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FOREWORD

Dear Learuen,

The Department of Education is giving equal importance to non-formal education
through Open Distance Learning (ODL) mode of 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 4,88,853 learners
were enrolled in the Open Schools and 2,86,663 learners have successfully completed their
courses. The Open School system is providing a second chance of learning for those who
could not fulfil 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 2023-24
is being printed and supplied to all the learners throughout the state.

Welcome to the Revised Chemistry Course of Telangana Open Schooling System
(TOSS) based on the National Institute of Open Schooling and the National Common Core
Curriculum. This Course has four volumes I, Il and 1l consist of theory portion and volume
IV is a practical manual. The first book is in your hands. This book comprises one lesson of
module 1 on Some Basic Concepts of Chemistry, three lessons of Module 2 on Atomic
Structure and Chemical Bonding, five lessons of Module 3 on States of Matter, two lessons of
Module 4 on Chemical Energetics and five lessons of module 5 on Chemical Dynamics. In
Module 1 you will learn about the various units used to calculate the number of atoms,
molecules and ions involved in chemical reactions. Module 2 will enlighten you about what
lies inside the atoms and the different types of chemical bonds through which atoms combine.
Module 3 deals with the various aspects of three states of matter viz, solid, liquid and gas.
You will also learn about the properties of solutions and colloids. Module 4 deals with
chemical reactions accompanied with energy changes and basic concepts like internal energy,
enthalpy, entropy and spontaneity. Module 5 highlights on the Characteristics of Chemical
Dynamics, catalysis inter conversion of Chemical energy into electrical energy in
electrochemistry, electrochemical cells and fuel cell. We hope you will enjoy the course and
find it interesting.

2< 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.

Wishing you happy chemistry learning ....
With best wishes.....

-WRITERS



HOW TO USE THE STUDY MATERIAL

Your learning material has been developed by a team of chemistry 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 organiser 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.

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.

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

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.

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

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.

Video: Video programmes on certain elements related to your subject have been made to clarify
certain concepts. You may watch these at your study centre 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.



CAREER OPPORTUNITIES AFTER STUDYING CHEMISTRY

Chemical sciences (Chemistry) offer access to a wide range of careers. Chemistry is
the study of substances, their makeup and applications. In fact, it is the study of all materials
and is vital to every aspect of our lives. Organic Chemistry, Inorganic Chemistry, Analytical
chemistry and Biochemistry are the main branches of chemistry. The career options in
chemistry are practically endless! However, employment options depend on how far the
education, training and experience taken. A chemistry or biochemistry degree can lead to
career paths in professions such as Medicine, pharmacology, agriculture, chemical
engineering, forensic science, etc. Some of the important career opportunities after studying
chemistry at senior secondary level is as

RATIONALE

According to present scheme of school education at Senior Secondary stage,
chemistry emerges out as a separate discipline. It is this stage where major emphasis is to be
laid on providing suitable conceptual foundation. The present Senior secondary level
Chemistry (313) course at TOSS has now been revised as per the NIOS (National Institute of
Open Schooling), Common Core Curriculum developed by COBSE (Council of Boards of
School Education) and NCERT (National Council for Educational Research and Training)
making it current and need based.

The present chemistry course has been developed basically around the themes: Why
do chemical reactions occur? What is the quantitative relationship among reacting
constituents in a chemical reaction? How far and how fast will a chemical reaction proceed



under a given set of conditions? Can we predict whether a chemical reaction will occur or
not? What is the relation between the structure of a chemical substance and its
functions/properties? In what way is a chemical reaction relevant for getting new types of
substances and materials for daily life and chemical industries? Some interdisciplinary
aspects have also been provided to make the course more meaningful and functional.

OBJECTIVES OF THE COURSE
It is expected that a learner will be able to:

Understand the principles, theories and laws of chemistry responsible for various
chemical processes/reactions,

> realise the role of chemistry in production of many elements (metals/non-metals) and
compounds useful in industries and daily life,

> appreciate the chemical nature of inorganic and organic substances around him/her,
choose various vocational, professional and applied courses of his/her choice based on
knowledge of chemistry gained.

> Apart from this, the present course also aims at developing the following capacity in
the learner:

» perform chemical calculations to know about the chemical reactions and chemical
compounds,

> explain chemical reactions, concepts and phenomenon,

> develop awareness about uses and abuses of chemical substances,

» develop skills arranging/setting apparatus, handling apparatus and chemicals properly,
and

> analyse and synthesise simple compounds.

SPECIAL FEATURES OF THE COURSE

The academic standard of the present chemistry course in comparable with the
chemistry course of any State Education Board or Central Board of Secondary Education.
The rationale behind the course is that every lesson has a role to play in understanding the
holistic view of chemistry. The present course provides eight modules and a laboratory
manual. A student appearing for senior secondary examination is expected to offer all the
eight modules and practical.

COURSE STRUCTURE

The Revised Chemistry Course has three parts, I, Il and Il consist of theory portion
and part 1V is a practical manual. Part I, 11 and 11l of theory portion has eight modules. Part-I
consists of five modules namely as: Some basic concepts of chemistry, Atomic Structure and
Chemical Bonding, States of matter, Chemical Energetics, and Chemical Dynamics. Part-II
consists of three modules namely: Chemistry of Elements and Chemistry of Organic
Compounds, Part-111 consists of two modules namely: Environmental Chemistry and
Chemistry and Industry. Each module is further divided into different lessons.



Overview of the Learning Material

Module - I: Atoms, Molecules and
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01. Mole Concept

02. Chemical Arithmatics
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1L

OCCURRENCE AND
EXTRACTION OF METALS

Metals and their alloys are extensively used in our day-to-day life. They are used for

Chap

making machines, railways, motor vehicles, bridges, buildings, agricultural tools, aircrafts,
ships etc. Therefore, production of a variety of metals in large quantities is necessary for the
economic growth of a country. Only a few metals such as gold, silver, mercury etc. occur in
free state in nature. Most of the other metals, however, occur in the earth’s crust in the
combined form, i.e., as compounds with different anions such as oxides, sulphides, halides
etc. In view of this, the study of recovery of metals from their ores is very important. In this
lesson, you shall learn about some of the processes of extraction of metals from their ores,
called metallurgical processes.

Objectives
After reading this lesson, you will be able to:

differentiate between minerals and ores;

recall the occurrence of metals in native form and in combined form as oxides,
sulphides, carbonates and chlorides;

list the names and formulae of some common ores of Na, Al, Sn, Pb, Ti, Fe, Cu, Ag,
and Zn;

list the occurrence of minerals of different metals in India;

list different steps involved in the extraction of metals;

list and explain various methods for concentration of ores (gravity separation,
magnetic separation, froth floatation, and chemical method);

explain different metallurgical operations: roasting, calcination, and smelting with
suitable examples;

choose the reducing agent for a given ore;

differentiate between flux and slag, and

explain different methods for refining of metals : poling, liquation, distillation and
electrolytic refining.

An alloy is a material consisting of two or more metals, or a metal and a non-metal.
For example, brass is an alloy of copper and zinc; steel is an alloy of iron and carbon.

18.1 Occurrence of Metals

Metals occur in nature in free as well as combined form. Metals having low reactivity

show little affinity for air, moisture, carbon dioxide, or other non-metals present in nature.
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Such metals may remain in elemental or native (free) state in nature. Such metals are called
'noble metals' as they show the least chemical reactivity. For example, gold, silver, mercury,
and platinum occur in free state.

On the other hand, most of the metals are reactive and combine with air, moisture,
carbon dioxide, and non-metals like oxygen, sulphur, halogens, etc., to form their
compounds, like oxides, sulphides, carbonates, halides, and silicates, i.e., they occur in nature
in a combined state.

A naturally occurring material in which a metal or its compound occurs is called a
mineral. A mineral from which a metal can be extracted economically is called an ore.

An ore is that mineral in which a metal is present in appreciable quantities and from
which the metal can be extracted economically.

The main active substances present in nature, especially in the atmosphere, are
oxygen and carbon dioxide. In the earth’s crust, sulphur and silicon are found in large
quantities. Sea-water contains large quantities of chloride ions (obtained from dissolved
sodium chloride). Most active metals are highly electropositive and therefore exist as ions. It
is for this reason that most of the important ores of these metals occur as (i) oxides, (ii)
sulphides, (iii) carbonates, (iv) halides, and (v) silicates. Some sulphide ores undergo
oxidation by air to form sulphates. This explains the occurrence of sulphate ores.

Ores are invariably found in nature in contact with rocky materials. These rocky ore
earthy impurities accompanying the ores are termed as gangue or matrix. Some important
ores and the metals present in these ores are listed in Table 18.1.

Tablel8.1 Some Important Ores

Type of Ore Metals (Common Ores)

Native Metals  Gold(Au), silver(Ag)
Iron(Haematite, FeoO3); Aluminium (Bauxite, AloO3,2H50);
Oxide ores Tin (Cassiterite, SnO»); Copper (Cuprite, Cuo0);
Zinc (Zincite, ZnO); Titanium (limenite, FeTiO4, Rutile, TiO5)
Zinc (Zincblende, ZnS); Lead (Galena, PbS);
Sulphide ores Copper (Copperglance, CusS);
Silver (Silverglance or Argentite, Ag,S); Iron(lron pyrites, FeS,)

Carbonate Iron (Siferite, FeCO3); Zinc (Calamine, ZnCOg3),
ores Lead (Cerrusite, PbCO3)

Sulphateores Lead(Anglesite,PbSO,)

Silver (Hornsilver, AgCl); Sodium (Common salt or Rock salt, NaCl);

Halideores Aluminium(Cryolite, NagAlIFg)

Silicateores Zinc(Hemimorphite,2Zn0.Si05H»0)

18.2 General Principles of Extraction of Metals
The process of extracting the metals from their ores and refining them is called

metallurgy. The choice of the process depends upon the nature of the ore and the type of the
metal. The metal content in the ore can vary depending upon the impurities present and
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chemical composition of the ore. Some common steps involved in the extraction of metals
from their ores are:

(1) Crushing and pulverization

(if) Concentration or dressing of the ore

(iii) Calcination or roasting of the ore

(iv) Reduction of metal oxides to free metal

(v) Purification and refining of metal.

18.2.1. Crushing and Pulverization
The ore is generally obtained as big rock pieces. These big lumps of the ore are crushed

to smaller pieces by using jaw crushers and grinders. It is easier to work with crushed ore. The
big lumps of the ore are brought in between the plates of a crusher forming a jaw. One of the
plates of the crusher is stationary while the other moves to and fro, and the crushed pieces are
collected below (Fig. 18.1).

The crushed pieces of the ore are then pulverized (powdered) in a stamp mill shown in
Fig. 18.2. The heavy stamp rises and falls on a hard die to powder the ore. The powdered ore is
then taken out through a screen by a stream of water.

Pulverization can also be carried out in a ball mill. The crushed ore is taken in a steel
cylinder containing iron balls. The cylinder is set into revolving motion. The striking balls
pulverize the crushed ore into fine powder.

Ore Stone

> Rotating cam shaft

Crushed ore

Stamp <

Crushed ore Screen

e 20
—~e
Fig. 18.1 :Jaw Crusher Fig. 18.2:The Stamp mill

18.2.2 Concentration or Dressing of the Ore
Generally, the ores are found mixed with earthy impurities like sand, clay, limestone,

etc. These unwanted impurities in the ore are called gangue or matrix.

The process of removal of gangue from powdered ore is called concentration or ore
dressing. There are several methods for concentrating the ores. The choice of method
depends on the nature of the ore. Some important methods are:

(1) Gravity separation (Hydraulic washing): In this method, the light (low specific gravity)
earthy impurities are removed from the heavier metallic ore particles by washing with water.
It is therefore used for the concentration of heavier oxide ores, like haematite (FeO3), tinstone
(SnOy), and gold (Au). In this method, as shown in Fig. 18.3, the powdered ore is agitated

Die
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with water or washed with a strong current of water. The heavier ore settles down rapidly in
the grooves and the lighter sandy and earthy materials (gangue particles) are washed away.

P Jet of water

Denser ore particles

Vibrating
table with Water
grooves Gungy?
particles

Fig.18.3: Gravity Separation(Hydraulic Washing)
(i) Magnetic separation method: By this method, those ores can be concentrated which
either contain impurities which are magnetic or are themselves magnetic in nature. For
example, the tin ore, tinstone (SnOy), itself is non-magnetic but contains magnetic impurities
such as iron tungstate (FeWO,) and manganese tungstate (MnWQ,).

Magnetic wheel

Non-magnetic
gangue

\ ; Non-magnetic

wheel

v
A 4

RS :
:i%‘b‘\‘ £ 5 Magnetic ore
}

Fig.18.4.:Magnetic Separation

The finely powdered ore is passed over a conveyor belt moving over two rollers, one
of which is fitted with an electromagnet (Fig. 18.4). The magnetic material is attracted by the
magnet and falls in a separate heap. In this way, magnetic impurities are separated from non-
magnetic material.
(iii) Froth floatation method:

This method is especially applied to sulphide ores, such as galena (PbS), zinc blende
(ZnS), or copper pyrites (CuFeS2). It is based on the different wetting properties of the
surface of the ore and gangue particles. The sulphide ore particles are wetted preferentially by
oil and gangue particles by water. In this process, finely powdered ore is mixed with either
pine oil or eucalyptus oil. It is then mixed with water. Air is blown through the mixture with
a great force. Froth is produced in this process which carries the wetted ore upwards with it.
Impurities (gangue particles) are left in water and sink to the bottom from which these are
drawn off (Fig. 18.5). Sometimes, to separate a mixture of two sulphide ores, depressants are
used or by adjusting the proportion of oil to water. For example, in the separation of an ore
containing ZnS and PbS, NaCN depressant is used. It selectively prevents ZnS from coming
to the froth.
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- /}5::- Pulp of ore + oil

—

/T

-’1—1'?=>~—-'—~ Paddle draws in air
3 - < and stirs the.pulp

O Enlarged view of an air bubble
~ showing mineral particles attached to it
Fig.18.5: Froth floatation

(iv) Chemical method (leaching):

In this method, the ore is treated with a suitable chemical reagent which dissolves the
ore, leaving behind insoluble impurities. The ore is then recovered from the solution by a
suitable chemical method. This is applied for the extraction of aluminium from bauxite
(Al,03-2H,0). Bauxite is contaminated with iron(Il1l) oxide (Fe,Ogs), titanium(IV) oxide
(TiO,), and silica (SiO,). These impurities are removed by digesting the powdered ore with
an aqueous solution of sodium hydroxide at 420K under pressure. Aluminium oxide dissolves
in sodium hydroxide, whereas iron(l11) oxide, silica, and titanium(I\V) oxide remain insoluble
and are removed by filtration.

A|203 +6NaOH ——» 2Na3AIO3 + 3H20

Sodiumaluminate
Sodium aluminate is diluted with water to obtain a precipitate of aluminium

hydroxide. It is filtered and ignited to obtain pure alumina.
Na,AlO, + 3H,0 —— AI(OH), + 3NaOH

2A1(0OH); —25 ALO, +3H,0

Intext Questions18.1
1. What is the difference between an ore and a mineral?
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18.2.3 Calcination and Roasting of the Ore
The concentrated ore is converted into metal oxide by calcination or roasting.

(A) Calcination: Calcination involves heating of the concentrated ore in a limited supply of
air so that it loses moisture, water of hydration, and gaseous volatile substances. The ore is
heated to a temperature so that it does not melt. Two examples of calcination are given
below:

(i) Removal of water of hydration

A|203.2H20 _ A|203 +2H50
(ii) Expulsion of CO, from carbonate
ZnCO3 — 2Zn0 +COy

(B) Roasting: Roasting is a process in which the concentrated ore is heated in a free supply
of air at a temperature insufficient to melt it. The following changes take place during
roasting:
(i) Drying of the ore.
(i) Removal of the volatile impurities like arsenic, sulphur, phosphorus, and organic
matter.
4As + 309 — 2As,03(9)

S+ 02 e 802(9)
4P + 502 E— P4010(g)

(iii) Conversion of the sulphide ores into oxides.
2PbS +309 ——» 2PbO + 2580,

27ZnS +30, ——* 2ZnO + 250,

Calcination and roasting are generally carried out in a reverberatory furnace or in a
multiple hearth furnace.

18.2.4 Reduction of the Metal Oxides to Free Metal
This process is carried out after calcination or roasting of ores. In this process called

smelting, the oxide ores are converted into the metallic state by reduction.

(A) Smelting: Smelting is a process in which the oxide ore in molten state is reduced by
carbon or other reducing agents to free metal.

(i) by using carbon as a reducing agent:

This method is used for the isolation of iron, tin, and zinc metals from their respective
oxides. The oxide ores are strongly heated with charcoal 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,O3+3C ________, 2Fe+3CO

F8203 + (6{0) 2FeO + C02
FeO + CO — Fe+COy

SnO» + 2C Sn +2CO
Zn0 +C ———— Zn+CO
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(ii) Other reducing agents:

Oxide ores which cannot be reduced by carbon or metals which show affinity to
carbon by forming metal carbides, are reduced by reducing agents like aluminium, sodium,
magnesium, or hydrogen. Oxides like chromium oxide (Cr,O3) or manganese oxide (Mn3O,)
are reduced by aluminium powder in a highly exothermic reaction. This process is known as
Goldschmidt’s Alumino-thermic Reduction method.

Cro0g5 + 2Al —> 2Cr+ AlyO3 ; Heat
3Mn30y +8AI ——— > 9Mn +4Al,03 , Heat

Heat is generated in the process due to the formation of Al,O3 which is a highly
exothermic reaction.

Titanium is obtained by the reduction of TiCl, (produced by the action of carbon and
chlorine on TiO,) by Mg in an inert atmosphere of argon (Kroll process).

. y Heat : Tl

Titanium can also be obtained by the reduction of TiO; by sodium.
Heat

TiO, +4Na  ——=— Ti+2Na,0

Tungsten and molybdenum can be obtained by the reduction of their oxides by hydrogen.
MoO, +3H, —— Mo +3H,0

(iii) Self-reduction:

This is applied to the sulphide ores of copper, mercury, and lead. The ores are heated
in air, a part of these sulphide ores is changed into the oxide or sulphate which then reacts
with the remaining part of the sulphide ore to give the metal and sulphur dioxide. The
reactions showing their extraction are given below:

Q) 2Cu»S+30, —> 2Cuy0+2S0,
Copperglance
2Cup0+CupS —>  6Cu+S0O,

(2) Copper produced at this stage is called Blister copper. The evolution of sulphur dioxide
produces blisters on the surface of solidified copper metal.
2HgS + 30, —— 2HgO + 280,

Cinnabar

2HQO + HgS —— 3Hg + S0,
3 2PbS + 30 — 2PbO + 2SO0,

Galena

PbS + 20, —— PbSOy4
PbS + 2PbO — 3Pb+S0Oy
PbS + PbSO4 — 2Pb +2S0»

(B) Reduction of concentrated ores by other methods:
Some metals cannot be obtained from their ores by using common reducing agents
such as C, CO, H,, etc. Other methods of reduction are used for such cases.
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(i) Reduction by precipitation:

Noble metals like silver and gold are extracted from their concentrated ores by
dissolving metal ions in the form of their soluble complexes. The metal ions are then
regenerated by adding a suitable reagent. For example, concentrated argentite ore (Ag.S) is
treated with a dilute solution of sodium cyanide (NaCN) to form a soluble complex:

AgyS +4NaCN —>  2Na[Ag(CN),] + NayS

This solution is decanted off and treated with zinc to precipitate silver,
2Na[Ag(CN)o] + Zn ——— Nay[Zn(CN),] + 2Ag]

(i) Electrolytic Reduction:

Active metals like sodium, potassium, and aluminium, etc., are extracted by the
electrolysis of their fused (molten) salts. For example, sodium is obtained by the electrolysis
of fused sodium chloride (Down’s process). The reactions taking place in the electrolytic cell
are:

NaCl Na™+Cl

Na’ ions move towards the cathode and Cl ions move towards the anode. Following
reactions take place at the electrodes:

At the Cathode Na™ + e~ —— Na

(Negative electrode) (metal) (Reduction)
At the Anode CI~ — Cl + ¢

(Pasitive electrode) (Oxidation)

Cl+Cl — (Cl,

Aluminium is extracted from molten alumina (Al,O3) by electrolysis. The melting
point of alumina is quite high (2323K) which is inconvenient for electrolysis. It dissolves in
molten cryolite (NaszAlFg) at around 1273K. The reactions which take place in the cell are:

At the Cathode AI** +3e- —— Al(metal)
Atthe Anode C +20% —— CO, + 4e”

Intext Questions18.2
1. Explain the following terms: Calcination, Roasting, Smelting, Fluxand Slag.

2. Which is the cheapest and most abundant reducing agent employed in the extraction of
metals?
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4. What happens to (i) Bauxite and (ii) Calamine ores during calcination?

18.2.5 Refining of Metals

Except in the electrolytic reduction method, metals produced by any other method are
generally impure. The impurities may be in the form of (i) other metals (ii) unreduced oxide
of the metal (iii) non-metals like carbon, silicon, phosphorus, sulphur, etc., and (iv) flux or
slag. Crude metal may be refined by using one or more of the following methods:

(i) Liquation: Easily fusible metals like tin, lead, etc., are refined by this process. In this
method, the impure metal is poured onto the sloping hearth of a reverberatory furnace (Fig.
18.6) and heated slowly to a temperature little above the melting point of the metal. The pure
metal drains out leaving behind infusible impurities.

Impure

Metal < a8 /I;lfumble Impurities
iy %! o =
o . Outlet for
' molten pure metal
G m—éMolten pure metal
= |
—

Fig.18.6:Liquation

(i) Poling: Poling involves stirring the impure molten metal with green logs or bamboo. The
hydrocarbons contained in the pole reduce any metal oxide present as impurity. Copper and
tin are refined by this method (Fig. 18.7).

Green stick
Scum .

Molten metal

Fig.18.7: Poling
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(iii) Distillation: Volatile metals like zinc and mercury are purified by distillation. The pure
metal distils over, leaving behind non-volatile impurities.

(iv) Electrolytic Refining: A large number of metals like copper, silver, zinc, tin etc. are
refined by electrolysis. A block of impure metal is made the anode and a thin sheet of pure
metal forms the cathode of the electrolytic cell containing a suitable metal salt solution which
acts as an electrolyte (Fig. 18.8). On passing current, pure metal deposits at the cathode sheet
while more electropositive impurities are left in solution. Less electropositive metals do not
dissolve and fall away from the anode to settle below it as anode mud.

Pure metal cathode — [ ;

impure metal anode

Electrolyte ~ anode mud

Fig.18.8: Electrolytic Refining

For example, in the electrolytic refining of crude copper (blister copper), a large piece
of impure copper is made the anode and a thin piece of pure copper is made the cathode. An
acidified solution of copper sulphate is used as an electrolyte. On passing an electric current
of low voltage through the solution, copper(ll) ions obtained from copper sulphate solution
go to the cathode where they are reduced to the free copper metal and get deposited.

Cu2*+2e — Cu (at cathode)

An equivalent amount of the metal from the anode dissolves into the electrolyte as Cu?* ions.
Cu — 5 Cu?*+ 2¢ (at anode)

As the process goes on, the anode becomes thinner while the cathode becomes
thicker. The impurities like silver, gold settled down at the bottom of the cell as ‘anode mud'.

(v) Zone refining: This approach is designed on the idea that impurities are more soluble in
the ‘melt’ of the metal than in its solid state. A rod made of impure metal with a circular
mobile heater attached to one end (Fig. 18.9). The heater is permitted to advance while the
molten zone travels with it. The heater was moved from one end to the other multiple times
in the same direction. Impurities are concentrated at one end, and this end is chopped to
remove impurities.

This procedure is conveniently used to purify low-melting metals like Ge, Si, Ga, B
and In.
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Induction-coil

Heaters Moving
E/ as shown

Noble-gas atmosphere

\
Molten zone Metal rod

Fig. 18.9: Process of Zone refining.
(vi) Vapour phase refining:

In this process, impure metal is chemically transformed into its volatile compound,
which is subsequently collected somewhere and degraded to produce pure metal. This
procedure is feasible only, when the metal can form a volatile compound with accessible
chemical reagents and thus formed compound should be easily decomposed.

Impure Ni can be refined using the ‘Mond Process’ in which Ni is initially converted
into its tetra carbonyl which on pyrolytic decomposition gives refined Ni.

330-350K .
Ni + 4CO = Ni(CO),
_ 450-470K
Ni(CO)4 = Nij+4CO

Zr and Ti can be refined using the “van Arkel Method” in which these metals are
heated with iodine under the vacuum condition to form their volatile iodides. These iodides
are decomposed by an electrical arc using a tungsten filament to produce the temperature
over 1800K to give refined metals.

Zr + 21— Zrly

Zrly — Zr + 21,
18.3 Intext Questions
1. Which method is used for the refining of metals that are easily fused?
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3. Name a metal which is purified by distillation.

6. In the purification of Ni using the Mond process, Ni metal is converted into which
compound?

18.3. Advanced Metallurgy
Several principles of chemical sciences were applied in the field of metallurgy for the

feasible extraction of metals from their ores conveniently. These principles are mainly based
on Chemical Thermodynamics and Electrochemistry.

18.3.1 Thermodynamic principles involved in metallurgy:
Chemical transformations in metallurgy can be explained using core concepts of

thermodynamics. The change in Gibbs free energy for any chemical process at a certain
specified temperature is denoted by using the following equation;
AG=AH-TAS .......... (1)

Where, AH is the enthalpy change and is the entropy change for the chemical
transformation.

The equation can also be expressed in the following form;
AG-=-RTInK ............ ()

Where, K is the equilibrium constant of chemical reaction at a particular temperature
T. The negative sign of AG- indicates a positive temperature which further indicates the
feasibility of a forward reaction. Similarly if AS and AH are positive, TAS directly
proportional to an increase in the temperature.

When two chemical transformations are simultaneously carried out in a single system,
the net sum of AG- these chemical transformations is negative which indicates the feasibility
of the reaction and the coupling of the reaction is possible. The relation between AG- and
Temperature could be explained using Ellingham Diagrams.

18.3.1 a.Ellingham Diagram:
H.J.T. Ellingham proposed the graphical representation of Gibbs free energy (AG-)

with variable temperatures (T) to provide significant information for the selection of
appropriate reducing agents in the metallurgical transformation of metal oxides into metals
which is known as the “Ellingham Diagram”. These diagrams are useful to evaluate the role
of various reducing agents in the reductive transformation of metal ores. For a particular
chemical transformation, if the AG is negative, that chemical reaction is feasible.
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Fig. 18.20: Gibbs free energy (AG-) vs T curves for the formation of metal oxides
(Ellingham diagram)
18.3.1 b. Applications:
i. Extraction of Fe from FeO:
Iron is extracted from FeO on treatment with coke powder in the blast furnace. the

following chemical reaction is carried out in this process.

FeO(s) + C(s) — Fe(s/l) + CO(g)
FeO(s) — Fe(s) + % 02 (g) [AG (reo, Fo)]

C(s) +3 02(9) — CO(g) [AGc.co)]
AGcco) + AG (reo,Fe)— AIG ........... 3)

This reaction is feasible only if the R.H.S equation (3) is negative. In the Ellingham
diagram of the reaction 5.6 AG vs T plot moves upward and oxidation of C into CO, moves
downward. Approximately in the vicinity of 1073K, C —CO curvefound underneath the
Fe—FeO curve which indicates AGc—co) has lesser value than AG.—rec0) Which clearly
suggests the feasibility of reduction process of FeO using coke at 1073 K. In a similar route
Magnesium can reduce Al,;Os

Oxide ores of iron were reduced at variable temperatures in the Blast Furnace (See
Fig. 18.21). The Hot air current provides a temperature of around 2170 K at the bottom part
of the furnace and the temperature gradually cooled up to 1070 K at the top region of the
Furnace. The hot air current charged with CO propelled to the upper region of the furnace
where oxide ores (Fe,O3 and Fe;04) get reduced to FeO relatively at a lower temperature as
affirmed in the AG vs T plot with the intersection point in the range of 500-800 K.

CaCOs3 is decomposed to CaO which combines with silicate impurities which will be
removed as slag (CaSiO3). The Crude Iron recovered from the Blast furnace is called “Pig
Iron” which contains 4% carbon content and several volatile and non-volatile impurities like
P, S, Si, Mn etc. When Pig iron is combined with scrap iron and melt them with coke powder
under the air blast provides Cast iron which contains reduced amount of carbon (3%). While
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Wrought iron (also called Malleable iron) is one the purest form of commercially available
iron which is prepared in a specially designed “Reverberatory furnace” which has a haematite
lining that oxidizes carbon and other impurities.

Further addition of limestone acts as flux material that combines with oxidized
compounds of S, Si, and P impurities to form slag which is subsequently removed to get pure
Wrought iron. The chemical transformations that take place are listed below.

Ore. limestone, and coke

L

3Fe 0, + CO->2Fe O, +CO,
(Iron ore) '
Fe.0,+ CO -3FeQ +CO,
CaCO, - CaO +CO,
(Limestone)

Ca0 + SiQ, - CaSio,
(Slag)

FeO + CO -» Fe + CO,

C + CO,— 2CO

Coke

C+0,-C0,

FeQ + C>Fe + CO

Fig. 18.21: Blast Furnace
3Fe,O3[Iron ore]+ CO — 2Fe30,4 + CO,
Fes04+ CO — 3FeO+ CO,

CaCOgs [limestone] —CaO+CO;
CaO + SiO, — CaSiO;
[Slag]

FeO+CO — Fe+CO;
C [Cocke]+ CO, — 2CO
C+0,— CO,
FeO+C — Fe+CO
Fe,03+3C— 2Fe+3CO

ii. Extraction of Copper from Cu,O:

In the Ellingham curve (AG™ vs T), the line corresponding to the formation of Cu,O
appears at the topmost level indicating the reduction of it is very feasible using carbon at very
low temperatures. But in nature, copper is usually found in the form of sulfide ores which are
oxidized to copper oxides either through smelting or roasting methods. These oxides are
heated in the Reverberatory furnace along with coke and silica. Coke reduced the oxides into
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crude copper while silica reacts with impurities like iron oxides to form removable slag
leaving behind the copper matte which is a mixture of Cu,S and FeS and other impurities.

Further Copper matte is loaded in a special Blast converter having silica lining in
which leftover oxides/ sulfides are converted into molten metallic copper. On cooling it
develops blisters owing to the dispersal of SO, gas from the molten copper hence it is called
“Blister copper”. The reactions involved in this process are shown below.

2Cu,S + 30, — 2Cu,0 + 2S0,
Cu,0+C—2Cu+CO

FeO + Si0O— FeSiO; (Slag)
2FeS + 30, — 2Fe0 + 250,
FeO + Si0;, — FeSiO3
2Cu,S + 30, —»2Cu,0 + 2S0;
2Cu,0 + Cu,S — 6Cu + SO,

iii. Extraction of Zinc from ZnO:

It is evident from the Ellingham curve it is clear that the reduction of ZnO is carried
out at far higher temperatures than the reduction of Cu,O. The specially designed Brickettes
made up of ZnO, Coke and Clay are used in the reduction process to get crude Zinc metal.
The crude Zinc is refined by distillation process.

ZnO + C (coke) — Zn+CO (at 1673K)
c. Drawbacks of Ellingham Diagram:
e It explains only the feasibility of chemical reaction but it does not provide any
information about the reaction chemical kinetic.
e It always assumes the chemical reaction in equilibrium state.

18.3.2. Electrochemical Principles involved in Metallurgy:
We have seen how pyrometallurgy is based on thermodynamic concepts. In the

reduction of metal ions in a solution or molten state, the same concepts work well. Here, they
are either electrolyzed or reduced by the addition of a reducing element.

Electrolysis is employed in the reduction of molten metal salt. These techniques
utilize electrochemical principles and can be understood using following equation.

AG = -nFE~ 1)

Here, E is the electrode potential of the redox couple produced in the system, and n is
the number of electrons. The majority of reactive metals have electrode potentials that are
significantly negative. This makes their reduction challenging. The less reactive metal will
get out of the solution and the more reactive metal will remain in the solution if the difference
between two values corresponds to a positive E and consequently a negative AG™ in equation
1. For example;

Cu?* (aq) + Fe(s) — Cu(s) + Fe?* (aq)

The M™ ions are released and deposited at the cathode, the negative electrode, in
simple electrolysis. Regarding the reactivity of the metal created and the appropriate
materials being utilized as electrodes, precautions must be taken. A flux may occasionally be
applied to the molten material to increase conductivity.
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When purified Al,O3 is combined with NagAlFg or CaF, in aluminium metallurgy to
reduce the melting point and boost conductivity. Graphite serves as the anode and a steel tank
with a carbon lining serves as the cathode in the electrolysis of a fused matrix. The overall
reaction may be written as:

2Al,03 +3C — 4Al+3CO,

This process of electrolysis is popularly known as Hall-Heroult process (see fig

18.22).
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18.22: Electrolytic cell for the extraction of Aluminum
Thus, the molten mass is electrolyzed using carbon electrodes in an electrolytic cell.
When the carbon of the anode combines with the oxygen released at the anode, CO and CO,
are created. By doing this, each kg of aluminium created roughly 0.5 kg of carbon anode that
was burned off.
These are the electrolytic reactions:
Cathode: A" (melt) + 3e” — Al(])
Anode: C(s) + 0% (melt) — CO(g) + 2¢
C(s) + 207 (melt) — CO; (g) + 4e

18.3.2. a. Copper Extraction from Cheap Ores and Scraps:
Lower-grade copper ores are processed using hydrometallurgy to extract copper. By

utilizing acid or bacteria, it leached out. Cupric ion containing solution is treated using either
hydrogen gas or scrap iron. The electrochemical reaction is shown below.
Cu2*(aq) + Ha(g) — Cu(s) + 2H" (aq).

18.3.2. b. Oxidative Extraction:
In addition to reductions, some extractions are performed using oxidation, especially

for non-metals. Chlorine extraction from brine, which is common salt that is prevalent in
seawater, is a straightforward example of oxidation-based extraction.
2CI" (aq) + 2H,0(1) — 20H' (aq) + Hz(g) + Cl2(9)
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This reaction which has a AG™ value around + 422 k.J. from which we get value of
E- = -2.2 V using equation AG™ = - nE°F. Therefore, electrolysis will need an external e.m.f.
of 2.2 V. However, in order to overcome additional impeding reactions in the solution, there
must be extra potential. As a result, Chlorine gas is obtained with H, gas and aqueous NaOH
solution as by-products. Molten NaCl may undergo electrolysis under these circumstances.
But in that situation, Na metal rather than NaOH is created.
As was previously covered, the process of extracting gold and silver involves cyanide
(CN") leaching of the metal. Ag to Ag" or Au to Au® oxidation is also taking place. Later,
using the displacement method, the metals are retrieved using Zn as reducing agents.
4Au(s) + 8CN'(aq) + 2H,0(aq) + Oz(g) — 4[Au(CN),] (aq) + 40H (aq)
2[Au(CN)2] (aq) + Zn(s) — 2Au(s) + [Zn(CN)4]? (aq)

18.4. Some Applications of Copper, Zinc and Aluminium:
Copper:

e Copper is a very good conductor of electricity and heat hence it is extensively used
in making electrical and thermal equipment.

e Used in several alloys like Brass (Cu-60%, Zn-40%), Bronze (Cu-88%, Sn-12%),
Gun metal (Cu-80-90%, Zn-<5%, Sn-10%) and Nickel silver (Cu-65%, Zn-17%,
Ni-18%).

Zinc:

e Zinc is used in electrical batteries.

e Used in the galvanization of iron items.

e Znisa constituent part of many important alloys like Brass (Zn-40%, Cu-60%) and
German silver (Zn-25-35%, Cu-25-40% and Ni-40-50%).

e Zndustis a very good reducing agent in synthetic chemistry.

Iron:

e Iron is exclusively used in the Construction field as a building material.

e Wrought iron is used in making wires, bolts, nuts, anchors, chains and agricultural
equipment.

¢ Nickel steel, an alloy of iron, is used in the making of pendulum, automobile, and
aviation designs.

¢ Another alloy of iron, Chrome steel is used in cutting and chorusing machinery.

Aluminium:

e Aluminium is used in the preparation of foils to wrap the food items.

e Used in the manufacturing of Paints and Lacquers.

e Used as a reducing agent in the extraction of Cr and Mn from their oxides.

e Being a very good conductor of electricity Al is used in Electrical instruments.

e Alisalso used in the preparation of Light weighed alloys.

Intext Questions 18.4
1. According to the Ellingham diagram when will the reaction is feasible?
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2. What material is used for the inner lining of the Reverberatory furnace?

What You Have Learnt

e Metals play an extremely useful role in day-to-day life.

e Most metals are found in nature in combined form.

e Only a few noble metals such as gold, silver, occur in nature in free state.

e The process of extraction of metals from their ores is called a metallurgical process.

e A naturally occurring material in which a metal or its compound occurs is called a mineral.

e A mineral from which a metal can be extracted economically is called an ore. Thus, all
minerals do not serve the purpose of ores.

e Most active metals are highly electropositive and exist as Mn ions. Therefore, they are
found in nature in association with some common anions, i.e., as salts like oxides,
sulphides, carbonates, halides, silicates, etc.

e Some sulphides slowly undergo oxidation by air to form sulphates.

e India possesses rich mineral wealth with an abundance of iron, aluminium, and some
amount of copper, tin, lead, silver, and gold.

e Various steps involved in the extraction of metal are:

e Crushing and pulverization

e Concentration or dressing of the ore

e Calcination or Roasting of the concentrated ore

e Reduction of the oxides to free metal.

e The metals thus obtained are then purified by employing some suitable method, viz.
liquation, poling, distillation, electrolytic refining, Zone refining.

e Thermodynamic and electrochemical principles involved in advanced metallurgy.
Applications of the Ellingham diagram. Applications of Cu, Fe, Zn and Cu.

Terminal Exercise

1. Name the metal oxides that are not reduced to metallic state by heating with carbon. Which
reducing agent is used for these ores?

2. Which metalsulphide combines with its oxide to form metal? Give reactions.
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3. Name four reducing agents other than carbon, used during smelting.
4. What is the difference between calcination and roasting?
5. Give the name and formula of at least one ore of the following metals:
(i) copper (i) zinc (i) iron (iv) tin
6. What happens when
(1) Calamine is calcined.
(i) Zinc blende is roasted.
(iii)Silica is heated with limestone.
7. Describe the froth floatation method for the concentration of sulphide ore.
8. Explain the principles involved in Zone refining and Vapour phase refining methods with
examples.
9. Give chemical equations involved in the self reduction method for the extraction of copper.
10. What is Ellingham Diagram? Explain the application of it.
11. Explain the principles of Electrochemistry used in extraction metals with suitable
examples.
12. Write the important applications of Copper, Aluminium, Iron and Zinc.

Answers to Intext Questions

18.1

1. Mineral is a naturally occurring material in which a metal or its compound occurs. An ore
is that mineral in which metal is present in large quantity and from which the metal can
be extracted in pure and high quality, economically.

2. Gravity separation, magnetic separation, froth floatation, and chemical method.

3. Zinc

18.2
1. Calcination: It involves heating of the ore in a limited supply of air to a temperature that
the ore does not melt.
Roasting: It involves heating of the ore in a free supply of air to a temperature that the ore
does not melt.
Smelting: The extraction of metal in the fused state is termed smelting. The ore is reduced by
carbon to the free metal.
Flux: It is a chemical substance which combines with gangue at higher temperatures to form
easily fusible material called slag.
Slag is a fusible chemical compound formed by the reaction of flux with gangue. Slag is not
soluble in the molten metal and is thus separated.
2. Carbon in the form of coke.
3. Roasting; 2ZnS +30, — 2Zn0 + 2S0,(9)
4. (I) Al,03.2H,0 —— > Al,03+ 2H,0
(if) ZnCO3 ——— Zn0O + CO,

18.3

1. Ligquation

2. Copperandtin

3. Zinc
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1

Chapter

HYPROGEN AND
sBLOCK ELEMENTS

Hydrogen, alkali metals (like sodium and potassium), and alkaline earth metals (like

magnesium and calcium) are the essential parts of the world we live in. For example,
hydrogen is used in making vanaspati. The yellow glow of streetlight is due to sodium.
Sodium chloride, potassium chloride, and compounds of alkali metals are essential for life.
Sodium hydroxide, sold under the name of caustic soda, is used in the manufacture of soap.
Plaster of paris, a compound of calcium, is used as a building material as well as by doctors
in setting bone fractures.

In this lesson, we shall study occurrence, physical and chemical properties, and uses

of hydrogen and s-block elements (alkalimetals and alkaline earth metals).

Obijectives
After reading this lesson, you will be able to:

explain the unique position of hydrogen in the periodic table;

compare and contrast the properties of different isotopes of hydrogen;

recall the various physical and chemical properties and uses of hydrogen with
chemical reactions;

explain the structure of water molecule and ice;

list the uses of heavy water;

list the different methods of preparation of hydrogen peroxide;

list oxidizing and reducing properties of hydrogen peroxide with at least two
examples of each;

list the uses of hydrogen peroxide;

recall the names and formulae of some common ores of alkali and alkaline earth
metals;

recall the electronic configuration of alkali and alkaline earth metals;

write reactions of alkali and alkaline earth metals with oxygen, hydrogen, halogens,
and water;

explain the trend of the basic nature of oxides and hydroxides.

19.1 Hydrogen

Hydrogen is the first element of the periodic table. Hydrogen has the simplest atomic

structure and consists of a nucleus containing one proton with a charge +1 and one orbital
electron. The electronic structure may be written as 1s®.
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Occurrence of Hydrogen

Hydrogen is the widely available element in the universe and also in solar system.
The planets like Jupiter and Saturn mostly consists of hydrogen but it is much less in the
earth crust due to its light nature. It constitutes 15.4% of the earth’s crust and the oceans.

19.1.1 Position in the Periodic Table
Where is hydrogen placed in periodic table?

Elements are placed in the periodic table according to their outermost electronic
configuration. So, hydrogen (1s*) may be placed with alkalimetals (ns'). But hydrogen attains
noble gas configuration of helium atom (1s%) by gaining one electron. It forms the hydride
ion H (15 like halogens (ns?np®) by gaining one electron. On electrolysis of used alkali
hydride, hydrogen is liberated at anode just as chlorine is liberated at anode during
electrolysis of sodium chloride. Thus, hydrogen ought to be placed in group 17 along with
halogens. Hydrogen also resembles group 14 elements, since both have a half-filled shell of
electrons. So where should hydrogen be placed? This problem is solved by placing hydrogen
neither with alkali metals nor with halogens. It has been given a unique position in the
periodic table (see Periodic Table in lesson 4).

19.1.2 Isotopes of hydrogen
If atoms of the same element have different mass numbers, they are called isotopes.

This difference in mass number arises because the nucleus contains a different number of
neutrons.

Naturally occurring hydrogen contains three isotopes: protium }H or H, deuterium
2H or D, and tritium 3H or T. These three isotopes contain one proton and 0, 1, and 2
neutrons respectively in the nucleus (Fig 19.1). Protium is by far the most abundant.
Naturally occurring hydrogen contains 99.986% of the H isotope, 0.014% of D, and 7x10™
% of T, therefore the properties of hydrogen are essentially those of the lightest isotope.
Tritium is radioactive and emits low energy particles (t;, = 12.33 yrs).

Protinm Protinm Protinm
AtomicNumber=1 Atomic Number=1 AtomicNumber=1
Mass Number=1 Mass Number=2 Mass Number=23
H 2H orD SHorT

Fig19.1: Isotopes to hydrogen
Due to difference in mass of different isotopes, there arise a few differences in their
properties. For example: 1H %H 3H

1. H, is more rapidly adsorbed on the metal surface than D..
2. Ho reacts over 13 times faster with Cl, than does D».
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Difference in properties that arises from the difference in mass is called isotope effect.
Since the percentage difference in the mass of isotopes of hydrogen is very large. The
difference in properties of isotopes of hydrogen is very large. The difference in properties of
compounds containing these isotopes is also large.
Preparation of Dihydrogen
1. Laboratory preparation:
Zinc on reaction with dilute acids and with aqueous alkali produces hydrogen.
Zn+2H" —— Zn"+H;,
Zn+2NaOH —— Na,Zn0O, + H,
2. Commercial preparation:
i) Acidified or alkaline water on electrolysis using platinum electrodes gives hydrogen.

SH.O (I Electrolysis
2 () Traces of acid/base 2H2(g) * 02 @)

Pure hydrogen (99.95%) can be obtained from the electrolysis of warm barium hydroxide
solution using nickel electrodes.

ii) While electrolyzing the brine solution in the manufacturing of Sodium hydroxide and Chlorine
hydrogen will be liberated as a byproduct.

At cathode:

2Cl'(aq) —> Cly(g) +2e
At cathode:

2H,O()+2e —>  H,(g) + 20H (aq)
Net reaction is

2Na" (aq) + 2Cl (ag) + 2H,0(I) —* Cl,(g) +H(g) + 2Na’(aq)+ 20H (aq)
iii) Also the reaction of steam at high temperature on hydrocarbons or coke in presence of a catalyst
yields hydrogen.

270K
CpHzi2+ NH,O ———— nCO + (2n+1) H,

The mixture of CO+H; is called SYNGAS or SYNTHETIC GAS as it is used in the synthesis of
methanol and variety of hydrocarbons. This Syn gas is produced from sewage, saw-dust, scrap

wood, news paper. The process of producing syngas from coal is called Coal gasification.

170K
C(s) + H,0 — = CO(g) +Hy(9)

19.1.3 Physical properties

Hydrogen is a diatomic gas, H,. It is colourless and has no smell. It is the lightest of all the
gases known. It is insoluble in water, acids, and most of the organic solvents. It is adsorbed when
passed over platinum and palladium.

19.1.4 Chemical properties
1. Combustion: Hydrogen is combustible and burns in air with pale blue flame.

2H2 + 02 — 2H 20
2. Reducing property: Hydrogen reduces heated metal oxides to metals.
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Zn0 +Hy —> Zn+H,0
CuO+Hy — Cu+Hy0

3. Reaction with non-metals: Hydrogen combines with nitrogen, carbon, oxygen and chlorine under
appropriate conditions to form ammonia, methane, water and hydrogen chloride respectively.
3Hy + Ny  —— 2NH3

2Hy+C 4 CHy
2H2 + 02 —_— 2H20
Hy+Cly —» 2HCI

Reaction with metals: Hydrogen reacts with highly electropositive metals to from the corresponding
hydrides.
2Na+Hy, — 2NaH

2Li+Hy —  2LiH

19.1.5 Uses
Hydrogen is used:

1. for conversion of coal into synthetic petroleum.

2. inthe manufacture of bulk organic chemicals, particularly methanol.

3. in the hydrogenation of oils. Vegetable oils change into vegetable ghee when hydrogen is
passed through the oils at 443 K in the presence of nickel as a catalyst.

4. in the manufacture of ammonia, which is used in the production of fertilizers.

5. as primary fuel for heavy rockets.

6. for filling balloons.

Hydrogen as fuel

Hydrogen is a clean fuel; on combustion it releases only water along with large
quantity of heat. Hydrogen can release more energy than petrol (about three times) and fewer
pollutants (oxides of nitrogen since nitrogen present as impurity with hydrogen) on
combustion. However the formation of oxides of nitrogen can be made neglezable by
lowering the temperature so that the reaction between nitrogen and oxygen may not take
place. Storage of hydrogen requires expensive insulated tanks made up of metal alloys like
NaNis TI-TIH,, Mg- MgH..

Because of these limitations researchers are in search for alternative techniques to use
dihydrogen in an efficient way. Main challenge in hydrogen economy is its transportation and
storage of energy in the form of liquid or gaseous hydrogen. Here energy is transmitted in the
form of dihydrogen and not as electric power. For the first time in India, a pilot project was
launched in 2005 for running automobiles using hydrogen as fuel. Initially 5% dihydrogen
has been mixed in CNG for use in four-wheeler vehicles. Slowly the percentage of
dihydrogen would be increased to reach the optimum level.

In recent days, it is also used in fuel cells for the generation of electric power. It is
expected that economically viable and safe sources of dihydrogen will be identified in the
coming years, to use hydrogen as a common source of energy.
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Intext Questions 19.1
1. Name the isotopes of hydrogen?

19.2 Compounds of Hydrogen
19.2.1 Hydrides:

Hydrogen, under certain conditions, combines with almost all elements (except noble
gases) to form binary compounds, called hydrides. Eg. MgH, B,H.
The hydrides can be categorized into three:
1. lonic or saline or saltlike hydrides
2. Covalent or molecular hydrides
3. Metallic or non-stoichiometric hydrides
1. lonic or Saline Hydrides
These are hydrides formed with the s-block elements which are highly electropositive
in nature. Significant covalent character is found in the lighter metal hydrides such as LiH,
BeH,, and MgH,. These ionic hydrides are crystalline, non-volatile and non- Conducting in
solid state. lonic hydrides react vigorously with water produces dihydrogen gas.

NaH(s) + H,O(ag) — NaOH(aq) + H, (g)

2. Covalent or Molecular Hydride

Hydrogen forms molecular hydrides with p-block elements. Eg: CH; NH3. H,O and
HF. According to the relative numbers of electrons and bonds in the Lewis structures,
molecular hydrides can be classified into :

(i) electron-deficient, (ii) electron-precise, and (iii) electron-rich hydrides.

An electron-deficient hydride has few electrons to write its conventional Lewis structure. Eg:
Diborane (B;Hs). All elements of group 13 will form electron-deficient compounds. They act
as Lewis acids i.e., electron acceptors.
Electron-precise hydrides have the required number of electrons to write its conventional
Lewis structures. All elements of group 14 form such compounds (e.g. CH,) which are
tetrahedral in geometry.
Electron-rich hydrides have excess electrons which are present as lone pairs. Elements of
group 15-17 form such compounds. Eg: NHs, has one lone pair, H,O has two lone pairs and
HF has 3 lone pairs.
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These hydrides behave as Lewis bases i.e., electron donors. The presence of lone pairs
on highly electronegative atoms like N. O and F in hydrides results in hydrogen bond
formation between the molecules.

3. Metallic or Non-stoichiometric (or Interstitial) Hydrides

These hydrides are formed by most of the d-block and f-block elements except group
6, 7, 8 and 9. From group 6 only chromium forms CrH. Unlike saline hydrides, these
hydrides are non- stoichiometric, and deficient in hydrogen. Eg: LaH,.g7, YbH2 s etc.

Except for hydrides of Ni, Pd, Ce and Ac, all other metallic hydrides have lattices
different from those of the parent metals. The property of absorption of hydrogen by
transition metals has wide application in catalytic reduction as well as hydrogenation
reactions in the synthesis of variety of organic compounds. Some of the metals (e.g.. Pd. Pt)
can put up a very large amount of hydrogen so this property has high potential for hydrogen
storage and as a source of energy.

19.2.2 Water (H,0)
This oxide of hydrogen is essential to all life. It occurs in the form of snow, as water

in rivers, lakes, sea etc. and as vapour in the atmosphere. Water is a covalent compound made
up of two hydrogen atoms linked with one oxygen atom through covalent bonds. Its Lewis
structure and molecular structure are shown below.

O_ Y7.5pm
H > H g
ks H 1045 H
Because of the large electronegativity of oxygen, water molecule is highly polar. It
has partial negative charge (6°) on the oxygen atom and partial positive charge (+) on the
hydrogen atom. An electrostatic attraction between H of one molecule with O of other
molecule results in the formation of intermolecular hydrogen bonds.

The remarkable characteristic of water is that in solid form, it is less dense than liquid
form. Consequently, an ice cube floats on water. Water molecules are joined together in an
extensive three-dimensional network in which the oxygen atom is bonded to four hydrogen
atoms, two by hydrogen bonds and two by normal covalent bonds, in a near tetrahedral
hydrogen-bonded structure (Fig. 19.2), which has got open spaces. This is responsible for low
density.
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Fig.19.2: Tetrahedral arrangement of oxygen atoms in ice.

Chemical Properties of Water
(1) Amphoteric Nature:
Water can act as an acid as well as a base i.e., amphoteric in nature.
Eg; It acts as an acid with NH3, and a base with H,S.
HO() + NH; (aq) —  OH'(aq) + NH4" (aq)
H,O(1) + H,S(ag) ——  H3O0™* (aq) + HS' (aq)
The auto-protolysis of water takes place as follows:
HO(l) + H,O() —> H30"(ag)+ OH (aq)
(acid) (base) (conjugate acid) (conjugate acid)
acid-1 base-2 acid-2 base-1

(2) On reaction with electropositive metals releases hydrogen gas.
2H,0(1) +2Na(s) —> 2NaOH(aq) + Hx(9)

Water is oxidised to O,, during photosynthesis.
6C0x(g) + 6H,O(I) —>  CsH1206 (aq) + 602(Q)

On reaction with fluorine also it is releases O,.
2F(g) +2H,0(1) —>  4H* (aqg) +4F (aq) + O(9)
(3) Hydrolysis Reaction:

Due to high dielectric constant, water dissolves many ionic compounds. Some covalent

and ionic compounds are hydrolysed in water.
P4O10 (S) +6H,0 (l) —> 4H3PO, (aq)
SiCly (1) +2H,0 (1) — SiO, (s) + 4HCI (aq)
N*(s) +3H,0(1) —> NH;(g)+30H (aq)
(4) Hydrates Formation:

From aqueous solutions many salts can be crystallised as hydrated salts. Here association

of water is of different types
(i) Coordinated water e.g.: [Cr (H,0)s]** 3C1
(i) Interstitial water e.g., BaCl,.2H,0

(iii) Hydrogen-bonded water e.g. [Cu(H,0)4]** SO42.H,0 in CuSO4.5H,0
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19.2.3 Heavy water and its applications
Water containing deuterium in place of ordinary hydrogen (protium) is termed as

heavy water (D,0). Heavy water is separated from water by electrolysis. The equilibrium
constant for the dissociation of water containing protium is very high (1.0x10™%) as compared
to water containing deuterium (3.0x 10™).
e.g.

H,0 — H' + OH"

D,0 — D" +0D"

O-H, bonds are broken more rapidly than OD bonds. Thus, when water is
electrolyzed, H; is liberated much faster than D,, and the remaining water thus becomes
enriched in heavy water D,0. In order to obtain one litre of almost pure D,0O, we have to
electrolyze about 30000 litres of ordinary water.

Uses:
1. Heavy water is used as a moderator in nuclear reactors. In this process the high speed
neutrons are passed through heavy water in order to slow down their speed.
2. ltis used in the study of mechanism of chemical reactions involving hydrogen.
3. It is used as the starting material for the preparation of a number of deuterium
compounds, for example:
CaC, +2D,0 —— C,D,+Ca(0OD),

SO, +D,0 — D,SO,

19.2.4 Hydrogen peroxide (H,0,)
Hydrogen peroxide is an important compound of hydrogen. Its chemical formula is H,O..

Methods of preparation:

Two methods of preparation of hydrogen peroxide are given below:

1. by the action of dilute mineral acids (H,SO,) on metallic peroxides (barium peroxide, sodium
peroxide)

BaO,- 8H,0 + H,SO, — BaSO, + H,0, + 8H,0
Na,O, + H,S0, — Na,S0, + H,0,
2. By the electrolysis of H,SO,4 (50% W/W) followed by distillation
Atcathode:  2H"+2¢7 — H)

Atanode: 250?{ - 3205_ + 271

The anodic solution which contains persulphate ions (8208)2_is distilled with sulphuric acid at
reduced pressure yielding H,0O-
S,0:” + 2H* +2H,0 — 2H,S0,+ H,0,
Properties:
Hydrogen peroxide is a colorless syrupy liquid and has sharp odour. It has a boiling

point of 423K. It is miscible in all proportions with water, alcohol and ether. The oxidation state
of oxygen in hydrogen peroxide is 1, a value, which lies between the oxidation state of oxygen
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in O, (zero) and water (-2). Therefore, hydrogen peroxide acts as an oxidizing agent as well as a
reducing agent in acidic and alkaline media.
Oxidizing Properties:
(a) Oxidizing action in acid solution:
(i) PbS + 4H,0, — PbSO, + .4H,0
(ii) 2FeSO, + H,SO, + H O, — Fe (SO,), + 2H,0
(b) Oxidizing action in alkaline solution:
MnCl, + H,0, + 2KOH — 2KCl+ 2H,0 + MnO,
(c) Reducing action in acid solution:
2KMnO, + 3H,S0, +5H,0, — 2MnSO, + K,SO, + 8H,0 + 50,
(d) Reducing action in alkaline solution:
(i) 2KMnO, + 3H,0, — 2MnO, + 30, + 2H,0 + 2KOH
(i) Cl, + H,0,+2KOH — 2KCl+2H,0 + O,

Storage:
Hydrogen peroxide decomposes to water on exposure to light.
2H,0; () — 2H0 () + 02 (9)

Even the presence of traces of alkali (present in glass containers), the above reaction
is catalysed. So H,0, has to be stored in wax-lined glass or plastic vessels in dark. Urea can
be added as a stabiliser.

Uses:

Hydrogen peroxide is used:

1. for bleaching hair, leather and wool etc.
2. Used as an Antiseptic
3. as a germicide and disinfectant
4. as an explosive when mixed with alcohol.
5. in the preparation of foam rubber.
6. in pollution control e.g. treatment of drainage and sewage water for de-

chlorination.
Structure:
The Lewis structure and molecular structure of hydrogen peroxide are shown below:
H_ 97°
H:0:0: H o= 10

97° H

Intext Questions 19.2
1. Why does ice float on water?
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3. Give one method of preparation of 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, caesium and francium. They are collectively known as the alkali metals
after the Arabic word al-gis meaning plant ashes. These ashes are particularly rich in
carbonates of calcium, strontium, barium and radium. They are collectively known as alkaline
earth metals.

19.3.1 The alkali metals
In this group all the elements are electropositive metals and there exists resemblance

between the elements owing to their similar outer electron configuration. The occurrence and
properties of alkali metals are discussed below:
Occurrence:

Sodium and potassium are abundant. Sodium is found as sodium chloride in the sea water
and as sodium nitrate (Chile saltpeter) in the deserts of Chile. Potassium too, is found in sea
water, and also as carnallite (KCI.MgCl,.6H,0). Lithium, rubidium and caesium occur in a few
rare aluminosilicates. Francium is radioactive; its longest-lived isotope “*Fr has a half-life of
only 21 minutes.

19.3.1.1Electronic configuration
The alkali metals with their symbols, atomic numbers and electronic configurations are

listed below in Table 19.1
Table19.1:Electronicconfigurationofalkalimetals
Atomic

Element Symbol umber Electronic configuration
Lithium Li 3 Is2 251
Sodium Na 11 152 25208 361
Potassium K 19 |52, 232p6,352p6,4s1
Rubidium ~ Rb 37 15225200 3520810 4528 55t
Cesium Cs 55 152,252p0 352p6010 45250410 55255 65l
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19.3.1.2 Physical properties of Alkali Metals
Alkali metals are placed in group 1 of periodic table. They readily form unipositive ions.

As we go down the group the alkali metals show steady increase in size due to the addition of a
new shell at each step. The increase in size of the atoms or ions, directly influences the physical
and chemical properties of the alkali metals. Some physical properties are given in Table 19.2.

Table 19.2: Physical properties of alkali metals

lonic  First lonization - Electrode
_ Electro Density  Mm.p. _
Symbol  Radius enthalpy . 3 Potential
1 negativity ~ (gcm ) K 0
(pm) (kJmol™) (E” volts)
Li 76 520.1 1.0 0.54 454 3.05
Na 102 4957 0.9 0.97 371 2.71
K 138 418.6 0.8 0.86 336 2.83
Rb 152 402.9 0.8 1.53 312 2.89
Cs 167 375.6 0.7 1.90 302 2.93
The trends in physical properties are listed in Table 19.3.
Table 19.3: Trends in physical properties
No. Characteristic Trend
1. Oxidation state All elements show +1 oxidation state
2 Atomic/ionic Li<Na<K<Rb<Cs
Radii Atomic and ionic radii increases since number of shells increase
as we go down the group.
3. lonization Energy Li>Na>K>Rb>Cs

As the size increases it becomes easier to remove an electron
from the outer most shell.

4. Electro negativity 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 outer most

electrons absorb energy and is excited to a higher energy level.
This absorbed energy is remitted when the electron comes back
to ground state. The difference in energy falls in the visible range
of radiation hence the colors are seen.

Li Na K Rb Cs
Crimsonred  Yellow Paleviolet Violet Violet
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19.3.1.3 Chemical Properties
Alkali metals are the most reactive metals in the whole periodic table due to their ease

in losing outermost electron, hence getting oxidized easily. As the ease of losing electrons
increases, the reactivity increases down the group.

(i) Oxides: All alkali metals form oxides, which are basic in nature. Lithium forms only one
type of oxide, lithium monoxide Li,O. Sodium peroxide Na,O, is formed when sodium is
heated with oxygen. Other metals of this group also form superoxides MO, on reaction with
oxygen.

4Na(s) + O,(g) — 2Na,O(s)
2Na(s) + O,(g) — N,0,(s)

K(s) + 0,(g) — KO,(s)

The formation of a particular oxide is determined by the size of the metal ion. Tiny lithium
ion is notable to come in contact with a sufficient number of peroxo ions. However, the ions
of potassium, rubidium, caesium are large enough to come in close contact with peroxo ions
and form stable structures as superoxides.

(i) Reactivity towards water: Although lithium has the most negative Eo, its reaction with
water is considerably less vigorous than that of sodium which has the least negative Eo
among the alkali metals (Table 19.2). The low reactivity of lithium is due to small size and
high ionization enthalpy. All the metals of the group react with water explosively to form
hydroxide and liberate hydrogen.

2M +2H,0 — 2M" +20H +H,

Basic character of oxides and hydroxides: The basic character of oxides and hydroxides of
alkali metals increases with the increase in size of metal ion. So, lithium oxide and hydroxide are
least basic whereas, caesium oxide and hydroxide are most basic in nature.
(i1i) Hydrides: The alkali metals react with hydrogen at about 637K to form hydrides (MH),
where M stands for alkali metals.

2M+Hy, — 2MH

(iv) Halides: Alkali metals react with halogens to form halides:
2M + Xy  —> 2MX (X=F, Cl, Br, I)

(v) Reducing nature: Alkali metals are strong reducing agents. The reducing property increase
with decrease in ionization energy values down the group. Lithium has the strong reducing power;
this exception is due to large heat of hydration of lithium ion
(iv) Solution in Liquid ammonia: Alkali metals can dissolve in liquid ammonia gives deep blue
colour solution which has conducting nature.

M+ (x+y) NHs  —>  [M(NHa)]" + [e (NHa)y]

The blue colour of the solution is due to the presence of ammoniated electron which
absorbs energy in the visible region of light and thus imparts blue colour to the solution. The
solutions are paramagnetic and If the solution is kept for long metal amide is formed as
product.

M am) +€ +NH3 (1) — MNH;@m) +%H2(g) (Here 'am’ denotes solution in ammonia.)
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In concentrated solution, the blue colour changes to bronze colour on warming and
become diamagnetic.

Uses:
1. Lithium is the lightest metal. Alloy of Lithium is used in aircraft parts, armour plates.
2. Lithium deuteride is used as fusion fuel in thermonuclear reactions.
3. Lithium batteries are packed with lot of energy, used in devices like cell phones,
computers.
4. Liquid Sodium is used as coolant in nuclear reactors
Sodium compounds are used in paper, textile, petroleum and chemical industries.
6. Potassium has a vital role in biological system. It maintains blood pressure and acidity
levels in our body.
7. Potassium hydroxide is used to make detergents.
8. Cesium is used in photoelectric cells due to its quick electron emission.
General characteristics of the compounds of the alkali metals:
Compounds of the alkali metals are generally ionic in nature. Following are some of
the general characteristics of some of their compounds.
(i) Oxides and Hydroxides
On combustion in excess of air, lithium forms Lithium oxide, Li,O (and some peroxide
Li,O,), sodium forms the peroxide, Na;O,, (and some superoxide NaO,,) potassium, rubidium
and caesium form the superoxides, MO,. The stability of the peroxide or superoxide increases
with increases in the size of the metal ion is due to the stabilisation of large anions by larger
cations through lattice energy effects.
These oxides are easily hydrolysed by water to form the hydroxides according to the
following reactions:
MO+ H,0 —»  2M"+20H™
M>0,+2H,O0 —» 2M* 4+ 20H + H>0,
2MO,+2H,0 —»  2M"+ 20H + H,0, + O
The oxides and the peroxides are colourless in pure form. But superoxides are yellow
or orange in colour and are also paramagnetic in nature. Sodium peroxide is widely used as an
oxidising agent in inorganic chemistry.
The alkali metal hydroxides are the strongest of all bases and dissolve freely in water
with evolution of excess heat due to intense hydration.
(i) Halides
The alkali metal halides MX (X=F, Cl, Br, 1) are colourless crystalline solids. They
are prepared by the reaction of the suitable oxide, hydroxide or carbonate with hydrohalic
acid (HX). All of these halides have high negative enthalpies of formation; A ¢ H always
becomes less negative from fluoride to iodide.
The melting and boiling points of alkali metal halides have the trend follows:
fluoride > chloride > bromide > iodide.
All these halides are soluble in water. LiF is less soluble in water is due to its high
lattice enthalpy and the low solubility of Cs I is on account of its smaller hydration enthalpy
of its two ions.

o
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(iii) Salts of Oxo-Acids

Oxo-acids are those in which the acidic proton is on a hydroxyl group with an oxo
group attached to the same atom e.g., carbonic acid H,COs; [OC(OH),]; sulphuric acid,
H,SO,—[04S(OH),].

The alkali metals form salts with all the oxo-acids. They are generally soluble in
water. Alkali metal carbonates (M,CQO3) and bicarbonates (MHCO3) also are highly stable to
heat. As the Electropositive nature increases down the group, the stability of the carbonates
and bicarbonates increases. Lithium carbonate is less stable due to its very small size so,

polarises a large COs 2 ion and dissociate into more stable Li,O and CO».

Anomalous behavior of Lithium:
The anomalous behavior of Lithium is due to
(1) Very small size of Lithium atom and its ion
(2) Increased polarizing power (i.e., charge/ the: radius ratio), results in increased
Covalent character of lithium compounds which is responsible for their solubility in
organic solvents.
Some of the abnormal properties of Lithium are given below
Lithium is much harder while other alkali metals are soft.
Lithium is least reactive but the strongest reducing agent among all the alkali metals.
Lithium forms monoxide with Oxygen, unlike other alkali metals.
LiCl is deliquescent and crystallises as a hydrate, LiCl.2H,0 whereas other alkali
metal chlorides do not form hydrates.
5. Lithium hydrogen carbonate is not obtained in the solid form while all other elements
form solid hydrogen carbonates.
6. Lithium unlike other alkali metals forms no ethynide on reaction with ethyne.
7. Lithium nitrate when heated gives lithium oxide, Li,O, whereas other alkali metal
nitrates decompose to give the corresponding nitrite.
4LINO3; — 2Li,0;,+ 4 NO,+0;
2 NaNO;— 2NaNO; + O,
8. LiF and Li,O are comparatively much less soluble in water than the corresponding
compounds of other alkali metals.

PophPRE

Diagonal relationship between Lithium and Magnesium:

The equal size of lithium and magnesium results in the formation of diagonal
relationship. Atomic radii, Li = 152 pm, Mg = 160 pm; ionic radii: Li* = 76 pm, Mg*? = 72
pm. The main points of similarity are:

1. Both lithium and magnesium are quite hard and lighter than other elements in their
respective groups.
2. Both reacts with water and form oxides and hydroxides are much less soluble and
their hydroxides decompose on heating.
3. Both form ionic nitride, LIsN and MgsN,, when heated with atmospheric nitrogen.
Both Li and Mg combine with Oxygen to give monoxides Li,O, MgO.
5. The carbonates of lithium and magnesium decompose easily on heating to form the
corresponding oxides with the evolution of CO,.

&
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Both do not form Solid bicarbonates.

Both LiCl and MgCl; are soluble in ethanol because of covalent character.

Both LiCl and MgCI, are deligquescent and crystallise from aqueous solution as
hydrates, LiCI2H,0 and MgCl,, 8H,0.

Some Important compounds of SODIUM:
Here are some of the industrially important compounds of sodium are described:

Sodium Carbonate (Na,C03.10H,0): Sodium carbonate also called Washing Soda, is
prepared by the Solvay process. In this process ammonium carbonate (produced by
the passage of CO, gas into Ammonia solution) reacts with concentrated brine
solution.

NH; HCO3; + NaCl  —>  NH4CI + NaHCO;

2 NaHCO; —> Na,CO3 + CO, + H,0
Properties: Sodium carbonate is readily dissolves in water. It exists as decahydrate.
On heating, it loses water, becomes completely anhydrous called Soda Ash.
Uses: It is used in the manufacturing of detergents, soaps, and paper. Also in the
manufacturing of water glass, borax and many other sodium compounds. It is used as
a water softener. Also In the laboratory as a reagent in qualitative and quantitative
analysis.

. Sodium bicarbonate (NaHCO3): 1t is also called Baking Soda. It is prepared by the

reaction of concentrated sodium carbonate solution with CO,.

Na,CO3z+ H,O + CO, —» 2 NaHCO3
Sodium bicarbonate reduces acidity in stomach. It can be used as a mild anti septic
also used in fire extinguishers to liberate CO; due to formation of soapy foam.
Sodium Chloride (NaCl): Most abundant source of sodium chloride is found in sea
water and in land lakes in the form of rock salt. From these sources NaCl is obtained by
evaporation by solar heat and wind. Pure NaCl is obtained by dissolving crude NaCl in
minimum amount of water and filtered to remove insoluble impurities. The obtained
solution is then saturated with HCI. Ordinary NaCl is slightly hygroscopic due to
presence of Ca and Mg chlorides. It is used as common salt (essential constituent of
our diet), food preservative. It is also used to de-ice roads and sidewalks.
Sodium hydroxide (NaOH): 1t is also called Caustic soda. NaOH is prepared by the
Castner-Kellner method. In this method, brine solution is electrolyzed to sodium
amalgam (mercury being as cathode and carbon as anode) which on treatment with
water gives NaOH. Sodium hydroxide used in the manufacturing of soap, paper and
artificial silk. It is used in the textile industries for mercerizing cotton fabrics. Also as
a laboratory reagent.

Intext Questions 19.3
1. Arrange the alkali metals in order of increasing ionization enthalpy.
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3. Write down the chemical equation for the reaction of sodium with water.

19.4 The Alkaline Earth Metals
You have seen a gradual increase in size of the alkali metals as we moved down the

Group 1 of the periodic table. Identical observations may be made in the case of alkaline
earth metals placed in Group 2 of the periodic table. Some physical properties of the alkaline
earth metals are given in Table 19.4. An alkaline earth metal atom is smaller in size
compared to its adjacent alkali metal. This is due to the added proton in the nucleus, which
exerts a pull on the electrons in an atom resulting in squeezing of the atom. This reduction in
size shows higher control of the nucleus on the electrons in the shells.

Table 19.4: Physical properties of the alkaline earth metals

lonic  Firstlonization . Electrode
Densit
Symbol  Radius enthalpy nEIZiit\tiqc _3y M.PK Potential
(pm) (kJmol ) g Y (gem ) (E°)volts
Be 89 899 15 1.85 1562 1.70
Mg 136 737 1.2 1.74 924 2.38
Ca 174 590 1.0 1.55 1124 2.76
Sr 191 549 1.0 2.63 1062 2.89
Ba 198 503 0.9 3.59 1002 2.90

The ease of losing electrons makes the alkaline earth metals good reducing agents. But
this property is less prominent as compared to the corresponding alkali metals.

19.4.1 Occurrence
The alkaline earth metals are too reactive to occurnative. Magnesium is the second

most abundant metallic element in the sea, and it also occurs as carnallite (KCI.MgCl,.6H,0)
in earth crust. Calcium occurs as calcium carbonate (marble, chalk etc) and with magnesium
as dolomite (CaCO3.MgCOg). Other ores of calcium are anhydrite (CaSQO,4) and gypsum
(CaS04.2H,0). Strontium and barium are rare and are found as carbonates and sulphates.
Beryllium too is rare and is found as beryl (BesAl»(SiO3)s).

19.4.2 Electronic Configuration
The electronic configurations of the alkaline earth metals are listed in Table 19.5.
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Tablel9.5: Electronic configuration

Element Symbol r'?g%rgécr Electronicconfiguration
Beryllium Be 4 152,232
Magnesium Mg 12 152,25%p0 352
Calcium Ca 20 152,252p6,352p% 452
Strontium Sr 38 Is,z,232p6,382p6d10,432p6,582
Barium Ba 56 132,252p6,352p6d10,452p6d10,5525p6,652

19.4.3 Physical properties of alkaline earth metals
Alkaline earth metals are less electropositive than alkali metals. The electropositive

character of alkaline earth metals increases down the group. They achieve an inert gas
configuration by the loss of two electrons. Some physical properties and their trends are given in
Table 19.6.

Table 19.6: Trends in physical properties

No. Chgrqcte Trend
ristic
1. Oxidation All elements show +2 oxidation state
state
2. Atomic/ Be<Mg<Ca<Sr<Ba
ionic radii Size of alkaline earth metals increases from top to bottom due to
increase in the number of shells.
&, lonization Be > Mg > Ca > Sr > Ba
enthalpy As the size increases it becomes easier to remove an electron from
the outer most shell.
4. Electro Be > Mg > Ca> Sr > Ba

negativity As the electropositive character increases from top to bottom due to
decrease in ionization energy, electro negativity decreases from top to

bottom.
5. Metallic Be <Mg<Ca<Sr<Ba
character Metallic character increases as we go down the group due to increase
in electropositive character.
6. Density Generally density increases from top to bottom as the atomic mass
increases.
7. Melting They show higher values of melting and boiling points as compared
point & to alkali metals because of the smaller size and stronger metallic
Boiling bonds. There is no regular trend down the group. It depends upon
point packing.
8. Flame Except Be and Mg (due to small size and higher ionization enthalpy)
coloration all other alkaline earth metals impart characteristic colours to the
Bunsen flame.
Ca Sr Ba
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Brick red Crimson red Sea green

19.4.4 Chemical Properties of Alkaline Earth Metals
The alkaline earth metals are reactive metals, though less reactive than alkali metals. There

activity increases from top to bottom in a group due to increase in electropositive character.

(i) Reactivity and E° values: The near constancy of the E°(M?*/M) values for group 2 metals
(Table 19.4) is somewhat similar to that for group 1 metals. Therefore, these metals are
electropositive and are strong reducing agents. The less negative value for be arises from, the

large hydration energy associated with the small size of Be** being countered by relatively large
value of the enthalpy of atomization of beryllium.

(i) Oxides: The alkaline earth metals burn in oxygen forming the ionic oxides of the type MO
where M stands for alkaline earth metals except Sr, Ba, and Ra which for peroxides. Peroxides
are formed with increasing ease and increasing stability as the metal ions become larger.

2Mg+0, — 2MgO 2Ca+0, — 20Ca0
2Be+0, — 2BeO Ba+0, — 2BaO

Basic character of the oxides increases gradually from BeO to BaO. Beryllium oxide is
amphoteric, MgO is weakly basic while CaO is more basic.
(i) Hydrides: The alkaline earth metals combine with hydrogen to form hydrides of general
formula MH,

M+H, - MH,(M = Mg, Ca, Sr, Ba)

(iv) Reaction with water: Usually the alkaline earth metals react with water to liberate
hydrogen. Be does not react with water or steam even at red heat and does not get oxidized in
air below 837K.

Mg +H,0 — MgO +H,

Ca, Sr, and Ba react with cold water with increasing vigour.
Ca+2H,0 — Ca(OH), + H,

(v) Halides: All the alkaline earth metals combine directly with the halogens at appropriate
temperature forming halides, MX5 where M stands for alkaline earth metals.

M+X, - MX,

(vi) Reaction with acids: Alkaline earth metals on reaction with acids liberate H, gas.
M+2HCI —>» MCl,+H,
(vil) Reaction with Liquid ammonia: Like alkali metals, alkaline earth metals also form

deep blue black colour on reaction with liquid ammonia, forms ammoniated ions.
M + (x+y) NHz —» [M(NH3)x]" + 2[e(NH3)y]

Uses:
1. Beryllium is used in the manufacture of alloys. Cu-Be alloys are used in the
preparation of high strength springs.
2. Mg form alloys with Al, Zn, Mn and Sn. Mg-Al alloys are used in construction of
aircrafts.
3. Milk of magnesia is used to treat antacid.
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4. Magnesium carbonate is used in tooth paste.
5. Cais used in the extraction of metals from their oxide where reduction with carbon is
difficult.
6. Radium salts are used in radiotherapy like in the treatment of cancer.
General characteristics of compounds of the alkaline earth metals:
The compounds of alkaline earth metals are ionic in nature but less ionic than
corresponding compounds of alkali metals.
The general characteristics of some of the compounds of alkaline earth metals are
described below.
(i) Oxides and Hydroxides: The alkaline earth metals on reaction with oxygen form the
monoxide (MO). Oxides of alkaline earth elements are ionic in nature and form hydroxides
on reaction with water, except for BeO which is amphoteric in nature.
MO+ H, O — M(OH);
The basic character of these hydroxides increase with increasing atomic number from
Mg(OH), to Ba(OH),. These hydroxides are less basic than alkali metal hydroxides.
Beryllium hydroxide is amphoteric in nature as it reacts with both acid and alkali.
Be(OH),+20H —> [Be(OH)4]*
Beryllate ion
Be(OH); + 2HCI + 2H,0 —» [Be(OH)4]Cl;
(if) Halides: Except for beryllium halides, all other halides of alkaline earth metals are ionic
in nature. Beryllium halides are essentially covalent and soluble in organic solvents.
(iii) Salts of Oxoacids: Some of salts of oxoacids are:
Carbonates: Carbonates of alkaline earth metals are insoluble in water and can be
precipitated by addition of a sodium or ammonium carbonate solution. The solubility of
carbonates in water decreases as the atomic number increases These carbonates
decompose on heating to give carbon dioxide and the oxide. Beryllium carbonate is
unstable and can be kept only in the atmosphere of CO,.
(iv) Sulphates: The sulphates of the alkaline earth metals are all white solids and are stable to
heat. Sulphates of Be and Mg are readily soluble in water because of their more hydration
enthalpy and the solubility decreases from CaSO, to BaSO,.
(v) Nitrates: The nitrates of alkaline earth are formed by the dissolution of carbonates in
dilute nitric acid. Among these nitrates Barium Nitrate does not crystalline with molecules of
water and Magnesium nitrate crystallizes with six molecules of water. This shows a
decreasing tendency to form hydrates with increasing size. All of them decompose on heating
to give the respective oxide.

Anomalous beryllium behaviour of beryllium
Beryllium shows anomalous behaviour as compared rest of the alkali earth metals.
1. It shows diagonal relationship to aluminium
2. It has exceptionally small atomic and ionic size so it forms largely covalent
compounds.
3. Due to absence of d-orbital in its valency shell, its co ordination number is 4. For the
rest of the members has coordination number 6 by making use of d-orbitals.
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4. Beryllium oxide and hydroxide are amphoteric in nature whereas oxides and
hydroxides of other alkaline earth metals are basic.
Diagonal Relationship between Beryllium and Aluminium
(1)  These two elements have same electro negativity and the polarising power.
(i) BeCl, and AICI; act as a Lewis acids and can be used as Friedel — Crafts catalyst
(iii) Both Be and Al are resistant to the action of acids because of the presence of protective
oxide film on their surface.
(iv) Both Be, Al chlodrides have chlorine bridged structures in vapour phase.
(v) Beryllium and aluminium ions have strong tendency to form complexes, BeF, 2, AlFg>.
Some important compounds of calcium

Industrially important compounds of calcium are calcium oxide, calcium hydroxide,
calcium sulphate, calcium carbonate and cement.
Calcium Oxide or Quick Lime, CaO:

Calcium oxide is a white amorphous solid. On exposure to air, it absorbs moisture and
carbon dioxide. It is prepared by heating limestone (CaCO3) at 1070-1270 K.

CaCO3; ™, CaO+CO,

The carbon dioxide is removed as soon as it is produced to enable the reaction to
proceed to completion. The addition of water to lime is called slaking of Lime. Slaking of
quick lime with soda gives Sodalime.

CaO + HL O —> Ca(OH),
Ca0 + CO, —» CaCOg3

A mixture of 1 part of slacked line, 3 parts of sand and water is known as lime—mortar

slacked line. When mixed sand harden due to the formation of calcium silicate.
Ca(OH)z + SiO, —>» CaSiO; + H,0
Mortar becomes hard with time due to several chemical reactions. Mortar mixed with
cement is called “cement mortar”. This is stronger than mortar.
Uses:
(i) Itisafood additive used as an acidity regulator.
(if) Itis the primary constituent in the manufacturing of cement.
(iii) It is used in the purification of sugar and in preparing bleaching powder & sodium
carbonate.

Calcium Hydroxide (Slaked lime), Ca(OH),,

It is a white amorphous powder. It is sparingly soluble in water. The aqueous solution
of it is known as lime water and a suspension of slaked lime in water is known as milk of
lime. Calcium hydroxide is prepared by adding water to quick lime, CaO.

CaO + HLO —> Ca (OH),

When carbon dioxide is passed through lime water it turns milky due to the formation
of calcium carbonate. On passing excess of carbon dioxide, the precipitate dissolves to form
calcium bicarbonate.

Ca(OH)z + CO» E— CaCO3 + H,0O
CaCO3+COy + H,O —» Ca(HC03)2

Calcium hydroxide also reacts with chlorine to form hypochlorite, a constituent of

bleaching powder.
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2Ca(OH), +2C1, ——  CaCl, +Ca (OCl); + 2H,0
Uses:
(i) Ca(OH), is used in the paper industry during kraft process which converts wood into
pulp.
(i) Ca(OH); is used as flocculant or clarifying agent in sewage treatment process.
(iii) Itis used in root canal treatment to fill human teeth cavities.
(iv) Italso used in leather industry to separate hair or fur from the animal hide.
(v) Also used in the process of sugar and sugar beed.

Calcium Carbonate, CaCOj3
Calcium carbonate available in nature in several forms like chalk, marble, pumice
stone etc. It is a white fluffy powder, insoluble in water. When heated to 1200 K, it
decomposes to liberate CO, gas. It can be prepared by passing carbon dioxide through slaked
lime or by the addition of sodium carbonate to calcium chloride.
Ca(OH)z + CO, — (CaCO3+ H,O
CaCl, + Na,CO; —»  CaCOg3 + 2NaCl
On reaction with dilute acids, it releases carbon dioxide.
CaCO3 + 2HCI — CaCl, + H,0 + CO,
CaCO3 + H,S0O,4 — (CaS0O, + H,O + CO,
Uses:
(i) It is important constituent in the building material like marble, cement and in the
manufacture of quick lime.
(i) Calcium carbonate along with magnesium carbonate is used as a flux in the extraction
of metals such as iron.
(iii) It is also used as an antacid, mild abrasive in tooth paste.
(iv) In food industry, it is used in chewing gum, pastries, bread stuffs, crisps and cookies.
(v) Itisused in the manufacturing of face powders, cosmetic foundations.
(vi) Lime stone is used as a flux in metallurgies.

Calcium Sulphate (Plaster of Paris), CaSO,4 %2 H,0
It is a hemihydrate of CaSO.. It is also called Plaster of Paris. It is prepared by heating
gypsum (CaS0O,4 2H,0) at 393 K. Above 393K anhydrous calcium sulphate is formed. This is
known as 'dead burnt plaster’.
2(CaS04.2H,0) —>»  2(CaS04).H,0+3H,0
It has a remarkable property of setting with water. On mixing with an adequate
quantity of water it forms a plastic mass that gets into a hard solid in 5 to 15 minutes.
Uses:
i. Itisused to make cast in bone manufacturing.
ii. Itisemployed in dentistry to fill the gap in teeth.
iii. Itis used in the making of moulds, statues and busts.
iv. The largest use of Plaster of Paris is in the construction field.
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Cement: Cement is an important building material. The construction sector plays a very
important role in the Indian economy. It is also called Portland cement because it resembles
with the natural limestone quarried in the Isle of Portland, England.

The raw materials for the manufacture of cement are limestone and clay. When clay and
lime are strongly heated, fused together to form ‘cement clinker'. This clinker is mixed with
2-3% by weight of gypsum (CaSQ,, 2H,0) to form cement.

Cement when mixed with water, setting of cement takes place to give a hard mass. This
is due to the heat liberated during the hydration of constituents molecules and their
rearrangement. The purpose of adding gypsum is only to slow down the process of setting of
the cement so that it gets sufficiently hardened.

Intext Questions 19.4
1. Arrange the alkaline earth metals in order of increasing reactivity.

What You Have Learnt
e Hydrogen can either be placed with alkali metals or with halogens.

e Hydrogen exists in three isotopic forms namely hydrogen, deuterium and tritium.

e Hydrogen is a combustible gas and has reducing property.

e There are two important oxides of hydrogen: water and hydrogen peroxide.

e Cage-like structure of ice makes it float on water.

e Water containing deuterium in place of ordinary hydrogen is known as heavy water.

e Heavy water can be separated from ordinary water by electrolysis or distillation.

e Heavy water is used as moderator in nuclear reactors.

e Hydrogen peroxide acts both as oxidizing and reducing agent.

e The alkali and alkaline earth metals show regular variation in various properties along a
group and period.

e Alkali metals react with hydrogen, water and halogens to form hydrides, hydroxides and
halides respectively.

e Basic nature of oxides and hydroxides of group 1 and group 2 elements
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19.5 Hard & Soft Water
Water which does not give table lather readily with soap solution is called hard water.

The hardness of water is due to the presence of calcium and magnesium bicarbonates, chlorides
and sulphates in it. Iron salts also cause hardness.

Soap is sodium salt of higher fatty acid like palmitic acid, oleic acid or stearic acid. If
soap solution readily gives lather with the given samples of water then that water is called soft
water.

When soap is added to hard water, it reacts with calcium and magnesium ions in it to
form the insoluble calcium magnesium soaps

Ca2+(aq)

Ca
2 Na Soap(aq) + - Soap 4 +Na* ,
p( q) M 2+(aq) Mg p (aq)

Hence soap is wasted as mentioned above.
Temporary Hardness
Presence of bicarbonates of calcium and magnesium are said to cause temporary hardness
to water. Removal of temporary Hardness of water
a) Boiling: Temporary hardness can be removed by boiling hard water. On boiling hard water,
bicarbonates of calcium and magnesium decompose to form respective insoluble carbonates.
Mg (HCO,),,, —toline . MgCO, | +H,0, +CO

Ag)

Ca (H CO,) _boiling_, - Ca CO, L +H,0,+CO,,

2(aq)
b) Clarke’sprocess: Requisite quantity of milk of lime is added to the water sample to
remove temporary hardness.
Ca (HCO,) ,,, +Ca(OH), , —— 2CaCO, L+ 2H,0,,
Mg (HCO,), ~+2Ca(OH), ~—— 2CaCO, l+Mg(OH), |+2H0

A word of caution is necessary here. In case, any excess of milk of lime is added, the
water sample is rid off temporary hardness but acquires permanent hardness.

2(aq)

Permanent Hardness of Water:

Presence of chlorides and sulphates of calcium and magnesium as dissolved salts causes
permanent hardness to water. This type of hardness cannot be removed by boiling because these
salts are not decomposed by boiling water.

a) Gan’s permutit process (Base Exchange process):

Permutit is artificial zeolite. Chemically it is sodium aluminium orthosilicate. Na,Al,Si,Og X H,O
Sodium carbonate, alumina and silica are fused together to obtain permutit. In a suitable container,
permutit is packed and hard water is allowed to percolate through it.

Calcium and magnesium ions which cause hardness in water are replaced by sodium ions which
do not cause hardness. Thus, water is softened and the soft water is taken out through the outlet.

b) Calgon Process:

Calgon is sodium hexa metaphospate (NasPsO1g). This does not precipitate the calcium or
magnesium salts but removes Ca?* and Mg?* ions from water either by adsorption or by forming
a complex salt. Either way, hardness of water is removed.
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c) lon exchanged method:
Recently, suitable ion exchange resins have been developed to remove all mineral salts from
water. Thus, “de-ionised water” is obtained which can be used for laboratory work and
Industry. The deionization of water is carried out in two steps as mentioned below.
1) Water is passed through a tank containing cation exchangers in which consists of giant
organic molecules having —COOH groups.
2RCOOH +Ca?* —— (RCOO0),Ca + 2H*(aq)
Resin from hard water retained in the resin

The Ca**, Mg®* and any other cation in the sample of water are replaced by the H" ions
from the resin.

Strong base for
regenerating basic resin

Strong acid for
regenerating
acidresin

Demineralised

Water free water free from
from cations all cation and anions
—_—

=
|

Base resinor
Acid exchange
resin

Acid resinor
base exchange

resin \

Hard water

L— Washing J

Fig.19.2.1. an lon exchange method
i) Then, water is passed through a tank containing an ion exchange resin where anion in the
water is replaced by OH ions from the resin. An ion exchange resins are giant organic

molecules with basic groups (OH") attached to them.
(RNH,) OH + CI' —— (RNH,) Cl + OH
2(RNH,) OH + SO*, —— (RNH,),SO, + 20H
H* + OH —— HO

From step 1 From step 11
Released Released

De ionised water can be used in place of distilled water. Cation exchange resins can be
“revived” or “regenerated” by passing a moderately concentrated solution of sulphuric acid

Page 371



through it. The anion exchange resin can be “revived” by treating with moderately concentrated
solution of caustic of caustic soda or sodium carbonate.

Disadvantages of hard water: Hard water, when used in boilers in industries causes formation
scales in boiler. This eats away the metal layer and also causes wastage of heat energy. Hence
only soft water is used in industries. Besides, hard water causes wastage of soap.

Measurement of Hardness of water: Hardness of water is due to the presence of soluble salts
of calcium or magnesium. Quantity of these salts in a certain volume or weight of water
measures the extent of hardness or degree of hardness.

Degree of hardness of water: The degree of hardness is refined as the number of parts by
weight of calcium carbonate (equivalent to various calcium and magnesium salts) presents in a
million parts (ppm) by weight of water.

19.5 Intext Questions:

1. What is meant by hard water?

What you have learnt:

1. Description about soft water and hard water.
2. Temporary hardness.

3. Different methods for removal of hardness.
4. Different disadvantages due to hard water.

5. Measuring the hardness of water.

Terminal Exercise:

1. How to remove temporary hardness?

2. Explain about Clark’s Method?

3. How to remove hardness water by permutit method?
4. Explain about ion exchange method?

19.5 Answers to intext questions:

1. Water which does not give lather with soap is called hard water.

2. Hardness of water is due to the presence of calcium & magnesium bicarbonates, chlorides
and sulphate.

3. 2NaSoap (aq) +

4. Boiling Water

Ca+2(aq)

Ca 4u
— 1
Mg +2(a0) g soap + Na
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19.6 Biological importance of metal
19.6.1 Biological importance of Na and K

1.

There are 27 metals and non-metals in living systems out of them Na, Ka, Mg and Ca are
required in major quantities.

The presence of Na" and K" ions inside and outside the cell produce an electrical
potential across the cell membrane.

The presence of Na" ions is associated with the movement of glucose into the cells. The
excess Na* ions entering the cell are expelled in the pumping out process.

The potassium ions are essential for the metabolism of glucose inside the cell and in the
synthesis of proteins and the activation of certain enzymes.

19.6.2 Biolzogical importance of Mg and Ca Role of Mg+2 ions
+
1) Mg are concentrated in animal cells

+2
2) Enzymes like ‘phosphohydrolyses’ and ‘phosphotransferases’ contain Mg ions. These

enzymes participate in ATP reactions and release energy in the process.

3) Mg+2 is constituent of chlorophyll

Role of Ca+2 in biology

1)

2)
3)
4)

Ca* is present in bones and teeth as apatite Cas(PO4),. Enamel on teeth is flour
apatite.

It is necessary for blood clotting.

Ca*? ions are necessary to maintain heart beating.

Ca*? ions are necessary for muscle contraction.
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Chapter

GENERAL
CHARACTERISTICS OF THE -
BLOCK ELEMENTS

The p-block of the periodic table consists of the elements of groups 13,14, 15, 16, 17
and 18. These elements are characterized by the filling up of electrons in the outermost p-
orbitals of their atoms. Some of these elements and their compounds play an important role in
our daily life.

For example:

e Nitrogen is used in the manufacture of ammonia, nitric acid and fertilizers.
Trinitrotoluene (TNT), nitroglycerine, etc., are compounds of nitrogen, which are
used as explosives.

e Oxygen present in air is essential for life and combustion processes.

e Carbohydrates, proteins, vitamins, enzymes, etc., which contain chain of carbon
atoms, are responsible for the growth and development of living organisms.

The usual trends (vertical as well as horizontal) in various properties observed in the
s-block are observed in this block, too. As we move from top to bottom through a vertical
column (group) some similarities are observed in the properties. However, this vertical
similarity is less marked in the p-block than that observed in the s-block, especially in groups
13 and 15; vertical similarity is increasingly shown by the later groups. As far as the
horizontal trend is concerned, the properties vary in a regular fashion as we move from left to
right across a row (period).

In this lesson we shall study some important physical properties w.r.t. the of
electronic configuration of the atom. Finally, we shall relate the periodicity in atomic
properties to the observed chemical behaviour of their compounds, with special reference to
their oxides, hydrides and halides.

Obijectives
After reading this lesson you will be able to:

e describe the general mode of occurrence of these elements in nature;

o recall the electronic configurations of the p-block elements;
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e explain the variations in atomic and physical properties such as
I. atomic and ionic sizes;
ii. ionization enthalpy;
iii. electro negativity;
iv. electron-gain enthalpy;
v. metallic and non-metallic behaviours along the period and in a group of the
periodic table;
e correlate the properties of the elements and their compounds with their positions in
the periodic table;
e explain the anomalous properties of the first element in each group of this block and
e explain inert pair effect.

20.1 Occurrence of the p-block Elements in Nature

The p-block elements do not follow any set pattern of mode of occurrence in nature.
Some of them occur free as well as in the combined state in nature. For example, elements
such as oxygen, nitrogen, carbon, sulphur occur in both the forms. Noble gases occur in free
state only. All other elements usually occur in the combined state. The distribution of these
elements in nature is also far from any uniform pattern. Some of them are quite abundant,
e.g., oxygen, silicon, aluminium, nitrogen etc. On the other hand the heavier members in each
group of the block are generally much less abundant. The important minerals associated with
elements will be considered whenever it is necessary at the appropriate places in the text.

20.2 Electronic Configuration

Among the elements of p-block, the p-orbitals are successively filled in a systematic
manner in each row. Corresponding to the filling up of 2p, 3p, 4p, 5p and 6p orbitals five
rows of p-block elements are there. The outer electronic configuration of the atoms of these
elements is ns’np®.

20.3 Atomic Size

The atomic radius of the of p-block elements generally decreases on moving across a
period from left to right in the periodic table. It is because the addition of electrons takes
place in the same valence shell and are subjected to an increased pull of the nuclear charge at
each step. The variation in atomic size along a period is shown in Table 20.1.

Table 20.1 : Variation in Atomic Size in a row from Boron to Fluorine

Outer electronic configuration ~ 2s° 2p* 2s% 2p° 2s% 2p° 2s% 2p* 2s% 2p°
Nuclear charge +5 +6 +7 +8 +9

Effective nuclear charge +2.60 +3.25 +3.90 +4.55 +5.20
Atomic size (pm) 88 77 70 66 64
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On moving down a group, the atomic radius of the elements increases as the atomic
number increases. This is due to the increase in the number of shells as we move from one
element to the next down the group. The increase in nuclear charge is more than compensated
by the additional shell. The variation in atomic size on moving down a group is shown in
Table 20.2.

Table 20.2 : Variation in atomic size down a group

Boron 2s° 2p' +5 +2.60 88
Aluminium 3s° 3p' +13 +11.60 118
Gallium 4s° 4p' +31 +29.60 124
Indium 552 5p' +49 +47.60 152
Thallium 6s° 6p' +81 +79.60 178

20.4 lonization Enthalpy

It is the amount of energy required to remove the most loosely bound electron from
the outermost shell of a neutral gaseous atom. It is measured in kJ mol™ and is known as first
ionization enthalpy.

The first ionization enthalpy of the p-block elements generally increases on moving
from left to right along a period. It is because as we move from left to right along a period,
the atomic size decreases. In a small atom, the electrons are held tightly. The larger the atom,
the less strongly the electrons are held by the nucleus. The ionization enthalpy, therefore,
increases with decrease in atomic size. However, there are certain exceptions, e.g., the first
ionization enthalpy of a group 16 element is lower than that of a group 15 element. It is
because in case of a group 15 element, the electron is to be removed from the half-filled p-
orbitals. A comparison of first ionization energies of some elements is given in Table 20.3.
Table 20.3: Comparison of first ionization enthalpies (kJ mol™)

801 1086 1403 1310 1681 2080

577 796 1062 999 1255 1521

In general the first ionization enthalpy decreases in a regular way on descending a
group. It is because on descending a group, the atomic size increases. As a result the electrons
are less tightly held by the nucleus and therefore, first ionization enthalpy decreases.

Intext Questions 20.1
1. Which of the following atoms is expected to have smaller size?
(i) oF and 17Cl (i) 6C and 14Si (iii) sB and ¢C (iv) 6Cand 7N
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2. Which atom in the following pairs of atoms is expected to have higher ionization
enthalpy?
(I) 4Be and 5B (II) 168 and 17C| (III) oHe and 10Ne (IV) go and 168

4. How does the ionization enthalpy vary in general in a group and in a period of the p-block
elements?

20.5 Electron Gain Enthalpy

When an electron is added to a neutral gaseous atom, heat energy is either released or
absorbed. The amount of heat energy released or absorbed when an extra electron is added to
a neutral gaseous atom is termed as electron gain enthalpy, i.e., energy change for the process

X(g)+e —X(9)

Generally for most of the atoms, the electron gain enthalpy is negative, i.e., energy is
released when an electron is added to a neutral gaseous atom. But for some atoms, the
electron gain enthalpy is a positive quantity, i.e., energy is absorbed during the addition of an
electron.

Electron affinity generally becomes more negative on moving from left to right along
a period. It is because on moving across a period, the atomic size decreases. As a result the
force of attraction exerted by the nucleus on the electron increases. Consequently the atom
has a greater tendency to gain an electron. Hence, electron gain enthalpy becomes more
negative.

On moving down a group, the electron gain enthalpy becomes less negative. This is
due to the increase in atomic size and thus, less attraction for the electrons; the atom will have
less tendency to gain an electron. Hence, electron gain enthalpy becomes less negative. But in
the halogen group, the electron gain enthalpy of chlorine is more negative than that of
fluorine. It is because the size of the F atom is very small which makes the addition of
electron less favourable due to inter electronic repulsion. Similar situation exists for the first
element of each group.

Table 20.4 : Electron gain enthalpies of some p-block elements in kJ moll
030 |125 +0.20 148 36 |052 190 080 |20 38

20.6 Electronegativity
Electronegativity is defined as a measure of the ability of an atom to attract the shared
electron pair in a covalent bond to itself.
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Electronegativity increases along the period and decreases down the group.
Fluorine is the most electronegative of all the elements. The second most
electronegative element is oxygen followed by nitrogen in the third position.

20.7 Metallic and Non-metallic Behaviour

The elements can be broadly classified into metals and non-metals. Metals are
electropositive in character i.e., they readily form positive ions by the loss of electrons
whereas non-metals are electronegative in character i.e., they readily form negative ions by
the gain of electrons. The metallic and non-metallic character of p-block elements varies as
follows:

Along the period the metallic character decreases, whereas non-metallic character
increases. It is because on moving across the period, the atomic size decreases due to the
increased nuclear charge and hence, ionization energy increases.

On moving down the group the metallic character increases, whereas non-metallic
character, decreases. It is because on moving down a group, the atomic size increases. As a
result the ionization energy decreases and tendency to lose electrons increases. Therefore,
metallic character increases and non-metallic character decreases.

20.8 Anomalous behaviour of the first Element in Each Group of the p-Block

The elements comprising s-block and p-block are called main groups or representative
elements. Since the atomic radii decrease across a period, the p-block atoms are smaller than
their nearest s or d block atoms; thus F atom has the smallest radius. Associated with small
atom the 2p orbitals are very compact and influence the bonds formed. Inter electronic
repulsions are thus more significant in 2p than in np orbitals (where n > 2). This results in the
N — N, O-O and F-F bonds being comparatively weaker than the P—P, S-S and CI-CI
bonds, respectively.

The small size of the atoms of N, O and F results in their high electonegativity
values. This is reflected in the formation of relatively strong hydrogen bonds in X-H .... Y,
where X and Y may be N, O or F.

Carbon, nitrogen and oxygen differ from other elements of their respective groups due
to their unique ability to form pz - pr multiple bonds. For example C=C, C=C,N=N, O =
O, etc. The later members such as Si, P, S, etc., do not form pz - pz bonds because the atomic
orbitals (3p) are too large to achieve effective overlapping.

The valence shell capacity of the p-block elements in the second period limits the
coordination number to a maximum of 4. However, in compounds of the heavier members
the higher coordination numbers are attainable. Thus BH, and BF.; contrast with [AlFe]* ;
CF, contrasts with [Si F¢]* and NH," ; contrasts with [PClg]". In the heavier members of each
group d-orbitals are available for bonding and their participation may be envisaged in the
attainment of the higher coordination number.

20.9 Inert Pair Effect

Among the elements of p-block, in groups 13,14 and 15, there is a general trend that
the higher oxidation states become less stable in-going down the group. Thus although boron
and aluminium are universally trivalent, gallium, indium and thallium exhibit + 1 state as
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well. In fact + 1 state of thallium is very stable. Similar situations are noticed in groups 14
and 15. Though carbon is universally tetravalent, it is possible to prepare divalent
germanium, and lead compounds. The stable state of +3 in antimony and bismuth in group 15
is another example.

Outer electron configurations of group 13, 14 and 15 elements are ns’np', ns’np?® and
ns’np®, respectively. They are thus expected to show the higher oxidation state of +3, +4 and
+5 respectively. But the preference of heavier elements of these groups to show + 1, +2 and
+3 states, respectively indicate that two electrons do not participate in bonding. The
reluctance of s-electrons to take part in chemical bonding is known as inert pair effect.

The so called “inert pair effect” is therefore, ascribed to two factors.
1. The increase in the promotion energy from the ground state (ns® np®) to the valence
state

(ns*' np?).

2. Poorer overlap of the orbitals of the large atoms and hence poorer bond energy.

The net result is the lesser stability of higher oxidation state with the increasing
atomic number in these groups. Once the involved energies are taken into consideration, the
so called “inert pair effect” term loses its significance.

Intext Questions 20.2
1. Why does fluorine have electron gain enthalpy lower than chlorine?

2. Which atom in the following pair of atoms has greater electron gain enthalpy?
(i) F, ClI (i) Br, | (iii) I, Xe (iv) O, F vOo,s

3. Give two reasons for the fact that the first element in each group of p-block exhibits
unique behaviour.

20.10 General Trends in the Chemistry of the p-Block Elements

The p-block elements except noble gases react with hydrogen, oxygen and halogens
to form various hydrides, oxides and halides respectively. A more or less regular trend is
observed to the properties of these compounds on moving down any particular group. The
noble gases have almost zero electron afinity and have very high ionization enthalpies.
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Therefore, under normal conditions, the atoms of noble gases have little tendency to gain or
lose electrons.

20.10.1 Hydrides

The hydrides of the p-block elements are listed in table 20.5. They are covalent
molecules and their bond angles are consistent with VSEPR theory. The angles decrease from
109.5° in CH,4 to 107° in NH3 and 104° in H,0.

These hydrides are volatile in nature. Generally their acid strength increases from left
to right and from top to bottom.
Table 20.5 : Hydrides of p-block elements

13 14 15 16 17
B2Hs CH,4 NH;3 H.0 HF
(AlHz)x | SiH, PH3 H,S | HCI
GayHs GeHy AsH3 H,Se | HBr
InH3 SnH, SbH3 H,Te HI
TIH; PbH, BiH3 H,Po

20.10.2 Oxides

p-Block elements form a number of oxides on reacting with oxygen. The oxides E,O,
(n = 3, 5 or 7) are the highest oxides formed by the elements in the groups 13, 15 or 17
respectively. The oxides EO, (n = 2, 3 or 4) are formed by the elements in groups 14, 16 or
18 respectively. Thus, nitrogen forms NO, NO,, N,O3; and N,Os; phosphorus forms P,Og and
P4019, xenon forms XeO3 and XeO,.

e In any particular group, the basic nature of the oxides (oxidation state of the element
remaining same) increases with increase in atomic number.
e In a particular period the acidity increases with increase in the oxidation state of the

element.
20.10.3 Halides

A review of the properties of halides of p-block elements reveals that most of them
are covalent halides. In a group the covalent character of halides decreases down the group.

Where an element exhibits more than one oxidation state, the covalent character of a
halide increases with the increase in the oxidation state of the element forming halides. For
example, whereas PbCl, is an ionic halide, PbCl, is covalent. Similarly the covalent character
of halides of a particular element increases from fluoride to chloride to bromide.

Covalent halides are generally gases, liquids or solids with low melting points. These
halides usually hydrolyse to give the oxoacid of the element.

For example SiCl, reacts vigorously with water

SiCl, + 4H,0 —8i(OH), + 4HCI
silicic acid
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In general the chlorides, bromides and iodides are found to be more stable with lower
oxidation state of the element, whereas fluorides are formed in the higher oxidation states.
The halides are usually formed by the direct union of the element with the halogen. For
example

C(S) +Clx(g) —3€Cly(1)
2As(S) + Cl(g) —AsCls(s)
Intext Question 20.3
1. Which of the following oxides is the most acidic?
(i) Al,O4 (ii) CO, (iii) SO,

2. Which of the following hydrides of main group elements is the most acidic?
(i) HoSe (i) H,O iii) HCI (iv) HI

3. Arrange the following in the increasing order of covalent character.
SiC|4, CC|4, SnCI4, GEC|4

4. What happens when SiCl, reacts with water. Write complete chemical equation for the
reaction

5. How do the bond angles vary among the following hydrides
NH;, PH3 , AsHs3, SbH3

6. Give equations for the formation of the following from the elements:
(i) Al,O3 (i) SiCly4 (iii) CCl,

7. Which is more covalent in each of the following pairs?
(i) AICI3 and BCl3 (i1) PbCl; and PbCl,

What You Have Learnt

e The elements of groups 13, 14, 15, 16, 17 and 18 constitute the p-block of the periodic
table.

e Some of the elements of the p-block are widely and abundantly found in nature, viz.,
oxygen, silicon, aluminium, etc.

e Many physical and chemical properties of the p-block main group elements show periodic
variation with atomic number.

e The ionization enthalpy is the energy required to remove the outermost electron from a
neutral gaseous atom.
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e The electron gain enthalpy is the energy change when a neutral atom in a gaseous state
accepts an electron.

e Electronegativity is the ability of an atom in a molecule to attract the electrons of a
covalent bond to itself.

e The top element in each group shows a unique behaviour.

e The reluctance of s-clectrons to take part in bond formation is known as “inert pair effect”

e p-Block elements form a number of oxides on reacting with oxygen.

e Most of the elements of the p-block form covalent halides.

e General characteristics of the p-block hydrides, halides and oxides.

Terminal Exercise
1. Which groups of the ‘periodic table’ constitute p-block?
2. How does the magnitude of ionization energy of an atom vary along the group in the
periodic table?
3. How does electronegativity change along a row of elements in the periodic table?
4. Explain ‘Metallic character decreases along a period but increases on moving down a
group’.
5. Discuss the trends in the chemistry of p-block elements with respect to:
(1) acidic and basic nature of the oxides;
(i1) ionic and covalent nature of the hydrides.
6. What is the cause of anomalous behaviour of the top element in each group of the p-block
elements.
7. What is ‘inert pair effect’? Is there any inert pair present or is it a misnomer?
Comment on the nature (ionic/covalent) of the hydrides of the p-block elements
9. How does the covalent character of halides of an element change with oxidation state of
the element?
10. Which is likely to form higher halides with an element exhibiting variable oxidation state,
F, or C|27

=

Answers to Intext Questions

20.1
1. (i) 9F (ii) 6C (iiii) 6C (iv) 7N
2. 4Be (ii) 17CI (iiii) 2He (iv) 80

3. Na<Be<N<He
4. In agroup, it decreases down the group and it usually increases along a period.

20.2

1. The unexpectedly low value of electron gain enthalpy for F as compared to that of Cl atom
may be attributed to the extremely small size of F atom vis-a-vis Cl atom. The addition of an
electron produces a negative ion which has a high electron density and leads to increased
interelectronic repulsions.

2. (i) Cl (ii) Br (i) 1 (iv) F (v) S

3. (i) Small size (i) absence of d-orbital
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21

PBLOCK ELEMENTS AND
THEIR COMPOUNDS - |

Chapter

You have already studied the general characteristics of the p-block elements in the

previous lesson. Now, we shall discuss some of the important elements and their compounds.
Groups 13, 14 and 15 of the periodic table will be considered in this lesson and groups 16, 17
and 18 in the next lesson.

Objectives
After reading this lesson, you will be able to

describe the methods of preparation of boric acid, borax, diborane and boron
trifluoride;

explain the structure of diborane, boric acid and boron trifluoride;

list the uses of borax, boric acid and boron trifluoride;

list examples of double salts;

describe the preparation and uses of aluminium trichloride and potash alum;

explain the structure of aluminium trichloride;

list the allotropes of crystalline carbon;

compare the structures of diamond and graphite;

explain the structure and properties of carbon monoxide, carbon dioxide and silicon
dioxide;

compare hydrolytic behaviour of carbon tetrachloride and silicon tetrachloride;
describe preparation and uses of silicon carbide;

explain the processes for manufacture of ammonia and nitric acid;

list the properties and uses of ammonia and nitric acid;

explain nitrogen fixation: natural and industrial and

list a few nitrogenous, phosphatic and mixed fertilizers with their importance.

21.1 Boron and Aluminium

Boron and aluminium are the first two members of Groupl3 of the periodic table.

Though the outer most electronic configurations of boron and aluminium are similar yet there
is a big difference between the properties of their compounds. This will become clear when
we study the compounds of boron and aluminium.
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21.1.1 Boric Acid

Preparation: Boric acid (also called ortho boric acid) H3BOs, [B(OH)3] is prepared by
the action of sulphuric acid on concentrated solution of borax (Na;B40;.10H,0). Boric acid
separates as white flaky crystals.

Na,B,07 + H,SO,4 + 5H,O ——— » Na,SO, + 4H3;BO;

Properties and Structure: Boric acid is a white crystalline solid. It is soluble in water. It
behaves as a weak Lewis acid rather than a protonic acid because it combines with hydroxyl
ions (OH) of water to liberate hydronium (HsO").
Thus

B(OH), + 2H,0 ——> [B(OH),]" + H,0’

When heated, it decomposes to meta boric acid and finally to boric anhydride (or
boric oxide) at red heat

375K -d hes
2B(OH); 4~ 2BO(OH) —=575— B,0; (1) (Boric oxide)
s, : 20;

In boric acid, B(OH)3 units are linked by hydrogen bonds to give two dimensional
sheets (Fig. 21.1). The sheets are held together by weak vander Waals forces which are
responsible for the cleavage of solid structure into flakes.

—
0
|
B
H NG
\Q/ Ol
H H
I :
| Ui,
H B .H ‘H B
P', ' H

Fig.21.1: Structure of boric acid; the dotted lines represent hydrogen bond
Uses: Boric acid is used:

(i) as an antiseptic,

(i) as a food preservative, and

(iii) in making enamels, pottery glazes and glass.

21.1.2 Borax, Na,B4O7.10H,0
In crude form borax occurs as tincal in dried up lakes of India. It is also prepared from

the mineral colemanite, Ca,B¢O1; by the action of concentrated solution of sodium carbonate.
Ca,BO,, + 2Na,CO, —— 2CaCO, + Na,B,0, + 2NaBO,
Borax is crystallised from the filtrate. Borax is a white crystalline solid of the formula
Na,B,07.10H,0.
On heating it loses water of crystallisation. It is used:
(i) as an alkaline buffer in dyeing and bleaching processes
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(ii) as a preservative

(iii) in the manufacture of optical and borosilicate glasses
(iv) as a flux, and

(v) in making glazes for pottery and tiles.

21.1.3 Diborane, B;Hs
Diborane is the most important hydride of boron.

Preparation:
It is prepared by the following methods:
(1) By the action of lithium aluminium hydride on boron trichloride
4BCl; + 3LiAIH; ———» 2B,Hg + 3AICI; + 3LiCl
(i) By the action of lithium hydride on boron tri fluoride
8BF; + 6LiH —— B,H¢ + 6LiBF,
Properties:
« Diborane is a toxic gas and has a foul smell.
« It burns in oxygen to give enormous amount of energy.
B,Hg¢ + 30,———»B,03+ 3H,0; H = 1976 kJ/mol
« Itis readily hydrolysed by water
B,Hg + 6H,O,—»H3;BO; + 6H>
Structure: The molecular structure of diborane is shown below. The two boron atoms and
the four terminal hydrogen atoms lie in one plane, the two bridging hydrogen atoms lie
symmetrically above and below the plane. If we consider the bonding situation in B,He,
there are eight BH bonds but only twelve valence electrons. Obviously there are not enough
electrons to fill all the available orbitals to form eight normal covalent (two-centre) bonds.
Thus bonding in diborane is described in terms of two multicentre bonds, i.e., 3c-2e or three
centre two electron BHB bonds and four normal B-H bonds.

H Y H Hfihl- pm I H

IEW}B B

H H/ Y’Fﬂ_ﬂ“ll‘ﬁr pm
H

Fig.21.2: Structure of diborane, B;Hg

21.1.4 Boron Trifluoride
Boron forms halides BX3 (X = F, Cl, Br, I). All these halides with exception of

fluoride, are formed by the action of appropriate halogen on boric oxide at high temperature.
Boron trifluoride is formed by the action of hydro fluoric acid on boron oxide. Thus

B,0, + 6HF — IBF, +3H,0
BF; hydrolyses according to the following equation
4BF, + 3H,0 — H,BO, + 3HBF,

BF3 acts as an electron acceptor (Lewis acid) since B does not have an octet of
electrons in its valence shell; in fact it has a sextet. It forms complexes with nitrogen and
oxygen donors, e.g. NH3 and ether, thus completing the octet of boron.
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F:B < NH; and F,B « OEt,

Boron tri fluoride is used as a catalyst in Friedel-Crafts reaction such as alkylation
and acylation and in polymerization reactions.

The structure of boron trifluoride is shown in Fig 21.3:

BF bond in BF3 has a multiple bond character since its structure is are so nance
hybrid of three resonating structures.

Note that in the resonating structures boron completes its octet.

Ilj; F F

l I
/B\F_._B ﬂB\F _ /B\\
F

Fig21.3:Resonatingstructuresofborontrifluoride

21.1.5 Aluminium trichloride
Aluminium trichloride exists as a dimer as Al,Clg at room temperature and as a

monomer at high temperatures and is made by passing hydrogen chloride or chlorine over
heated aluminium under anhydrous condition.
2Al + 6HCI — Al,Cls + 3H;
2A1+3Cl, —» A|2C|6

When pure, it is a white solid which sublimes at 453K. Aluminum has only three
valence electrons. When these are used to form three covalent bonds, the atom has only six
electrons in its valence shell. Since it is electron deficient it, therefore, exists as a dimer. The
aluminium atoms complete their octets by dative bonding from two chlorine atoms. The
arrangement of chlorine atoms about each aluminium atom is roughly tetrahedral. The
structure of the dimer is shown in Fig.21.4.

SONG s, f,q,.,7 Cl
1()9“} ﬁ%
CI/ \CI CI

Fig.21.4: Structure of AICl;
When treated with water it gives hydrated aluminium ions and Cl ion

ALCl +6H,0 — 2[AI(H,0)J** +6C1-

Anhydrous aluminium chloride is used as a catalyst in Friedel-Crafts reaction because of its
Lewis acid character.

21.1.6 Double Salts: Alums and Potash Alum
When two salts capable of indendent existence are mixed and the solution of the

mixture is allowed to crystallise, crystals comprising both the salts are characteristically
formed. However, in solution all the ions exist freely. Such substances are called double salts.
For example, when a solution containing potassium sulphate and aluminium sulphate is
allowed to crystallise, transparent octahedral crystals of Potash Alum K* AI** (S04)*.12H,0
are obtained. The solid contains [K(H20)e]*, [AlI(H20)e]** and SO,* ions and it is a double
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salt since it gives the tests of its constituent ions in solutions. The double sulphate with
similar composition and properties are called alums.

It is possible to replace the trivalent aluminium cation by trivalent metal ion of the
similar ionic size, e.g. Ti**, Cr**, Fe*" and CO®. It is also possible to prepare a series of
alums in which potassium ion is replaced by ammonium ion, NH,".

The alums are isomorphous, a few typical ones are given below:

Ammonium alum (NH,) Al (SOq),. 12H,0
Chrome alum K Cr (SO4),. I12H,0
Ammonium chrome alum  (NH,) Cr (SOy),. 12H,0
Ferric alum K Fe (SO4). 12H,0

Potash alum, K Al(SO,).. I12H,0, is by far the most important of all the alums. It is
used as a mordant in dyeing industry and also in purifying water. (Often it is formulated as
K2SO4.Alx(SOy)3 .24H,0.

IntextQuestions21.1
1. Write the formula of the following: (i) Boric acid (i) Borax

5. Mention one use each of
(1) DOTAX e

() BOFIC ACIA e e re e

(i11) DOrON trfIUOTIE ...oeeeeceeceee e

21.2 Carbon and Silicon
Carbon and silicon belong to Group 14 of the periodic table. Both elements show

significant differences in their chemistry. There are thousands of hydrocarbons (alkanes and
other compounds of carbon and hydrogen) but only a few silanes (compounds of silicon and
hydrogen are known). It is because carbon has the unique ability to form compounds in
which the carbon atoms are bonded to each other in chains or rings. This property is called
catenation which is due to the fact that C-C bond is much stronger than Si-Si bond.
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21.2.1 Allotropic Forms of Carbon
Diamond and Graphite: Structures and Properties

Diamond and graphite, both are crystalline forms of carbon. But they are structurally
different. Due to the difference in the arrangement of carbon atoms, they show different
properties. In diamond, each carbon atom is sp® hybridized and is linked to four other carbon
atoms by strong covalent bonds in a tetrahedral fashion. It gives rise to a three-dimensional
arrangement (Fig. 21.5). On the other hand, in graphite, the carbon atoms are arranged in
layers. In each layer a particular carbon atom is sp® hybdridized and is linked to three other
carbon atoms in a hexagonal arrangement. The fourth electron is free and does not participate
in bonding. The different layers are held together by weak vander Waals forces (Fig 21.6).

Chemically speaking diamond is unreactive and bums in oxygen only if heated above
800°C, forming carbon dioxide. It reacts with fluorine (but not with chlorine) at 973K giving
carbon tetrafluoride. Alkalies and acids have no action on diamond. It is the hardest natural
substance.

340 pm

Fig.21.5: Structure of diamond Fig.21.6: Structure of graphite

Graphite, on the other hand, is reactive. It burns in air at 873K to form CO,. It is not
attacked by dilute acids but concentrated sulphuric acid reacts with graphite to give graphite
bisulphate in solution. It does not react with chlorine also.

Diamond is used for cutting and grinding hard substances such as rocks, glass, etc.,
and in die for drawing wire for watch springs and lamp filaments. Beside all these, diamond
is widely used in jewellery.

Graphite is used as electrodes, as lubricant, for making crucibles, for casting of
metals, for lead pencils and as a constituent of heat resistant paints.

Fullerenes

Fullerene, a newly discovered allotrope of carbon is called “Buckminster Fullerene”
after the name of American architect Buckminster Fuller. The most common Fullerene
molecule has 60 carbon atoms and the carbon atoms are linked to create the shape of a hollow
soccer ball. The outer surface of fullerenes can be altered by chemical reactions.
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Carbon atom

Hexagon

Covalent bond Pentagon

21.2.2 Oxides of Carbon and Silicon
Structure

Carbon forms two oxides, viz., carbon monoxide and carbon dioxide. The bonding in
carbon monoxide may be represented as, three electron pairs shared between the two atoms.
The three electron pairs consist of one sp hybridized ¢ bond and two = bonds.

:C:: 0O :C=0:

The structure of carbon dioxide on the other hand is linear O = C = O. There are two
bonds and two bonds in the molecule CO,. The carbon atom uses sp hybrid orbitals to form
bonds with oxygen atoms. The remaining two 2p orbitals of carbon overlap with 2p orbitals
one each from the two O atoms to form the = bonds

0=C=0

Silicon also forms two oxides: SiO and SiO,: Not much is known about silicon
monoxide as its existence is only known at high temperatures. Silica (SiO,) is widely found
as sand and quartz.

SiO; is a high melting solid and it exists in twelve different forms, each of which, has
different structure. The main forms are quartz and cristobalite, each of which has a different
structure at different temperatures. In all these forms silicon is tetrahedrally surrounded by
four oxygen atoms and each oxygen is attached to two silicon atoms. The sp® orbitals of Si
overlap with 2p orbitals of O atoms. Each corner of tetrahedron is shared by other tetrahedra.
This gives an infinite structure a macromolecule.

Properties

Carbon monoxide is a neutral oxide. It is a colourless, odourless and a poisonous gas
and burns with a blue flame. It is toxic because it forms a complex with the haemoglobin in
the blood which prevents the haemoglobin from carrying oxygen around the body. This leads
to oxygen deficiency resulting in unconsciousness or death. Carbon monoxide is an important
industrial fuel and is also a strong reducing agent.

Carbon dioxide is an acidic oxide. It is a colourless and odourless gas and can be
liquified under pressure at low temperature. Solid carbon dioxide is called dry ice.

SiO; is an acidic oxide and is unreactive in all its forms. It shows very limited
reactions. It dissolves slowly in aqueous alkalies and more rapidly infused alkalies or fused
carbonates forming silicates. Silica also reacts with fluorine and HF to form silicon tetra
fluoride.

Page 390



Si0, + 2NaOH —— Na,SiO, + H,0
Si0, +2F, — SiF,+0,
SiO, +4HF  —— SiF,+2H,0

21.2.3 Halides of Carbon and Silicon
Carbon and silicon form tetrahalides like CCl, and SiCls, respectively. In the

tetrahalides of these elements there are four covalent bonds, with a tetrahedral arrangement;
the central atom is sp> hybridized. Carbon tetrachloride can be rightly called as tetrachloro
methane and silicon tetrachloride as tetrachloro silane.

Carbon tetrachloride is prepared by the action of chlorine on carbon disulphide in the
presence of a catalyst (usually MnCl,)

Cs, +3Cl, —2%2 , ccl, + S,Cl

Silicon tetrachloride, SiCly, is formed by heating amorphous silicon in a current of

dry chlorine.
Si+2Cl, —— SiCl,

It can also be obtained by passing dry chlorine over an intimate mixture of silica and

carbon strongly heated in a crucible. Thus
Si0, +2C+2Cl, —— SiCl, +2CO

Carbon tetra chloride is not hydrolysed by water where as silicon tetrachloride is

readily hydrolysed.
SiCl, + 4H,0 —— Si(OH), +4HCl
silicic acid

The difference in the behaviour of CCl, and SiCl, towards water can be explained as
follows. A lone pair of electrons from the O atom of H,O molecule is donated to the empty
3d-orbital on Si. Subsequently one of the hydrogen atoms of water molecule combines with a
chlorine atom of SiCl,. This process goes on till all the chlorine atoms are replaced by OH
groups.

al
al
a
al al
cl [ HOD | al
L
a “ al

Since there is no d orbital in carbon in CCly4, does not hydrolyse.

Silicon forms complex ion like Sinf: but carbon does not form similer ions like CFZ(; Itis
because unlike carbon there are empty 3d orbitals in silicon. The availability of d orbitals is responsible
for the ability of silicon and not carbon to form complex ion Sinf)T
21.2.4 Silicon Carbide, SiC

Silicon carbide (SiC) is commonly known as carborundum. It is extremely hard and
chemically a very stable material. It is made by heating silica with excess of carbon in an
electric furnace
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Si0,+3C —— SiC +2C0

In silicon carbide, there are three dimensional arrays of Si and C atoms, each atom of
Sior C is tetrahedrally surrounded by four of the other type. Thus, this structure is very much
similar to that of diamond. Silicon carbide or carborundum is widely used as an abrasive.

Intext Questions21.2
1. Write two properties of 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 a

number of industrially important compounds like ammonia, nitric acid and fertilizers. Let us
study about them.

21.3.1Ammonia
Ammonia is prepared in the laboratory by heating an ammonium salt with a base:

2NH, + OH  — 2NH, + H,0
ONH,, +CaO — Ca”™ +2NH, +H,0
It may also be prepared by treating a nitride with water.
Mg,N, + 6H,0 — 3Mg(OH), + 2NH,
It is manufactured industrially by passing nitrogen and hydrogen over an iron catalyst at
750K and under a pressure of about 200 atmospheres (Haber’sprocess).
N, +3H, — 2NH;, AH=-46kJ mol ™
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In the actual process the hydrogen required is obtained from water gas and the
nitrogen from the fractional distillation of liquid air. The mixture of nitrogen and hydrogen
(I:3 by volume) is compressed to 200-300 atm and then passed in to the catalytic tubes
packed with the catalyst. The catalyst in made by fusing Fe;O, with KOH and Al,O3. The
temperature of the catalytic tubes is maintained at 673-773K by heating them electrically.
The issuing gas containing about 10percent ammonia is cooled and the liquid ammonia
condenses. The unconverted mixture of hydrogen and nitrogen is returned to the inlet and
passed again over the catalyst. A typical plant might be arranged as shown in Fig.21.7

S —
Hz_,__ e I—L?f
. Pump
N> compressor

20 MPa

-
at 700K | catalyst

iron oxide

Al,O3+H»O
—> ?|

(Nj +Hy+NH3)

liquid NH4

Fig.21.7:The Haber process for the manufacture of ammonia
Properties

Ammonia is a colourless and pungent smelling gas. It is readily liquified at a pressure
of about nine atmospheres at ordinary temperatures.The liquid boils at 239.6K and freezes at
96K. Liquid ammonia resembles water in being highly associated because of its polar nature
and strong hydrogen bonding.

Ammonia is extremely soluble in water. The hydrated ammonia molecule, NH3.H,O,
is loosely called ammonium hydroxide, NH,OH, which is a weak base, the ionization
reaction being

H,0 + NH, — NHj + OH"

The undissociated molecule, NH,OH, is essentially a non-existent entity. It can only

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
decomposition is accelerated by metallic catalysts
2NH, — N, +3H,

(if) With oxygen: Ammonia does not burn in air but freely burns in pure oxygen with a
yellowish flame giving nitrogen and steam.

4NH, + 30, =<——= 2N, +6H,0

In the presence of a catalyst, e.g. hot platinum, ammonia burns in air to give nitric oxide
ANH, + 50, < = 4NO + 6H,0O
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(iii) As a reducing agent. If ammonia is passed over those heated metallic oxides which are
reducible by hydrogen, e.g. CuO, PbO, etc., it is oxidised to nitrogen and water:

3PbO + 2NH, —s 3Pb+ N, + 3H,0

(iv) With acids. It is easily absorbed by acids to form ammonium salts, e.g.:
2NH; + H,SO, — (NH,),S0,

The reaction can occur even if the acid is a gas, e.g.:

NH, +HCl = NH,Cl (i.e. NH, CI)
(v) With chlorine: Ammonia reacts with chlorine, the products varying according to
conditions:

2NH, +3Cl, — N, + 6HCI
6HCl + 6NH, — 6NH,,Cl (with excess of ammonia) (1)

NH; +3Cl, — NCl, + 3HCI

nitrogen trichloride
HCI + NH; — NH,ClI J large excess) -(2)
(vi) With metal salts: With some metal salts, aqueous ammonia reacts to form metal
hydroxides which are precipitated.
For example, ammonia solution precipitates copper (I1) hydroxide when treated with a
copper salt,

] (when chlorineis in

CuSO, + 2NH,0H —s Cu(OH), + (NH,),SO,

In excess of ammonia, the precipitate of Cu(OH)2 dissolves to form tetra amrnine complex
Cu(OH), + (NH,),S0O, +2NH; — [Cu(NH,) 4]:_ SO;_ +2H,0
tetraammine copper (II) sulphate

Similar complexes are formed with many metallic salts and complex ions such as
[Ag(NH3)2]", [Co(NHzs)e]*", [Cr(NH3)s]*" and [Ni(NH3)e] **

Uses: Ammonia is used for a number of purposes, some important uses are:
e In the manufacture of ammonium sulphate for use as a fertilizer.
e In the manufacture of nitric acid (Ostwald process)
¢ In the manufacture of sodium carbonate by Solvay process.
e Liquid ammonia is used in refrigerators.
e Ammonia solution is used as a domestic cleaner: as a grease remover and in laundry

Structure: Ammonia molecule is trigonal pyramid
with the nitrogen at the apex. The nitrogen atom is sp°
hybridized in which a lone pair of electrons occupies

one of the tetrahedral positions. The angle H-N-H \\\‘ /(_/ \
becomes 107° instead of 109° (in CH,) due to lone pair ’f7> —
- bond pair repulsion (Fig.21.8). H

Fig.21.8: Structure of ammonia

Page 394



21.3.2 Oxoacids of Nitrogen
There are several oxoacids of nitrogen such as nitrous acid, HNO,, hyponitrous acid,

H2N,0O, and nitric acid, HNOs. of this nitric acid is the most important and will be considered
here in detail.

Nitric Acid, HNO3;
Preparation

In the laboratory, nitric acid can be prepared by heating NaNO3; or KNO3; with
concentrated H,SOy in a glass retort and condensing the vapours corning out of the retort.

NaNOj3 + H,SO; —» NaHSO4 + HNO;
In industry it is manufactured by the catalytic oxidation of ammonia which involves the
following reactions (Ostwald process):
1173K

4NH, + 50, o 4NO + 6H,0
2NO + 0O, —> 2NO,
3NO, + HHO —— 2HNO, + NO
The aqueous nitric acid can be concentrated by distillation followed by dehydration
with conc. H,SO,.
Properties
Physical: It is a colourless liquid of density 1.50gcm™ at 248K. The acid is freely miscible
with water forming a constant boiling mixture containing 98% of acid, b.p. 393K.
Chemical:
a) In aqueous solution, nitric acid is a strong acid and dissociates to give hydronium and

nitrate ions.
Hz(') + HNC)3 — H_;O_ + NO;

b) Itis neutralised by appropriate alkalies to yield nitrates.
NaOH + HNO; —— NaNO,; + H,0

c) On heating it gives NO2
4HNO; —— 4NO,+ 0, + 2H,0

d) Itis a good oxidizing agent and oxidizes non metals, metals and organic compounds,
some examples of which are given below:

@) C+4HNO, — CO,+4NO,+2H,0

(i) S+6HNO, —— H,S0,+6NO,+2H,0

(i) P,+ 20HNO, —— 4H,PO, + 20NO, + 4H,0
() L+ 10HNO, —— 2HIO, + 10NO, + 4H,0

¥) Cu+4HNO, — Cu(NO,), + 2NO, + 2H,0
Cone.
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3Cu + 8HNO; —— 3Cu(NO
dil.

), +2NO +4H,0

(W) 4Zn+ 10HNO; —— 4Zn(NO,), + N,O + 5H,0
dil.
(viip Mg+ 2HNO, —— Mg(NO,), + H,
dil.
(viii)  Aluminium loses its normal reactivity i.e. becomes passive after being dipped in

conc.HNOs. This is due to the formation of a thin protective layer of aluminium oxide on its
surface which prevents further action.

() C;H,(OH), + 3HNO, __concHyS0s . C,H,(NO,), + 3H,0

glycerine trinitroglycerine (explosive)

glycerine trinitroglycerine(explosive)

~o S
Structure: In the gaseous state HNO3 H P 102 LS O
exists as a planar molecule with the > ) Al N 130°
structure: (Fig.21.9) 140.60%
O

Fig . 21.9: Structure of nitricacid molecule
Uses: Nitric acid is used in the manufacture of nitrates which are used as fertilizers, and
explosives, trinitroglycerine and trinitrotoluene(TNT)
e |t is used as an oxidizing agent in laboratory, e.g. Fe(ll) gets oxidized to Fe(lll)
e Conc. HNOj is a constituent of aquaregia (HNO3 : HCI = 1:3)
e HNOj3 (100%) is a constituent of rocket propellant

IntextQuestions21.3
1. Does ‘NH4OH’ exist as a molecule?

What You Have Learnt
e Method of preparation of boric acid. The acidic nature and structure of boric acid.
e Method of preparation and uses of borax.
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e Methods of preparation and uses of boron trifluoride and diborane.

e The Lewis character and use of boron trifluoride.

e  Preparation of aluminium trichloride and its structure

e  Method of preparation of alums and uses

e  The comparison of diamond and graphite

e The structure and properties of carbon monoxide, carbon dioxide and silicon dioxide.

e  Comparison of the hydrolytic behaviour of carbon tetrachloride and silicon tetrachloride.
e  Preparation and uses of silicon carbide (carborundum)

e The methods of preparation, properties and uses of ammonia and nitric acid.

Terminal Questions
1. Why is boric acid not a protonic acid?
2. Discuss the structure of boric acid.
3. Draw the Lewis structure of CO and CO2 molecules.
4. Why does BF3 act as a Lewis acid?
5. What is catenation? Why does carbon show catenation but silicon does not?
6. Compare the structure of CO2 and SiO2.
7. Describe briefly the Haber process for the manufacture of ammonia.
8. Why is graphite a conductor of electricity but diamond is not?

Answers to Intext Questions
21.1
2. 4BCl3 + 3LIAIH, —— 2B,Hg + 3AICI; + 3LiCl
3. NM(SQy)2.12H,0
Where N = mono valent large cation like K™ or NH" and
M = tri valent cation like AI**, Fe**, Cr¥*
4. Al,Clg
5. (i) as a flux, for glazing pottery and tiles: in the manufacture of optical and borosilicate
glasses. (ii) as an antiseptic, as a food preservative, for making enamels (iii) as a catalyst in
Friedel-Crafts reaction.

21.2

1. Hardness and conducting nature.
Diamond: hard, non conducting;
Graphite: soft, conducting.

2. sp% in diamond and sp? in graphite.

3. Covalent

4. sp®

5. SiCly, as silicon can accept electron pair in its d-orbitals from water molecule.

6. CO;

7. SiO; + 2F, —— SiF,+ 02

21.3
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1. No. Nitrogen cannot increase its covalency beyond 4.
2.107°. 3.sp3 4. N, Pand K

21.1.5.a Aluminium: Uses and Reactions
e The important minerals of Aluminium are Bauxite (Al,03.2H,0) Cryolite (NazAlFg).

e Bauxite is the most important mineral used for the extraction of Aluminium.
e Bauxite contains impurities such as Fe,O3 (red Bauxite ) and SiO, (White Bauxite)
Reactions of Al with acids and alkalies:
Al is an amphoteric metal. It reacts with acids and alkalies.
I. Reaction with acids:
Dilute (or) concentrated acids dissolve Al and gives H

2Al+6HCI —— 2AICIL+3H,T
2 Al+3H,80, — AL (SO,),+3H,T
Very dilute HNO, is reduced to NH ,NO, by Al
8 Al+30 HNO, — 8 AI(NO,),+3 NH,NO, +9H,0O
Conc. HNO, makes Al passive due to the formation of a thin film of oxide layer on the metal

surface.

Il Reactions with alkalies:
Al reacts with alkalies and gives aluminate (or) meta aluminate and liberates H,

2Al+2NaOH+2HO —— 2NaAlo. +3H T

2 Al+6NaOH —— 2NaAlO,+3H,T

Uses:
1. Itis used for making electrical cables.

2. Itis used in making trays, picture frames etc.
3. Itis used as a deoxidizer in metallurgies.
4. The mixture of Al powder and Ammonium nitrate is called ammonal. It is used in
explosives.
Alloys of aluminium:
S.No. Alloy Composition Use
1 Magnalium 1-15% Mg~ 85-99% Al  Cneap balances, Utensils

in the laboratory
Cheap Jewellery, Photo

2. Aluminiumbronze  10-12% Al  88-90% Cu . .
Frames, Making coins.

95% Al 4% Cu

8. Duralumin 05% Mg  05% Mn Making airship
0, 0, i
" Y-alloy 92.5/9 Al 4% Cu Making parts of
2% Ni 1.5% Mg aeroplanes
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21.1.5.a Intext Questions:
1. Write any two uses of Aluminium.
2. Write any two alloys of Aluminium.

21.1.5.a Answers Intext Questions:
1. i) Itis used in making trays and photo frames. ii) Itis used for making electrical cables.
2. Magnalium, Y-alloy

21.2.1.a Similarities between Carbon and Silicon:

1.

Both carbon and silicon have similar outer shell configuration i.e. ns2np2

2. Valency of the two elements is four.

ok~ w

Both are non-metals. Their oxides are acidic in nature.
Both C and Si exhibit catenation property.
Both exhibit allotropy.

Both C and Si forms similar type of compounds.

S.No. Compound C-Compound Si-Compound
1. Dioxides CO SiO
2 Acids H,CO; ; (COOH)2 H,Si0s ; (SiOOH)2
3. Hydrides CHs; ; CyHs SiH; ;  SioHs
4, Chlorides CCls ; CHCI; SiCly : SiHCI;
Table 21.2.1.a

Differences between C and Si:

1.

C is an important element in plants and animals where as silicon is important in
minerals.

The melting and boiling points of carbon are very high when compared to silicon.

The allotrope of carbon (graphite) is a good conductor of electricity while silicon is
semi conductor.

Carbon forms large number of compounds due to its high catenation power where as
silicon exhibits less catenation and forms only a limited number of compounds.

Both carbon and silicon forms tetrachlorides which are covalent in nature. CCl, is not
hydrolyzed but SiCl, can be easily hydrolyzed.

Uses of oxides of carbon:

The uses of carbon oxides like carbonmonoxide (CO), Carbonoxide (CO,) and carbon

Suboxide(C30,) are
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Uses of CO and CO,

S. No. Carbonmonoxide Carbondioxide
1 CO is an important component fuels like  Solid CO- s called dry ice.
producer gas, Water gas and coal gas. It is used as a refrigerant.
2. CO is a good reducing agent. It is used as a coolant in the lab.
. CO is used as a good ligand ligand in It is used in the Manufacture of
metallurgy of Ni by Mond's process. urea and in neutralising alkalies.
4. It is used as fire extinguisher.

C,03 reacts with H,O and gives malonic acid, CH,(COOH),

Important compounds of silicon:
Silicon Dioxide:
It is known to exist in crystalline and amorphous forms.
Eg:- Quartz, tri dymite and crystobalite are crystalline varieties.
Extremely pure silica is called quartz or Rock crystal. When mixed with amorphous
silica it is known as flint. Amorphous form is present in plants and animals. Silica is prepared
in the laboratory as follows.

1. By burning silicon in air or oxygen.

Si+ 'Cl1 — Si'Cl1
Properties:
1. SiO2 does not dissolve in water.

2. Itdoesnotreact with HCl, HBr and HI. It reacts with HF to form silicon tetra fluoride.
SiO, +4HF —— SiF, +2H,0
3. Itisanacidic oxide. It reacts with alkalies to form silicates.

Si0,+2KOH —— K SiO, + H,0

4. Ttreacts with metal oxides at high temperature to form metal silicates.
SiO, + CaO —— CaSiO,
SiO, + Na, O —— Na,SiO,

5. Whensilica is heated with coke in an electric furnace to form silicon carbide. It is called carborundum.
Si0, +3C —— SiC +2CO

6. Whensilica is heated to 1600°C it changes to quartz glass. It is used in light experiments.

Uses:
1. Silica, as sand is used in construction of buildings.
2. SiO; is an acid flux in metallurgies.
3. Colored quartz is used as gems.
4. Transparent quartz for lenses and optical instruments.
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Structure:

It has three dimensional structure. Each silicon atom is linked to four oxygen atoms
by covalent bonds and they are arranged tetrahedrally around silicon.

It exists in the solid state due to its giant molecular structure.

—Si O Si O Si —

Silicates:

Many building materials are silicates.
For eg:- Granites, slates, bricks, cement, ceramics and glass. The Si-O bonds in silicates are
very strong. Silicates are divided into six types.

I. Orthosilicates: They have (SiO,)* units.
Eg:- willemite Zn SiO,
2. Pyrosilicates: They have (51,0,)" units.
Eg:- Thortveitite Ln,[Si,0.]
3. Chainsilicates: They have (SiO,)* units.
Eg:- Spadumin LiAl(SiO,),
4. Cyclic silicates: They have ring structures and (SiOz)z“‘ units.
Eg:-Beryl Be AL [Si O ,]
5. Sheetsilicates: They have (Si,0,)* units.
Eg: Kaolin AL(OH), Si,0,
6. Frame worksilicates:

Eg: Ultramarine [Na,(Al Si,0,,)S,]
Uses:
Clay minerals are used for absorbing chemicals.
Mica are used for electrical insulation.
Variety of silicates are used for ornaments and Jewellery.
Cement, ceramics and glass are all used to man.

Awbhe
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5. Asbestos is used for thermal insulation.
Silicones: Poly organo silicon compounds are called silicones. They may belong chain linear
compounds (or) cyclic and branched chain compounds. They are prepared from carbon
silicon halides.

R-Cl+Si —X 5 RsiclL
300°C = =
R [ R 7 R
| | |

HO — Si 0) St O Si OH

R L R -n R
Uses:
1. Rubbers preparation
2. To prepare water proof clothes and papers
3. To prepare grease, lubricants in aeroplanes
4. They are used as insulator for electrical motors.
5. They are used in paints and enamels because they can with stand high temperatures.

Zeolites:

Replacement of one or two silicon atoms in [Si,0,] form zeolites. They are three dimensional
structures without metal ions. They act as ion exchangers and as molecular sieves. H,O molecules,
NH,, CO, and ethanol can be trapped in the zeolite cavities of different sizes. They trap Ca**, Mg
ions from hard water and replace them by Na* ions to give soft water.

21.3.3.a Oxyacids of Phosphorous
After reading the lesson, you will be able to know

* The preparation and structures of oxyacids of Phosphorous.
Phosphorous forms two series of oxoacids, phosphorous series of acids and Phosphoric series
acids. The suffixes ‘-ous’ and ‘-ic’ refer to the lower (+I or +II) oxidation states and higher
(+V) oxidation state) oxidation states of the principal element Phosphorous.
Phosphorous series of acids:

The Phosphorous series of acid are less commonly known. All these acids contain P-
H bonds and Phosphorous is present in +I11 oxidation state.
Hypo Phosphorous acid (H3PO,)

It is prepared in the laboratoryuby the interaction of yellow or white phosphorous and dilute solution
of Ba(OH), on heating.

6 HO+ 2P, + 3Ba(OH), —— 3 Ba(HPO,), +2 P‘H3T
Barium hypo phosphoric  + Phosphine
From this barium salt, H,PO, is obtained.

Hypo phosphorous acid H,PO, is a monobasic acid very strong reducing agent and it is oxidized to
H.PO
3 3
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Structure of hypophosphorous acid is represented is follow:

0
I

H—-]I?—OH
H

Meta phosphorous acid(HPO);

Metaphosphorous acid is veryless known. Its basicity is one. Its structure is not
known. Normally this exists as cyclic compound due to polymerization. The structure of its
monomer is drawn by analogy with meta phosphoric acid HPOs.

HO-P=0 HPO,
Ortho phosphorous acid(H3;PO3)
Ortho phosphorous acid is prepared by dissolving phosphorous (III) oxide P,O, in cold H,O

H,PO, is monobasic acid

PO, + 6H,0 —— 4H,PO, or P(OH),

a. H,PO,contains two acidic hydrogens. i.e. its basicity is two. It gives two series of salts. T hey are
primary phosphates (containing H,PO,’) or dihydrogen phoshates. Secondary phosphates
(containing HPO,?) or mono hydrogen phosphites.

b. Phosphorous acid and ortho phosphates are very strong reducing agents in basic solutions. Hg*2,

Ag' or Cu™ salts are reduced to Hg, Ag or Cu respectively. It is oxidized to H,PO,.

P
Structure of ortho phosphorous acid HO/ | \OH

H
H H
Pyrophoshorous acid is also knownas HP,O, HO—P (0] P OH
Its structure can be written as " “
O

Various acids series of acids

a. Ortho phosphoric acid H,PO,
d. Hypo phosphoric acid H,P,O,
b. Meta phosphoric acid HPO, 3
' ¢. Peroxy phosphoric acid H,PO,
c. Pyro phosphoric acid H P,O, S

in all these acids phosphorous is tetrahedrally surrounded and is four coordinate wherever possible.
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a. Ortho phosphoric acid H3PO,

1. Itis prepared by dissolving P,O  in water. P,O, +6H,0 —— 4 H,PO,

10

2. TItis weak tribasic acid and has no oxidizing or reducing properties. [t gives three series of salts.
These are dihydrogen phosphates (example NaH,PO,); mono hydrogen phosphates (example
Na,HPO,) and normal phosphates (example Na,PO,)

3. The solid acid absorbs water and forms a colorless, syrupy liquid (syrupy phosphoric acid)

4. On heating, it loses water in a step wise order and forms Pyro phosphoric acid

mpo, 2%, ppo, 870K ypo,
“H,0 -H,0
Pyro Phosporic acid meta phosphoric acid

And then Meta phosphoric acid.
b. Metaphosphoric acid(HPO3)

It is formed by heating pyrophosphoric acid or ortho phosphoric acid to 870K. It is a
glassy transparent solid. Hence it is called as glacial phosphoric acid.

It is a mono basic acid. Its salts are known as metaphosphates. There is no evidence
for the existence of free monophosphate ions (PO3’) or of the dimetaphosphate (P20s), or
(PO3).

But tri and tetra metaphosphates form a family of ring compounds. The structure of
metaphosphoric acid is represented as

c. Pyrophosphoric acid (H4P207)
Pyrophosphoric acid is formed by heating an equimolecular mixing of the ortho and
meta phosphoric acids at 373K
It is tetra basic acid but gives only two series of salts.
Example: Na,P,0;  NasP,0;
Pyrophosphates give positive answer to the molybdate test i.e. they give
ammoniumphosphomolybdate (NH,)3PO12(MoO5).

The structure are written as:

I I I
HO Fl’ O 'l"‘ OH | HO F|> ﬂ OH | HO—P—0O——OH
£ OH OH OH c|)|-|
Pyrophosphoric acid Hypo phosphoric acid Peroxy phosphoric acid
H4P,0- H4P,0s H3POs

Some important characteristics of oxyacids of Phosphorous
i. In all these oxoacids, phosphorous is tetrahedrally surrounded by atoms.
ii. In all these oxyacids, at least one -OH group is linked to the phosphorous atoms. The
hydrogen atoms in —OH groups are ionizable and are responsible for the acidic nature.
iii. The phosphorous series of acids may have P - H bonds in addition to P-OH bonds.
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iv. The P - H bonds are responsible for the reducing properties of the acids.
v. Phosphoric series of acids do not have P - H bonds

21.3.3.a Intext questions:
1. What are the acids in phosphorous series of acids?

What you have learnt:
1. Preparation, properties and structure of acids in phosphorous acid series
2. Preparation, properties and structure of acids in phosphoric acid series.
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22

PBLOCK ELEMENTS AND
THEIR COMPOUNDS - I

Chapter

You have already studied the chemistry of the elements of Groups 13, 14 and 15. In
this lesson we shall deal with the chemistry of the elements of Groups 16, 17 and 18.

Objectives
After reading this lesson you will be able to:

e classify oxides into acidic, basic and amphoteric types;

e describe the manufacture of sulphuric acid;

e recall the preparation, properties and uses of ozone;

o recall the characteristics of hydrogen halides (HF, HCI);

e list the oxides and oxoacids of chlorine;

e compare the acidic behaviour of oxoacids of chlorine;

e write the general molecular formulae of interhalogen compounds;
e discuss the structures of interhalogen compounds;

e list a few chlorofluoro carbons and explain their uses and their effect on environment;
e explain the unreactive nature of noble gases;

o recall the preparation of xenon fluorides and oxides, and

o illustrate the structures of XeF,, XeF,, XeFs, XeO3 and XeOg.

22.1 Oxygen and Sulphur
Oxygen and sulphur are the first two members of the 16™ group of the periodic table.

In this section you will learn about some compounds of oxygen and sulphur including
environmentally important ozone and industrially important sulphuric acid.

22.1.1. Classification of Oxides
The binary compounds of oxygen with other elements (metals or non-metals) are

called oxides. An understanding of the nature of an oxide provides a clue to the nature of the
element which forms the oxide. Depending upon the acid-base behaviour of the oxides, they
can be classified into the following categories.

1. Acidic oxides 2. Basic oxides 3. Amphoteric oxides 4. Neutral oxides
1. Acidic Oxides: Acidic oxides are generally formed by non-metallic elements and some
metals in higher oxidation states. Examples of some acidic oxides are CO,, SO;, N2Os, P4O14,
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C1,07, Mn,09, etc. These oxides combine with water to form acids where as with alkalies
they form salt and water.

SO, +H,0 —— H,SO,
SO, +2NaOH —— Na,SO, +H,0
However, certain acidic oxides do not form acids on reacting with water. But they
react with alkalies to form salt and water, e.g., SiO;
Si0, +2 NaOH —— Na,SiO, + H,0

Sodium silicate

2. Basic oxides: Metals combine with oxygen to form basic oxides. The basic oxides react
with acids to form salt and water.

FeO + H,S0, —— FeSO, +H,0
CuO + 2HNO, —— Cu(NO,), + H,0

The oxides of the metals of Groupsl and 2 react with water to form hydroxides
known as alkalies.

Na,0 + HLO —— 2NaOH

3. Amphoteric oxides: Almost all metallic oxides are basic oxides. But some metallic oxides
show the characteristics of both acidic as well as basic oxides, i.e., they react with both acids
as well as bases to form salt and water. Such oxides are called amphotericoxides. The oxides
of zinc, aluminium, lead and tin are amphoteric in nature.

Zn0O + H,50, —— ZnSO, + H,0

Zn0O + 2NaOH —— Na, ZnO, + H,0

Sodium zincate
ALO, + 6HCl —— 2AICL, + 3H,0
ALO, + 2NaOH —— 2NaAlO, + H,0
Sodium aluminate

4. Neutral oxides: These oxides are neither acidic nor basic. Examples are carbon monoxide,
(CO), nitric oxide (NO), nitrous oxide (N»0), etc.

Intext Questions 22.1
1. Give one example each of basic oxide, acidic oxide and amphoteric oxide.

2. Classify the following oxides in to acidic, basic or amphoteric oxides: K;0, SiO,, SO,,
FeO, A|203, Zn0, CrOs.
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22.2 Ozone
Ozone is an allotrope of oxygen. You must have learnt through the media that ozone

layer depletion in the upper atmosphere is causing a great environmental concern. We will
now study the preparation, properties, importance and uses of ozone.

Structure of Ozone: Ozone forms a V-shaped molecule. The central O atom uses sp? hybrid
orbitals for bonding. The structure of ozone can be explained as a resonance hybrid of the
following two structures, (oxygen — oxygen bond length 128 pm and bond angle 117°)

Properties of Ozone

(a) Physical: Ozone is a pale blue gas which turns into blue liquid at 161K. At 80K it freezes
to a violet black solid. It is ten times as soluble in water as oxygen.

(b) Chemical: The chief characteristic of ozone is that it is unstable and that it gives energy
loaded nascent oxygen. Its reactions are closely paralleled to the reactions of hydrogen
peroxide.

1. Catalytic decomposition: Ozone in aqueous solution decomposes on standing. Above
373K ozone decomposes very rapidly. Even at ordinary temperature it decomposes in the
presence of chlorine, bromine, nitrogen pentoxide and other acidic oxides and oxides of
transition metals.

20, — 30,
2. Oxidizing properties: In the presence of reducing agents ozone furnishes active atom of
oxygen according to the equation.
O, -0,+0
In most of the reactions, oxygen gas is liberated as the reduction product from ozone.
(i) It oxidizes black lead sulphide to white lead sulphate.
40, + PbS — PbSO, + 40,
(ii) Ozone oxidizes acidified ferrous sulphate to ferric sulphate
O, + 2FeSO, + H,SO, — Fe,(SO,), + HLO + O,
(iii) Ozone oxidizes moist sulphur to sulphuric acid and phosphorus to phosphoric acid.
30, +S+H,0 - H,SO, + 30,
50, + 2P +3H,0 — 2H,PO, + 50,
(iv) Ozone tails mercury: Normally mercury does not stick to glass but if exposed to
ozone it loses its convex meniscus and leaves a ‘tail’ or trail of minute droplets on a glass
surface. This is supposed to be due to the formation of stray molecules of mercurous
oxide which affect the surface only.
O, +2Hg — Hg,0+O0,

The ‘tailing” effect can be removed by washing with dilute acid.
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(v) Ozone oxidizes stannous chloride to stannic chloride. Note that no oxygen is produced
in this reaction.
O, +3SnCL, + 6HCl — 3SnCl, +3H,0

3. Ozonides: All unsaturated organic compounds combine with ozone to form unstable
compounds called ozonides, e.g.

CH,—/ O
CH, |
I +0,—> 0
CH, I

Ethylene  ozone CH2 —0

Ethylene ozonide

The ozonides are hydrolysed by water to give aldehydes or ketones or both.
CH,—/ O
|
(0]
I
€0
This technique is called ozonolysis and is widely used to locate the position of double
bond in organic compounds.
Uses of Ozone
Some of its applications are given below:
1. Water purification: Small ozone-air plants function as part of the water purification setup.
Ozone is a powerful germicide and it can purify a water spray effectively; it does not produce
the unwanted by-products that other sterilizing agents do.
2. Air purification: Ozone is also used to purify air in tunnels, wells and crowded subways
and cinema halls.
3. Refining oils: Vegetable oil and ghee go rancid when stored for a long time. This is caused
by bacterial growth in the small water content present in them. If ozone is bubbled through
oil, all such growing organisms are destroyed and we get purified oil.
4. Dry bleach: Ozone is also used to bleach waxes, flour, sugar and starch. Hydrogen
peroxide, which produces water and other agents which act only in solution, cannot be used
in these cases.
5. In Industry and in the Laboratory: It is widely used in certain organic preparation. Its use
in ozonolysis has already been mentioned.

+H,0 — 2HCHO + H,0,

Intext Questions 22.2
1. What are ozonides? What happens when an ozonide is hydrolysed?

2. Write the reactions which occur when ozone reacts with
(i) ferrous sulphate (i) stannous chloride
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3. Which is more soluble in water, oxygen or ozone?

22.3 Sulphuric Acid
The most important compound of sulphur is sulphuric acid. Sulphuric acid or the ‘oil

of Vitriol’ was known to the alchemists and their predecessors. Before the coming of
Chamber process in the last century, it was obtained by heating hydrated sulphates.
Manufacture: The two main processes used for the manufacture of sulphuric acid are:
(1) Lead Chamber process (2) the Contact process.
Now a days sulphuric acid is mostly manufactured by Contact process.
Manufacture of sulphuric acid by Contact Process involves the following steps:
(i) Sulphur dioxide gas is produced by burning sulphur in air or by roasting of pyrites.
S+0 — SO,
4FeS, + 110, — 2Fe,0, + 8S0,
(i) Sulphur dioxide produced is then freed from dust and other impurities such as arsenic
compounds.
(iii) The purified sulphurdioxide in then oxidized by atmospheric oxygen to sulphur
trioxide in the presence of a catalyst, vanadium (V) oxide, V,0s heated to720K.

V705
2 205 )
250, +0, —2% 250,

The plant is operated at a pressure of 2 atmospheres and temperature of 720K.
(iv) The sulphur trioxide gas in then absorbed in conc.H,SO,4 to form oleum (H,S,07). If
SOs is directly dissolved in water, a highly corrosive mist of sulphuric acid is formed.

SO, + H,SO, —— H,S,0,

(v) Oleum is then diluted with water to obtain sulphuric acid of desired strength.
H,S,0, + H,O —— 2H,S0O,

The sulphuric acid obtained from the contact process is about 96-98% pure.

Properties of Sulphuric acid

(i) Physical properties: Pure sulphuric acid is a thick colourless oily liquid. Its melting point
is 283.5K. Concentrated sulphuric acid dissolves in water with the liberation of a large
amount of heat. While preparing dilute H2SO4, water must not be added to conc.H2SO4.
Dilute sulphuric acid is prepared by adding Conc.H2S04 slowly and with constant stirring to
water. If water is added to the acid, the heat produced is so large that it could throw out drops
of sulphuric acid and burn you.
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Chemical properties: The most important properties of sulphuric acid are its oxidizing and
dehydrating properties.
(i) Oxidizing properties: Hot concentrated sulphuric acid acts as an oxidizing agent and
oxidizes metals, non-metals and compounds.

Oxidation of metals

Cu +2H,80, —— CuSO, + 2H,0 + SO,

Zn+ 2H2804 o — ZnSO4 + ZH2
Oxidation of non-metals
C+ 2H2804 —_— CO2 + ZSO2 + ZHEO

S+2H,50, —— 380, +2H,0
Oxidation of compounds
2HBr + H,SO, —— 2H,0 + SO, + Br,

8HI+H,S0, —— 4H,0+ H,S + 41,

3H,S + H,80, —— 4S +4H,0

Dehydrating properties: Conc. H,SO, is a strong dehydrating agent. It removes water of
crystallization from copper sulphate (which is blue in colour) and turns it to white colour.

conc. H,S804 \
CuS0,.5H,0 “mo — CuSO,
blue white
It also removes water from carbohydrates leaving behind, black mass of carbon.

conc. H,S0O 1
C,,H,,0,, 280, 12C + 11H,0

Uses of Sulphuric Acid

Sulphuric acid is known as the king of chemicals. It is practically used in every
industry. It is used in the manufacture of fertilizers, paints and pigments, detergents, plastics
and fibres, etc.

Intext Questions 22.3

1. Write a reaction to show the
(1) oxidizing property of sulphuric acid
(ii) dehydrating property of sulphuric acid

2. In the manufacture of sulphuric acid by Contact process, SOs is dissolved in conc.H,SO4
and not in water. Why?
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22.4 Fluorine and Chlorine
Fluorine and chlorine are the first two members of Group 17. Fluorine is the most

electro negative element. In this section we shall briefly learn about fluorine and chlorine and
study in some detail about the hydrogen halides, oxides and oxoacids of chlorine and
interhalogen compounds.

Fluorine is extremely difficult to prepare owing to its highly reactive nature. It is the
strongest chemical oxidizing agent hence cannot be prepared by oxidation of fluoride ions. It
is prepared by the electrolysis of potassium hydrogen fluoride (KHF,) in anhydrous hydrogen
fluoride. Hydrogen fluoride undergoes electrolytic dissociation.

2HF — F,+H,

The fluorine obtained is contaminated with hydrogen fluoride which may be removed
by passing the gas over solid NaF.
Fluorine is a pale-yellow gas which fumes in air.
2F,+2H,0 — 4HF +O,.

Fluorine is highly reactive. It combines with various metals and non-metals to form
fluorides. With hydrogen halides it acts as an oxidizing agent, e.g.
2HX+F, - 2HF + X, (X=CL Bror )

Fluorine is widely used in the preparation of fluorinated hydrocarbons which in turn
find various uses in industry.

Chlorine is usually prepared by the oxidation of chlorides by strong oxidizing agents,
such as MnO,, KMnO,.

MnO, +2CI" +4H" — Mn** +2H,0 + CL,
2MnO;, + 16H" + 10CI” — 2Mn*" + 5CL, + 8H,0
On a large scale chlorine is obtained as a byproduct in the electrolysis of sodium
chloride. Chlorine is a greenish yellow gas and can be liquefied by pressure alone at room

temperature; it is quite reactive and forms chlorides of metals and nonmetals when reacted
with them. It also oxidizes ammonia to nitrogen

2NH, +3CL, — N, + 6HCI

Large quantities of chlorine are used in bleaching industry and in the manufacture of plastics,
synthetic rubbers, antiseptics and insecticides.

22.4.1 Hydrogen Halides and Hydrohalic Acids
The hydrogen halides under consideration are HF, HCI, HBr and HI. The bond

distance H-X increases with the size of halogen atom. The bond also becomes more covalent
and less ionic. Since the bond length increases, the hydrogen halide in aqueous solution loses
hydrogen ion more easily with increasing size of halogen, and the acid strength increases in
the order HF < HCI < HBr < HI

The aqueous solutions of hydrogen halides are, in general, known as hydrohalic acids
or simply halogen acids. (Hydrofluoric, hydrochloric, hydrobromic, and hydroiodic acids)
Preparation of Hydrogen Halides
Industrially HF is made by heating CaF, with strong H,SO,.
Hydrogen chloride is made by heating a mixture of NaCl and conc.H,SO, at 423K
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NaCl + H,S0, —=X 5 HCI + NaHSO,

NaCl + NaHSO, —=X— HCI + Na,SO,

High purity HCI is made by the direct combination of the elements (H, and Cl5)
H, +Cl, —— 2HCI

Phosphoric acid is used to make HI
H,PO, + Nal —— HI + NaH,PO,

HBr is made by a similar method. Also we use red phosphorus for making HBr and HI
2P +3Br, —— 2PBr;
PBr, + 6H,0 ——> 6HBr + 2H,PO,
2P + 31, —— 2PI,
2PL, + 6H,0 —— 6HI + 2H,PO,

Properties of the Halogen Halides

HF is a liquid at room temperature (b.p. 293K), where as HCI, HBr and HI are gases.
The boiling point of HF is unexpectedly high as compared to HCI (189K), HBr (206K) and
HI (238K). This is due to the formation of hydrogen bonds between the F atom of one
molecule and the H atom of another molecule (Fig.22.2).

N el SO .F .
H H H- H_ H \H H

L p S “FS e S

Fig.22.2: Intermolecular Hydrogen bonding in HF molecule
In the gaseous state, the hydrogen halides are essentially covalent. In the aqueous solutions
they ionize to form ions but HF ionizes to a very small extent.

HF +H,0 — H,0" +F~

The bond dissociation energy of the hydrogen halides follow the order HF>HCI>HBr>HI.
The stability of hydrogen halides to thermal decomposition therefore decreases in the order
HF>HCI>HBr>HI. The acid strength of the acids increases in the order HF<HCI<HBr<HI.
The aqueous solution known as hydrofluoric acid, hydrochloric acid, hydrobromicacid and
hydroiodic acid possess the usual property of acids, e.g. they react with bases to form salts
and water and with metals to form salts and hydrogen.

Uses of Hydrogen Halides

Hydrogen fluoride is used to prepare certain fluorides mainly fluorocarbons or freons.
It is also used in etching glass and in removing and from casting. Hydrogen chloride is
primarily used for preparing chlorides. Large quantities of hydrochloric acid are used in the
manufacture of aniline dyes and for cleaning iron before galvanization. Hydrogen bromide
and hydrogen iodide are used to prepare bromide and iodide salts. Hydrogen iodide is also
used as a reducing agent in organic chemistry.
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22.4.2 Oxides and Oxoacids of Halogens
There are several compounds containing halogen and oxygen. Oxygen is less

electronegative than fluorine, hence the compounds of oxygen with fluorine are known as
oxygen fluorides (e.g.OF,). Other halogens are less electronegative than oxygen. Thus they
are known as halogen oxides. Only the oxides of chlorine are important and they are
described here.
Oxides of chlorine: The main oxides are listed below:

Chlorine monoxide - Cl,0O

Chlorine dioxide - ClIO,

Chlorine hexoxide - Cl,0g

Chlorine heptoxide - Cl,0y
Chlorine monoxide, CI,0, is prepared by passing chlorine over freshly prepared mercury (1)
oxide

2Cl,+2HgO —— CL,0 + HgO. HgCl,
It is a pale yellow gas which decomposes violently on heating and dissolves in water forming
Hypo chlorous acid.

CLO+H,0 > 2ZHOC] It is a powerful oxidizing agent.

Chlorinedioxide, ClO,, is prepared by the action of concentrated sulphuric acid on potassium
chlorate
KClO, + H,SO, — HCIO, + KHSO,
chloric acid
3HCIO, — HCIO, +2Cl0, + H,0
perchloric acid
It is an orange gas and explosive in nature.

Chlorine hexoxide, Cl,O, Is prepared by the action of ozone on chlorine at low temperature.
Itis ared liquid and dissolves in alkalies producing chlorate and perchlorate

CLO, +20H —— CIO; +ClO, +H,0
Chlorine heptoxide, Cl,0y is prepared by the action of phosphorus pentoxide on anhydrous
perchloric acid at 263K.

P,0,, + 4HCIO, —— 4HPO, +2CL,0.

It is a colour less oil which explodes on heating or striking. The structures of chlorine oxides
are as follows:

@) oo, 0]
e P N NG
aSa oA N0 oA\ /N0
118 5 4
1,0 clo, CL0,

Oxoacids of chlorine

Chlorine forms four oxoacids. Those are:
Hypochlorous acid (HOCI), Chlorous acid (HOCIO),
Chloric acid (HOCIOy) Perchloric acid (HOCIO3)
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Hypochlorous acid, HOCI is known only in solution. It is prepared by shaking chlorine
water.

Cl, + H,0 — HOCIl+ HCl

Its salt NaOCI is used as a bleaching agent.
Chlorous acid, HOCIO is also known in solution, certain chlorite salts of alkali and alkaline
earth metals are known in solid state, e.g., NaClO,.3H,0. The acid is prepared by the action
of barium chlorite with sulphuric acid.
Ba (C10,), + H,SO, —— 2HCIO, + BaSO,
barium chlorite
Chloric acid, HOCIO; is prepared by the action of barium chlorate with sulphuric acid.
Ba (ClO,), + H,SO, —— HCIO, + BaSO,
barium chlorate
Perchloric acid, HOCIOs3, is prepared by distilling potassium perchlorate with concentrated
sulphuric acid under reduced pressure.
2KClO, + H,S0, —— 2HCIO, + K,SO,
potassium perchlorate
It is a colourless oily liquid and combines vigorously with water forming hydronium
perchlorate (HzO" CIO7). It is one of the strong acids. It is also an oxidizing agent.The
oxoacids of chlorine are listed in the following table showing their structures.
Table22.1: Oxoacids of chlorine

Name Hypochlorous Chlorous Chloric Perchloric
acid (a) acid (b) acid (¢) acid (d)
Formula of
oxoacid HOCI HOCIO HOCIO, HOCIO,
Oxidation state
of chlorine +1 +3 +5 +7
®) )
© )
© O
Structure @ O Gl & L©
(a) © ©)
(c) (d)

The acid strength of the oxoacids of chlorine increases as the number of O-atoms
present in the acid increases. It is because oxygen is more electronegative than chlorine. As
the number of O-atoms bonded to the ClI atom increases, more electrons will be pulled away
more strongly from the O-H bond. As a result the O-H bond will be weakened. Thus HOCIO3
require the least energy to break the O-H bond and form H+. Thus, HOCI is a very weak acid
where as HOCIOs is the strongest acid, thus the acid strength increases in the order.

HOCI < HOCIO < HOCIO; < HOCIO3

22.4.3 Chlorofluoro carbons(CFC)
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Chlorofluoro carbons are the compounds of carbon where chlorine and fluorine are
substituted for hydrogen in saturated hydrocarbons e.g. CCI;F,, CFCl3, C,F4Cl, etc. These
compounds have very high capacity to retain heat. It is believed that the capacity to retain
heat is about 10,000 times more than that of carbon-dioxide. Thus these molecules are
capable of cooling other systems by taking away their heat.

Chlorofluorocarbons are also termed as freons. About 5 thousand metric tons of
CFC’s are still being produced in our country annually. In addition to their usage as aerosols,
solvents, foam blowing agents and refrigerants, they are also known to cause environmental
hazard. CFCs react with protective ozone layer in the stratosphere, thus causing perforation
through which radiations from outer sphere enter our atmosphere and cause damage to our
life systems. The destruction of ozone layer is termed as ozone depletion and it is creating a
ozone hole.

22.4.4 Inter halogen Compounds
The halogens form a series of mixed binary compounds called the interhalogens.

These compounds are of the type XX', XX'3, XX's, and XX;". The compounds of the type
XX are known for all combinations. Compounds of XX's, and XX's types are known for
some, and of XX'; type only IF; is known.
Preparation

The interhalogen compounds canbe prepared by direct reaction between the halogens.
They can also be prepared by the action of a halogen on a lower interhalogen.

Cl, + F, (equal volumes) _A4BK_ oCIF

Cl, + 3F, (excess F,) —2%— 2CIF,

L+ 5F, —2X 5 2IF,

L, + 7F, —==P% JIF,

Intext Questions 22.4
1. Name the most electronegative halogen.
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22.5 Compounds of Noble Gases
The group 18 of the periodic table consists of six elements-helium, neon, argon,

krypton, xenon and radon. These elements are termed as ‘noble gases’. The name noble gas
implies that they tend to be unreactive and are reluctant to react just like noble metals. Except
helium which has 2 electrons and forms a complete shell 1s% the other elements of the group
have a closed octet of electrons in their outer shell ns? np®. This electronic configuration is
very stable and the ionization energies of the atoms of these elements are very high.
Therefore, the atoms of noble gases have a little tendency to gain or lose electrons. Hence
these elements exhibit lack of chemical reactivity.

The first compound of noble gases was made by Neil Bartlettin 1962 by the reaction
of xenon with PtF6. Since then several other xenon compounds, mainly with the most
electronegative elements (fluorine and oxygen), have been prepared. He, Ne and Ar donot
form any compounds where as Kr does form KrF,, Radon is a radioactive element and all its
isotopes have very short half lives.

Xenon Compounds

Xenon reacts with fluorine to form binary fluorides, XeF,, XeF, and XeFg. The
product formed depends on the temperature and xenon-fluorine ratio. Thus XeF,, XeF, and
XeFg are all white solids. They readily sublime at 298K. They differ in their reactions with
water.

Xe + F2 873K, 1bar XGFE(S)
(2:1 ratio)

873K, 7ba
Xe +2F, -

(1:5ratio)

XeF,(s)

Xe + 3F, —2BRO0r o XeF (s)

(1: 20 ratio)
XeF, dissolves in water and undergoes slow hydrolysis in water.
2XeF, + 2H,0 —— 2Xe +4HF + O,

XeF, and XeFg react with water violently to give xenontrioxide and hydrogen fluoride.
6 XeF, + 2H,0 —— 4 Xe + 2XeO, + 24 HF + 30,
XeF, +3H,0 —— XeO; + 6HF

XeF6 on partial hydrolysis gives, xenon oxofluorides.
XeF, + H,0 ——> XeOF, + 2HF
XeF, + 2H,0 ——> XeO,F, + 4HF
The xenon fluorides react with strong Lewis acids to form complexes.
XeF, + PF;, —— [XeF]" +[PF ]
XeF, + SbF, —— [XeF,]" + [SbF ]~

XeFg may also act as a fluoride accepter from fluoride ion donors to form fluoroxenate
anions.
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XeF, + MF —— M'[XeF.]” (M =Na, K, Rb, Cs)
XeOj3 can be prepared by hydrolysis of XeFg

XeF, +3H,0 —— XeO; + 6HF
XeQ, can be prepared by the reaction of barium peroxenate with conc. sulphuric acid
Ba,XeO, + 2H,50, —— XeO, + 2BaSO, + 2H,0O
Structure of Xenon compounds
The structures and shapes of the common xenon fluorides and oxides are shown

below. The shapes of these molecules can be explained in terms of VSEPR theory which you
have already learnt in chemical bonding.

Fig.22.3:ThestructuresofXeF;, XeF,, XeFg, XeO3 and XeOF4

What You Have Learnt

¢ While sulphur exists as S8 molecules oxygen exists as O, molecules. Both these elements
form divalent anion show ever sulphur also shows +4 and +6 oxidation state. Oxygen and
sulphur are non-metals of group number 16.

¢+ The binary compounds of oxygen with other elements are known as oxides. The oxides

can be classified as: acidic oxides, basic oxides and amphoteric oxides.

Ozone, an allotrope of oxygen is prepared by Siemen’s 0zonizer.

Sulphuric acid displays strong acid character and possesses oxidizing and dehydrating

properties.

Chlorine forms a number of oxo acids: HOCI, HCIO,, HCIO; and HCIO,.

The binary compounds of halogens with one another are called interhalogen compounds.

K/
X4

K/
X4

L)

K/
X4

L)

*
X4

L)
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L)

X/
L X4

X/
L X4

Halogens are placed in group number 17 of the periodic table. All members of the group
are very reactive. They show variable oxidation states. Halogens react with otherhalogen
forming interhalogens. Halogen (Fluorine) can even react with noble gases. Halogens
react with hydrogen forming hydracids.

Fluoro chloro carbons are called freons which decompose ozone and are therefore
environmentally hazardous.

Helium, neon, argon, krypton, xenon and radon are the members of Group number 18 and
are collectively called noble gases.

Xenon is known to react with fluorine to form XeF,, XeF, and XeFs.

Terminal Exercise

1.

N CRI O EC)

8.
9.

10.
11.
12.
13.
14.
15.

Which one of the following oxides can react with an acid as well as with an alkali: SO,
CaO, Zn0O, MgO?

Write two oxides which donot react with either acids or alkalies. Which type of oxides are
they?

Isozone an allotrope of oxygen? Which is more soluble in water oxygen or ozone?

What is the state of hybridization of the central oxygen atom in O3 molecule?

Why does ozone tail mercury?

Which property of ozone makes it useful for bleaching?

Write the conditions which are required to convert SO, to SOz in the manufacture of
sulphuric acid by contact process.

What is oleum?

Why is sulphuric acid known as king of chemicals?

Fluorine never acts as a central atom in any interhalogen compounds. Why?

Draw the structure of BrF.

Arrange the hydrogen halides in order of their acid strength in aqueous solution.

Why is F,0 not known as fluorine oxide? Instead it is known as oxygen fluoride, OF.
Which is the strongest acid among the oxoacids of chlorine and why?

What happens when XeF, reacts with SbFs? Write the complete equation for the reaction.

Answers to Intext Questions
22.1

L.
2.

Basic oxide: CaO; acidic oxide: SO,; amphoteric oxide: ZnO.
Acidic oxide: Si0,, SO,, CrO,
Basic oxide : K,O, FeO
Amphoteric oxide: AL,O;, ZnO
ZnO +H,SO, —— ZnSO, +H,0
ZnO +2NaOH —— Na,Zn O, + H,0
An oxide of group 1, K,O and of Gr 2 BaO
K,0 +2HCl —— 2KCl + H,0
BaO + H,SO, —— BaSO, + H,0
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22.1.a Manufacture of sulphuric acid:
Sulphuric acid is the most important acid used in the chemical industry. It was called

as “oil vitriol”. Because of its wide applications, H,SO, is referred as “the king of
chemicals”. It is manufactured by the contact process.
Contact process:
The three main aspects of the contact process are:
I. Sulphur dioxide production:

Sulphur dioxide required for the process is obtained by burning either S or iron pyrites
in oxygen.

S+0, —> SO,

4FeS, + 110, —> 2Fe 0, + 8S0,

I1. Sulphur trioxide formation:
Sulphur dioxide is oxidized catalytically with atmospheric oxygen to sulphurtrioxide SO

250,+0, —= 250,

I11. Sulphur trioxide is absorbed in H,SO,
The pure SO3 formed is absorbed in 98% conc.Sulphuric acid to get oleum or pyrosulphuric
acid H,S,0;. Oleum is diluted with water to obtain sulphuric acid of desired concentration.

SO, + H,SO, —— H,S0,

H,S,0,+ HO —— 2H,SO,

Le Chatelier’s principle:
In presence of a Catalyst, SO2 converts into SO by Oxidation. This is a reversible
reaction. It is an exothermic reaction

The equation reveals the following points:
I. 3 volumes of the reactants convert into 2 volumes of SO. i.e. a decrease of volume
accompanies the reaction.
I. The reaction is an exothermic change.
I11. The catalyst may be present to increase the SO yields.

According to Le Chatelier’s principle
I. A decrease in volume of the system is favoured at high pressures. But in practice only
about 2 atmospheres pressure is used. The reason for not using high pressures is acid
resisting towers which can with stand high pressures cannot be built.

I. Exothermic changes are favoured at low temperatures. It is not always convenient in the
industry to work at low temperatures. In such situations, an optimum temperature is
maintained. At this temperature considerable amounts of the products are obtained. In
the manufacture of H,SO,4, The optimum temperature suitable for the conversion of SO2
to SO3 is experimentally found to be 673- 723K.

I11. The rate of formation of SO3 is enhanced by the use of a catalyst. Different catalysts are
in use. They are Platinised asbestos, vanadium pentoxide, finely divided Platinum
deposited on MgSO4 and mixture of Fe203 and cupric oxide CuO. All the catalysts in
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the contact process are easily poisoned and therefore, the gases used must be extremely
pure. In modern plants, excess of oxygen is used in the gaseous mixture.

Description of the plant:
Various parts of the plant are shown in the figure given below.

1)
2)
3)
4)
5)
6)

7)
8)

9)

10)

Fig.22.1.bManufactureofSulphuricacid-ContactProcess

1. Pyrites burners 5.Drying tower 9. Catalytic chamber
2.Dusting tower 6. Arsenic purifier ~ 10. Absorption tower
3.Cooling Pipes 7. Testing box

4. Scrubbing tower 8. Pre-heater
Pyrites burners or sulphur burners: Here Soriron pyrites are burnt to produce SO,.

Dusting tower: The dust particles in the burner gases are removed by settling down.
Cooling pipes: The gases are cooled and also dust particles settle down completely.
Scrubbing tower: The water falling from the tower cleans the up going gases.

Drying tower: The gases coming into this are dried.

Arsenic purifier: The main impurity in the gases is arsenic oxide. It is removed in this
chamber by gelatinous ferric hydroxide.

Testing box: Here the gases are tested for their purity. If the gases still contain impurity
As,03 and the suspended particles then the gases are recycled.

Pre-heater: The pure gases are heated to 673-723K. From here they go into contact
tower.

Contact tower: The contact tower has vertical pipes packed with the catalyst, V,0s
maintained at the required temperature. SO, is converted into SOs;. The catalyst is
maintained at the required temperature by the heat evolved in the reaction.

Absorption tower: SOjs is absorbed in conc.H,SO,4 to form oleum H,S,07. The oleum is
diluted with water to get the acid of required concentration.

Advantages of contact process over other methods.

1. Sulphuric acid obtained is extremely pure and concentrated.
2. Contact process is comparatively cheap.

3. The impurities can be tested and the reactants can be recycled.
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22.1.b Intext Questions:
1. Write the chemical reactions taking place in contact process.

What you have learnt:
1. Preparation of Sulphuric acid by contact process.

22.1.b Oxyacids of Sulphur
Sulphur oxoacids are numerous and more important than the oxy acids of other

elements of the group. The oxoacids of S may be divided into 4 series, depending on their
structural similarities. They are
i. Sulphurous acid series
ii. Sulphuric acid series
iii. Thionic acid series
iv. Peroxo acid series
Each of these acids may have more than one structure. The structures of these acids,
which is possible resonating or fantomeric form are given.

)] Sulphurous acid series:
Name M.F. Oxidation state Structure
of S
O 0
. | [

sulphurous acid H,SO3 +4 HO—S & HO—T|—H
I
OH o

. HO—S—OH
thiosulphurous H,5,0, ‘4 I

acid
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Disulphurous acid

or HzSzOs
Pyro sulphurous
Dithionous acid

or H28204

Sulphurous acid

+3, & +5

+3

O

O
I

HO—S——S——OH

|
0]
O O

HO—S——S ——OH

i) Sulphuric acid series:
Name M.F. Oxidation state Structure
of S
I
sulphuric acid H,SO4 +6 HO—TI—OH
0
I
thiosulphuric acid H,S,03 -2, +6 HO—TI—OH
H -
(0] [0}
Di sulphuric acid or Il |
Pyro sulphuric acid H25,07 i i T
(0] [0}
iii) Thionic acid series:
Name M.F. Oxidation state Structure
of S
0o o
ol
Dithionic acid H2S,06 +5 o_ﬂ_ﬂ_ 0
o o0
o (0]
o | Il
Poly thionic acid ~ HyS(n+2)06 +5 o—ﬂ—(S)n Tl— OH
(0] (0]
iv) Peroxo acid series or peroxy acid series:
Name M.F. Oxidation state Structure
of S
Peroxo monosulphuric acid ﬁ
or H,SOs +6 HO—S—0O—O0OH
caro’s acid I
@)
Peroxo di sulphuric acid
or Q
per sulphuric acid H,S,0g +6 HO—S—0—0—S—OH
or . (”)
Marshall’s acid
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