amines are used as solventsand intermediatesin drug synthesis.
The quaternary ammonium saltsderived fromlong chain aiphatic tertiary aminesarewidely used as
detergents. Aromatic aminese.g. anilineand itsderivatives, are used for the production of dyes, drugs
and photographic developers. 1,4-Diaminobenzene isthe main ingredient of all hair dyes. Many
dithiocarbamates which are the compounds derived from primary amines, are used as herbicides.
Diazonium salts obtained from primary aromatic aminesform the basis of synthesisof many other
organic compounds.

Intext Questions 30.2

1. Predictthemajor product of thefollowing reactions:

CONH,

@ + Br, + 4KOH —
CH,

(b) CH,CH,NH, NG /HCT

__NaNO/HCL
(© @ ;K

NH,

(d) @ + Br(aq) —
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NH,

(i) HpSO4
2
(e (ii) Heat
NO,
() Fe/HCl

30.2 NitroCompounds

Nitro compounds are those derivativesof hydrocarbonsinwhich ahydrogen atomisreplaced
by anitro (-NO,) group. They may bealiphatic or aromatic. Nitroalkanes are divided into primary
(1%, secondary (2°) or tertiary (3°) nitro alkanes depending upon the attachment of nitro group to
primary, secondary or tertiary carbon atom, respectively.

H R R
I | |
R—IC—NO2 R-C-NO, R-C-NO,
I I
H , H R
p-nitroalkane sec-nitroalkane tert-nitroalkane

30.2.1 TUPAC Nomenclature of Nitro Compounds

According to lUPAC system, nitro compounds are named by prefixing theword nitro beforethe
nameof the parent hydrocarbon. Thenumber of nitro groupsand their positionsare suitably indicated
asshownin someexamplesgiven below.
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Compound [UPACName
CH,; - NO, Nitromethane
CH,CH, — NO, Nitroethane
CH, CH CH,
11102 2-Nitropropane
CH,CH CH CH CH,
11102 (I:Hs 2-Nitro - 3- methylbutane
NO,
Nitrobenzene
NO,
1,3 - Dinitrobenzene (m - Dinitrobenzene)
NO,

30.2.2 Preparation of Nitro Compounds

0]

Fromalkylhalides: Nitroakanesare prepared by heating an aky! halidewith agueousethanolic
solution of slver nitrite. Inthisreaction, asmall amount of isomeric akyl nitrites(R-O-N=0) is
also obtained.

R-X +AgNO, —— R—NO, + AgX
For example. bromoethane on reaction with silver nitrite givesnitroethane.

CH,CH,Br + AgNO, —— CH,CH,NO, + AgBr

Bromoethane Nitroethane
By nitration of alkanes: Nitroalkanes can also be prepared by the nitration of alkanesin
vapour phase. For thisreaction, amixture of theakaneand nitric acidis passed through ametal
tubeat about 680 K. Thisreaction alwaysyieldsamixture of compoundsdueto the cleavage of
thegtarting dkane. For example, propane on nitration givesamixture of following compounds.

CH,CH,CH, _%_) CH,CH,CH, - NO, + CH, (IZH CH, + CH, CH, - NO, + CH, - NO,

Propane 1 - Nitropropane NO Nitroethane  Nitromethane
2

2 - Nitropropane
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(iii) Bynitration of aromatic compounds: Aromatic nitro compoundsare almost always prepared
by direct nitration. For example, nitration of benzenegivesnitrobenzene. Thereactionisgeneraly
carried out with amixture of concentrated nitric acid and concentrated sulphuric acid.

NO,
H,SO
@ + HNO, ——— @
Benzene Nitrobenzene

30.2.3 Physical Properties of Nitro Compounds

Nitroalkanesare colourlessaily liquidsinthe pure state. They have pleasant smell. They possess
higher boiling pointsthan the corresponding a kanesbecause of their polar nature. Amongst thearomatic
nitro compounds, nitrobenzeneisaydlow liquid withthesmdll of bitter dmonds. Most other aromatic
nitro compounds areyellow crystalline solids. All the nitro compounds are heavier than water and
insolubleinit. They are, however, solublein organic solventslikea cohol, ether, benzene, chloroform
etc.

30.2.4 Chemical Properties of Nitro Compounds

() Reduction: Oneof theimportant reactionsof nitro compoundsisreduction. Nitro compounds
can be readily reduced to primary amines by avariety of reducing agents. For example, (a)
hydrogenin presenceof catalyst likenickel or platinum (b) ametal liketin or ironin presence of
hydrochloric acid and (c) lithium auminium hydride. Reduction of nitroethane and nitrobenzene
providesethanamineand aniline, respectively.

Ni

Nitroethane Ethanamine
NO, NH,
@ Sn/HCl @
Nitrobenzene Aniline

Nitrobenzene on reductionin neutral medium, using zinc dust and ammonium chlorideyields
N-phenylhydroxylarninewheressitsreduction in alkalinemedium using zinc and sodium hydroxide

yieldsazobenzene.
NHOH

Zn+NH,CI
—>

i N-phenylhydroxylamine
Nitrob Zn + NaOH
itrobenzene @ N = N_@

Azobenzene
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(i) Hydrolysis. Primary nitroalkanes on reaction with dilute hydrochloric acid or sulphuric acid
undergo hydrolysisto produce carboxylic acidsand hydroxylamine.

RCH, — NO, + H,0 —=— R—COOH + NH,OH
A carboxylic Hydroxylamine
acid
Secondary nitroalkaneson hydrolysisform ketones.

0]

|
2RCH-NO, _®1 , 2R-C-R + N,0+ H,0
ketone

(iif) Thermal decomposition : Nitroalkanes decompose with explosion on heating.
Advantageistaken of thisreactioninthecommercia useof nitroakanesasexplosives. Itisdue
to theformation of large volume of gaseous products on heating which produce high pressure.

A
2CH3NO, —— N, +2CO, +3H,

(iv) Ring substitution in aromatic nitro compounds: You know that —NO,, group isadeactivating
and meta - directing group for electrophilic substitution reactions. It is due to the electron
withdrawing tendency of —NO, group. Thus, nitrobenzene on halogenation, nitration or
sul phonation givesthe meta-substituted products as shown bel ow.

NO, NO,
@ C12 /Fe Cl3 @\
Cl

Nitrobenzene 3-Chloronitrobenzene

NO, NO,

conc. HNO3 /conc. H,SO4

NO,
Nitrobenzene 1, 3-Dinitrobenzene
NO, NO,
conc. HySO4
Heat SOSH
Nitrobenzene 3-Nitrobenzenesulpheonic acid

30.2.5 Usesof Nitro Compounds
1. Nitroakanesareused assolventsfor rubber, cellulose acetate etc.

2. They areused asintermediatesintheindustrial production of explosives, detergents, medicines,
aminesetc.

3. Nitrocompoundsareaso used asfuel in small enginesand rockets.

375



Intext Questions 30.3

1. WritelUPAC namesof thefollowing:

(a) CH,CHCH,CH, -NO, (b) CH,CHCH,CH,CH,
CH, NO,
NO,
’ NO,
cl
© )
CH,

(¢) CH,CHCH,CH,CH, - NO,

NO,

(RN
¥e%% What You HaveL earnt

o Aminesare consdered asderivativesof anmonia. They areclassified asprimary, secondary or
tertiary based on how many akyl groups have replaced the hydrogen atoms of ammonia
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o Reaction of alkyl halideswith ammoniaproducesamixture of primary, secondary or tertiary
aminesaong with quaternary ammoniumsats.

o Reduction of nitriles, amidesand nitro compounds gives amines having the same number of
carbon atoms.

o InHofmann bromamide reaction, the amineformed hasone carbon lessthan the starting amide.

o Bothaliphatic and aromatic aminesare basicin nature. But aromatic aminesarelessbasic and
aliphatic aminesare morebas ¢ than ammonia. An diphatic secondary amineismorebasicthan
primary and tertiary amines.

« Primary aminescan bedifferentiated from secondary and tertiary aminesby carbylaminereection.

o Aliphatic primary aminesundergo diazotisation to form a coholswhereasaromatic primary amines
formdiazoniumsdts.

o Theaminogroup (-NH) isan activating and ortho-, para-directing group towardstheeectrophilic
aromati c substitution reactions.

o Nitroalkanesare obtained by thereaction of alkyl halideswith acoholic silver nitrite.

« Nitrobenzeneisobtained by thedirect nitration of benzenewith cone. HNO; inthe presence of
cone. H,SO,,

o Primary nitrodkanesarehydrolysedin acidic mediumto give carboxylic acidswhereas secondary
nitroa kanesgiveketones.

o All nitro compoundsare reduced into amino compoundsby (i) hydrogenin presence of catalyst
or (if) tinor ironin presence of hydrochloric acid.

« Nitrogroupisdeactivating and meta-directing group towards el ectrophilic aromatic substitution
reactions.

:a Terminal Exercise

1. Writethestructural formulaof thefollowing compounds:

(1) 2-Methylpropan- 2-amine (il) Butan- 2-amine
(iiiy N - Ethyl- N - methylbutan - 1- amine (iv) 2 - Methyl- 2-nitropropane

(v) 4- Nitrotoluene
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2.

© o N o

10.

What do you understand by diazoti sation? Write the product of following reactions.

NH,
CH,

3 @NH2 NaNO, /HCI

(ii) 273-278K
NO,

, NaNO,/HClI
(i) CHy — CH, — CH, = NH, —o 25—
How will you prepare butan-1-amine starting from asuitableamide? Namethereactioninvolved.
What different reagents can be used for thefollowing conversion?

NO, NH,

Arrangethefollowing aminesinincreasing order of thelr badicities.
Ethanamine, N-Methylethanamine, Aniline.

How will you prepare sulphanilic acid from nitrobenzene?

What happenswhen ethanamineistreated with excess of chloroethane?
Write thereaction sequenceto convert nitromethaneinto ethanamine.

How will you prepare par a-bromoaniline from nitrobenzene? Can thiscompound be obtained
by direct bromination of anilinewith aqueous solution of bromine? Explain.

Completethefollowing reactions.

CH .
0 3 \CH - NO, _diLHC | o

CH,

: Br,/KOH NaNO,/HCI
(i) CH,CH,CH,CONH, —22 7 G
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NO,

i HNO3 /H,S04
—_— 2

(iv) CH; - |CH — CH, —CHCL/KOH 9

NH,
(v) CH, CH,CH, — Br + AgNO, __dcohal

@ Answersto | ntext Questions

30.1

1. (i) Primary amine
(iv) Tertiary amine

2. (i) Butan-l-amine
(i) N, N-Dimethylethanamine
(iii) N-Methylbutan-1- amine
(iv) Butan-2-amine
(v) 3-Bromoaniline

(iiii) Secondary amine

(i) Secondary amine
(Vi) Quaternary ammonium salt

(v) Primary amine

(vi) 2-Ethylaniline
30.2
NH,
() (if) CH,CH,OH
CH,
; NH,
N Cl N .
(i) @ .
Br
NH, -
(v) @ (vi) @
SO.H
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2. Anilineisvery reactivetowardsbromination becausethe-NH, groupisahighly activating group.

3. Carbylaminetest.

4. No
5. ]:I;‘(’)i @ Sn/HCI @ H)S0,
Benzene
N H,HSO,
455—475 K
SO.H
Sulphanilic acid
30.3

1. (i) 3-Methyl-I-nitrobutane
(i) 2-Nitropentane
(iii) 4- Nitrotoluene
(iv) 2-Chloronitrobenzene
(v) 1,4-Dinitropentane

NH,

NH,

NO, NH,

4. Nitroadkanesdecompose on hesting and producelarge volumeof gases. Theformation of gaseous
productsat high pressure producesthe thrust which isnecessary for the movement of rocket.
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30.1.3.a Identification of Primary, Secondary and tertiary amines

1. Hinsberg'stest:

Aminereactswith benzene sulphonyl chloride primary aminegivesN-akyl benzene sulphonamide
anditdissolvesinakali.

Secondary aminegivesN, N- didkyl benzene sulphonamideanditisinsolubleinakali.
Tertiary aminedoes not reactswith benzene sulphonyl chloride.

so,Cl SO,NHR
R-NH, + @ N @ +HCl
1°amine N - alkyl benzene sulphonamide
SR

R socl SO,N

>NH + @ — @Iz \R+HCI

N, N - akyl benzene sulphonamide

2. Hofmann mustard oil reaction:

Hereamineisreacted with CS, followed by HgCl...
Primary aminereactswith CS, and the productsreactswith HgCl, and black precipitateisformed.

Secondary aminereactswith CS,, the productsformed al so reactswith HgCl,, and no precipitate
isformed.

Tertiary amine does not undergo any reactionwith CS,,
S

1
R-NH,+CS—> R-NH —C —SH _H%%: JHgs |+ R —NCS+2HC

R R S
/NH +CS, — R—I\‘I —&—SH LQS No precipitate is formed
R
30.1.3.a Intext Question:
1. How doesaSecondary aminereactswith benzene sulphonyl chloride?

30.1.3.a Answer to Intext Question:

1. Secondary aminegivesN.N.—di alkyl benzene sul phonamidewith benzene sulphonyl chloride.
Itisnot solubleinakali.
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BIOMOLECULES

You areawarethat our body, plantsand other animalsare made up of many chemical substances.
Therearecertain complex organic moleculeswhichformthebasisof life. Thesebuild upliving organisms
and arealso required for their growth and maintenance. Such moleculesare called biomolecules. The
main classes of biomoleculesare carbohydrates, proteins, lipids, nucleic acids, enzymes, hormonesetc.
Inthislesson, youwill study about the structuresand functions of someimportant biomolecules.

After reading thislessonyou will beableto:
o identify and definedifferent typesof biomolecules;
o describetheimportant structural featuresof biomolecules,;
o Classfy carbohydrates, proteinsand lipidsonthe basisof their structure & functions,
o (Qivethecomposition of proteinsand nucleic acids;
o explainthedifference between DNA and RNA;
o differentiate between oilsandfats,
o explaintheaction of enzymesandtheir characteristic featuresand

o listthefunctionsof biomoleculesinbiologica systems.

31.1 Carbohydrates

Carbohydratesform avery large group of naturally occurring organic compoundswhichplay a
vita roleindaily life. They are produced in plantsby the process of photosynthesis. Themaost common
carbohydrates are glucose, fructose, sucrose, starch, cellulose etc. Chemicaly, the carbohydrates may
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be defined as polyhydroxy aldehydes or ketones or substances which give such molecules on
hydrolysis. Many carbohydrates are sweet in taste and all sweet carbohydratesare called assugars.
The chemica name of themost commonly used sugar in our homesissucrose.

31.1.1 Classification of Carbohydrates
Carbohydratesare classified into three groups depending upon their behaviour on hydrolyss.

(i) Monosaccharides: A polyhydroxy adehyde or ketonewhich cannot be hydrolysed” further to
asmaler molecule containing thesefunctiona groups, isknown asamonosaccharide. About 20
monosaccharides occur in nature and glucoseisthe most common amongst them.

Monosaccharidesare further classified on the basis of the number of carbon atomsand the
functiond group present inthem. If amonosaccharide containsan ddehydegroup, itisknown as
analdoseandif it containsaketo group, it isknown asaketose. The number of carbon atoms
present isalsoincluded while classfying the compound asisevident from theexamplesgivenin
Table 31.1. Name of some naturally occuring monosaccharidesare givenin brackets.

Table31.1 Classification of monosaccharides

No. of carbon atoms Type of monosaccharide
present Aldose Ketose
3 Aldotriose(Glyceradehyde) Ketotriose
4 Aldotetrose (Xylose) Ketotetrose
5 Aldopentose (Erythrose) K etopentose
6 Aldohexose(Glucose) K etohexose
7 Aldoheptose K etoheptose

(i) Disacccharides. Carbohydrateswhich givetwo monosaccharide moleculeson hydrolysisare
called disaccharidese.g. sucrose, maltose, lactose etc.

(iii) Polysaccharides: Carbohydrates which yield alarge number of monosaccharide units on
hydrolysise.g. starch, glycogen, celluloseetc.

31.1.2 Structure of Monosaccharides:

Although alarge number of monosaccharidesarefound in nature, wewill confineour discussion
hereto four of them only viz. D-glucose, D-fructose,D-ribose and 2-deoxy-D-ribose.

D-Glucose (an adohexose) is the monomer for many other carbohydrates. Alone or in
combination, glucoseis probably the most abundant organic compound on the earth. D-Fructose (a
ketohexose) isasugar that isfound with glucosein honey and fruit juices. D-Ribose (an a dopentose)
isfound in ribonucleic acids (RNA) while. 2-Deoxy-D-ribose is an important constituent of the
eoxyribonucleic acids(DNA). Here, the prefix 2-Deoxy indicatesthat it lacksoxygen at carbon no. 2.
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CH,OH 0 o
I | I n
— —_ C _
P 0 | o
|
H-C-OH HO-C-H H-C-OH H—IC—H
' | |
HO-C-H H-C-OH
| H-C-OH H=C=OH |
A-g-od | | H-C-OH
H-C-OH
H-C-OH H-C-OH | I
| | CH,0H
08 CH,0H CH,OH
D-Glucose D-Fructose D-Ribose 2-Deoxy-D-ribosc

These monosaccharides generally exist ascyclic compoundsin nature. A ringisformed by a
reaction between the carbonyl group and one of the hydroxyl groups present inthe molecule. Glucose
preferentially formsthe six membered ring which can beintwo different isomericformscalled o and

B-forms(shownbelow asl & I1). Thetwo formsdiffer only inthearrangement of the hydroxyl group
at carbon No.1. Suchisomersare called anomers.

Formation of thesecyclic structures (I and I1) from the open chain structure can be shown as
follows.

o)
| . | 1 | 1
j e=E H-C-OH HO-C-H
2
H —— OH 2 0 2
H —— OH 4 —> on 0
RO—o— o g HO —— H ” o —13
H_S_OH H ——OH H—4—OH
H ——OH ' 5 5
6 & H
CH,OH 6 6
2 CH,O0H CH,0H
(I) o — D — glucose (I B — D —glucose

Thecyclicstructures| and |1 aremore appropriately represented aslaand lla

6
CH,OH CH,OH




Theoand B-formsof other sugarsaso exist inthecyclicform. D-Riboseformsafive membered
ring structure as shown below

HO H,C HO H,C

o — D —ribose  — D —ribose
D-before the name of above exampleindicatesthe configuration of particular sterecisomer.
Stereoisomersare assigned relative configurationsas D— or L—. Thissystem of assigning therelative
configuration refersto thelir relation with glyceral dehyde. Glycerol dehyde contains one asymmetric
carbon atom so existsin two enantiomeric forms as shown below.

CHO CHO
H OH HO H
CH,OH CH,OH
(+) —glycaraldehyde (-) —glyceraldehyde

All those compounds which can be correlated to (+) -glyceraldehyde are said to have
D-configuration and those can be correl ated to () -glycera dehyde are said to have L -configuration.
Inmonosaccharidesit isthelowest asymmetric carbon atom (showninthebox) by whichthecorrelaion
ismade. Asin (+) glucosethelowest asymmetric carbon atom has—OH group ontheright sdewhich
matcheswith (+) glyceradehyde henceit isassigned D-configuration.

CHO
H—— OH
HO —1—H
H —~— OH CHO
T
| PR E—
H OH !
| o a—— o
| CHOH |
e CH,0H
(+) - glucose or (+) - giyceraldehyde or
D-glucose D-glyceraldehyde

31.1.3 Structure of Di-Saccharides and Polysaccharides

Disaccharides are formed by the condensation of two monosaccharide molecules. These
monosaccharidesjointogether by theloss of awater molecul e between one hydroxyl group oneach
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monosaccharide. Such alinkage, which joinsthe monosaccharide unitstogether iscalled glycoside
linkage. If two a-glucose molecul esarejoined together, the disaccharide maltoseisformed.

CH,OH CH,OH

2 molecules of o — glucose

CH,OH

Maltose

Similarly, sucrose (the common sugar) consistsof onemolecul e of glucose and one molecul e of
fructosejoined together. Lactose(or milk sugar) isfound in milk and contains one molecul e of glucose
and onemolecule of galactose.

If alarge number of monosaccharide units arejoined together, we get polysaccharides. These
arethemost common carbohydratesfoundin nature. They havemainly oneof thefollowingtwofunctions-
either asfood materialsor asstructural materials. Starch isthe main food storage polysaccharide of
plants. It is a polymer of o -glucose and consists of two types of chains- known as amylose and

amylopectin.
Amyloseisawater solublefraction of starch andisalinear polymer of o -D-glucose. Onthe
other hand amylopectinisawater insolublefraction and consists of branched chain of o -D-glucose.

The carbohydratesare stored in animal body asglycogen whichisaso apolymer of o -glucose
anditsstructureissimilar to amylopectin.

Cdluloseisanother natura polysaccharidewhichisthemain component of wood and other plant
materias. It consistsof long chain of B-D-glucose molecules.

31.1.4 Biological Importance of Carbohydrates

(i) Carbohydratesact asstorage molecules. For examplethey arestored asstarchin plantsand as
glycogeninanimals.

(i) D-Riboseand 2-deoxy-D-ribosearethe constituents of RNA and DNA, respectively.
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(i) Cdlwallsof bacteriaand plantsare made up of cellulose. It may beof interest to notethat human
digestive system does not have the enzymesrequired for the digestion of cellulose but some
animalsdo have such enzymes.

(iv) Somecarbohydratesareaso linked to many proteinsand lipids. These moleculesareknown as
glycoproteinsand glycolipids, respectively. These molecul es perform very specific functionsin
organisms.

Intext Questions 31.1

1. Namethree congtituentsof your diet which provide carbohydrates.

31.2 Protans

Protelnsarethe most abundant macromoleculesinliving cdlls. Thenameproteinisderived from
the Greek word * proteios’ meaning 'of primeimportance’. These are high molecular mass complex
amino acids. You will study about amino acidsin the next section. Proteinsare most essentia class of
biomol ecules becausethey play the most important rolein al biological processes. A living system
containsthousands of different proteinsfor itsvariousfunctions. In our every day food pul ses, eggs,
meat and milk arerich sourcesof proteinsand are must for abalanced diet.

31.2.1 Classification of Proteins

Proteinsare classified onthebasisof their chemical composition, shape and solubility intotwo
maj or categoriesasdiscussed bel ow.

(i) Simpleprotens Smpleproteinsarethosewhich, onhydrolyss, giveonly aminoacids. According
to their solubility, the simple proteinsarefurther divided into two major groupsfibrousand
globular proteins.

(@) FibrousProteins. Thesearewater insolubleanimal proteinsego collagen (major protein of
connectivetissues), elastins (protein of arteriesand e astic tissues), keratins (proteinsof hair,
wool, and nails) are good exampl es of fibrous proteins. Molecules of fibrousproteinsare
generdly longandthread like.
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(b) Globular Proteins: Theseproteinsare generally solublein water, acids, basesor acohol.
Some examples of globular proteinsare albumin of eggs, globulin (present in serum), and
haemogl obin. Moleculesof globular proteinsarefol dedinto compact unitswhich are spherica

inshape.
(i) Conjugated proteins. Conjugated proteinsare complex proteinswhich on hydrolysisyield not
only amino acidsbut al so other organic or inorganic components. The non-amino acid portion of
aconjugated proteiniscalled prosthetic group.

Unlikesmple proteins, conjugated proteinsare classified on the basis of the chemical nature of
their prosthetic groups. Theseare

a. Nucleoproteins(protein + nucleic acid)

b. Mucoproteinsand glycoproteins(protein+ carbohydrates)

c¢. Chromoproteins(proteins+ acoloured pigment)

d. Lipoproteins(proteins+ lipid)

e. Metaloproteins(meta binding proteinscombined with iron, copper or zinc)

f. Phosphoprote ns (protei ns attached with aphosphoric acid group).

Proteins can aso be classified on the basis of functions they perform, as summarized in

table 31.2.

Table 31.2: Classification of proteinsaccor dingtotheir biological functions

Class Functions Examples
1 Trangport Proteins Transport of oxygen, Haemoglobin
glucoseand other nutrients Lipoproteins
2. Nutrient and storage Storeproteinsrequired for Gliadin(whest)
Proteins thegrowth of embryo Ovabumin(egg)
Casain(milk)
3. Structura Protiens Givebiologica structures, Keratin(Hair, nalsetc.)
strength or protection collagen( cartilage)
4, Defence Proteins Defend organismsagainst Antibodies
invasion by other species Snakevenoms
5. Enzymes Act ascatalystsin Trypsin,Pepsin
biochemicd reactions
6. Regulatory Proteins Regulatecdlular or Insulin
physiologica activity

31.2.2 Structure of Proteins

Protein moleculesare polymersof different sizesand shapeswith different physical and chemica
properties. The monomer unitsfor proteins are amino acids. All theamino acidsthat arefoundin
proteins have an amino group(—NH.,,) on the carbon atom adjacent to carbonyl group, hencearecalled
o -amino acids. Thegeneral formulaof a-amino acidsisshown bel ow.
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COOH

|a—carbon

HZN——IC——H
R

All proteinsfoundin nature arethe polymersof about twenty (20) different o-aminoacidsandall
of these have L-configuration. Out of theseten (10) amino acids cannot be synthesized by our body
and hence must form the part of our diet. Theseare called essential amino acids.

All proteins have one common structural featurethat their amino acids are connected to one
0
Il

another by peptidelinkages. By apeptide linkage we mean an amide (- € - N-) bond formed when
|
H

the carboxyl group of one amino acid molecule reacts with the (o-amino group of another. In the
process, amolecule of water is given off. The product of the reaction is called a peptide or more
precisely adipeptide becauseit ismade by combining two amino acids, as shown below:

H O H O
T 1
H—N—-C—C—OH + H—N—-C—C—OH
| | 11 |
H R, H R
(Amino acid) (Amino acid)

|

H R,
(A dipeptide)

If athird amino acid isjoined to adipeptidein the same manner, the product isatripeptide.
Thus, atripeptide contai nsthree amino acidslinked by two peptidelinkages. Similar combinations of
four, five, Sx amino acidsgive atetr apeptide, apentapeptide, ahexapeptide, respectively. Peptides
formed by the combination of morethan ten amino acid unitsare called polypeptides. Proteinsare
polypeptidesformed by the combination of largenumber of aminoacid units. Thereisnoclear line

of demarcation between polypeptidesand proteins. For exampleinsulin, athoughit containsonly 51
amino acids, isgenerally considered asmall protein.

Theamino acid unit with thefree amino group isknown asthe N-terminal residue and theone
withthefreecarboxyl group iscaled the C-terminal residue. By convention, the structure of peptide or
proteinswritten with the N-termina residue ontheleft and the C-terminal ontheright.

Theactual structure of aprotein can be discussed at four different levels.

() Primary structure: Information regarding the sequence of amino acidsinaproteinchainis
calleditsprimary structure. The primary structure of aprotein determinesitsfunctionsandis
critical toitshiologica activity.
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(i) Secondary structure: The secondary structure arises due to the regular folding of
the polypeptide chain dueto hydrogen bonding between— C—and >N - H group.

|
O
Two types of secondary structures have been reported. Theseare- o helix (Fig. 31.1)

when the chain coilsup and 3-pleated sheet (Fig. 31.2) when hydrogen bonds are formed
betweenthechains.

One turn of the
helix; 5.4 A° per
turn (Pitch);

3.6 amino acids
unit per turn

(Pitch)l

@ Carbon

O Oxygen
@ Nitrogen
@ side group
O Hydrogen

Parallel 3-Conformation Antiparallel 3-Conformation
Fig. 31.2 : The B-pleated-sheet structure of protein
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(iif) Tertiary structure: Itisthethree-dimensional structureof proteins. It arisesduetofolding and
superimposition of variouso-helical chainsor 3-plated sheets. For exampleFig. 31.3 represents
thetertiary structurefor the protein myoglobin.

Fig. 31.3: Sructure of myoglobin

(iv) Quaternary structure: The quaternary structure refersto the way in which ssmple protein
chainsassociate with each other resulting in theformeation of acomplex protein.

By different modes of bonding in secondary and tertiary structural levelsaprotein molecule
appearsto haveauniquethree-dimensional structure.

31.2.3 Denatur ation

Oneof thegreet difficultiesinthestudy of thestructureof proteinsisthat if thenorma environment
of aliving protein moleculeischanged even dightly, such asby achangein pH or intemperature, the
hydrogen bondsare disturbed and broken. When attractions between and within protein moleculesare
destroyed, the chains separate from each other, globules unfold and helices uncoil. We say that the
protein has been denatured.

Denaturationisseeninour daily lifeinmany forms. Thecurdling of milk iscaused by bacteriain
the milk which producelactic acid. The changein pH caused by thelactic acid causes denaturation,
coagulation and precipitation of themilk proteins. Similarly, theboiling of an egg causes preci pitation of
thea bumin proteinsin theegg white. Some proteins(such asthosein skin, fingernails, and the ssomach
lining) areextremely res stant to denaturation.

31.2.4 Biological Importance of Proteins
(i) Proteinsarestructural componentsof cells.
(i) Thebiochemical catalystsknown asenzymesare proteins.
(i) Theproteinsknown asimmunoglobinsservein defenceagainst infections.
(iv) Many hormones, such asinsulin and glucagon are proteins.
(v) Proteinsparticipatein growth and repair mechanism of body tissues.
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(vi) A proteincalledfibrinogen helpsto stop bleeding.

(vii) Oxygenistransported to different tissuesfrom blood by haemoglobin whichisaprotein attached
to haeme part.

Intext Questions 31.2

1. What doyou understand by primary structure of protein ?

31.3 Lipids

Thelipidsincludealarge number of biomoleculesof different types. Theterm lipid originated
fromaGreek word ‘ Lipos meaning fat. In generd, those congtituents of thecell whichareinsolublein
water and solublein organic solvents of low polarity (such aschloroform, ether, benzene etc.) are
termed aslipids. Lipidsperform avariety of biologica functions.

3-1.3.1 Classification of Lipids

Lipidsareclassifiedinto three broad categorieson the basis of their molecular structureand the
hydrolysisproducts.

(i) SmpleLipids Thoselipidswhich areestersand yield fatty acidsand alcoholsupon hydrolysis
arecalled smplelipids. They includeails, fatsand waxes.

(i) Compound Lipids: Compound lipids are esters of fatty acids and alcohol with additional
compoundslike phosphoric acid, sugars, proteinsetc.

(i) Derived Lipids: Compoundswhich areformed from oils, fatsetc. during metabolism. They
include steroidsand somefat solublevitamins.

31.3.2 Structure of lipids
Thestructureof al threetypesof lipidsarebriefly discussed below.
(i) SmpleLipids

Thesimplelipidsareesters. They are subdivided into two groups, depending on the nature of the
alcohol component. Fatsand oilsaretriglycerides, i.e. they arethe estersof glycerol with three
molecules of long chain fatty acids. Variationsin the properties of fats and oilsisdueto the
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(i)

presence of different acids. Theselong chain acids may vary in the number of carbon atoms
(between C,,to C,) andmay or may not contain double bonds. On hydrolysisof atriglyceride
mol ecul e, one molecule of glycerol and three moleculesof higher fatty acidsare obtained as
shown below:

o

Il

CH2 —0—C— Rl CHZOH
(0]

| I

CH —0—C—R, H0/OH . cHOH + R,COOH + R,COOH

| ﬁ ‘ +R,COOH
CH,—0—C—R, CH,0H
(Oil or fat) Glycerol (Fatty acids)

By definition, afat isthat triglyceridewhichissolid or semisolid at room temperatureand anail
istheonethat isliquid a room temperature, Saturated fatty acidsform higher metingtriglycerides
than unsaturated fatty acids. The saturated triglyceridestend to be solid fats, whilethe unsaturated
triglyceridestendto beoils. Thedoublebondsinan unsaturated triglycerideareeadly hydrogenated
to giveasaturated product, and in thisway an oil may be converted into afat. Hydrogenationis
used in the manufacture of vanaspati gheefromooils.

Fats and oils are found in both plants and animals. Our body can produce fats from
carbohydrates. This is one method that the body has for storing the energy from unused ,
carbohydrates. Thevegetable oilsarefound primarily inthe seeds of plants.

Thesecond typeof smplelipidsarewaxes. They arethe estersof fatty acidswithlong chain
monohydroxy alcohols 26 to 34 carbons atoms. Waxes are wide-spread in nature and occur
usudly asmixtures. They form aprotective coating on the surfaces of animalsand plants. Some
Insectsal so secretewaxes. Themain congtitutent of beeswax obtained from the honey comb of
beesismyricyl pamitate:

0]

]
CH, - (CH,),,— C -0 - (CH,),, — CH,

myricyl palmitate
The waxes discussed above should not be confused with household paraffin wax whichisa
mixtureof straight chain hydrocarbons.
Compound Lipids

Compound lipidson hydrolysisyield some other substancesin addition to an alcohol and fatty
acids. Thefirst typeof such lipidsare called phospholipids, becausethey arethetriglyceridesin
whichtwo moleculesof fatty acidsand one molecul e of phosphoric acid are present. Glycolipids
contain asugar moleculein additionto fatty acid attached to an acohol.
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(iii)

Derived Lipids
Steroidsare another classof lipidswhich areformedin our body during metabolism. Theseare
thecompoundswith adistinctivering systemthat provides thestructural backbone for many of

our hormones. Steroids do not contain ester groups and hence can not be hydrolysed.
Cholesterol isoneof themost widely distributed steroids inanimal and human tissues.

H,C CH,

H,C
CH,

H,C

HO (Cholesterol)

Another important group of derived lipids isthat of fat-solublevitamins. Thisincludes

vitaminsA, D, Eand K, whose deficiency causesdifferent diseases.

31.3.3 Biological Importance of Lipids

0]
(i)

(i)
)
)
(i)

Fatsaremain food storage compounds and serve asreservoir of energy.

Presence of oilsor fatsisessentia for theefficient absorption of fat solublevitamins A, D, E
and K.

Subcutaneousfats serve asbiological insulator against excessive heat |oss.
Phospholipidsaretheessential component of cell membrane.
Steroidscontrol many biologicd activitiesinliving organisms.

Someenzymesrequirelipid moleculesfor maximum action.

Intext Questions 31.3

1

What arelipids?



31.4 Nucleic Acids

Why isadog adog and not acat? Why do some people have blue or brown eyesand not black?
Fromachemica standpoint, how doesthe body know what particular typeof proteinisto besyntheszed?
How isthisinformation transmitted from one generation to the next? The study of thechemistry of
heredity isone of the most fascinating fields of research today. It wasrecognized inthe 19" century
that thenucleusof aliving cdl containsparticlesrespongblefor heredity, whichwerecaled chromosomes.
Inmorerecent years, it hasbeen discovered that chromosomesare composed of nucleic acids. These
are named so because they come from the nucleus of the cell and are acidic in nature. Two types
of nucleic acidsexist which arecalled DNA (deoxyribonucleic acid) and RNA (Ribonucleic acid).
They differintheir chemical compositionaswell asinfunctions.

31.4.1 Structure of Nucleic Acids

Likedl natura molecules, nudecacidsarelinear polymericmolecules. They arechainlikepolymers
of thousands of nucleotide units, hencethey area so called polynucleotides. A nucleotide consists of
three subunits: anitrogen containing heterocyclic aromatic compound (called base), apentose sugar
and amol ecule of phosphoric acid. So anucleic acid chainisrepresented as shown below.

base base base

— Sugar — phosphate (—— sugar — phosphate) — sugar —
n

In DNA molecules, the sugar moity is
2-deoxyribose, whereas in RNA moleculesitis
ribose. InDNA, four baseshave beenfound. They
are adenine (A), guanine (G), cytosine (C) and
thymine(T). Thefirst threeof thesebasesarefound
inRNA asobut thefourthisuracil (U). Minor groove

Thesequenceof different nucleotidesinDNA
istermed asitsprimary structure. Likeproteins, they
also have secondary structure. DNA isadouble
stranded helix. Two nucleic acid chainsarewound
about each other and held together by hydrogen
bonds between pairs of bases. The hydrogen bonds
are specific between pairsof basesthat isguanine
and cytosineform hydrogen bondswith each other, -
whereas adenine forms hydrogen bonds with 20 nm

thymine. Thetwo standsare complementary to each Fig. 31.4: Watson and Crick's double
helix structure of DNA

Majar groove
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other. Theoverall secondary structureresemblesaflexibleladder (Fig. 31.4). Thisstructurefor DNA
was proposed by James Watson and Francis Crick in 1953. They were honoured with aNobel Prize
in 1962 for thiswork.

Unlike DNA, RNA isasingle stranded molecule, which may fold back on itself toform
double hdlix structure by base pairing in aregion where base sequencesare complimentary. Thereare
threetypesof RNA moleculeswhich perform different functions. These are named as messenger
RNA(mM-RNA), ribosomal-RNA (r-RNA) and transfer RNA (t-RNA)

31.4.2 Biological Functions of Nucleic Acids

A DNA moleculeiscapableof salf duplication during cell divisons. The processstartswith the
unwinding of the two chainsin the parent DNA. Asthe two strands separate, each can serveasa
master copy for the congtruction of anew partner. Thisisdone by bringing the appropriate nucleotides
in place and linking them together. Because the bases must be paired in aspecific manner (adenineto
thymineand guanineto cytosine), each newly built strandisnot identical but complimentary totheold
one. Thuswhen replication iscompleted, we havetwo DNA molecules, each identical totheorigind.
Each of thenew moleculeisadouble helix that hasone old strand and one new strand to betransmitted
to daughter cells(Fig. 3.15).

Fig. 31.5: Replication of DNA
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Another important function of nucleic acidsisthe protein synthesis. The specific sequence of
basesin DNA represents coded information for the manufacture of specific proteins. In the process,
theinformation from DNA istransmitted to another nucleic acid called messenger RNA, whichleaves
the nucleusand goesto the cytoplasm of thecell. Messenger RNA actsastemplatefor theincorporation
of amino acidsin the proper sequencein protein. Theamino acidsare brought to the messenger RNA
inthecdl, by transfer RNA. Wherethey form peptide bonds. In short it can be said that DNA contains
the coded messagefor protein synthesiswhereasRNA actually carriesout the synthesisof protein.

Intext Questions 31.4

1. Whatisanucleotide?

315 Enzymes

Inaliving system, many complex reactionsoccur at thetemperature of about 310K. Anexample
of thisisthedigestion of food, during which stepwise oxidation to CO, and water and energy production.
Thesereactionsare carried out under such mild conditionsdueto presenceof certain chemicalswhich
arecdled enzymes. They act ascatdystsfor biochemicd reactionsinliving cdls. Almost dl theenzymes
areglobular proteins.

Enzymes are very selective and specific for aparticular reaction. They are named after the
compound or classof compounds upon which they work or after thereactionthat they catalyze. The
ending of anenzyme. nameis- ase. For example, mataseisan enzymespecificaly catayzesthehydrolysis
of maltoseinto glucose. Similarly, an esteraseisan enzymewhichinduces hydrolysisof ester linkage.

31.5.1 Mechanism of EnzymeAction

Just likechemical catalysts, enzymesareneeded only in small quantities. Similar tothe action of
chemicdl catalysts, enzymeslower the energy barrier that reactants must over to form the products. For
example, hydrolysisof the ester that needs boiling aqueous NaOH inthelaboratory, whereasit occurs
at nearly neutral pH and at moderate temperature when catalyzed by an enzyme.
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Thereisaparticular enzymefor each substrateandthey are saidto havelock andkey arrangement.
Itissaid that first the substrate molecule bindsto the active site of the enzymewhich resultsinthe
formation of an enzyme-substrate complex. In thiscomplex thesubstrate is placed in the right

SUBSTRATES PRODUCT

‘complex

Fig. 31.6 : Lock and Key arrangement of enzyme action

orientationtofacilitatea given reaction (Fig.31.6). Thiscomplex then breaksto givethe moleculeof
the product and regeneratesthe enzymefor the next mol ecul e of the substrate.

31.5.2 Characteristics of Enzymes

(i) Enzymesspeed up biochemical reactionsup to ten million times compared to the uncatalysed
reaction.

(i) Enzymecatalysed reactionsrapidly attainequilibrium.

(i) Enzymesfunctionin dilute agueoussolutions, at moderate temperaturesand at aspecific pH.
(iv) They arevery specific and selectiveintheir action on substrates.

(v) Enzymesarehighly efficient and are needed insmall amountsonly.

(vi) Inadditiontothe protein structure, most active enzymesare associated with some non-protein
component required for their activity, called coenzymes. For example nicotinamide adenine
dinucleotide(NAD) isacoenzymewhichisassociated with anumber of dehydrogenation enzymes.

Intext Questions 31.5

1. How doenzymesincreasetherate of areaction?
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{.?é'ﬂ' What You HaveL earnt

o Carbohydratesare polyhydroxy adehydesor ketonesor substanceswhich provide suchmolecules
onhydrolysis.

o They areclassified asmono-, di-and polysaccharides.
o Proteinsarethepolymersof o-amino acidswhich arelinked by peptide bonds.

o All proteinsaretheyolymersof twenty different o.-amino acids. Out of these 10 amino acids
cannot be synthesized by our body and hence must form the part of our diet. Thesearecalled
essentiad amino acids.

o Proteinsarevery important to usand performmany functionsinacell that areabsol utely necessary
for our surviva.

o Chief sourcesof proteinsare pulses, milk, meet, eggs, etc.

o Biomoleculeswhichareinsolubleinwater and solublein organic solventsarecalledlipids. They
areclassified assmple, compound and derived lipids.

o Nucleicacidsarethe compoundwhich areresponsiblefor thetransfer of charactersfrom parents
tooffsprings. .

o Therearetwotypesof nucleicacids- DNA and RNA. They are polymerscomposed of repesating
unitscalled nuclectides.

o DNA containsafivecarbon sugar moleculecalled 2-deoxyribosewhereasRNA containsribose.

o Thefour basespresentin DNA areadenine, cytosine, guanineand thyminewhereasRNA contains
uracil inplaceof thymine.

o DNA isadoublestrand moleculewhereasRNA isasingle strand molecule.

o DNA ispresentinthenucleusand havethe coded messagefor proteinsto be synthesized in the
cdl.

o Proteinsareactudly synthesized by RNA which areof threetypes- messenger-RNA (m-RNA),
ribosomal-RNA (r-RNA) and transfer- RNA (t-RNA).

o Enzymesarebiocatalystswhich speed up thereactionsin biosystems.

o Chemically all enzymesare proteins. They are very specific and selectivein their action on
substrates.
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10.

:a Ter minal Exercises

How isexcessglucose stored in our body?

What isadisaccharide? Give an example.

What arethe productsformed by the hydrolysisof lactose?

Wheat are essential amino acids?

Differentiate between globular and fibrous proteinswith suitable examples.
What aretriglycerides? Mention oneof itsimportant uses.

Wheat isanucleotide?

Differentiate between the nucleotidesof RNA and DNA.

What aredifferent typesof RNA foundinthecell? Mention their functions.
What are enzymes?

@ Answersto Intext Questions

1
2.

Ceredls, fruitsand sugar.
Plants produce carbohydrates during photosynthesis.
Starch on hydrolysisgives glucose whereas sucrose on hydrolysisgives glucose and fructose.

Refer to section 31.1.2.

I nformation regarding the sequence of amino acidsinaprotein chainiscalleditsprimary structure.

Proteinsare made up of many o-amino acidswhich join together by the formation of anamide
bond between —NH,, group of oneamino acid and —COOH group of another. Whentwo amino
acidscombineinthisway, theresulting product iscalled adipeptide and the ami de bond between
themiscalled apeptide bond.

ﬁ peptide bond
~CH-4+- C—N 4+ cH—
| | I
R H R’

400



3. Anca-amino acid may berepresented as
H,N — CH — COOH

R
4. Refertosection31.2.1.
31.3

1. Biomoleculeswhichareinsolubleinwater and solublein organic solventslike benzene, ether or
chloroformarecdledlipids.

2. Qilsonhydrolysisgiveglycerol andlong chainfatty acids.
3. Twotypesof compound lipidsare phospholipidsand glycolipids.
4. Atriglyceridewhichissolidat roomtemperatureiscaled afat andif itisliquidthenitiscaled an
oll.
314

1. A nucleotideconsgtsof three subunitswhich are(i) anitrogen containing heterocyclic aromatic
compound, also called abase; (i) apentose sugar (riboseor 2-deoxy ribose) and (iii) amolecule
of phosphoric acid.

2. InDNA, two chainsare wound around each other in theform of helix, hencethe structureis
caled adoublehdix.

3. Twomainstructural differencesbetween DNA and RNA are:
() DNA moleculesaredouble stranded whereasRNA aresingle strand molecules.

(i) InDNA ,molecules, thesugar moity is2-deoxyribosewhereasin RNA molecules, itisribose.

315
1. Refertosection31.5.1

2. Refertosection31.5.1
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Transcription

Deoxy ribonucleicacid (DNA) isgreater than Ribo nucleicacid (RNA). DNA havedoublehelical
structureand RNA issinglestranded.

RNA isof threetypes. They are 1. Messenger RNA (MRNA), 2. Ribosomal RNA (rRNA), 3.
Transfer RNA (tRNA)

The synthesis of mMRNA from aDNA blue print is called transcription. Thistakes placein the
nucleusof thecell. The sequence of DNA base providestheblue print for the synthesisof mRNA.

In DNA Adenine, thymine, cytosineand guaninelike nitrogen basesare present.

Thenewly synthesized mRNA leavethe nucleusand entersinto the cytoplasm. Here, trand ation of
thisgeneticinformationinto proteinstakesplace.

The DNA awindsto givesingle strands exposing the bases. One of the strandsis called sense or
informationa strand.

Theother isantisense or template stand. Thetemplate strand isin 3*-5* direction so that mMRNA
can besynthesizedin 53" direction. Each guanine specifiesincorporation of acytosneinto mRNA
and each adenineto auracil of mMRNA. (RNA doesnot containthymine).

Both sense strand and mRNA are complementary to the template strand. mMRNA has a uracil
wherever the sense strand hasathymine.

Somesiteson DNA indicatesthat no more bases should be added to the growing strand of mMRNA
and then the synthesisstops.

Protein Synthesis(Trandation):
Trandationisthe processby which the genetic messagein DNA that hasbeen passedto mRNA is
decoded and used to build proteins.

A proteinissynthesized fromits N-terminal end to its C-terminal end by the sequence of bases
along MRNA strandinthe 5'— 3! direction.

A sequenceof threebases, called codon specifiesaparticular amino acid that isto beincorporated
intoaprotein.

EQg:- UCA on mRNA codesfor theamino acid serineand CAG codesfor glutamine. Thereare 64
codons, but 20 amino acidsindicating that more than one codon can codefor the sameamino acid.
A difference of smplebaseinthe DNA moleculeor asingleerror inthereading of the code can
causeachangein theamino acid sequencewhich leadsto mutation.

Every t-RNA moleculeisused for recognition of thetripletsinmRNA.
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Transcription

DNA ~——= RNA m . Proteins
transcription

Representation Simplified PolypeptideChain
of DNA representation of Aminoacids
sequence m RNA
3'-End 5 End N - terminal
I I I
GCA CGU Arginine

I | I
TCC AGG Glycne
I I I
ATG UAC Tyrosne

I I I
AGT UCA Threonine
I I I
AAA Uuu Phenyldanine

I I I
GGC CCG Alanine
I I I
CAA GUU Vdine
| I |

AGA UCU Senine
I I I
5!'- End 3'- End Carboxyleend.

31.2.4.a Intext Question:

1. What arethe Nitrogen basespresentin R.N.A.

31.2.4.a Answer to Intext Question:
Adenine, uracil, cytos neand guanine Nitrogen basesare presentin R.N.A.

31.3.3.a Vitamins

Carbon compoundswhich arerequired in minute quantitiesfor the maintenance of normal health
of organismsarecalled vitamins. Theterm vitamin wasintroduced by Dr. Funk. Their absenceinthe
human body causesdeficiency diseases.
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Plantscan synthesised| vitamins. Animascan synthesiseonly few vitamins,

Vitaminsinlow concentrationscataysebiological reactions. Youngstersneed higher quantitiesthan
elders.

Vitaminsaredesignated by EnglishaphabetsA,B,C,D,E K.

Classification:
Vitaminsareclassified based onthelr solubility into two groups. They are 1) Fat solublevitamins, 2)
Water solublevitamins.

Fat SolubleVitamins: VitaminsA,D,Eand K arefat soluble.

Water Soluble Vitamins: Vitamins C and B-Complex arewater soluble.

Deficiency of vitamins causes diseases and they aretabul ated asfollows.

Fat Soluble Vitamins:

S.No.| Vitamin Source Deficiency diseases
1 A Fish, liver, Night blindness,
(Retinol) Carrot, Mango Rednessineyes
Papaya, (Xerophthamia),
Degeneration of lacrymol glands.
growthretardation.
2. D Codliver all, Ricketsinchildren,
(Cdciferal) butter, milk (bow legs), osteomalacia
€90 inadults.
3. E Wheset germail, Sterility, nutritiond
(Tocopheral) Vegetableails, nuclear dystrophy,
egg yolk, coconut, neurosisof heart
vegetables. muscles.
4, K Greenledfy
(Philloquinone) Vegetables, Blood coagulationis
intestinal prevented, continuous
Flora bleeding occurs.
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Fat SolubleVitamins:

C CitrusFruits Scurvy, delay in
(Ascorbicacid) wound hedling
B, Ceredls, Ricebran Beri Beri
(Thiamin) layer, yeast, milk (edemainlegs)
greenlesfy
vegetables
B, Vegetables milk, Chellass(fissuring a
(Riboflavin) eggwhite liver, comersof mouthand lips)
kidneys. dark red tongue, dermatitis.
B, Presentinall
(Pentothenicacid) food Suffs Burning Feet.
B, Mest, yeast, milk, Pellegra(rough skin)
(Nicotinicacid greenlegfy dermatitis.
(or) Niacin) Vegetables.
B, Ceredls, grams Dermditis
(Pyridoxine) yeast, egg yolk,
meat.
B, (Biotin) Liver, kidneys, milk Lossof hair, Paralysis.
B, Intestinal bacteria Anaemia, gastro
(Folicacid) intestinal disorders,
inflamation of tongue.
B, Fish, liver Anaemia, hyperglycemia
(Cyno-cobdamine)

31.3.3.a Intext questions:
1. What arethediseases causes by deficiency of vitamin CandD.

31.3.3.a Answer to Intext Questions:

2. Deficiency of Vitamin*'C’ Causesscurvy and deficiency of vitamin‘D’ causesRickets.
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