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PREFACE

The present day age is the age of science and technology. No nation can
flourish without literacy particularly without scientific knowledge. Realising the
developments in the science of chemistry which have taken tremendous strides, have
involved, changes in the contents of the syllabus. Ministry of Education (Curriculum
Wing), Islamabad, prepared a new syllabus of chemistry and got it approved by the
government.
This book for classes IX - X has been prepared by the Sindh Textbook Board.
Jamshoro in accordance with the new latest syllabus of chemistry. The Board has
been able to secure the services of the competent teachers, who performed their
duties with the best of their abilities and experiences in the field of chemistry.
In preparing this textbook, the authors have had in their mind a student of
secondary level. At secondary level, the chemistry is begun before .the student has
acquired enough needed background in elementary mathematics for true
understanding. However, mathematics is a part of the language of chemistry and a
lack of familiarity with mathematics can become a barrier to success in
understanding chemistry.
In order to increase the interest and the curiosity of the student at the
secondary level: the subject matter has been made more effective by adding figures
and diagrams and some points. Each chapter/is divided into fairly short
sections, using figures. tables. flow- dmgrdmb toreinforce the text. S.I. units are used
throu ghout the book.

Some of the salient features of this le‘(tbook are as follows
(i) Basic concepts. relating to fundamentals of chemistry have been prepared in a
logical. coherent and acadcmlc way. Historical backgrounds of chemistry are
also introduced.
(ii) The topics are dealt, keeping in mind the secondary class students, to develop
an interest in students in the study of chemistry as a discipline.
(iii) Every chapter begins with the introduction of the contents of the chapter,
which are then dealt in the chapter with the wider context. Numerous worked
out examples are‘introduced.

(iv) Each chapter concludes with a summary of the important facts and ideas to
enable students to revise the contents ofeach chapter with ease.
(v) Review questions at the end in the exercise of each chapter provide interesting

materials for tests, class discussions, revisions and homework.

Multiple- choice questions and fill in the blanks are also provided in the

exercise of each chapter.

The latest curriculum, states the following learning objectives. .

(@) To strengthen the concepts developed at secondary level and develop new
concepts to provide a solid background for higher studies in chemistry.

(b) To acquaint and also to expose the students to different aspects of
chemistry used in our daily life.

The book is written in simple language, and has clear concise and systematic

presentation, with total commitment for a national cause.

Since there is always a room for improvement, so we apologize for any errors or

omissions and welcome your constructive criticisms and positive suggestlons which

might improve the matter of book.

: Editors

’I-I-l-l-I-I-I-I-I-I-I-I-I-I-l-l-l-l-l-l-l-l-I-I-I-I~"

\
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HYDROGEN AND WATER

you will learn in this'cha.pter abqut: . | 9
+ Hydrogen and its industrial preparation, physical and chemica
properties of hydrogen.

« Uses of hydrogen and Nacent hydrogen.

+ [sotopes of hydrogen,Protium,Deuterium and Tritium.

s Water and its anomalous behaviour.

« Chemical properties of water and water as universal solvent.

* Hydrates and water of crystallization.

* Soft,hard and heavy water, removal of hardness from water.

* Hygroscopic substances.

* Drinking water, quality of drinking water and classification of water
pollutants.

11.1 HYDROGEN

Introduction: .

Hydrogen was discovered by Cavendish in 1766 by the action of
zinc metal over dilute hydrochloric acid.

Zn, +2HCL ZnCl o H, e

The name hydrogen to the gas was given by Lavoisier as it produces
water on combustion in air. Hydro means water and genan means producer,
in Greek language, so hydrogen means water proc_iuf:er. .

Hydrogen is the lightest element known and it is the first element in
the periodic table. It has the simplest structure, containing only one Proton
in the ‘nucleus with one-electron in the first orbit i.e. in K — Shell. Its
atomic number is 1 and mass number is also 1. It exists as diatomic
Molecular gas (H,). Its molecular mass is 2.016 a.m.u.

Occurrence:

Hydrogen is one of the most abundant element in the universe. We

OW the sun and the other stars are largely composed of hydrogen. It is

the nuclear fuel consumed by the sun and the other stars which produces
179
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70 percent of tl}e litnhiyerse is composed of
i I ent of ea S mass.
hYdm%ent’hl; ZZ?:I?t;f:t Oﬁgdgégznpg (iche ot most abur.lc.lant element. [
the freflzl state in nature,’ it is found in negligible guagﬂtms. H.owc.ever, in
the combined state, it occurs as water (HQO) which is constituting the
earth’s most abundant compound. In water 11.11 percent by mass ig
hydrogen, while 88.89 percent by mass is oxygen. Petroleum and other
organic materials also contain hydrogen compounds. Petroleum and natural

gas are mostly hydrocarbons. &

energy. Although about

Industrial Preparations of Hydrogen :
1. By Passing Steam Over Coke (Coke - Steam Process): -
When steam is passed over red hot coke at about 1000°C, a mixture of

carbon monoxide and hydrogen (called water gas) is produced.

1000°C
Cot H:0) .Co(g) +Hyg

H—J

water gas

Water gas is a very good fuel and is also used in the preparation of
methanol (Methyl alcohol). o ey

From water gas H, gas is separated by two methods :

(a) By liquefacation and (b) By oxidation (Bosch Process)

(a) By Liquefacation:

~ When water gas is cooled upto - 200°C, carbon monoxide liquefies and
leaving behind H, gas. The traces of CO gas if left in the mixture, then the
remaining mixture is treated with caustic soda (NaOH solution). The
remaining traces of CO react with NaOH solution to form sodium formate,
leaving behind pure H, gas. |

CO +NaOH, — HCOONa o

.. Sodium formate

(b) By Oxidation (Bosch Process):
This is the most suitable method for the separation of H gas from
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under pressure, liberating pure H, gas.

FeO
COg +Hyy +HO ¢

@, Oy +2H,
500 C

) (g)

water gas Soluble in water

2. From Natural Gas (Hydrocarbon — Steam Process):

Hydrogen 1s alsp obtaingq by passing steam over hydrocarbons, such
as rr.lethanF:, which is the major constituent of natural gas in the presence
of nickel catalyst at temperature about 900°C to produce water gas.

&

+H,0 Ni/900°C

H__J

(g
water gas

(g)

H, gas can be separated from water gas by either of the above
mentioned method.

3. By The Thermal Decomposition of Methane:

H, gas is commercially prepared also by the thermal decomposition
of methane, when methane is heated above 700°C in the absence of air,
CH, decomposes thermally to produce carbon black and H, gas.

0
above 700 C
“® Cry g

absence of air

CH

carbon black

Carbon black is used in rubber industry as a ﬁ}ler for rpanufactjuring
motor tyres. It is also used in the preparation of inks, paints, polishes,
carbon papers and plastics.

q, i Water:

B e e o i h o o e Ve e
Current is passed through water in the presence of a few drops of acid or
base, H, gas is liberated at cathode and O, gas a.by.— p-mduCt et 8
ahode, The presence of acid or base helps_ in the 19mzat10n of water. Th%s
method due to large consumption of electric power is very expensive but is
used in the countries where electricity is very G

lectricity |
2 0, Y, o,

+0
2(g)
2~ (acidor base)

(2

181
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Physical Properties:
1. Hydrogen is a colourless, odourless and tasteless gas.

2. It is insoluble in water. ;
3. It is highly inflammable gas and burns with blue flame.

4. 1t adsorbs on the surface of certain metals to make the surface sponge
like, in which hydrogen gas adsorbs on metals surface to form a fine
silvery powder. :

Its electronegativity is 2.1 while its ionization energy is 13.54 e.v.

6. Its bond dissociation energy (H - H) is 104 K.Cals /mol.

7. It liquefies at — 252°C and freezes at - 259°C.

ok

Chemical Properties:

1. Decomposition of Molecular Hydrogen (H,): :

Molecular hydrogen, H,, contains stable covalent bonding and is
relatively inert at ordinary conditions. Its bond dissociation energy is
104 K.Cals / mol.

H-H (1000K) »H+H ; AH=104 K.Cals/mol. j ¢ (+435 KJ/mol.)

Atomic
hydrogen
2. As a Reducing Agent:

Hydrogen shows greater affinity for oxygen and reduces many metal
oxides into free metals.

heat
CuO(S) +H2(g) >Cu (s) ik Hzo(g)

Copper

WO3(S) y 3H2(g) == W(s) i 3H20(g)

Tungston Tungston
oxiae metal

3. Hydrogenation Reactions:

The addition of hydrogen into other mole
hydrogenation reaction. When molecular cq
heated in the presence of Pt or Pd or Ni and o
products.

cular compounds is called
mpounds and hydrogen art
ther catalysts to give addition

ZnO/Cr O
2753

(i) CO +2H

B 2(g) — CH = OH

0 .
400" C/ high pressure U]

1 82 Methy]- alCOhOl
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(11) CH = CH 5 + “2 ' —_Ni7300 ”(‘_) CH - CH ‘

Ethene Ethane

Ni/high temp.

(iii) Edible oils ——————  Vegetable ghee
Un saturated H Saturated
ks 2(s)
(liquid) (Solid)

4. Reactions With Metals: -
Alkali metals like Na, K etc and alkaline earth metals like Ca, Ba
react with hydrogen on heating to form ionic hydrides.

) 2Na +H, —2CINaH

Sodium hydride

0 +2 __1-
i) Ca, +H, —>——Ca H
(s) 2g)

2 (s)

Calcium hydride

5. Reactions With Non - Metals: _ b
Hydrogen reacts with many non - metals under different conditions to

form addition products.

: ignition 2H. O

() 2H,, + 0,4 IO 250

7 500°C/200 dtm NH
(i) N, + 3H,, Fo,04/K 0 2NH,,

(111) H + Cl sunlig!t— s QHCI‘Q

2(g) 2(g)

: 0c H,S
(iv) Hz(g) + S(s) _450¢C 2y

183
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Uses: N
in the manufacture of fertilizers.

NOU R W

8.

Hydrogen is used
It is used in the manufacture of vegeta

It is used in the manufacture of tungston bulb filaments.
It is used for the purification of netals.
It is used as a fuel in the form of water gas.

[t is used in weather balloons. ok ‘
Hydrogen is used in the formation of Hydrogen torch which is used in

cutting and welding where temperature reaches upto 4000°C.
It is used in the preparations of chemicals like NH,, CH,OH, etc.

ble ghee from edible oils,

Nascent Hydrogen (Newly born):

Hydrogen at the time of its generation is chemically more reactive

than molecular hydrogen because during the time of generation, it is
available in atomic form and atomic hydrogen is chemically reactive. This

hydrogen is called nascent hydrogen.

Consider the acidic ferric chloride solution which is of brownish colour,

when H, gas is passed through ferric chloride, (FeCl,), no appreciable change
is observed. But when a piece of Zn metal'is added in the acidic FeCl,
solution, nascent hydrogen is generated‘which reduces FeCl, into ferrous

chloride (FeCl,) which is greenish in colour.

FeCl, ., * Hg — . No reaction
Zn/MCl |
FeCl,,, + [H £, FeCl,  + HCI
Nascent
hydrogen

Similarly acidic KMnO4 (pink) solution can be reduced by nascent

hydrogen to colourless solution.

2KMnO4(aq)+3HQSO4+ 10[H] Zn/HZSO4

Nascent hydrogen

> KQSO4(aq)+2MnSO

ot 8‘H2,O(ll

Thus hydrogen at the time of its birth is éhemically more reactive than

molecular hydrogen and is known as nascent hydrogen.

184
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isotopes of Hydrogen:

The word isotope is defined as the atoms of the same element, having
same atomic number but different mass numbers. In other words isotopes
are the atoms with same number of protons but different number of neutrons
in their respective nuclei.

Nearly all the elements found in nature are mixtures of several isotopes.
There are three isotopes of hydrogen namely;

(i) Protium (i) Deuterium and (iii) Tritium

(i) Protium or Ordinary Hydrogen Atom (:H):

This isotope of hydrogen contains one proton in the nucleus and
there is one electron present in the first orbit i.e. in the first shell. Its
atomic number is 1 and mass number is also 1. About 99.98% of free
hydrogen contains protium. It is stable isotope of hydregen.

P=1
n=0

®

©)

Fig A1 Protium ((H)

(i) Deuterium (D or Hy,

It is known as heayy hydrogen which is a misnomer. Deuterium was
discovered in 1931 by Urey. This isotope of hydrpgen contains one proton
and one neutron in-the nucleus and one electron is present in the ﬁrst orb_1t
i.e. in the first shell: Its atomic number is 1 and its mass number is 2. It is
present in the naturally occurring hydrogen .to the extent about 0.0156%
that is in the ratio 1:15000. It is also stable isotope of hydrogen.

Fig. 11.2  Deuterium (D or *H)

185
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3
(i) Tritium (T or H):

This isotope of hydrogen contains one proton and-tv&.fo n.eutrons in
the nucleus and one electron is present in the first orbit i.e. in the first
shell. Its atomic number is 1 and its mass number is 3. It occurs in
negligible quantities in the naturally occurring hydrogen to the extent
about 4 x10-'5 percent. It is radio active isotope of hydrogen with half life of
about 12.5 year. It is used as tracer in the nuclear reactions.

Fig. 11.3  Tritium (T or.) H)

11.2 Water
Introduction:

Water is the most common substance known and is a remarkable
substance. Water is one of the most abundant compounds on earth. Water
is an excellent solvent for many chemical substances and thus never occurs
in its pure state in nature. Water which is found in the natural state is
known as natural water. On the other hand water which has received
some form of treatment is known as treated water. Treated water is usually
prepared for special purposes. Distilled water is the purest form of water.

Water is a colourless, tasteless and odourless liquid. At 4°C its density
is maximum and. it is about 1.00g/cm ", Its freezing point is 0°C while its
normal boiling point is 100 C. Water possesses many unusual properties,
for example it melts and boils at much higher temperature than other liquids.

It is one of the few substances that expands upon freezing. All these properties
of water are essential to suport life on Earth.

Anomalous Behaviour of Water:

Water does not obey the law of €xpansion and contraction between
‘ zero to 4 C and shows anomalous or unusual behaviour. The reason for
this is that water is a polar molecule and due to greater polarity, all the
water molecules are associated by means of hydrogen bondings il”l which
the slightly positive hydrogen atom is attracteqd by the slightly, e
oxygen atom of other water molecules. An electrostatic attraction between
the neighbouring water molecules is set up when the positive pole of one

186
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molecule of water _attl‘aCtS the negative pole of the other neighbourin
water molecule. This type of attractive forces which invo-lve hydrogen ar%
refferred to as hydrogen bonds. It is denoted by dotted lines as give’n in
the figure 11.4. Hydrogen bond is a secondary bond.

o ot ot +
H H H H6
\6 s | Y o e s e
............ O _H O_H O —H - O _H
N &+ 5t + +
e e
S b R
............ O0—H - 0 —H 6_ 06__H

Fig. 11.4 Hydrogen bondings

Although hydrogen bondings are the strongest secondary bonds, it
is still weaker than normal covalent bonds: The hydrogen bonds greatly
affect the physical properties such as melting point, boiling point, heat of
fusion ete. The most interesting impact of hydrogen bonding is observed
in the crystal structure of ice which causes water to behave abnormally
from 0°C to 4°C. Crystal structure of ice shows a tetra hedral arrangements
of H,0 molecules. Each oxygen atom, suppose. “A” is surrounded
tetrahedrally by four others(such as 1, 2,3 and 4 as shown in the figure
115 . The hydrogen bondings are shown by dotted lines. The arrangement
of water molecules in ice is an open structure i.e. honey - combed structure,
occupying a larger volume and due to larger volume ice is less dense than
liquid water henoe floats on water. When ice melts, some of the fixed
hydrogen bonds are broken and the molecules p'aclf themselves more
closely together, there by decreasing the volume of 11qL_11d water, so density
of liquid water increases. This breaking down process 1s not complete until
a temperature 4°C is reached at which water has maximum density of
about 1.0g / cm?. : o

The density of ice at 0°C is about 0.918 g /cm?®, while the density of
liquid water at 0°C is 0.998g/cm?. On these basis, the anorrcl,alous behaviour
of water can be explained i.e. water when heated from 0°C to 4°C shows
contraction instead of expansion. Similarly. V\_/hen cooled from 4°C to ‘0°C
Water expands rather than contraction. This is just contrary to the behaviour
of other liquids.

187
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Due to this anomalous behaviour of

water, the aquatic animals survive in the
winter season in the region thret _ 5
temperature reaches much below 0°C. :

When winter approaches the temperatur € KG)})
falls and water of the sea is cooled] - - .
accordingly and at temperature 4°C,_ water

of the sea attains the maximum density and :
that water sinks at the bottom. On further

lowering of temperature, water on the

surface becomes ice which floats above the 3
surface of water at 4°C because ice is lighter o,
than water at 4°C. The aquatic animals go G
down in water at 4°C, dissolved oxygen is|"*-.., .

sufficient for their survivals through out the :
winter season. An ice covering above the |~ k%
water also protects them from the direct . .
contact with the cold current and serves as 5 .
a blanket. Therefore, in winter season in :

cold countries the aquatic animals spend
their lives under the blanket of ice. Fig. 11.5 Structure of ice

Chemical Pfoperties of Water:

(1) Reactions of Water With Metals:
Water reacts with metals in number of ways. The degree of reactivity

depends upon the nature of the metals and their positions in the electro
chemical series.

2N + ,
A 2H20m cold 21\1‘&01_1(&(1J S Hg(g)

2K, +
@ =20 SRAE S cokie 2KOH,y + 'H,,

=t +»2HQO“ —=d, CalOH),,, + H

) 2 (Slow)

188
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(b) with Less Electropositive Metals:

Less electropositive metals like magnesium, zinc and iron react with

nhot water to liberate H, gas with the formation of their oxides, iron reacts
with excess of steam at red heat.

Mg, * H,Oy _hot | MgO, + H,
Zny + H20m —hot , ZnO, + H,,

- red
3Fe, + 4H,O4 ? Fe:0 satadHe

Noble metals like, copper, gold, silver and mercury do not react with
water in any form.

(2) Reactions of Water With Non-metals:
(a) With Chlorine: -

Chlorine reacts with water to produce HCl and hypochlorous acid
(H'Clo) Hypochlorous acid is unstable and readily liberates atomic oxygen
" which can bleach dyes and Kill bacteria by oxidation. Chlorine, therefore
in water is both bleaching as well as oxidizing agents.

C,, + H,0, ——— HCl + HCIO,
HCIO,,, = e HCl  + [0]

acts as oxidizing and bleachmg agent
O+0 2 O

2(g)
(b) With Carbon:

When steam is passed over heated coke at 1000 C, a mlxture of
hydrogen and carbon monoxide, known as water gas is produced..

0
Cm Y- HeO8 1000°C , CO, + H
water gas
(¢) - With Silicon:

Silicon reacts with steam at very high temperature to form an oxide
of silicon i.e. silicon dioxide with the liberation of H, gas.

Si(s) + 2H20(g) high temp. , SiO,, + 2H,,

189
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e (Quicklime):

3. Action with Calcium Oxid :
lves in water to form calcium hydroxide

Calcium oxide partially disso
(i.e. slaked lime).

CaO(S) + HQOU) = _Ca (OH)Q(S]
quick lime slaked lime

4. Action with N O (Nitrous Oxide):
Nitrous oxide dissolves in water to form a neutral solution.

N O+ HEO, __, dissolves to form a neutral solution

11.3 WATER AS A UNIVERSAL SOLVENT

Water is an excellent solvent. It dissolves majority of ionic compounds
and many covalent compounds. It can dissolve more substances than any
o’Fher solvent. The great dissolving power of water is because of its large
d1¢1ectric constant and its polar nature. In water oxygen being more
electronegative than hydrogen atom, acquires. a partial negative charge or
pole and hydrogen atoms get partial positive.charges or poles i.e. one side
of water molecule is slightly positive while the other side is slightly negative.

ﬁ/ O\fi.

As a result of this polar st i

[e\lﬁctrovalent (ionic) solutti such :: ifl?rrlz;a‘}, Eslz}c-slsmairrll::aclei?g: :(I)llc‘i,i:;tsi:r
i r;z\;e;lﬁnti I(ﬂ:loglaliourfms which contain hydroxyl group (~ OH) also dissolve
in water 3éom«e :; 3 eXarpple glu.cose, sugar, alcohols, etc. are solubie
i Wiih “}atef a:s fcan dissolve in water to some extent. Gases which
hydrogen chloride e.t ound to be very soluble. For example, ammonia,
GO A . ,hm' rogen pentaoxide (N,O,) etc. Other gases like SO,

% which lonize only slightly are found to be fairly soluble in

water. In general the solubiliti
1t ; : .
temperature. les of gases decrease with the increase 11

Water of Crystallization:

Most of the ioni :
B :1 11<t)iruc salts can crystallize out of the solution by cooling
D T sor}ﬁhOf the salts or by evaporation in the form of crystals
water as a part gf t-h Sl thus produced contain few molecules of

€ crystal lattllgg. The molecules 6f water are 100sly
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pounded to the crystals of the salts. These water molecules are known as
water of crystallization or hydration. The salts containing water molecules
as water of crystallization are generally known as hydrates. Examples :
cuSO, . SH,0, FeSO, . 7H,0, Na,CO, . 10H,0, AICl, . 6H,0, BaCl, . 2H,0,
etc. Different hydrates contain different number of molecules of water as
water of crystallization. It is interesting to note that although hydrated

salt like AlCla . 6H,0 or CuS0,.5H,0 has water molecules attached to its
crystals, yet it appears dry.

CuSO0,,, + 5H,0, —Svpertin y cuso, . SH,0,,

The minimum amount of heat liberated in the formation of hydrate is
called heat of hydration. The molecules of water of crystallization are easily
dissociated from their salt crystals by heating. The residue left behind is
then said to be anhydrous (shapeless) or anhydrate.

CuSO, . 5H,0,  _hat, CusO,, + SHOy
Blue crystals Anhydrous (white powder)

There are also many salts which crystallize out from the solutions
without any water of hydration such as KNO,, NaCl, AgNO,, K,SO,, PbCl,
etc. The reason for this is that water molecules are generally attached with
smaller cations; having greater cationic charge density.

114 SOFT, HARD WATER AND HEAVY WATER

Water containing dissolved impurities of hydrogencarbonates,
chlorides and sulphates of calcium and magnesium is called hard water. It
does not give lather with soap, hence called hard water.

Water containing dissolved impurities but in small quantities and easily
produces lather with soap is known as soft water. Hard water produces
curds with soap and affects the cleaning action of soap. Soap contains
sodium salts of long chain carboxylic acids such as sodium hexadecanoate
(sodium palmitate) and sodium octadecanoate (sodium stearate) etc, where
as hard water contains calcium and magnesium ions. When hard water is
mixed with soap then Ca?* and Mg* jons react with anions of soap. (i.e.
with palmitate and stearate ions) to form insoluble compounds of Ca and
Mg ions which we see as curds in water.

191
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dness: 1 ok
Caus;; eoi; :Ii:lrwater on its way to ground, dissolves carbon dioxide gas

from the atmosphere. This water while flowing thrc?ugh'beds of soil or
rocks, ‘containing carbonates of Ca and Mg react \fVlth dlss.olved COQ.m
water to change the carbonates of Ca_ and Mg into their respective
~ hydrogencarbonates which are soluble in water and causes temporary

hardness.

CaCO,, + CO, + H,0, — Ca(HCO,),

MgCO,, + CO, + HO, — Mg (HCO,) .

Underground water also dissolves chlorides and sulphate qf Ca and
Mg. This underground water now contains Ca?* and Mg?* ions which make

water as hard.

Types of Hardness:
There are two types of hardness in water:
(i) Temporary hardness (ii) Permanent hardness.

(i) Temporary Hardness:

Temporary hardness is due to the presence of dissolved
hydrogencarbonates of calcium and magnesium. These salts are water
soluble and ionize into water as:

Ca (HCO <:5 Ca2+‘aq) qr 2HCO_3(aq)

3)2(aq)

Mg (Hcoa)z(aq) = Mg* + 2HCO

(aq) 3(aq)

(i) Permanent Hardness:

Permanent hardness is due to dissolved chlorides and sulphates of Ca
and Mg, for example, MgCl, , MgSO, and CaCl,. They are also soluble in
water and ionize in water as: : |

ol gl Ca",, +2CI

MgC12(aq] V\\A '.’\ngl*(aq' = 2C11_(&q)

MgSO4(aq] T — Mg2+(uq) + SO42-(8q]
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Methods To Remove Hardness:
@i BY Heating:

Temporary hardness can be easily removed by boiling. This hardness
is caused by the presence of dissolved calcium hydrogencarbonate and
magnesium hydrogencarbonate, which decompose on heating to CaCO,
and MgCO, which are insoluble in water and are removed by filteration.

e.g.  Ca(HCO,),  _boil , CacO} +CO, + HO

3(s) 2(g) 27
insoluble

Once Ca?* ions or Mg?" ions are out of water, any soap when added to
water becomes soft, the water and lather formation occurs.

(i) Clark’s Method:

Temporary hardness can also be removed by using slaked lime;
Ca(OH),. This method of removing hardness on a large scale is known as
Clark’s method. This is a chemical method. In this method temporary
hard water containing hydrogencarbonates of Ca and Mg is treated with
slaked lime in the tanks. The hydrogencarbonates of Ca and Mg are
converted into their insoluble carbonates. These insoluble carbonates settle
down at the bottom of tanks, while soft water is drained off for the use.

e.g. Ca (HCO,),,, * Ca(OH)g(aq) —— 2CaCO,, + 2H,0

270
insoluble

Mg (HCO,),; #Ca(OH),,, —_MgCO, + CaC0, +2H,0

2 ()
insoluble insoluble

(i) Permanent hardness can be removed by using chemicals. The word
permanent is misleading because this hardness can ultimately be
removed. It is caused by the dissolved impurities of the chlorides and
sulphate of Ca and Mg.

Permanent hardness can be removed by number of methods such as
lon - exchange method in which calcium and magnesium ion from water
are removed as insoluble precipitates. The chemicals employed are mostly
Soluble sodium compounds. These form insoluble precipitates of Ca and

g ions. Washing soda, caustic soda and zeolite are some of the common
chemicals used in removing the permanent hardness.
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i :ne Soda (Na,CO, .10 H,0): |
i u?ge: s\::;i:ir:gszl:dga is addecz:l ‘co3 permanent hard water, insoluble

CaCO, and MgCO, are precipitated from thersolubleisaltsiofCatatditte
3 3

CaSO,,, + Na,C0yy — CaC0sy * 2Na,S0, .,

insoluble

MgCl,,, + Na,CO,,, — MgCO,, * 2NaCl_,

; insoluble

(b) By Using Caustic Soda (NaOH): .

When caustic soda is added to permanent hard water, 1nsolub@e
hydroxide of Mg?* ion is precipitated from the salt of Mg while Ca (OH), is
- partially soluble in water.

MgSO,,, + 2NaOH , — Mg(OH),, + Na,;S0O,,,

insoluble

(¢) By Using Zeolite or Permutit:

Permutit is an ion — exchange resin used industrially and in the home
for softening water. It is a naturally occurring sodium aluminium silicate,
commonly called sodium zeolite which can also be prepared artificially. As
hard water is passed through the resin, the sodium ions will go into the
solution while the unwanted Ca and Mg ions take their place in the complex

insoluble Ca and Mg zeolites and their hardness is removed. Soft water is
then drawn out at the bottom.

CaSO,,, * Sod zeolite,  _—_, Ca- zeolite | + Na, SO,
insoluble

Sodium zeolite can be regenerated by passing a strong NaCl solution
through Ca - zeolite.

Ca zeolite, + 2NaCl —— Sod zeolite  + CaCl,,

Heavy Water:

Hc?avy water 2is a compound of oxygen with heavy hydrogen i.e.
deuterium (D or, H). Its molecular formula is D,O. It is also called

deuteriumox ide. Heavy water is present in natural water to the extent of
1part in 7000 parts. It is 1.1 time heavier than H O. Some of the important
properties of heavy water is given as: 2
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Its density is slightly greater than ordinary water and is 1.104 g / cm®.
[t has low vapour pressure than ordinary water.

its melting pount is 3.81°C and boiling point is 101.42°C.

The refractive index of heavy water (D,0) is much smaller than
ordinary water. This property is used to identify heavy water from
ordinary water that is for isotopic analysis.

5 The molecular mass of heavy water is 20 a.m.u, while that of ordinary
water is 18 a.m.u.

PR O

Uses:

Heavy water is used as moderator in nuclear fission power reactions
by slowing down the reactions. It is also used as a tracer in biological and
chemical researches.

11.5 HYGROSCOPIC SUBSTANCES

Hygroscopic substances absorb moisture on exposure to atmosphere.
However if the substances are solids, they will not form, solutions but merely
become sticky or moist just unlike deliquescent substances, which absorb
large amount of water, to from eventually solutions when exposed to
atmosphere. On the other hand a liquid like concentrated H, SO, will absorb
water from the atmosphere usually diluting itself upto about three times of
its original volume. Other examples of hygroscopic substances are; sodium
nitrate; NaNO,; copper oxide; CuO; quick lime, CaO etc.

Hydroscopic substances are commonly employed as drying agents in
the laboratory. They have strong affinity for moistures or water.

11.6 DRINKING WATER
Introduction:
Water is essential for the survival of any form of life. On an average,

a human being consumes about two liters of water every day. Water
accounts for about 70 percent of the weight of a human body. Water available
is used for drinking, domestic, agriculture, industrial consumption. Owing
to increasing industrialization on one hand and exploding population on
the other, the demands of water supply have been increasing tremendously.

Ifi our home, water is used for drinking, cooking and washing purposes.
Although there is an enormous quantity of water in the world, the reservoirs
of fresh and quality water are very limited. Human activities is destroying
Fhe quality of water. The quality as well as quantity of clean water supply
18 of vital significance for the welfare of mankind.

We know water is an excellent solvent, dissolves a wide variety of
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it flows over or Seeps through the surface

of the earth, dissolves various minerals including salts and othel.' substan.ces.
Despite these mineral impurities water from most of the lakes, rivers, springs

and wells is considered fit for drinking and other domestic uses. Water is
considered polluted, when it is contaminated with substances which are

harmful and injurious for human beings and other living things. Polluted

water is unfit for drinking purposes. .
Considerable part of the available water 18 polluted by sewage,

industrial wastes and wide array of synthetic chemicals.

compounds. Natural water, when

Classification of Water Pollutants:
There are various types of water pollutants which can broadly be

classified into different catagories.

1. Oxygen - Demanding Wastes:

These include domestic and animal sewage, bio — degradable organic
compounds and industrial wastes from food - processing plants, meat.
packing plants, slaughter houses, paper and pulp mills, tanneries etc. All
these wastes undergo degradation and decomposition due to which there is
a rapid depletion of demand oxygen. (D.O) from water which is harmful to
aquatic animals. Many aquatic animals can not survive at lower D.O levels
in water.

2. Synthetic Organic Compounds:

These are the man-made materials such as synthetic pesticides,
synthetic detergents, food additives, pharmaceutals, insecticides, paints,
fibres, solvents, plastics etc. These materials are potentially toxic to plants,
anitmals and humans. They cause affensive colours, odours and tastes in
walter.

3. Disease-Causing Wastes (Micro Organisms)

Disease causing wastes include pathogenic micro-organisms which
may enter water along with sewage and other wastes and may cause
tren_lendous demage to public health. These microbes comprising mainly
of viruses and bacteria can cause dangerous Water-l;orne diseases such
as t.yphm.d, gholera, polio, dysentary, infections hepatitis in humans. Hence
disinfection is the primany step in water pollution control.

4. Agricultural Water Pollutants:

In modern agr.iculture, pesticides, fertilizers and organic wastes
(manure) are essential for producing high yields of crops required for the
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world’s growing population. There are over one thousand chemical
compounds that are c_turrently being used. Some common pesticides used
in Pakistan are alderin, DDT, dielderin etc. When too much of these are
accumulated, they become a cause of pollution.

Some inorganic pollutants, comprising of mineral acids, inorganic salts,
finely divided metals, trace elements, cyanides etc. also contaminate water.

Quality of Drinking Water: . . :

Municipal water is mainly used for drinking and for cleaning, washing
and other domestic purposes. The water that is fit for drinking purpose is
called potable water, it should be free from all sorts of pollutants.

Some characteristics of potable water is given as under:

1. It should be colourless, odourless and tasteless.

2. It should be free from germs, bacteria and other pathogenic organisms.

3. It should not contain any toxic dissolved impurity such as heavy
metals and pesticides.

4. It should have a pH in the range of 7 - 8.5.

5. It should be moderately soft. Its hardness should not be above 150

p.p.m (parts per million). ;

6. It should not stain clothes.
7. It should be free from corrosive substances.

The municipal water supplied for drinking and other domestic uses, has
to be treated before the supply for the domestic purpose. The raw or impure
water obtained from sources such as rivers, lakes, wells and tube wells, etc.
should undergo treatment by various steps to make it fit such as:

1. Aeration. 2. Settling.
3. Coagulation. 4. Filteration. _
5. Chlorination (for sterilization to destroy bacteria and pathogenic
organisms).
: SUMMARY

L. Hydrogen is the lightest element and has the simplest atomic
structure. It exists as a diatomic molecular gas (H,). The most abundant
compound of hydrogen on the earth surface is water.
Hydrogen is commercially prepared by passing steam over red-hot
coke by the thermal decomposition of methane and by the electrolysis
of water. It is a colourless, odourless and tasteless gas, insoluble in
water. It burns in oxygen with bluish flame to produce water.
Hydrogen at ordinary condition is chemically inert. It is used in the
field of fertilizers and in the manufacture of vegetable ghee from edible
oils by the hydrogenation reaction.
Hydrogen at the time of its generation is chemically more reactive
197
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and is called Nascent hydrogen. Natural hydrogen
‘s a mixture of three isotopes named protium (,H), deuterium
(’H, or D) and tritium (fH, or T). Protium 1s the 'commonest 1sotope of
hlydrogen which is present upto 99.98% In ordlnag hydrogen.

Water is the most common substance known. It is one of the most
abundant compound on earth. It is colourless, odqurless and tasteless
liquid and is an excellent solvent. Distilled water is the purest form of

water. Water is essential to support life on the earth.

Water shows anomaldus behaviour. Water is a polar solvent. Due to
polarity, all the water molecules are associated by means of hydrog_en
bondings. Hydrogen bondings greatly affect the physical properties
such as melting point, boiling point, heat fusion etc of water. Wager
does not obey the law of expansion and contraction between O to 4 C.
It expands when cooled from 4 to 0°C and contracts from O to 4°C.
Due to this reason ice (solid water) floats over water.

Water reacts with more electropositive metals-like Na, K, Ca etc to
evolve hydrogen gas along with the formation of their hydroxides.
With less electropositive metals like Mg, Zn, Fe etc. hot water reacts
to evolve hydrogen gas with the formation of their oxides. Water also
reacts with many non-metals. like'C; Si, Cl,, Br, etc. and also with
some metal and non-metal oxides:

Water is an excellent solvent and dissolves majority of ionic compounds
and many covalent compounds, and is never found in pure state in
nature. The great dissolving power of water is due to its large dielectric
constant and its polar nature. Most of the ionic salts can be crystallized
out from their aquous solutions by cooling their super saturated
solutions, in the form of crystals with definite shapes. These crystals
contain some water molecules as a part of the crystal lattice, known
as water of crystallization and such salts are called as hydrates. For
examples FeSO,.7H,0, CuS0,.5H,0, AlCl,.6H,0, BaCl,.2H,0 etc.
Water containing some dissolved compounds of hydrogencarbonates,
chlorides and sulphates of calcium and magnesium. It does not give
lather with soap and is called hard water. Soft water also contains
dissolved impurities but in very small quantity and produces lather
“with soap. Hard water produces Curds with soap. There are two types
of hardness in water; temporary and permanent hardness. Temporary
hardnes_s is due to dissolved hydrogencarbonates of calium and
magnesium which can be removed easily by heating. On heating
hydrogencarbonates decompose into insoluble carbonates of Ca and
Mg and can be removed by filtration. Temporary hardness can also be
removed by using slaked lime Ca (OH),. -

than molecular H,

198

Scanned with CamScanner



-

10.

i 13

12.

Permanent hardness is due to dissolved chlorides and
sulphates of calcium and magnesium. Permanent hardness can be
removed by Ion exchange techniques or by using certain chemicals,
such as by using wasing soda, N.512CO3 10H,O caustic soda, NaOH,
etc. In ion exchange techmque zeolite is used
Heavy water is a compound of oxygen with heavy hydrogen i.e
deuterium. Its molecular formula is D,O. It is used as moderator in
nuclear fission reactions to slow down the neutrons.

Some chemical substances absorb moisture from the atmosphere and
are called as hygroscopic substances.

Water is essential for life. Water which is fit for drinking purposes is
called potable water. It should be free from all sorts of impurities.

EXERCISE
1. (@) Fill in the blanks:
(1) Natural hydrogen contains percent deuterium.
(i) Nascent hydrogen is reactive than molecular

hydrogen.

(iii) Tritium is an of Hydrogen, its mass number is

(ivy  Natural hydrogen is a mixture of three isotopes namely

s AT :

(v) The bond energy of H, is

(vi) = The latent heat of fusmn of ice is apprommately per

(vii) Ice over water because ice is than water.

(viiij The sterilization or disinfection of water is done by to
destroy and :

(ix) Water molecules are associated together by means of

(x)  Water is called as solvent.

(b) Point out True and False in the following statements :

(i © Ordinary hydrogen is called protium.

(i)  Hydrogen is a good oxidizing agent.

(iii) Deuterium contains one proton and two neutrons in the
nucleus.

(ivy Hydrogenation is the process of addition of hydrogen.

(v Electrolysis of water in the presence of acid liberates H, gas at
cathode and O, gas at anode.
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inle choice questions: : _ .
(c) ;\i/;ultlps :lect a1l those things which result when sodium metal is

in a beaker of water;

Fa:fcli(: ;?1; NaOH (b) Sodium.disappears after sometime
(c) Water becomes acidic (d) No ac‘tlon.

(i) Hydrogen is a diatomic molecule with bond energy :

(a) 200 KJ/mol (b) 100 KJ/mol

(c) 104 K.Cal/mol (d) 150 K.Ca}/mol :

Deuterium is present in natural hydrogen in the ratio:

(a) 1:1200 (b) 1:15000 (c) 100:50000 (d) 1:18000

(iv) The electronegativity of hydrogen is : .
(a) 2.1 (b) 3.0 (c) 2.5 (d) 1.0

(i)

(v) A human being consumes water about everyday.
(a) 5 litres (b) 2 litres (c) 1 litre (d) 10-litres.

(vij Polluted water is for drinking purposes.
(a) unfit (b) fit (c) useful (d) used.

(vii) Mol.mass of heavy water is :
(a) 18 (b) 22 ()20 d) 16

(viij The maximum density of waterat 4°C is :
(a) 1.0g/cm?® (b) 0.998g/cm?
(c) 0.918g/cm® (d) 1.2g/dm3
(ix) The freezing point of heavy water is :
(a) 0°C (b) 3.81°C (c) 4°C (d) 1°C
2. (a) Describe some of the main physical properties of water. What do
you understand by the anomalous behaviour of water ? what is the
significance of this unusual behaviour of water ?
(b) Complete the following reactions.,

() ~Na +HO iy
W< Fe +HO  __,
L) € +HO bl
(ivy Cl, +H,0 D
) CaO +HO  __,

3. (a) Define isotope. Discuss various isotopes of hydrogen.

(b) How is hydrogen prepared commercially from coke ?

(c) Give Bosch method to seprate hydrogen gas from water gas.
4. (a) Give reaction of H, with,

() Ethene (i) Cametal (i) S (iv) Cl
(b) Describe the uses of hydrogen. :
(c) Show hydrogen is a good reducing agent.
200

Scanned with CamScanner



o

5. (a)
(b)

6. (a)

(b)

(c)
(d)
7. (a)

(b)
(c)

What is nascent hydrogen? Describe its reactivity.

What happens when ?

(i) Mg metal is reacted with hot water.

(i) ~Methane is heated above 700°C in the absence of air.

(i) Water gas is heated under pressure in the presence of
Zn0 - Cr,0, catalyst.

(iv) A piece of Zn metal is added to the acidic solution of FeCls.

What do you mean by hard water? Describe the types of hardness.
How is the hardness of water removed? Describe the disadvantages
of hard water.

What is water of crystallization? Write the formula of some of the
hydrates. What happens when hydrates are heated? Define heat of
hydration. )

What is “potable water”? Write four main characteristics of potable
water. - '

Name only some common treatments to make municipal water fit
for drinking purposes.
Write notes on:
(1) Heavy water and (ii) Hygroscopic substances.
Describe some chemical characteristics of water.
Name water — borne diseases that are caused by micro - organisms
present in water. Name yarious types of water pollutants and
their different catagories.
Point out True or False in the following statements :
(i)  Water is non — polar.
(i) Temporary hardness in water is due to dissolved
hydrogencarbonates of Caand Mg.
(iii) Permutit is-sodium aluminium silicate, commonII‘y called sod.
zeolite. , : ;
(ivy The molecular formula of heavy water is H,O.
(v Conc. H,SO, absorbs moisture from atmosphere four time of
its original volume.
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CHAPTER-12

CARBON, SILICON AND THEIR COMPOUNDS

You will learn in this chapter about:
* Carbon and its allotopic modification, bucky ball.

* Diamond and graphite and their structures. '
* Physical and chemical properties of carbon and catenation.
* Silicon,its occurrence and preparations.

* Properties and uses of silicon.
* Silica, water glass, chemical garden and silica gel:

12.1 INTRODUCTION:
Carbon and silicon belong to IV — A group of the periodic table

because both the elements contain four electrons in their valence shells.
The electronic configurations of carbon and silicon are given as:

=K M /N~ (Shells)
Cliean
2

L
4
Sit= 8

4

Carbon is a pure non-megtal. Silicon is a metalloid and plays an
important role in electronic technologies.

Occurrence of Carbon:

Carbon is the sixteenth most abundant element in the earth crust.
Carbon occurs in the free state as well as in the combined state in the
earth’s crust. In the pure elemental form carbon exists in three crystalline
forms, ie graphite, diamond and buckminster fullerene i.e. bucky balls.

However the major source of carbon is coal. Coal is a complicated
mixture of chemical substances containing elemental carbon, compounds
of .carbon with hydrogen, oxygen, nitrogen, sulphur and many other
elements. The amount of carbon depends upon the stage of conversion 0
the plant materials into coal. The first stage in the formation of coal is
Peat. It is soft brown spongy material, made by partially decomposed plant
materials. Continued decomposition of peat converts it into brown coal Of
lignite then into soft coal or bitumen and finally into hard coal known 83
anthracite in which conversion of carbon is almost complete. Anthracite
is the hardest form of coal.
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The Carbon Contents and Energy Values

S.No. Fuels Carl?(c)/:n II?aosxsl)tent Em(a;;%}; I\(fg{ue
1. | wood 50.0% 19800 KJ/Kg
2. Peat 59.9% 18700 KJ/Kg
s Lignite 61.8% 20900-25700 KJ/Kg
4, Bitumen 78.7% 32100 KJ/Kg
5. Anthracite 91.0% 32600 KJ/Kg

Carbon also exists as carbon black, which is preduced by heating
methane to high temperature in a limited supply of exygen.

GH, 0, —2=< 3¢ +02H.0

(2
Carbon black

Charcoal is formed when wood is-heated strongly in the absence of
air. It is used to remove offensive odour from air and colours or bad tasting
impurities from water.

Coke is a pure form of carbon, formed when coal is heated strongly
in the absence of air. It is widely used as reducing agent in metallurgical
operations.

In combined state carbon occurs agynatural gas and petroleum. Both
natural gas and petroletim are mixtures of hydrocarbons i.e. compounds of
carbon and hydrogen elements. Carbon also occurs in the form -of two
principal oxides, carbon monoxide and carbon dioxide in the atmosphere
and also as metal carbonates in the earth’s rocks. The most common
carbonate rock is calcium carbonate (CaCO,) which occurs as marble, chalk
and lime stone. :

In the free state carbon occurs in the following forms.

- 1. Crystalline Fortas:
(@) Diamond (b) Graphite and (c) Bucky balls.

Amorphous Forms: -
(a) Lamp black (b) Wood charcoal (c) Coal
(d) Animal charcoal  (e) Gas carbon.
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12.2 ALLOTROPY AND ALLOTROPIC FORMS OF CARBON

The existence of two or more different forms of the same element i
. the same state is called allotropy and different forms are known as allotropic
modifications or allotropes. The allotropes are different forms of the same
element in the same state. Allotropes possess same chemical properties
but have different physical properties due to different structures or
arrangements of the atoms.

There are three solid allotropic forms of carbon.

(a) Diamond (b) Graphite (c) Bucky Balls

(a) Diamond

Diamond is one of the crystalline forms of carbon. It is found chiefly
in South Africa, Brazil, Australia and India. In pure state, diamond is
transparent and bright. It is the hardest natural substance known. Its
density is about 3.51g/cm®. It has very high refractive index, i.e. 2.45y,
due to which it acquires great brilliance. It is a bad conductor of electricity.
It has very high melting point about 3500°C. Colours in diamond are due
to the presence of some metal oxides as impurities. Diamond may be of
blue, green, yellow, red or black colour. The black coloured diamonds are
called Bort or Carbando which are of inferior qualities and are used for
cutting glasses and for drillings and borings of rocks. Other diamonds are
used as gems and precious stones. Diamond is carbon as it burns on

ignition above 900°C to produce CO, gas.
i Ignition
Diamond (€) + 0, —— 3 (0
900°c = 8

(b) Graphite

Graphite occurs naturally as Plumbago, an : i
found in Siberia, Canada and Srilanka. S A1 Opatie blachigolid ol

Graphite is of dark grey colour ¢ i id wi i

/ rystalline solid with dull metallic

lustqre. It.is soft and greasy to feel.' It is less dense than diamond and has
density abogt 2.2g/cm?. 1t is good conductor of electricity and is used in
the preparation of electrodes. It leaves black mark on paper, so it is used in
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(c) Bucky Balls

Until 1980 pure solid carbon was thought to exist as diamond and
graphite. In 1985 a startling discovery was made by two English researchers
by the vapourized graphite. The mass spectrum peaks corresponded to
clusters of carbon atoms as molecules of 60 carbon atoms (C,,) and
discovered that it is a different form of carbon, namely C,, molecules that
were nearly spherical in shape. They proposed that carbon atoms of C,,
form a ball, exactly like a soccer ball and has a highly symmetric structure.
C,, was named buckminster fullerene or bucky balls in short. Unlike

diamond and graphite the new molecular form of carbon can be dissolved
in organic solvents.

Structure of Diamond:

Diamond crystal is usually octahedral in shape. In diamond each carbon
atom is covalently bonded with four other carbon atoms to give a basic
tetrahedral unit. The crystal lattice of diamond is built up from these basic
tetrahedral units. These basic tetrahedral units unite with one another indefi-
nitely forming a giant three — dimensional molecule Fig. 12.1 refers the
basic tetrahedral unit and Fig. 12.2 refers the giant three — dimensional
molecule of diamond. .

As a result of the strength and uniformity of the bonds, the stable
and the rigid crystal lattice, diamond is the hardest substance known to
man. Because there is no free electron in the crystal of diamond, so
diamond is bad conductor of electricity. The C - C bond length is diamond
is 1.54A° and bond energy for.each C - C bond is 347 KJ/ mol.

Fig 12.1 Fig. 12.2
Basic tetrahedral unit of diamond Three dimensional arrangements
* = Carbon atom of carbon atom in diamond.
== Carbon to carbon
Covalent bond
- 205
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' hite: !
Stru;tu;-: o}fiifzge carbon atoms form flat layers. Each caeron atom in
h't% if linked covalently to three other carbon atoms in the same
grapii ach layer of carbon atoms can be

: to give basic hexagonal ring. E .
L?zigdoasgl z: iwo _ dimensional sheet polymer or la}{er lgtUce. The carbon -
carbon bond length within a layer is 1.42A° which is the bond length

intermediate to a single and a double carbon - carb(?n bond.- The strong
covalent bonds within the layers account for the high melting point of
graphite: However the layers are arranged in parallel, forms one above t'he
other and they are far apart from one another and the two successive

layers are situated at a distance 3.35A°, which are held together by weak

vander waal’s forces of attraction. The inter layer binding energy is very
Thus, graphite 1s very soft

low, therefore the layers slide over one another. Dt
and slippery. Graphite has more open structure, so graphite is less dense

than diamond. .
Unlike diamond, only three of the four valence electrons are held in

definite bond formation. The fourth electron is delocalized over the whole
layer i.e. spread uniformly over all carbon atoms. Due to delocalized electrons,
graphite conducts electricity parallel to the plane of its layers and not

perpendicular to the layers.
The arrangement of different layers in graphite is shown in fig. 12.3.

Fig. 12.3 Layer structure of graphite

Amorphous Forms of Carbon:

The amorphous forms of carbon are not considered as allotropes of
garbon, bt?cau§e X - rays analysis have revealed that they have structures
like grgphlte with the exception of coal, which is mined directly from natur al
deposits, the other amorphous forms can be prepared in various WayS-
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(i) Coal: _

Coal originates from the vegetations of the carboniferous era. It is said
that the decomposition of plants and trees occurred gradually under the
earth in the absence of air and under pressure. CO,,water and methane
were liberated, leaving behind a material, containing high percentage of
carbon. During the process under the earth, the vegetable material was
converted in stages into peat, lignite (brown coal), bituminous coal (soft)
and finally to anthracite (hard coal). Various impurities including, nitrogen,
sulphur and phosphorous may also be present. Coal can be mined at
various depths from the earth surface. Coal is mainly used as fuel.

(i) Coke: _ \

Coke is produced by heating bituminous coal to very high temperature
about (1300°C) in the absence of air to remove all the volatile constituents
present in coal. This process is called destructive distillation of coal. The
other non - volatile products obtained by destructive distillation of coal
would be Coaltar and Coke. Coke is used as fuel and also as reducing

agent in the extraction of metals especially iron. Coke burns in air with no
smoke and leaves very little residue.

(iii) Charcoal’

Charcoal can be produced by heating wood, nut shells, bones, sugar
etc. Wood charcoal is the most common. It is prepared by burning wood in
the limited supply of air. It may contain impurities such as sulphur. It is
mainly used as domestic fuel.

Animal charcoal is produced when animal bones and refuse are heated
in the limited supply of air. It contains high percentage of calcium
Phosphate; Ca, (PO,), as impurity. Animal charcoal is used in sugar
industries to remove the brown colours from cane sugar and also in
decolourizing petroleum - jelly.

12.3 PROPERTIES OF CARBON
(1) Physical Properties:

All the different carbon allotropes are black or greyish black solids
eXcept diamond. They are odourless and tasteless. They have high melting
Point, above 3000°C. They are insoluble in all common solvents like water,
alcohols, acids, petrol, etc. That is why carbon deposits formed during
incomplete combustion of fuels (Petrols) inside motor engines have to be

I'€moved mechanically, this process is called de-carbonization of motor
€ngines.
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2. Chemical Properties: :
Chemically carbon is not very reactive element. All the allotropeg of

carbon have similar chemical properties because they are all chemicauy
identical and combine to form covalent compounds.

(1) Combustion: '
All forms of carbon burn in excess of air (O,) to produce carbon diozide

(CO,) gas.

¢ 4o Ignition , CO

;  AH=-394 KJ/mol
(s) = ~2(g) 2(g)

The combustion reaction is highly exothermic. Due to this
characteristics, carbon in the form of coal, coke or charcoal is usually used

as fuel, giving large amounts of heat.
However in the limited supply of air, incomplete combustion may take

place to produce carbon monoxide (CO) gas instead of CO, gas.
2C*0z1 ———> 2C0

2. Combination Reactions:

Carbon combines directly with other elements such as hydrogen,
sulphur, calcium, aluminium at very high temperature to form addition
products.

: high temp.
() Ce A2ty — CHyg

methane

(i) Ces) +2S e temp'%Csz(l) (Carbon disulphide)

(i) 2C() +Ca g —RELEMR. , coc,

Calcium carbide

(iv)  3C(s) +4Al 5 —NELIEMP. o) ¢ o

Aluminium carbide
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3. As Reducing Agent:

Carbon is a powerful reducing agent because it has greater affinity for
oxygen. It reduces many metal oxides and other oxides into free metals
and other elements. The reduction occurs at very high temperature to
form CO, or CO gas. :

) high temp.

(i) F6203(S) +3C(S) > 2Fe 6 + 3CO ©
Ferric oxide

s high temp.

(i) 2200 +C >2Zn o + (0, :
Zinc oxide

. high temp.
(i) 2Pb(? o T > 2Pb  +CO

Lead oxide

A high temp. |
i)  20u0 o +Cg »2Cu o +CO

) ) 2(g)
Copper oxide
high temp.
(v) Cu ZO(S) - C(S) > 2Cu 6 + CO @
Cupperous oxide
or Copper (I) oxide
high temp.
: HO +C,_, ——CO +H
(vi) 2 (6.2 1000°C @ 28
Water gas
o high temp. 2C0
(Vll) COZ(g) + C(S) (@

4. Reactions With Strong Oxidizing Agents:

Carbon reacts with strong oxidizing agents like hot concentrated nitric
acid (HNO,) and conc. sulphuric acid (H,SO,) and gets oxidized on heating
to liberate CO, gas.

(i) Cis) +4HNO 3(conc) Bt , 00 (g +4NO ) +2H20

(i) Ce +2H 280 4(conc) —@t—>CO 2(g) T 2SO‘Z(g) +2H 20(1)
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Cat?:rtlalgll::is one of the basic puilding block of all living thir}gs. It is
d stuffs, fuels, fabrics, dyes, drugs as well as in house
e most unique properties of carbon

tion is one of th 1niq el
which other elements do not poSSess. Catenation is the ability of the atoms

of carbon to bond itself forming long chains and rin..gs and also to form
compounds containing chains and rings together. This property of carbon

results in enormous range of compounds of carbon.

\
Y

present in our foo
hold items. Catena

—_—

. k' =
(Chain) 7\
(Ring)

Uses of Carbon (Industrial Applications):

Diamonds are used as gems and precious stones because of their
sparkling brilliance, especially when they are properly cut and polished.
Black diamonds which are of inferior qualities are used in drillings, in the
making of instruments for cutting glasses and metals. Its tiny fragments
are used as abrasive for polishing tools.

Graphite is used as lubricant to reduce friction in machines, bicycle
chains and bearings of some motors, because of high melting point, so
graphite lined crucibles are used for making high grade steel and other
alloys. It is good<conductor of electricity and is used for making inert
felectrodes in dry cells and in industrial electrolytic processes such as in the
extraction of Aluminium metal. Mixed with clay it is used in lead pencils.
It is also used as black pigment in paints and as neutron moderator in
nuclear reactions. ‘

Coal and coke are important fuels and source of energy for homes and
industries. In electric power generating stations. Coke is also powerful
reducing agent and is used in the extraction of metals from their oxides
especially in the manufacture of iron and steel. ,

Charcoal is mainly used as a domestic fuel and also as an absorbant
due to large number of pores in its open structure. The absorbing power of
charcoal can be increased by heating it in super - heated steam gé)harcoal
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when treated in this manner is known as activated charcoal which is
used in gas masks for absorbing poisonous gases. Animal charcoal is used
in decolourizing brown - colour sugar in sugar mills. It is also used for
decolourization of petroleum jelly.

Carbon black (soot) consists of finely divided carbon. Carbon is used
in manufacturing of rubber tyres as a filler to increase the strength and
hardness of rubber. It is also used in black shoe polishes, printer’s ink,
type — writing papers, etc.

Carbon fibres are produced by carefully heating fibres of materials such
as poly propenenitrite until they char to form carbon. Carbon fibres are
incorporated into plastics to produce a very light but stiff and strong material.

12.4 SILICON

Introduction:

Silicon is standing midway between metals and non — metals and is a
metalloid. It belongs to IV A group in the periodic. table. It is the second
member of the family just after carbon.®Natural silicates and silica i.e.
sand (SiO,) have been known to be present on the earth since ancient
times. However in 1823 Berzilius isolated silicon as an amorphous solid,
named it silicon derived from the Latin name Silex, means silica i.e. sand.
Silicon is the second most=abundant element found in the earth’s crust
after oxygen. Clay and most of the rocky portion of the earth crust is
composed of silica (SiO,) and silicates. Over the last four decades, silicon
has become exceedingly important in science and technology for making
semi - conductors.

Occurrence: e

Silicon does not occur in the free state, although silicon is widely
distributed in nature. In the combined state it occurs mainly as silicon (iv)
oxide; SiO, (Silica) which is present in various forms. Such as sand, quartz,
flint, kieselguhr, agate, etc. The pure crystalline form is quartz and flint (a
very hard stone), such as opal, amethyst and onyx (gem — stones) and in
less pure forms as sand, kieselguhr, agate, etc. '

In' combination with metallic oxides, like AL,O,, CaO, MgO, K,O etc.,

silicon occurs as complex silicates. The most widely distributed silicates

are those of aluminium. -
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Some common natural s

ilicates are given below with uses in the table.

S. No. Name of Silicate Formula Uses
. K,0.A1,0,65i0, Ceramics, glass, Pottery
1. Feldspar orZKAISzisOB and abrasive
9 Kaolin A1203.8102.2H20 Crockery
(China clay) Hydrated
' K.,0.3A1,0 ,6510,.2H,0 Electricald$Shator
- e o 813010 resistance to high temp
Hydrated '
Talc 3Mg0.4Si0,.H,0 .
4 (Soapstone) Hydrated 2772 Ceramics
5. Aaits Ca0.3Mg0.45i0, Heat insulation.
or Ca MgSi,0,, fire-proofing

There are more than 1000 silicates present in the earth’s crust.

Kaolin and china clay consist of hydrated aluminium silicates.

(1)

Silicon is also prepared by heating a mixture of pure dry sand (Si0,)
and magnesium metal in a fire - clay crucible in the absence of air.

The reaction is very violent and should be performed carefully.

. Dilute hydrochloric acid is then added in the reaction mixture t0
dissolve unreacted Mg metal and MgO formed. The residue left behind

= O“(S)

Sand

+2Mg()

heat Sl

contains amorphous silicon.

Mg, ;) + 2HCI . ) — MgCl

2(aq)

)+ 2Mg0‘s)

- Hl(g)

MgO () +2HCl (49) —> MgCly(ag) +4,0()
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If unreacted SiO, is left, it can also be removed by dissolving it in
hydro-fluoric acid (HF).

Si05(s) +4HF —— SiFy(q) +2H,0

silicon tetra
fluoride
(2) When the vapours of SiCl, are passed over heated sodium or

potassium metal in an inert atmosphere, silicon is produced by the
reduction process.

-+ Qi heat .
(i) SlC14(g) + 4Na(5) =Sl 4NaCI(S)

o . heat . 5
(i) SiClygy+4K  — i +4KCl

(3)  Silicon is also prepared by heating SiO, with .coke in an electric
furnace. This is an industrial method.

heat
SiOW( +2C »Si,°. +2CO
2s) (s) electric furnace (s) (g)
crystals

Properties:

(1)  Amorphous silicon is brown coloured hygroscopic powder, having
specific gravity 2.35.

(2)  Crystalline silicon is grey in-colour, opaque lustrous and octahedral
crystalline solid, with specific gravity 2.49.

(3)  Silicon like carbon is'a non - volatile solid with very high melting
point and boiling point. Its melting point is about 1410°C and boiling
point is 2600°C: |

(4)  Itis hard enough to scratch glass. It is brittle in nature.

(5) It is insoluble in most of the common solvents like water but it
dissolves in hydrofluoric acid (HF).

0) It is poor conductor of electricity at room temperature but its

conductivity increases with the increase in temperature. Due to this
characteristics it acts as semi — conductor.

(7) Silicon dissolves in hot alkali solutions like NaOH to form its silicate
with the evolution of H, gas.

Si+ 2NaOH +H,0 —%— Na,Si0;+2H, .

sodium
silicate
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(8)  When silicon is heated strongly in air, it forms silicon (iv) oxide i.e,

silica (SiO,).

heati i
si +0,  —IoEREE S0y
(s) 2Ag)

Uses: ] alloys to increase their tensile

Silicon is used in bronze and stee
Strer\l/%tr};f. pure silicon is used in making semi — conductors which are 9f
great importance in computers, transistors, splar cells and _elec.troyuc
industries. It is also used for making silicones which are rubber like liquids
or solids that are insoluble in water and chemically unreactive: They are
used as lubricants, water — repellent, electric insulators and are alsp .used
in paints, varnishes and polishes. The important silicone 18 methyl silicone
which is a polymer. '

CH, CH, CH,

Si @) Si @) Si

CH, * ,«H, CH,
(A unit of methyl silicon)

Silicone is also used in the preparation of refractory materials such as
crucible, fire-bricks ete: :

12.5 SILICA (SILICON (IV) OXIDE); $iO,:
Silica occurs naturally in three main crystalline forms namely quartz,
tridymite and crysto balite. The commonest of three is quartz.

Preparation:
(i)Silica is prepared by heating silicon in air or oxygen.

i strongheati .
Sig + Oy gheating Si0,,

It can als'o be prepared in hydrated form as a gelatinous precipitate by
warming sodium silicate (Na,SiO,) with conc. HCI solution

Na,8i0,,, + 2HCI,,, —¥am | 50 H .0 + 2NaCl,,
hydrated silica
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propel'tieS:

silica (Si0,) exists in a colourles: crystaline form when pure. It is a

macromolecular compound with silicon and oxygen atoms linked together
covalently in tetrahedral-basic units.

O O

@) Si O Si O

O O

(SiO, with tetrahedral units)
Because of its structure, Si0, is non - volatile and hard. Its melting

point is about 1500°C. When cooled, it forms glass - like solid, known as
fused silica (also called quartz glass), which has very low coefficient of

expansion and hence is heat - resistant and is frequently used in making
laboratory apparatuses.

Uses:

1.

2

£

Sand (SiO,) is widely used in making mortar, cement, concrete, glass
and refractory silica bricks.

Fused silica (quartz glass) is used in making optical lenses and
prisms, heat - resisting articles, very fine threads of fused silica are
used to suspend component parts in electrical instruments.

Large quartz crystals are used for lenses of optical instruments.
Powdered quartz is used in the making of silicon carbide (SiC), silicon
tetra fluoride (SiF,), sodium silicate (Na,SiO,) and silica bricks for
lining furnaces.

Kieselguhr (SiO,) absorbs liquids readily and is used as absorbent
of nitroglycerine (explosive) in the making of dynamite. It is also used
in medicines for making dry antiseptic dressings.

Sodium Silicate (Na,SiO,), Water Glass:

silic

€paration:

S(?dium silicate is prepared by heating strongly two parts by mass of
a’l.e. sand (SiO,) with one part by mass of sodium carbonate (Na,CO,)

until the mixture melts,

: trong heating ; )
Na,CO, ) +8i0y(s) —2——2Na,Si0; ) + COyy

Itis obtained as colourless glass-like solid with melting point 1090°C.
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Water Glass:
Ives in hot water under pressure to form a viscous

Sodium silicate disso ; ‘
liquid which is known as water glass because 1t looks like ordinary glass,

Uses:
Sodium silicate is used for sizing of paper, for fire-proofing of wood and
used as a filler in saop industries.

textiles and for making glue. It is also
eggs in a solution of water glass to

Eggs are preserved by immersing
blocks up the tiny pores in the egg

form insoluble calcium silicate which
shell and prevents air and germs from entring the eggs thus preserving

eggs from spoiling for very large period of time.
be used for making chemical

A dilute solution of sodium silicate can
gardén in the science fair by students.

Chemical Garden:

Make a dilute solution of water glass (Na,SiO,) in‘a glass trough. Add

some crystals of coloured salts such as cobalt chloride, nickel sulphate,
copper sulphate, ferric chloride etc. Leave them for few days without
touching the trough. You will find your_chemical garden grows with
colourful plants of chemicals. This is because of the formation of insoluble

metal silicates €.g.

24a— +1 q:2- . 1+ -
Cu’'sO, T Na''Si O ~/CuSiQ ) +Na, sof1 2

blue ppt

Silica Jel:

When an acid is 2
like substance known' as jel. T
complete dehydration of this gel by heating,
obtained known as silica jel.

Due to its large surface area, silica jel is used as good
used to absorb gases and vapours. Small bags of silica
medicine packings to prevent the medicines being spoiled by water va

in the atmosphere.
It is also used to recover valuable vapours from industrial effluents

4nd in the refining of petrolium.

turns into a jelly
HQO. On
terial 18

dded in a solution of water glass. It
he formula for this jel is Si0,. 1
a hard porous ma

absorbent. It 'iS

jel are kept "
pours
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SUMMARY

Carbon and silicon are the first two members of IVA group elements
in the periodic table. Both contain four electrons in their valence
shells and normally form four covalent bonds when combine with
other elements.

Carbon exists in three different physical crystalline forms i.e. allotropic
forms, diamond, graphite and bucky balls.

Carbon also occurs in nature in amorphous forms as coal, coke,
lampblack etc.

Diamond and graphite differ in their structures i.e..in the
arrangements of carbon atoms. Diamond is very hard and is bad
conductor of electricity, while graphite is soft and greasy and is good
conductor of electricity.

Diamonds are used as gem stones and for cutting glasses, metals
and for drillings and grindings hard materials: Graphite is used as
lubricants and for making electrodes. Coal, coke, charcoal etc are
used as fuels for burning. In diamond each carbon atom is covalently
linked with four other carbon atoms to give a basic tetrahedral unit
which combine three dimensionally to give a cubic rigid structure of
diamond.

In graphite each carbon atom is covalently bonded with three other
carbon atoms to form basic hexagonal ring layers. The layers are far
apart from one another and are held by weak vander waal’s forces of
attractions. These layers slide over one another, so graphite is soft.
Silicon occurs abundantly in the earth’s crust after oxygen. It is found
as silica (SiO,) and silicates. Most rocks, clays and soils are largely
composed of these materials. .

Silicon is obtained by reducing silica with carbon in electric furnace
and also with magnesium metal. It is widely used for making semi
conductors in transistors, computers, micro chips and similar
electronic devices.

Water glass is sodium silicate (Na, SiO,) which is a useful compound
and is used to get silica jel and in soap industries as filler.
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Fill in the blanks:

(1)

(i)
(i)
(iv)

(v)

(vi)

EXERCISE

electrons in its valence shell and
bonds with other elements.
element in the earth’s

Carbon contains

normally forms four
Silicon is the second most
crust after [

The molecular formula of sand is
The hardest natural substance known is
is good conductor of electricity.

The formula of water glass is

Point out the following statements true or flalse.

(i)

(i1)
(i)
(iv)

(v)

(v1)
(vii)

Amorphous form of silicon is of grey colour.

Silicon is used in computers as semi- conductor.

The allotropes of carbon differ in their chemical properties.
Silica gel is used as absorbent. ,

The driest and hardest type of coal which contains the highest
energy value is anthracite.

Diamond is a good conductor of electricity.

Graphite is used in makinglead pencils.

Choose the correct answer:

(i)

(ii)

(i)

Graphite bars are used in atomic reactors because graphite
is:

(a) Soft solid. (b) Good conductor of electricity.

(c) More reactive than diamond

(d) Slows down the neutrons.

Diamond is used as abrasive because it is:

(a) Hard®  (b) Soft

(c)Cubic  (d) Bad conductor of electricity.

Silicon is most abundently found in nature as,

(a) Silif:a (SiQ?) (b) Silicon carbide (SiC)

(c) sodium silicate (d) Calcium: silicate

China clay is used in making of: '

(a) Glass (b) Electrical insulator
(c) Ceramics (d) Crockeries

Fused Silica which is also known as quartz glass is used for
making; :
(a) Con_crete or cement (b) Silicon carbide

(c) Optical lenses and prisms (d) Absorbent
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(vi)

()
(b)

()

(a)

(b)
(©)

(b)

(b)

(c)

Melting point of sodium silicate is:

(a) 1100°C . (b) 1090°C

(c) 1410°C (d) 990°C

What is catenation? Give chief uses of carbon.

Define allotropy. Discuss chief allotropic forms of carbon.
What happens when the following are heated with coke. Give
reactions. .

(1) Sulphur (i) Aluminium (Al) (iii) Zinc oxide (ZnO)

(iv) Water as steam (H,0) (v) Conc. Nitric acid (HNO,)
Explain with reasons why graphite is a good conductor of
electricity while diamond is not, although both are the true
allotropes of carbon. |

Discuss the structures of diamond and graphite.

Compare the general properties of graphite and diamond and
mention two uses of each graphite and diamond.

Write short notes on the preparations and uses of the
following: '

(i) Charcoal (ii) Silicon

(iii) Water glass (iv) Silica jel. -

How does silicon occurs in nature? |

What are silicates? Deseribe some common silicates and their
chemical formulas and uses.

Give any four physical properties of silicon.
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CHAPTER-13

NITROGEN AND OXYGEN

You will learn in this chapter about:

* Nitrogen, its occurrence and preparation.

* Oxygen,its occurrence and preparation.

* Physical and chemical properties of nitrogen and oxygen.

* Oxides and their classification,normal oxides,peroxides,superoxides
and suboxides.

* Hydrogen peroxides, its preparation,properties and uses.

* Oxidation,reduction reactions,oxidizing and reducing agents.

* (Ozone,its preparations,properties and uses.

* Ammonia its industrial preparation by Haber’s process, properties,
uses and ammonia fountain. '

* Nitric acid and its industrial preparation from NH3 by Ostwald’s
method, properties and uses.

* Aqua regia and its importance as solvent.

INTRODUCTION
1. Nitrogen:

Nitrogen was discovered in 1772 by a Scotish Botanist, Daniel
Rutherford. However Chaptal later named the gas nitrogen because it was
found in nitre (Potassium nitrate KNO,). It does not sustain combustion of
life.

Nitrogen is the most common gas present in the atmosphere and tbe
tenth most abundant element in the earth’s crust. Like carbon, nitrogen 13
one of the major building blocks of living things.

Nitrogen belongs to VA group in the periodic table and is the first
member of the family, containing five electrons in its valence shell with
electronic configuration given as. :

2 5

N=7=K, L
Occurrence:- Nitrogen occurs in the free state as N, gas in air up to 780./0
‘py'volume and 75% by mass of the earth’s atmosphere. Free nitrogen in alr
is important because it dilutes the oxygen to the point where combustio™

respiration and oxidation processes are reasonably slow. In the combin®
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state nitrogen occurs aln)undantly in the earth’s crust as nitrates of sodium,
calcium and potassium as well as ammonium salts such as ammonium
sulphate, (NH4),SO,.In combined state nitrogen is also found in organic
matter such as proteins, urea and vitamin B compounds. Thus the
appfopriate nitrogen compounds must be present in animal diets and plants

fertilizers for the growth, repair and maintenance. Proteins occupy an
essential place in the structure of all living things.

2- Oxygen:

Oxygen was discovered independently by Scheel in1772 and Priestley
in 1774. However Lavoiser was the first to describe the major properties of
the newly discovered gas. He arrived at the conclusion that burning is a
chemical reaction between the combustible substance
and oxygen gas. He gave the Greek name Oxygen to the
gas which means acid producer because all acids
contained oxygen as major constituent. It is the most
essential substance for all living things.Oxygen belongs
to VIA group of the periodic table. It is the first member
of this family. It contains 6 electrons in its valence shell
with electronic configuration given below:

2 6 l
0=8=K,L

Occurrence:

Oxygen is the most abundant element on earth. It occurs in nature
both in the free state as well as in combined state. In the free state oxygen
is present as diatomic gas (O,) in the earth’s atmospheric air upto 21% by
volume and about 33% by mass as dissolved air in water. In the combined
state, oxygen accounts for nearly 50% by mass of the earth’s crust, the
oceans and the air. It constitutes about 88.8% by mass of water (H,O)
present on the earth’s surface, which is the most abundant compound on
carth. It is present in silica (Si0,), silicates, carbonates and oxides of both
Mmetals and non-metals, which make up rocks, clays and sand. Even the

human body is-made up of about two thirds by mass of oxygen in the
Combined states.

13.1 PREPARATION OF NITROGEN
13.1(a) From Air:

The only important commercial method of producing nitrogen gas is ‘

S

the fractional distillation of liquid air. In this process air is first liquefied to

form liquid air, which is then fractionally distilled. Air liquified by successive
0mpression and expansion. '
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Fractional Distillation of Liquid Air: o |
Clean air is compressed and then cooled by refrigeration, upon

expanding the air, the air further cools and liq}le_ﬁes. The liquid air is
" filtered to remove carbon dioxide solid and then distilled fig 13.1. Nitrogen

‘is the most volatile component, with boiling point-1960C, distill over. Argon
which boils at-185.7°C, is removed from the middle of the column and

liquid oxygen, the least volatile component with boiling point- 183°C collects
at the bottom of the column.

. el Fractionating
Compressor _—E'_| L— |_]column
e
__I' l—_l| : Nitrogen
I———Feed air = e Gas:
Refrigeration — |___]' ::
Unit e
Expansion Nozzle 1 L—Or_—— Argon
1 o\ Gas
ma |——1 L
L ‘——1 L
RS Lﬁ L
- — — |
b, = S
""""" == Oxygen
Filter e

Fig. 13.1 Liquefication of air and fractional distillation of liquid air

13.1(b) In Laboratory:

Pure nitrogen in the laboratory is p'repared by heating ammonium
nitrite which thermally decomposes to give nitrogen gas. Ammonium nitrite
is first obtained by reacting-ammonium chloride with sodium nitrite.

(a) Formation of ammonium nitrite
(b)  Preparation of N,

NH,NO, — 5 Nyyt+2H,0,

Ammonium nitrite

Physical Properties:
~1- Nitrogen is a colourless, odourless and tasteless gas.
2-  Pure nitrogen is slightly soluble in water. Two volumes of the gas

dissolves in 100 volumes of water at room temperature.
3- It is slightly lighter than air. -
4- Its boiling point is -196°C, while melting point is -210°C.

222

Scanned with CamScanner



- |

Molecular nitrogen (N,) is unreactive because of strong triple bond
petween two nitrogen atoms (N=N). The bond enthalpy i.e. the bond
dissociation energy of N, is-about 941 KJ/mol which is very high. When
substances normally burn in air, they combine with oxygen only, although
air contains 78% nitrogen by volume. However at very high temperatures
and pressures, nitrogen combines directly with hydrogen, oxygen and
metals like magnesium to form compounds.

(a) With hydrogen:

450°C/200-250 atm
Nyt 3Hyy — = 2NH,
Catalyst

(b) With oxygen: Nitrogen combines with oxygen at about 2000°C to
from nitric oxide (NO).

, 0
Nyg + Oy —20°c | 2NO,

(0) With magnesium: Nitrogen combines with magnesium directly on
heating to red hot to form magnesium nitride.

<

Isolation of Oxygen: 6 _
_ Oxygen is isolated by the fractional distillation of liquid air just like
Nitrogen, as we know oxygen forms 21% by volume of air.

(1) From Air:
: The isolation of oxygen from air involves two steps, namely (i) Liquefication
ofair and (ii) Fractional distillation of liquid air.

) Liquefication of Air: |

Air in the gaseous form is first passed through caustic soda to remove
;:0002 Present in air. It is then compressed, under very high pressure about
2 idE;tmosphere in the compressor, then cooled and allowed to expand
10‘1: ¥ through a nozzle. The sudden expansion of air into a region of
comer Pl‘e.ssure causes the air to cool even further. ’Ithe process of
s Pression and expansion are repeated over and over again due to which

Perature falls upto-200°C at which air liquefies.
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i illati iquid Air:
(ii) ?;acl?ciﬁglali)ris;ﬂtlg;lo?e gft(l)ﬂ: fractionating column through a filter
in order io 3emove the traces of CO; SO(l)ld if left behind. Or'l dlStﬂl.atlon
nitrogen with lower boiling point of -196 Q, evolves ﬁTS.t_ éeavmg ’t?ehmd a
liquid very rich in OXygen. Further heating turns hq}ll argon into gas
which boils out at -185.7°C and passes off from the middle of the column
and liquid oxygen, the least volatile component in the air tl}rns into oxygen
gas at _183°C. Oxygen gas is dried, compressed and stored in steel cylinderg

under a pressure about 100 atmosphere.

(2) In Laboratory: : .

Oxygen can be prepared in the laboratory by heating potassium chlorate
mixed with little mangnese dioxide, MnO, which .acts as a catalyst, the
decomposition reaction takes place at lower temperature and at much faster

rate.

Physical Properties:
1- Oxygen (O,) is a colourless, odourless and tasteless gas.
2- It is neutral to moist litmus paper.
3- It is slightly soluble in water only about 2% by volume at room

temperature. However this solubility is of vital importance for the
existence of aquatic life.

4-  Gaseous oxygen is about 1.1 times denser than air.
5- It liquefies at-183°C and solidifies at -225°C. |

Oxygen reacts with metals, non-metals and other compounds directly-
() 2Cayt O,y 2 5 2CaQ,
(ii) ,4Dig + Ogy —heat 2Li,0
(Lithium oxide)

(fii) S + O, —ignition s SO,
(iv) Cg+ O,y —iguition COZ(g}
W0 Chln 20,y om0, + 98,0,

.
29 ——=10 5 280, + 2H,0,,

+
70,4 —heeL 2Fe203(s) + 4S0

(vi) 2H,S, + 30

- (vii)  4FeS,
2@
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Oxygen is chemically very reactive it combines readily with all other
elements except noble. gases and halogens to form its binary compounds.
The binary compounds of oxygen with metals and non metals are called as

oxides.
Example Cao’ Fe2035 CO2: HQO, etc.

Classification of Oxides:
On the basis of valence number or oxidation state of oxygen, ox1des

are classified into several groups, namely normal oxides, peroxides, super
oxides and sub oxides.

(1) Normal Oxides:

Normal oxides are those oxides in which oxygen shows normal
oxidation state or valence number -2.

Normal oxides are further classified into four types on the basis of
their chemical characteristics.

(a) Basic oxides. (b) Acidic oxides. }
(c) Amphoteric oxides and. (d) Neutral oxides. ?

(a) Basic Oxides: ‘

The normal oxides of metals are the examples of basic oxides
For example:

Most of these oxides are soluble in water and produce their
hydroxides and turn red litmus blue.

Na,0y + H,0,) — 2NaOH
CaO, +H,0, —, Ca(OH),q

They also react with acids to form salts and water.

MgOy, + 2HCl,; —— MgCly,, + H,0
Cao(s) 3, 2HNoa(aq) — Ca (NOj)yuq +'H2Om
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(b) Acidic Oxides: »
The normal oxides of non-metals are generally acidic.

For example:

Syt Oy — SOy
Cy+ Og — COug

Nz(g) + 202(8] —_— 2N02(g) etC.

These oxides react with water to form acids which turn blue litmus

red.
SOz‘g) + HzO(]) ) HQSOG(ﬂq)
_ sulphurous acid
CO,g + Hy0y —— HyCOyg
carbonic acid
N205 e HQO(]] _ 2HNO3(ﬂq)
nitric acid

Acidic oxides of non-metals react with alkalies to form salts and water.

COyy + 2NaOHyy — Na,COjqq + H Oy
Soa(gj 5 QKOH(aq) o KQSO4(nq) + HZO(I)

(c) Amphoteric Oxides:
Oxygen with less electro positive metals just like aluminium, zinc,

tin etc. form oxides that possess dual characteristics i.e acidic as well as
basic. These oxides are known as amphoteric oxides.

For example:
4A1(5, ;) 302(@——) 2A'l203{s)
2Zn + Oyy —— 2Zn0,

Amphoteric oxides can react with acids and alkalies té form salts and

water.
(i) With Acids: Amphoteric oxides react wi ' Al ike
bases to form salts and water. th acids, behaving just liK

AL, O, + 6HCl(uq, —_ 2A1C13(aq) + 3H20{n
Zn0Og) + HyS0449 —— ZnSO,,, + H,0,,
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(i) With Bases: Amphoteric oxides react with alkalies behaving just
like acids to form salts and water.

A1203(Sj * 2NaOH[aq)_—) 2N8A102(aq, + HQO(])

Sod aluminate

ZnO, + 2NaOHtaq) — Nazznoz(aq| + H,0

sod zincate

(d) Neutral Oxides:

Neutral oxides are neither acidic nor basic. They are neutral to litmus
in aqueous solutions, for example, oxide of hydrogen i.e. water (H,0), nitric
oxide (NO), carbon monoxide (CO) and nitrous oxide (N,O).

(2) Peroxides:

Peroxides are oxides containing higher proportion ‘of oxygen as
compared to normal oxides. In these oxides, oxygen ha% an oxidation state
or valence number-1. They contain peroxide ion (0-0) and examples are
sodium peroxide (Na,0,), barium peroxide (BaQ) and also hydrogen
peroxide (H,0,). They produce hydrogen peroxide with acids.

Na,O,, + 2HCl,, — 3 2NaCl, &0,

aqg)
(3) Super oxides:

The elements of IA group petassium, rubidium and caesium form
Super oxides. These contain more-oxygen than peroxides. In these oxides,

OXygen has an oxidation state or valence number -0.5 or —% . They do

not produce hydrogen peroxide with acids, rather they show the tendency
to release oxygen (0,)-on heating and are powerful oxidizing agents.

For example: Potassium super oxide (KO,) rubidium superoxide (RbO,)
and caesium superoxide (CsO,).

(4) Suboxides: suboxides have less quantity of oxygen than the normal
;dees. They are unstable. Very few suboxides are known.
Or example: Carbon suboxide (C;0,)

:'IYDROGEN PEROXIDE (H,0,)
ntroduction:

H Oxygen can combine with hydrogen to form two major hydrides,
lelo (Water) and H,0, (hydrogen peroxide). The most common one is water.
enard was the first to prepare hydrogen peroxide by the action of dilute
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Ba0,). He discovered that hydrogen

arium p tom in its molecule than water (H,0)

sulphuric acid on b
; ' ne more oXygen &

peroxide contampd 0
and thus called it as

PREPARATION p

1) Laboratory Method: :

L Hydrogen peroxide is usually prepared in the laboratory by the action
s of certain metals, especially on

of dilute sulphuric acid on the peroxides ol C '
parium peroxide (BaO,). Barium sulphate is insoluble and can be easily

removed by filtration and pure H,0; is obtained.

H,SO04uq * BaOsyy — BaSOy + H2029

(2) Industrial Preparation:
Hydrogen peroxide on large
oxidation of isopropyl alcohol. (i.e.
pressure.
O

scale is usually manufactured by the
Propan-2-ol) with-0Xygen under reduced

CH3"C|H'CH3"|+OQ(E) _—_)HQOZ(” T CHs'C'CHs(l)

OH
Isopropyl alcohol hydrogen peroxide  acetone
- The §olution of hydrogen peroxide obtained can be concentrated by
redistillation under reduced pressure. Hydrogen peroxide i8 easily
decompos<?d by light so it should be stored either in smooth dark glass
bottles or in smooth aluminium containers.

Physical Properties:
é- f’urg hydrogen peroxide is a pale blue syrupy liquid.
3. t'mixes with water to give solution which is slightly acidic
" Its boiling point is 150°C but it boils with decompositio™ .
freezes at about -0.9°C,

Chemical Properties:

| .

(1) g;gr‘ :Ly;rogen peroxide is exposed to air, it decom
oxygen. The decomposition is exothermic.

poses to form™

2H cxposure
his

In the
rate ©

deCOmpo 143 .

sition in .

decomposition i creases. However in the presence of glycerin®
_ 18 retarded i.e. slowed down
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(2) (a) As Oxidizing .Age.nt:

Hydrogen peroxide is a common oxidizing agent, usually in the form of
aqueous solution with 3"_/0 H,0,. The advantage of H,0, over other oxidizing
agents is that in most of its reactions, it is converted into water (H,0).

Hydrogen peroxide is a strong oxidizing agent because it can readily
donate oxygen or accept electrons.

(i) HOpy —— H,0p + O (donation of oxygen)

atomic oxygen .

(i) HyOp +2H +2e” __, 2H,0, (acceptor of electron)
Séme of the examples of H,0, as oxidizing agent are givén below:
. 2Klieg + Hy0; + HoSO4g —— K;SO04uq + 2H,0 #lq

(ii)  If H,S gas is bubbled through H,0, solution, yellow precipitate
of sulphur are obtained by the oxidation<of H,S.

1
i
|
|
|
]
|
|
il

HQS(g) aF HQOz{an — S(s] + 2H20m
yellow ppt

(b) As Reducing Agent: _ :

Hydrogen peroxide in the form of aqueous solution with 3% H,0, N |
can also behave as a reducing agent. When it reacts with more, powerful |
oxidizing agents, it is converted into gaseous oxygen. In these reactions |

H,0, gains electrons or donates oxygen. ‘
e.g. Hydrogen peroxide reduces acidic potassium permanganate it

solution, decolourizing the colour of KMnO,. I

2KMnO, g + 3H,S04uy # 5H,0509 — K2S04agt2MnS04q +8H,0) +50,

Similarly it reduces chlorine to hydrochloric acid and O, gas is given off.

ClL, + H,0,q —— 2HClyg + Oy
Oxidizing agent Reducing agent

Uses:;
(1) As antiseptic: Hydrogen peroxide is used as a mild antiseptic in
- 'mouth wash as well as for cleaning wounds.

() As bleaching agent: Hydrogen peroxide is used as bleaching agent
in bleaching delicate materials like silk, wool, feathers and human
hairs which are usually damaged by’ other bleaching agents like
chlorine, sulphur dioxide etc. It removes unwanted colour from
fabrics, hair or other materials.
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gs: Liquid H,0, is used for restoring paintings,
lead carbonate (PbCO;) when exposed tq
to exposure to atmospheric H,S, PbCO, is
de, (PbS). The treatment with H,O, oxidizes

lead sulphide into PbSOs, thus the.white colour is _re.stored,

(4) As fuel component: Liquid H,0, 18 used for prov1d.1ng oxygen for
burning fuel in space rockets. It is also used for burning diesel oil in
engines of submerged submarines whlch can not use air. .

(5) Other uses: It is used in the preparation of cpmpougds like sodium
chlorate (III): NaClO, and some organic peroxides which are used for

initiating polymerization reactions.

13.3 OXIDATION AND REDUCTION
Introduction:

Have you ever noticed corrosion at the terminal of an automobile
battery or rusting of an iron piece? We call corrosion or rusting of a metal.
into a metal compound by a reaction between metal and some substance
in its environment. The most common corrosion reactions involve oxygen,
water, acids or salts as reactants and the processes involved are oxidation
reduction reactions.

Oxidation reduction reactions involve two opposing but
complen}entgry processes. These processes can never occur singly, that is
every oxidation must necessarily be accompanied by its opposing process
red.uctlon and vice versa. Due to this reason oxidation reduction reactions
Wh.lCl"l now usually abbreviated as Redox reactions. Before coming to redox
react19ns, the terms involved .oxidation, reduction oxidizing agent and
reducing agent must be clearly defined. ,

(1) Oxfdatfon: Oxidation can be defined in a number of ways as:

(a) Ox'ldatlon as addition of oxygen:

otter cleryeofbe ol Bt oL B ceveen ol Sc AN
burning of magnesium, carb > pr().duc.e oxides. The rusting of 1rof
e : on etc. in air. Thus addition of oxygen !

Exagdples: (1) 4Fe, + 30

(3) Restoring Paintin' .
Lead paints containing
atmosphere blacken due
converted into lead sulphi

29— 2Fe, 0y
‘s Ferric oxide
(i) 2Mg, + Oy, 2MgO,
Magnesium oxide
— COyy
Carbon dioxide

20— 2NOy,
Nitirogen peroxide or ni

i) Cy + O

v  2NO, + 0
trogen dioxide
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(b) Oxidation as removal of hydrogen:

Oxidation gs also the process in which the removal of hydrogen occurs
from a compound.
Example:

(i) }|{2S(g) *Chy —s ?(s, + 2HCI

(i) MOz *+ 4HCluy . —s MnCly + Clyg + 21,0y

Oxidation as removal or loss of electrons:

Oxidation is also defined as the process or a reaction which occurs
by the loss or removal electrons. This definition gives a broader view of
oxidation.

Example:

i) -Sn, — Sn™ +2e
() Sn* __, Sn* +2¢

(i) Al, — A+ 3€

(2) Reduction: _
Reduction is the process or a reaction, just opposite to oxidation.
Reduction is defined as a chemical process which involves:
(@) Removal of oxygen from a substance.
(b)  Addition of hydrogen. '
(c)  Gain of electrons by a substance.
(a) Removal of oxygen from a substance:
Reduction means the removal of oxygen from substances
For example:

CuO(s, + Hz(g] = Culsl it H2O(“

In this case the donor of oxygen i.e CuO is oxidizing agent while the
acceptor of oxygen (H,) is reducing agent. CuO is reduced to Cu while H,
18 oxidized to H,0.

(b) Addition of H, (hydrogen): ,
Reduction also means addition of hydrogen in a substance.
For example:

reduction
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[n this reaction Cl, adds hydrogen to form HCI, is the reductiop
is oxidizing agent because it removes hydrogen from H,S whyije

rocess. Cl : .
P 2 t because it supplies hydrogen. H,S is oxidized in the

H,S is reducing agen
process and Cl, is reduced.

(c) Gain of electrons:

The process or a reactio
called reduction. The substance t
acts as oxidizing agent.

For example:

(i) Al +3e L)

n in which a substance gains eleétrons is
hat gains electrons is reduced, but it

{)- 2H 26 = =, Hy

When Zn metal reacts with aqueous solution of H,SO, to form Zn”
ions and H, gas.

H;SOi ———"2H+ SO*

4
Lhgy - —— Zn” +2e"  (oxidation): reducing agent
2H 9 t 26— Hy, (reduction): oxidizing agent

+2H" 2+ ; ; ; ’
Zngyt2H ) — Zn", + Hyy (reduction-oxidation reaction) or
Net reaction

The most concise definition i i i ' is 1
s of reduct1on, oxidation reactions 18 111
terms of the electron transfers.

Definition:

Oxidation is defined as the reaction or process that ta.kels place by

the loss of electrons and reduction i
uction is defin i cess
that takes place by the gain of electrons. e e e

Oxidizing and Reducing Agents:

B b . |
becausfe1 i(t)tl:él;g;n iﬁducnon reactions, the substance which is oxidized
agent. Similarl tﬁ =] ls)ubStance to be reduced and is called as reduciné
S y the substance which itself is reduced and causes t

ce to oxidize is called as oxidizing agent '

Deﬁm;i:llllb(:::lildizing. And Reducing Agents):

agent and itgelf CZ ghlc(lil accepts or gain electrons is defined as an oxidizin®

electrons is deﬁg d reduced. Whereas a substance that loses or doP
ed as reducing agent and itself gets oxidized.
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For example: ‘
Let us see the following reactions.

In this reaction NH; oxidizes to N, (oxidation, loss of hydrogen) so it
is a reducing agent (NH,).

NO reduces to N, (Reduction, loss of oxygen)

So NO is oxidizing agent.

In this reaction H,S oxidizes to S (Oxidation, loss of hydrogen)
So H,S is reducing agent.

Cl, reduces to 2HCI (reduction, gai?x of hydrogen)
- So Cl, is oxidizing agent. o
In terms of loss and gain of electrons, it can be described as,

H,S ——— 2H" + 8> and HCl ———a\H' +.C1

_—
ST TR S NE (reducing agent)
Cl,+2e 2C1 (oxidizing agent)

13.4 OZONE

Introduction:

Ozone is a pale-blue poisonous gas with a sharp, irritating odour. It
is an allotropic form of oxygen with molecular formula O,. Ozone was first
discovered by Schonbein in 1839. However in 1886 J. Soret demonstrated
that Ozone (0,) was actually an allotrope of oxygen (O,).

Occurrence:

In nature ozone is formed from atmospheric oxygen by 1i§htening
flashes, however ozone is very unstable dissociates readily forming reactive
0Xygen atom.

M —,0,+ Oy , AH=-107KJ/mol.

atomic oxygen

Ozone exists in a layer at a height of about 20 kilometers above the
farth where it is believed to protect the earth’s surface from too much
ultra viplet radiation of the sun. Very small amount of ozone is produced
around electrical machinaries when they are in operations.
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Preparation: ) et
‘Ozone can be prepared from oxygen by passing electric discharge

through oxygen gas. It is necessary to use silent discharge because sparking
would generate heat energy which decomposes ozone produced.
The apparatus used for converting oxygen into ozone is known gg

Ozonizer. |
3 02(8) electric discharge y 2 O 3

Oxygen Ozone

~ Physical Properties:
1-  Ozone is a pale-blue gas at ordinary condition,
2-  Ozone has characteristic smell which is sharp irritating like

Cl, gas.
3-  Ozone is very poisonous gas at concentration 100 parts per

million (ppm). Exposure to 0.1 to 1l ppm in air produces
headache, burning of eyes and irritation to the respiratory
passages.
4-  Pure ozone can be obtained as blue liquid by cooling ozonized
oxygen to -112°C.
<5- It is only slightly soluble in water but dissolves in turpentine
oil readily. 2

Chemical properties

Ozone is chemically more reactive than ordinary diatomic oxygen
(0,). .It acts as powerful oxidizing agent because O, dissociates readily
forming reactive oxygen atoms: '

Osg — 0y + Oy AH= -107 KJ/mol.

atomic oxygen

Ozone oxidizes lead sulphide (PbS), hydrogen sulphide, sulphur dioxide

and potassium lodide in acidic medium [ : i
(i) With PbS iberating oxygen (0,) 8

PbSy + 405y —, PbSO,, + 40,

(ii’ Wi th H2 S lead S'L'llphate

HQS(E) + 203(9 T sto4(aq) + Oy
'(iii) With SO, sulphuric acid
sulphur trioxide
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(iv) With KI
2Kljuq + Ogig + HSO4y —— K2804(aq]+12(aq] + Hy,Oy + Oy i
ionic form y
Uses: :
Presently the uses of ozone as an industrial- chemical is relatively
limited.

(1)  Ozone is sometimes used in treatment of domestic water in place
of chlorine. Like chlorine it kills bacteria and oxidizes organic
compound present in water.

(2) Itis used as bleaching agent because all oxidizing agents are also

good bleaching agents.

(3)  Ttislargely used in the preparation of pharmaceuticals, synthetic

lubricants and other commercially useful organic compounds.

Ozone is an important component of the upper atmosphere, where it :
serves to screen out the ultra-violet radiations of the sun. In this way |
ozone protects the earth from the harmful effects of high energy rays. For
this reason, depletion of ozone layer is a major scientific concern, now-a-
days. But in the lower atmosphere ozone is considered as air pollutant |
because of its oxidizing power, it causes damage to living systems. |

13.5 COMPOUNDS OF NITROGEN (AMMONIA AND NITRIC ACID)
(1) Ammonia (NH,): i

Ammonia is a very important chemical in industry. In nature ammonia
is produced during the decayof nitrogenous matter in the absence of air.
As a result small traces of ammonia may be present in the air. Due to
great solubility in water, it rapidly dissolves in rain water and finds way
Into the soil where it is converted into the different compounds.

Preparations:

(1) In the laboratory ammonia is prepared by heating ammonium salts
usually -ammonium chloride (NH,Cl) with slaked lime i.e. calcium

hydroxide. I

| Reactjon: i
2NH,Cl, + Ca(OH),, b, CaClyy + 2H,0 + 2NH,, |

ammonia ;

N Slacked lime is chosen because it is cheep and is not deliquescent like
A0H. Note that both the reactants are solids, so they should be thoroughly
8finded in order to provide the maximum surface area for the reaction.
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(2) Industrial Preparation:

Haber-Bosch process: .
On large scale, ammonia was manufactured by the direct combinatigp

of nitrogen and hydrogen from Haber-Bosch process. Firtz Haber in 190g
worked out the reaction conditions for the combination of N, and H, t
make ammonia and Carl Bosch did the necessary engineering work requireq
in the process and transferred Haber’s laboratory studies into commercia]
manufacturing process of ammonia. For this work Haber won the noble
prize in chemistry in 1918.

In this process a mixture of pure nitrogen and hydrogen in the ratio
1:3 by volumes is allowed to react. The basic problem in ammonia synthesis

is that it is a reversible reaction and can be described as:
R

Ny + 3Hy, 004500/2003508tm - 2NH,, ; AT ~92 KJ/mol
> Fe,0,.AL0,K,0

To get maximum yield of ammonia, the optimuin condition of
temperature should be 400-450°C, that of. pressure should be 200-250
atmosphere and the appropriate catalyst Fe,O, (Ferric oxide) with small
amount of ALO,, Ca0, K,O are required. Ammonia thus obtained is liquefied
by coo}ing, the unused gases are recirculated over catalyst for further
formation of ammonia. Millions of tons of ammonia are p.repared annually
by this method fig 13.2 describes, the industrial preparation of ammonia
by HabeI’s process. Tron catalyst Water

(500 ‘
)

I
| A
0 [T

H,+N TRt
2 2 Dryer and Camyst h Ry
ey chamber - "~ Ammonia solution
ﬁg. 13 9 ; Absorption Tower
Activity: 2 Haber’s process for ammonia
For th(A?moml Fountain)

e fo : S
ammonia and then e S IONa fountain, il the fask with €T
beaker of water containing fee flask to make its long tube dipped “Lr int0

W drops oi: pbenolphethalein.. Add wat ate?
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A fountain of pink colour is created because phenolphethalein turns pink
in basic ammonia solution. You can place this fountain in science fare.

Fountain (Water turns pink)

Water with phenolphethlein

Fig. 13.3 Fountain experiment

‘Physical Properties:

1-  Ammonia is a colourless gas with a characteristic pungent smell.

2-  In large quantity, ammonia is poisonous because of its effect on
respiratory system.

3-  Itis highly soluble in water about 1300ml dissolves in 1ml of water
at 0%. Its solution is alkaline as'it turns red litmus blue.

4-  Ammonia is easily liquefied into a colourless liquid at ordinary

. temperature by compression. :
5- A concentrated solution of ammonia, commonly known as 880

ammonia and hasa density about 0.880g/cm’ and contains 35%
by mass of ammonia.

Chemical Properties:
(1') Reaction with water: Ammonia is very soluble in water and reacts
With water to form, ammonium hydroxide. »

NHgy + H,0,, —, NH, OH,

Due to the ionization of NH,OH, hydroxide (OH') ions are produced

N water, therefore it gives alkaline solution.

l On warming aqueous ammonia solution, ammonia (NH;) gas is
berated, Thus ammonia gas can easily be collected by warming ammonia

Solution in water (NH,OH).
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Reaction With Oxygen: : .
(2) Ammonia does not burn in air but it burns readily in oxygen iy

- greenish yellow flame to form nitrogen gas and water vapours,

4NH3(g) f 302(g] —Jeniton 2N2(g) * 6H2O(g)

However in the presence heated Platinum (Pt.) ca?alyst ammonia regctg
with excess of air (oxygen) to produce nitric oxide i.e. Nitrogen (II) oxida

(NO) gas instead of nitrogen gas.

Pt Catalyst

4NH;y + 50y — e 4NQy *+ 6H,0y

600°C

(3) Reaction With Acids:
Since ammonia is a base, so it reacts, with acids to form ammonium

salts.
2NH3(g) ] HQSO4(an _— (NH4)ZSO4(aq)

ammonium sulphate

NHyg + HCl.y ~ —— NH;Cly,

NH,g + HNOy,, -3 NH, NOsy

(4) Reaction With Chlorine (CL):

When ammonia reacts with chlorine, it first reduces chlorine ©
produce hydrogen chloride and nitrogen. Then hydrogen chloride eacts
with excess of ammonia to produce dense white fumes of ammonia chlorid®

(b) "< 6NH,g + 6HCL, 6NH,CI,,

white fumes

The over all reaction can be described as:

e ammonium chloride 4be
produceg wﬁiie'ls ‘Il €xcess then nitrogen trichloride (NCL) wou!
1S an oily liquid and js dangerously explosive-

NH
3(g) +3C12(g) NCla(l) + SHCI(gj
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(5) As Reducing Agent:
: Ammonia is not a strong reducing agent. However it reduces heated
copper oxide (CuO) to free copper metal with the evolution of N, gas and

water.
3cuo(5) . 2NH3(E] ’_h'ﬂ—) SCU(S] + NQ(g) at SHQO(”

(6) Reaction With Carbon Dioxide (CO,):

Ammonia reacts with CO, at high temperature about 150°C under
pressure to produce Urea (NH;), CO, which is an important fertilizer.

150" C

2NH3(g| + COQ(g) \(NHQ)QCO(S)+H20[II

high pressure ~

urea
Uses:

1- Aqueous ammonia is used in softening of temporary hard water.

2- Tt is used as solvent in launderies for removing grease and oil
stains. ' _

3- Liquid ammonia is used as cooling agent in some refrigerators. |

4- Ammonia is used in the manufacture of nitric acid in Ostwald’s
method and in the manufacture of sodium carbonate (Washing
soda) by solvay process.

5- The biggest use of ammonia is in the manufacture of nitrogenous
fertilizers, like urea, ammonium sulphate, ammonium nitrate,
ammonium phosphate etc.

2- Nitric Acid: (HNO,)

Nitric acid is a very important acid which is used extensively in the
laboratories and in industries. It was first prepared by Glauber in 1685
from sulphuric acid and Potassium nitrate. The early al-chemists used the
acid for separating gold from silver, silver being soluble in this acid while
gold is insoluble. As a result of corrosive action on many metals, the acid
Was previously known as aqua fortis meaning strong water.

Preparations:

Laboratory Preparation:
Nitric acid is prepared in the laboratory by heating solid Potassium

Ditrate (KNO,) with conc. sulphuric acid.

KN03(3) + HQSO4{aq) _ﬁ-—) KHSOq,(aq) + HNOS(g]
potassium nitric acid
hydrogen sulphate
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ratus must be used in this preparation

] glass appa . ;
rmed will rapidly attack corcks, rubber

Note that al .
f nitric acid fo

becaus€ Vapours 0
terials.

and other ma

Industrial Preparation:
Ostwald’s method:

Nitric acid is m'anufactured on large scale by the catalytic oxidation
ia in Ostwald’s'method. In this method ammonia is allowed to
react with excess of air in the presence of platinum, catalyst at 600°C to
produce nitric oxide (NO) gas and steam in the catalytic chamber or

converter. The catalyst is used in the form of gauze. About 96% of ammonia

is converted into nitric oxide.

(2)

thermic, so once started, the heat released

ns the catalytic action at the required
led by passing through coolers

4NHyy +5059 2

Since the reaction is €X0

during the reaction maintai
temperature. The nitric oxide formed is €00

upto 150°C.
Nitric oxide is then mixed with excess of air in oxidation €

produce nitrogen dioxide i.e. nitrogen peroxide (NO,).

hamber 0

Nitrogen peroxide (NO) produced is directly dissolved in water
rption chambe”

pl_roc?uce .nitric acid, liberating nitric oxide gas in the abso
Nitric oxide gas thus obtained is recycled to get more nitric acic:
3NO,, + H,0p —— 2HNOjq + NOy |
Nitric acid obtained from this process is 68% concentrated whic
can be concentrated further by passing over conc H,S0, up t° a8

water

______

Platinum- b = = = = - - :
i et
- i

o | SR

+ air catalys
K cooling NO,
tower =+ HNO,

Figl ,
g13.4 Ostwald’s method for the manufacture of HNOs
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Physical Propert_ies_: |
]-  Nitricacidisa colourless fuming liquid with sharp chocking smell.
It has sour taste. Although it is colourless when pure, it tends to
turn yellowish after sometimes due to decomposition of some
acid into NO, which then dissolves in the acid and turns it .
yellowish.
5. The boiling point of pure nitric acid is 83°C while its freezing
point is -41.6°C. The density of pure nitric acid is 1.52g Jem®.

650/% ordinary nitric acid has specific gravity 1.41 and boils at
121°C. '

3- It is miscible in water in all proportion.
conc. nitric acid is unstable and decomposes in sunlight or on
heating.

4HNO3(C0RC] _!WL) 4N02(g) + OQ(g) + 2H20(1)

SR

Chemical Properties:

(1) Asan acid: Nitric acid is a strong monobasic acid in its aqueous
solution ionizes completely in water as:

HNO3 + HQO : H30+ + NO—3

hydronium ion

It reacts with alkalies, metal oxides and metal carbonates to form
nitrate salts and water.

»

HNO,,, + NaOH,,, ——¢NaNOy, + H;0y

HNO,,, + KOH,, <> KNOg, + HOy

CaOy, + 2HNOzy~ —— Ca(NOy)yqq + HoOy

PbO, + QHNog(aq) — 5 Pb(NOj)auq + HaOy
CaCQyy + 2HNO,,y —— CalNOg)yeqg + COzg + HyO,

NaHCO,,, + HNOsuy —— NaNOgq+COyg+H,0y

Sodium bicarbonate

There are some metals like Mg and Mn which react with nitric acid
% form their nitrate salts with the liberation of H, gas.

Mg + 2HNO;,y —— Mg(Nos)é(aq) + Hyy
Mn, + 2HNO,,, — Mn(NOs)yuq * Hag
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izing agent: s i

(2) :I?t (;gi;:id agtsgas a powerfU1 oxidizing agfant because it is an electroy

pto; rand has nitrogen at its highest oxidation state (+5) and cgy
acce

tion in many ways. ,
under%“c;1 ;'eg;‘; izing property of nitric acid depends upon the following

factors. ‘
(i) Concentration of the acid.

(i) ~ Nature of the reducing agent.

(i) Temperature. . _
Due to these factors nitric acid gives variety of reduction products, such

as NO,, NO, N,0, Ny, HNO,,NH,NO; etc.

(a) Reaction with non-metals:
Hot conc. nitric acid reacts with many non-

into their oxides or oxy-acids and itself is reduced to NO,
Reaction with Carbon: Carbon oxidizes to liberate CO,
with conc HNO;.

C(S) . 4HNO3(an — COQ(g] i 4NO2(g) % 2H20(1)

metals and oxidizes them

gas.
gas on heating

Similarly silicon (Si) oxidizes to SiO,
Siy + 4HNO;py  —2 5 SiO,, + 4NOy +2H,0

Reactiop wi_th Sulphur: sulphur oxidizes first into SO, gas and then
sulphuric acid, on heating with conc. nitric acid.

S(S) =+ 4HNO3(an —_)hm SO2(g) + 4N02(g) + 2H20
Lie = of EROHNGL G S s H,S0,,, + 6NO, + 2H.0y

Roart sulphuric acid ;
eaction with Phosphoro hori¢
: ) : us: Red pho ‘dizes to phosSP
acid on heating with conc nitric acid? R e 3

Py + 5SHNO
) Yag  —hot H;PO,,y +5NO,g + H.O0u

phosphoric acid

. : he?
lodine is oxidized to hydroiodic acid (HIO3) ke

Reaction with Iodine:
heated with nitric acid.

Ig(s) ¥ 10HN03(a ) hot
W o= 2HIO,,, + 10NO, + 4H:0
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Reaction with Metals:

Conc. as well as dil. nitric acid oxidizes many metals. Conc. HNO,
iberates NO, €28, while the reaction of dil. HNO, depends upon the nature
of the reducing agent.

(b)

Reaction with Copper:
Cu(sl a 4HNO3(conca s Cu(Nos)z(aq] +2N02(g) + QHQOO)

3Culsl + 8HNO3(dii| — 3Cu(NO3)2(aq) + QNO[g) + 4H,0
Reaction with Lead:

Pbg + 4HNOgpnq — Pb(NO,)yaq + 2Ny + 2H,0y,

3Pb(5) + 8HN03[dil] _— 3Pb(NO3)2[aq) + 2N0(g) ok 4H20m

Reaction with Zinc:
Zny + 4HNO;ng —2 Zn(NQg)paq + 2NOyge + 2H,0,

4ZI'1 + 1OHNO3(di“ R — 4ZD(NO3)2(aq) + NH4 NO3(aq) it 3H20m

Reaction with Some Reducing Agents:
Nitric acid which is a strong oxidizing agent also undergoes redox
reactions with some common reducing agents like, H,S, FeSO, and SO, etc.

Reaction with H,S:

Conc. nitric acid oxidizes H,S to sulphur while itself is reduced to
N02 gas.

HoSg + 2HNO;3,g — S + 2NOyy + 2H,0,

Reaction with FeSO,:
Ferrous sulphate reacts with conc. nitric acid and oxidizes to ferric

;Lﬂphate in the presence of sulphuric acid. While HNO; is reduced to
O gas.

6FeSO4(aq) + 2HNO, ) + SH; SO e 3Fe,(S0,)3q + 2NO, o + 4H,0,

ferric sulphate

Reaction with S0,:

Sulphur dioxide oxidizes to sulphuric acid on heating with
conc, HNO,. ' e

SO2(g} i+ QHNOS(COHC) __hm_) HQSO4(aq} + 2N02(g) ,
243 i
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s nitrating agent):
(3) Nit:at;ir(:: l;?:r?cﬁzcl:lic(lareads with organi.c compounds like benzep
Hto fe 1a;ce hydrogen atom by the nitro (-NO,) Broup to forp
(CeHe) ‘;e d groduct, nitro benzene (CsHsNO,). The substitution of -No,
;lc?j}t)l?rll organic compound is called BTN

hot
C.H:NO,, + H,0
CeHep * HNOj3conq) —?O-IT‘) 6L L5\~ 2() 2V

Benzene Nitro benzene

AQUATll?lf?ll:b'le metals are like gold and platinum wh_ich are not soluble
in conc. nitric acid. However they are dissolved in a rplxture of conc. HNO3
and conc. HCl taken in the ratio of 1:3. This mixture. is called aqua regia or
royal water. Aqua regia dissolves gold due to liberation of nascent chlorine
which forms gold chloride with it, which is soluble.

nitrosyl chloride nascent or
atomic chloride

NOCl1 Zie oy NO+Cl1
Ay, + 3Cl i o CRELS
gold chloride
Uses:

Nitric acid is an important chemical compound. ke
Large amount of nitric acid is used in the manufacture of fertilizers
Such as NH;NO,, NaNO,, KNO, etc.

Itis used in the manufacture of cellulose, lacquers and smokeles
gun powder. :
It is used in the manufacture of dyes and explosives such ?11
nitroglycerol and trinitrotoluene (T.N.T) which are POW¢'
explosives. | N
4- It is used as a powerful oxidizing agent in the productio”

important polymers like nyl
S- Itis used as | ylon and terylene.

; aboratory reagent
It is used as Ty reagent.

i regi?
X nitratin agent . mation Of aqua
which dissol g agent and in the for

. hing
desi Ves noble metals and also for producing o
€S1gNs on copper plates.
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SUMMARY

Nitrogen is present up to 78% by volume in the earth’s atmosphere.
It is chemically unreactive. Free nitrogen in air is of great importance
pecause it dilutes oxygen in the air to the point where combustion,
respiration and oxidation processes are comparatively slow. It is mainly
used in the manufacture of ammonia.
Ammonia is manufactured by the direct combination of nitrogen and
hydrogen gases by the Haber’s process. Ammonia can be obtained in
the laboratory by heating ammonium salts with a base specially with
slaked lime; Ca (OH),
Oxygen is the most abundant element on the earth. It occurs in nature
both, in the free as well as in the combined state. In the free state
oxygen (O,) is present in the earth’s atmosphere upto 21% by volume.
In the combined state oxygen accounts for nearly about 50% by mass
of the earth’s crust. Water contains oxygen about 88.8% by mass and
it is the most abundant compound on the earth. Oxygen is essential
and vital for life on earth.
Nitrogen and oxygen are isolated by the fractional distillation of liquid
air. At-196°C nitrogen gas boils out from liquid air while at -183°C
oxygen gas boils out from liquid air.
In addition to respiration, combustion, oxygen is also used for water
purification, steel manufacturing and for bleaching purposes. Oxygen
combines with other elements except noble gases to form oxides.
Oxides are classified on the basis of oxidation states or valence
numbers of oxygen into four categories, namely normal oxides,
peroxides, super oxides and sub oxides. Normal oxides are further
classified on the bases of their chemical characteristics into basic,
acidic, amphoteric and neutral oxides. Most of the metallic oxides are
basic, oxides of non-metals are acidic, oxides of certain metals like
zinc, aluminium and tin are amphoteric in nature i.e possessing both
basic and acidic characteristics. Some oxides of non-metals are
Neutral, having neither basic nor acidic characteristics, such as water
EI(‘:%?), nitric oxide (NO), nitrous oxide (N,O) and carbon monoxide
Oxygen combines with hydrogen to form not only water (H,0), but
S0 peroxide; H,0, hydrogen peroxide. Hydrogen peroxide is obtained
by the action of dilute sulphuric acid over barium peroxide (BaO,).
O? large scale H,0, is 'produced by the oxidation of isopropyl alcohol
With oxygen under reduced pressure. Hydrogen peroxide is a pale
blue Syrupy liquid. Its solution in water is slightly acidic. It decomposes
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12.

easily in air to literate 0, gas with the formatior.l of H,0. Its
decomposition d down 11 the presence of glycerine. Hydrogen
peroxide is a po idizing agent as well as a bleaching agent. [t

' t for restoring paintings. It is

is used as antiseptic, as pleaching agent =
rockets and submerged submarines

used as fuel component in space |
The reactions in which oxidation and reduction occur simultaneously

are called oxidation—reduction reactions OT redox reactions. A

substance that accepts or gains electrons is known as oxidizing agent
but it itself is red t loses or donates electrons is

uced. A substance tha
known as the reducing agent but it itself is oxidized.
Ozone is allotropic form of oxXygen with molecular formula O,. Itisa
pale blue poisonous gas. Ozone is formed from atmospheric 0xygen
by lightening flashes but it is very unstable. It exists at-a height of
about 20 kilometer above the earth, where it protects earth surface
from ultra violet radiations of the sun. Ozone has a characteristic
sharp, irritating small like chlorine. Ozone is @ powerful oxidizing

agent and oxidizes many chemical compounds.
Ammonia is used to make fertilizers which are mostly the ammonium

salts. It is also used to produce urea and nitric acid.
Nitric acid is manufactured on the large scale from ammonia by the
Ost wald’s process. In this process mmonia reacts with 0xyect in
the presence of platinum catalyst to form nitric oxide (NO), which 8
rqixed with oxygen to produce nitrogen peroxide (NO,). NO,, is the?
d1'ssolved or absorbed in water to form nitric acid. In the Jaboratory
n1'§1(~iic acid is obtained by heating potassium nitrate with conc sulphuri
acid.

Nitric acid is a powerful oxidizing agent and also very corrosive: It
decomposes_in light. It is used to make nitrogenous fertilize"™

explosives, dyes, smokeless gun powder etc.
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EXERCISE
1. (a) Fill in the blanks. .
' (i) The yellow colour of nitric acid is due to dissolved gas.

(i) When____ mole of N, gas is mixed with moles of H,
gas, 2 moles of NH, gas are produced. :

(i) ~ Nitric acid on the large scale is produced by method
from ammonia.

(ivy ~Ammonia on the large scale is produced by process.

(v Ozoneisan_____ form of with molecular formula

(vi)  The powerful ultra violet radiation of the sun are screened by

layer.

(vij ~ The process which takes place by the loss of electrons is called

(vii) In peroxides the oxidation state of oxygen is :

(ix) The oxides that show acidic and basic characters are known
as oxides.

(%)

(b)

(c)

Nitrogen boils out from the liquid air at temperature €

Point out True or False in the following statements:

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

(vi)
(vii)
(viii)

(ix)

(x)

Oxygen is separated from the liquid air before nitrogen.

Air contains about 21% O, gas by volume.

Nitric acid acts as a powerful oxidizing agent.

Hydrogen peroxide decomposes to liberate O, gas on exposure.
Ammonia gas is insoluble in water.

Ozone exists at the height of about 20 Kilometers above the
earth. _ ‘
The substance that accepts or gains electrons acts as reducing
agent.

Haber’s process is used for the production of nitric acid.
Nitrogen in HNO; is in its highest oxidation state of +5.
Nitrogen belongs to VIA group of the periodic table.

Pick up the correct answer from the following:

(0)

(ii)

When ammonium chloride is heated with a base, the gas
liberated is: -

(@)  ammonia (b) oxygen (c) nitrogen {d) nitric oxide (NO).
The catalyst used for the catalytic oxidation of NH, in Ostwald’s
method is:

(@) nickel (b) chromium (c) platinum (d) vanadium penta oxide.
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2. (a)

(b

(i)

(iv)

(vi)

(vii)

(ix)

(%)

: invo
The first step in the manufacture of nitric acid from NH; mtc o

The metal that liberates H, gas when treated with dil, gy
(a) copper  (b) aluminium (c) zinfz (d) magnesium_
The boiling point of liquid oxygen is:

(@) -196°C (b) -183°C (c) -200°C (d) -187.5°C
Select the redox reaction from following reactions.

@ Cl+Cl — Cly
© 2FeCl, + H,S, ——2FeCl, + 2 HCL+S

(d) N, —— N +N
The air we breathe in, usually contains a higher proportion
of:
(a) nitrogen (b) oxygen (c) carbon dioxide (d) water vapours,
Which one of the following is the easy way to distinguish
ozone from oxygen.
(a) by comparing their solubilities.
(b) by comparing their oxidizing properties.
() by comparing allotropic forms.
(d) by comparing their odours.
The most abundant element found in nature is:
(a) oxygen (b) silicon (c) nitrogen (d) hydrogen.
Urea is produced by heating carbon dioxide (CO,) with,
(a) nitricacid (b) ammonia (c) hydrogen (d) potassium mqate.
Hydrogen peroxide is produced in the laboratory by heatiné
sulphuricacid with:
(a) sodium peroxide (b) potassium peroxide
(c) barium peroxide (d) storntium peroxide.

03 iS:

the exothermic oxidation of NH; to nitric oxide (NO) andOS t0

(1)
(i)

(i)

Write the equation for the reaction of ammonia W!

form NO. - giel
Predict the conditions of temperature for the ma}ﬂn;rcentage
of NO in the equilibrium mixture. What is the
conversion of NH; into NO. dis cha?
Describe with equations, how nitric oxide produc

into nitric acid.

What happens when nitric acid is reacted with:

(i) CaCO, (ii) NaOH (iii) Mg
248
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(b)

(b)

(c)

(b)

(c)

(iv) C (v)“Zn (conc and dilute HNO,)
(vi) FeSO, (vii) H,S  (vili) C;H, (Benzene).

What is aqua regia? How does it dissolve gold?

What is the result, when potassium nitrate is heated with conc.
sulphuric acid? Give the correct equation.

Give the industrial preparation of ammonia by Haber’s process.
With an example, show that ammonia acts as

(i) a base (ii) a reducing agent.

Explain why ammonia is used in (i) refrigerators (ii) laundries (iii)
fertilizers.

Nitrogen is one of the major components of air. How'can you get
nitrogen from the atmospheric air. Give two uses _of nitrogen.
Describe the laboratory preparation of oxygen. How is oxygen
industrially produced from liquid air.
Give the action of oxygen on the following?

(j carbon (ii) phosphorous (iii) carbon monoxide (CO)

(iv) Mg metal (v) nitric oxide (NO) and (vi) ammonia (NH,)

What are oxides? How are they classified? Describe normal oxides
in detail. '
Give the preparation and properties of hydrogen peroxide and its
uses.
Explain what happens when H,0, is added to the followings:

() hydrogen sulphide (H,S)

(ii) acidified petassium iodide (KI)

(iii) chlorine’ (Cl,)

(iv) potassium permanganate (KMnO,) in the presence of

H,S0.,. '

Define the followings in terms of electron transfer:
(i) oxidation (ii) reduction (iii) oxidizing agent
(iv) radox reaction (v) reducing agent.
Classify the following normal oxides on the basis of their acidic,
basic, amphoteric and neutral nature.
() Ca0 (ii) CO, (iii) ALO, (iv) Na,0  (v) NO
Vi) CO  (vii) ZnO (viii) SO,.
Give the reactions of ZnO with HCI and NaOH.
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e is produced in the atmosphere? How
gen? What is the structure of ozone? O2one
with: (i) PbS (i) SO, (iii) KI in acg,

7. (a) What is ozone? HOW ozon

can be obtained from OXy
(b) Describe the reactions of ozone
medium.
(c) Why ozon€ is impor
importance?

tant in the upper atmosphere? What ig i,
8. Complete the following reactions. Give the balanced equations,
(i) st(g) ik 03(3) —_—
(11) NHS(g) + ClQ(g) (excess) —
(iii) NHyg * COyy S

(ivy NHg * Oy (excessy —
(v  NOyg + HiOy —
(vij PbOy + HNOspy —
(viij CeHs + HNO; o g
(viij) NH,; NOyy M SPS
(ix) HNO, + HCl el
(x) CO,y+NaOH,y —=
250
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SULPHUR AND ITS COMPOUNDS

you will learn in this chapter about:

+ Sulphur and its allotropic forms,Rhombic,Monoclinic and plastic
sulphur, their preparations and properties. :

* Occurrence and extraction of sulphur by Frasch process.

*+ Manufacture of sulphuric acid by contact process.

* Physical and chemical properties of H,SO,, uses of sulphuric.acid.

Introduction

Sulphur is the second member of VIA group of the periodic table
and has symbol “S”. It’s atomic number is 16 while atomic mass is 32
a.m.u. Sulphur has been known for its medicinal and germicidal effect
from very ancient time before 1000 B.C, but its chemical nature remained
unknown until 1787 when Lavoiser recognized it as an element.

14.1 SULPHUR AND ITS ALLOTROPIC FORMS
The existence of an element in two or more different forms in the
same physical state is called allotropy, while different forms are known as
allotropic modifications or allotropes. :
Sulphur exists in several allotropic forms, out of which the three forms
are

() Rhombic sulphur (e - sulphur)
(i) Monoclinic'sulphur (f or Prismatic sulphur)
(iii) Plastic sulphur (y - sulphur)
Allotropic forms have similar chemical properties but different physical
Properties due to different structures. ; |
These allotropes of sulphur are discussed below with their physical
Properties and structures.

i) Rhombic Sulphur (o<c- Sulphur):
Itis the most stable crystalline form of sulphur at ordinary condition.
'€e sulphur exits in nature as rhombic sulphur. It is obtained as pale-
y euo‘_ﬁ/ Crystals, giving lemon-yellow powder. Its melting point is 113°C
and jts density is 2.08g/cm? at 20°C. It is insoluble in water but dissolves in
Carbon disulphide (CS,), benzene, disulphur dichloride (S,CL), turpentine etc.
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ion: Rhombic sulphur is prepared by slow evaporation of the

. i i S.Cl,, which is fi
: hur in carbon disulphide or 5,1, s filtere
f ordinary sulphu 57 present in sulphur. The filterate og

octahedral crystals of rhombic sulphur.

, "<+« S molecules. These S, molecy
. RhombicC sulphur consists g e €s
gg;:?:;rgf éu;ulphur atoms bound to each other through single covalen

bonds. The shape of rhombic sulphur is given in fig. 14.1(a).

095
&5

Fig 14.1 (a) Crystal of Rhombic sulphur Fig:14.1 (b) Structure of Sgmolecules

first to remov
evaporation produces

.

(i) Monoclinic Sulphur (p or Prismatic Sulphur):

Monoclinic sulphur is another crystalline form of sulphur. [tis stable
between 96 to 119°C and hence it changes slowly to rhombic sulphur_at
ordinary temperature. It consists’ of dark yellow transparent needle-lie
crystals. On standing the crystals become opaque, brittle and lemon yellor’
i.n colour. Its melting point.is 119°C. Its density is 1.96 g/ cm?. It i 391ub3
in carbon disulphide (CS,) but insoluble in water. The transformati®” :

monoclinic sulphur to rthombic sulphur is reversible and can be described®

4 0
Rhombic sulphur _920C .  Monoclinic sulphur

SUIP}I?SII.oi\: 9?081, the rhombic sulphur is stable and above 96°C, mono.csliﬂin
stable. Thus the temperature at which both forms Coi:ratllre

equilibrium is called S
of sulphur is 96°C. as transition temperature. The transitio” te

Pre : el pf
unt!i,la;a(t::rsl,{ I:/IO? oclinic sulphur is obtained by slow cooling molte? Sl:e W0
holes throughsthormeci on the surface of the molten Sulphul'- Pleir fr"r,[l
inside on removi;gctrI;St and pour off the remaining molten S‘; P Onocliﬂlc
sulphu crust the lon als 0

phur are formed on the sides of tghrtlaeg?slfl il
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cture: Monoclinic sulphur also consists of sulphur
AL s of S, molecules. The only difference is the shapes r(
a;(’:;:e Crysials. The monoclinic sulphur, the S, molecule
3nite together to give long, needle-shaped crystals as given

in fig 14.2. Fig. 14.2 Crystal of
monoclinic sulphur J)

(iii) Plastic Sulphur (Y - Sulphur):

Plastic sulphur is a super cooled form of sulphur. It is the non-
crystalline allotrope of sulphur. ' :

When ordinary sulphur is heated carefully upto its boiling point about
444.6°C and then the molten sulphur is poured into very cold water, a soft
rubber like mass is obtained which looks as if it is made of plastic material.
Plastic sulphur is generally not considered to be a true allotrope of sulphur
because it is unstable and reverts to rhombic sulphur on standing. It has zig-
zag arrangements of sulphur atoms as shown in fig. 14.3.

Fig. 14.3" Model of Plastic sulphur

14.2 OCCURRENCE AND EXTRACTION OF SULPHUR
Occurrence: ‘

Sulphur is non-metal and makes up about 0.1% of the earth’s crust.
It is found in the free state in sicily, Mexico and in USA. In USA large
deposits of sulphur are found in Louisiana and Texas. It is also found in
the free state in J apan and Newzealand. In the combined state, it is largely
ound,as sulphides of iron, zinc, lead, copper and mercury and also as
Sulphates of magnesium, calcium and barium.

In Pakistan some deposits of sulphur occur in Koh-i-sultan and in Kalat.

In addition to this, sulphur is an essential constituent of many organic

subgtances of the plants and animal origins such as proteins, eggs, onions,
Barlic and mustard etc.
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ss):
i f Sulphur (Frasch Process):
Extraction of Suip {’s sulphur 18 obtained from underground depogjt,

Most of the worlc Y
the surface of the earth

: than 200 metres below . Aboy

which may be more he earth’s surface. For this Teasm:

- r deep below t P
60-70% native su i mining. For the extractiy

sulphur can not be

of sulphur an inge
American engineer, known as Frasch Proc

In this process a hole about 30cm in
soil layers to the sulphur bed. Three concentric
the bore or hole. The outer most pipe. (20 cm di

deposits and the next inner pipe (10 cm diameter
deposits. Super heated

nious meth
€ess.

diameter is drilled through the
tric iron pipes are sunk infy
ameter) is sunk up,tothe
) is held a little above the

surface of the sulphur
water at about 170°C and 100 atmospheric | pot =
pressure is forced through the outermost pipe ‘;‘L"ggr'm[ l_l_moﬂen
to the sulphur bed to melt sulphur (m.p [ water ==
=115°C) of the sulphur bed. Hot compressed A
air at a pressure of 15 atm is then flown down Uil
the inner most pipe (5cm diameter)to force the oy {':p
molten sulphur up through the middle tube UL | ek
or pipe. This sulphur is prevented from S
solidifying by high temperature of the middle L%
pipe whose temperature is maintained by the I
heat of the super-heated water in the outer water ) - water
side and also hot compressed air on the inner — =
side.

The molten sulphur is continuously sulphur | I
pumped into a receptacle at the surface where l,
it is allowed to solidify in large wooden tanks. e
The sulphur obtained is about 99.5% pure e
Fig. 14.4. . Fig. 14.4 Frasch process ks

extraction of SUP

14.3 PROPERTIES OF SULPHUR
Physical Properties:
1. Sulphur is a yellow solid. It is insoluble in water but solubl® 3

. ;:arbon disulphide (CSQ)
. tis - o e i
a non-metal. It is bad conductor of heat and electricity"
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Wwhen sulphur is heated, it melts at a temperature between 113°C
to 119°C, into an amber colog}'ed liquid. The colour darkens as the
temperature increases. Its boiling point is about 444°C.

when the vapours of sulphur at its boiling point are condensed on a

cold surface; & fine powder, which forms a flowers pattern is obtained. It
is known as flowers of sulphur.

3.

Chemical Properties:
1. Reactions with metals:

Sulphur combines with many metals directly to form their respective
sulphides. Reactive metals like sodium, potassium may even react with
sulphur spontaneously without much more heating, when both are in
finely divided form.

) 2Cu,* S, __heat . Cu,S (Cupperous sulphide)
(i) Fe,* S, __heat , FeS (Ferrous sulphide)
(i) Zng+ S, __heat . ZnS (Zinc sulphide)

iv) Pb, + S, __heat . PbS, (Lead sulphide)

(v 2Na +‘S £ __heat . Na S (Sodium sulphide)

2. Reaction with Non-Metals: »
Many non-metals react.with sulphur at different conditions.

(a) With Oxygen: Sulphur burns in oxygen of the air with a bright blue
flame to form sulphur dioxide.

®)  With Hydrogen: At high temperature about 600-660°C, Sulphur
combines with hydrogen slowly to form hydrogen sulphide (H,S) gas.
The reaction is more rapid if hydrogen is bubbled through molten
sulphur,. : : ]

0
Hm - S(sv 600-660 C H,S
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ur combines with coke in an electric fumacet
d, carbon disulphides (CS)). This vapouri,
d highly inflammable fumes. CS, is USes
d sulphur.

(c) With Carbon: Sulph !
form a colourless liqui
readily forming poisonous an
as solvent for waxes, gums an

e (]
C‘ | 4 28(‘) Electric furnac 2 CSQH)
S S

(d) With Chlorine: Sulphur combine‘s with chlorine on heating tohig
temperature, forming disulphur dichloride (S,CL)).

QSm e Clglg) high tcmpcmturc% SQC12“]

(e) With fluorine: Sulphur combines with fluorine.on heating to form
sulphur hexa fluoride (SF,)

S + 3F heat SF

(s) 2l 6(

3. Reaction with Acids:
Sulphur is readily oxidized when warmed with conc. sulp
to produce SO, gas and also with.conc nitric acid to produce NO, gas:

(1) S(s) g 2I“IQSC)‘I(CDnc) —HOt—) SSOQ(g) i 2I_IQ()(I)

huric acid

(i) S,+6HNOy,, _Het ~ HSO, +6NO,, +2H,0
Uses of Sulphur: e
1. Sulphuris used in the manufacture of sulphuric acid, sulphur diox!

and carbon disulphide. e
2. Itis used for the manufacture of calcium and magnesium hydro8
sulphates and also used for bleaching wood-pulp.
Sulphur is used in volcanizing rubber.

It is used for disinfecting houses and for dirty vines. It al
kill the fungi and insects.

so helps

5 e

14.4 SULPHURIC ACID (H,SO,) ound®
Sulphuric acid is one of the most important chemical co™ P any

known. It is commonly used in the laboratory and in industries 1
processes. .
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strial Preparations of Sulphuric Acid:

On the large scale sulphuric acid is manufactured by two methods,
the contact process and th-e 1ead-chaml?er process. The contact process is
the most recent one and gives sulphuric acid of highest purity.

Indu

14.4.1 The Contact Process

This method was developed in Germany in the early 19th century but

came into operation from 1912. Now-a-days sulphuric acid is mostly
manufactured by contact process.

In Pakistan sulphuric acid is also manufactured by this process and
hence contact method is described here.

In this method SO, is produced mainly by burning sulphur ifdry air
or iron pyrite in pyrite burners.

S +0 SO

(s) 2(g) — 2(g)

4FeS,  + 110,, , 2Fe,0, + 8S0}

Iron pyrite

()

It is very important that in contact process SO, and air must be very
pure, free from all sorts of.impurities which poison the catalyst; so the
mixture of SO, and air is passed through special dust filters. The solid
particles settle down i1 (.. lust chamber. Then SO, is passed through the
washing or scrubing chamber. Here steam is injected from the top of the
chamber. Solid particles from-dfoplets with steam and settle down. The
moist mixture of SO, and air'is passed through the drying towers in which
conc. H S0, is sprayed from-the top. ol

This washed, dried and purified mixture of SO, and air is passed
through contact toweri.e. Catalytic chamber. In this tower SO, is oxidized
0 80, in the presence of catalyst venadium pentaoxide (V,O,) or Pt. The
Catalyst is arranged in contact tower in such a way that it exposes the
Maximum possible surface area, for the reacting gaseous mixture. Since
Ptis very‘expensive, so it is replaced by finely divided, V,O, which is less
°Xpensive and more resistant to impurities. The reaction occurs as:

1
|
|
|
|
|
|
|
|
|

QSO + O V205 ~ 2S03

— 3g

2(g) 2(g) S N,

AH = -197 K.J/mol.

Since the reaction is reversible and exothermic, the favourable

onditiong for obtaining maximum yield of SO; are (a) low temperature (b)
i

80 pressure (c) excess of O,. ‘

25%
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he optimum temperature chosen in the presence

tual practice t
In actual p hile the optimum pressure should be 15.1;,

of catalyst is 450°C; W

atmosphere. .
p de (SO,) produced in contact tower is po

The sulphur trioxi L e
directly dissolved in water, because it 18 1<?ss solublfa in it. Therefore, 80,
is absorbed first in 97% conc. sulphuric acid producing a very thick liquig

called Oleum i.e. Pyrosulphuric acid in the absorption tower.

s H2SO4(aq] > HQSQOﬂaql

Oleum

SO

3(g)

Oleum is then diluted with appropriate amount of water to get sulphuric
acid of desired concentration.

H2S207(aq) % Hzom —_ 2H2804(aq]
Sulphuric acid

Sulphuric acid obtained by the contact process is about 100% pure.
The continuous nature of this process is shown diagrammatically in fig 14.5.

PRE-HEATER

TESTING CONC.
WATER CONC~ BOX _HaS04
COOLER H2804 ..;.:.L WASTE
PYHITE STEAM GASES
BURNERS 8032:AIR ) usomﬁ'zll;lon
AR _JP 3 : ACID PROOF
[ . . FLINT
OLEUM
e(OH), |B5a WATER
DUST DRIER b f_.{_
CHAMBER SCRUBBER™ ™ CONVERTER
ARSENIC
PIRIFIER

Fig 14.5 Contact process to prepare H,SO,

Physical Properties:

(1) Pure conc.sulphuric acid is a colourless, odourless, viscous oily
often kqown as oil of vitriol. |

g; gs melting point is 10.5°C while its boiling point is 338°C: __ co

olncr:l.Hz_SO4 (98.3%) has specific gravity about 1.84, while il

" ;}11 phuric acid ha§ specific gravity about 1.55. the

L :r gzr;g:slve and is hygroscopic as it absorbs water vapours fromerlt'
Ings and becomes dilute. It is therefore used as drying g
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chemical Properties:
Sulphuric acid behaves in three different ways.

(1) as an acid, (2) as an oxidizing agent
(3) as drying or dehydrating agent.

(1) As an Acid:
Sulhpuric acid is a strong dibasic acid and ionizes in water in two

stages.

(a] H2304(aq) + HQO“\ ;—_—_—\ H30+ + HSO

(ag) 4aq)
Hydronium ion Hydrogen sulphate ion

1- .
b) HSO, ,* HOy=——— HOOI et SO* g
Sulphate ion

Sulphuric acid reacts with alkalis (bases) to give two Lypes of salts:
hydrogen sulphate and sulphate. |

(1) NaOH(aq‘ nP H230 i X NaHSO Maqﬁr Hz()m ' ':-,
(Sodium hydrogen sulphate)

(2) NaHSO He + NaOH4 ) : Nast ) + HQO‘Q] ’
(Sedium sulphate)

Sulphuric acids also react with metal oxides (basic oxides) like MgO

to form salts and water.

MgO, + H,50,., 2225 MgSO,,., * H,0, ;5

(2) As an Oxidizing Agent: — :
Sulphuric acid acts as oxidizing agent. The_ oxidizing properties of
H,S0, depend upon.{i) concentration of the acid (ii) nature of the metal or i

reducing agent (iii) temperature.

Oxidation of Metal:

Less électropositive metals like Zn, Fe, Al react with dilute

sulphuric to liberate H, gas and forming their sulphates. {
Zng % H S0, _ dilute ZnSO,, * H,, i
Fe  + H SO, dilte | FeSO,,q * H,,
241 + 3H,80,,, e AL (80,309 + g 1
i
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Hot conc.sulphuric acid oxidizes some metals to theijr Sulphae,
ot coricC.

liberating SO, gas.
Conc.

Cuy, * 2H,50, —H_ot_-> CuSO,y * S0 * 2H0

()
Conc.

Pb, + 2H,S0, ———)Hm PbSO,, + SO, + 2H,0,

Conc.

241, + 6H,S0,, —— Al (SO,)

3aq) 3802(@ " 6H20m
Hot

Reactive metals with conc H,SO, form different products. Zinc reacts
with 90% conc. H,SO, to liberate H,S gas.

4Zn + 5H,S0, _9(&) 4ZnS0,, + H,S, + 4H,0,

Oxidation of Non-Metals:

Hot conc. sulphuric acid oxidizes ‘some non-metals like C,S and P
into their oxides or oxyacids.

Conc.

0
C(s) % 2H2SO4(an —F COQ(g} 7 2802(9 + 20,0,

Conc.

T 350, + 2H,0,

S(SJ = 2H2SO4(an
Conc.

——  2HPO, & +3504

2P '+ 3H SO
& 27 4(ag) Hot 4(aq)

S ic acid
Oxidation of other Compounds: R dized
to,sufo};nc. sulphur.ic aci.d oxidizes hydrogen sulphide (H,S) which s e

PAUr and HI is oxidized t, liberate vapouirs of o

HQSlEQ) * H2SO

4(aq) &Eﬁ S[s)+ SOz‘g) + QHQO“'
2HI
(2 HQSO:;(aq) —&r&_) I2(g) 4 Sog(g) o QHQO(IJ
260
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ps Drying Of Dehydrating Age_nt: |

(3) conc H. SO, has great affinity for water, so conc. H, SO, is able to
move hydrogen and oxygen in the form water from the compounds like

- ar ethanol, formic acid, oxalic acid etc. Thus hot conc. H,SO, acts as

Szi!e&ul drying or dehydrating agent. This process of removing water from

d is called dehydration. Conc. H,SO, also removes water of

o compoun tior
crystallization from hydrated 1onic compound to make the compound
anhydrous.
concH.SO, o
C12H22OH(51 hot 4 12C|s] 37 11H20[l]
Sugar Charred mass
ConcH,SOJA
CH3—CH2—OH“| =T 4 CH2 = CHz(g) + Hzcm
Ethanol Ethene
concH.SO,
HCOOH'“ o e b N C_O(gl + Hzou)
Formic acid
lCOOH st n
C.
COOH concHly, COg * CO,y * H,0,
Oxalic acid
CuS0,.5H,0,, i, cuso,, + OSHOy
Blue (hydrate) White (anhydrous)
Uses of Sulphuric Acid:

Sulphuric acid is the most important chemical compound and is
extensively used in industries. The progress and the prosperity of any nation
can be estimated in terms of the amounts of sulphuric acid consumed
annually. It is therefore, barometer of industrial and economical progress
ofa country. It’s important uses are as follows:

(1) It is used in the manufacture of fertilizers, about one quarter of
sulphuric acid produced in the world is consumed for the production
of two main fertilizers; dihydrogen calcium phosphate (super
Phosphate) Ca(H,PO,), and ammonium sulphate. (NH,), SO,.

It is used in the manufacture of Rayon, paper; plastics and detergents.
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ints and pigments.
: i anufacture of pain : .
:i; ;: 5 131856;?:1 lﬁltillfemmaking cellulose film and all kinds of Main-g,
is
e ickli d cleaning.
is used in the steel pickling an . ' .
:8 ﬁ 1lsS lia,ed in the dehydrating, drying reactions, also OXIdlzmg_reactxons_
(7) Itisused in the motor batteries and lead accumulators and in refinipg
of metals by electrolysis.
(8) It is used for refining of petroleum.

SUMMARY

1. Sulphur exists in different allotropic forms, including?:r rhombic
sulphur, monoclinic sulphur and plastic sulphur. Rhombic sulphur
is octahedral crystalline solid, while monoclinic sulphur is needle-
like crystalline solid. Both are formed from S, molecules of sulphu{.
The melting point of rhombjc sulphur is 113°C and that of monoclinic
sulphur is 119°C. Rhombic sulphur‘is a stable form of sulphur at
ordinary condition. Both forms co-exist in equilibrium at 96°C which
is knwon as transition temperature. Rhombic sulphur exists below

96°C. while monoclinjc sulphur exist between 96-119°C. Plastic
sulphur is non-crystalline form of sulphur.

2.  Sulphur is extracted from its de
process. In this method,
forced down through
underground, molten sulph
another pipe, "

3. Sulphur combines With metals ang Bides, it
burns in"air with b and non-metals to form sulp

e liberatinls a strong dibasic acid. Dijyte H,SO, dissolves s(ﬁ‘g
types of salts, hydrc2> gas. With alkalis, sulphuric acid may form

6 Sulphuric acid actg E: : j‘ulphates and sulphates. als, 707
metals and some chemii o Oxidizing agent, oxidizes metals

€OMpounds ang it self reduces to P
< :
& drying o dehydrating agent. '
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sulphuric acid has great industrial importances and is used to get

fertlizers, plastics, paints, pigments, fabrics, cellulose film etc. It is
also used in motor batteries.

EXERCISE
. Fillin the blanks.
(i)  Rhombic sulphur is the most form of sulphur.
(i) Monoclinic sulphur has structure.

(i) CS,is a good solvent for :
(ivy The melting point of monoclinic sulphur is .
(vy  Pure sulphuric acid on large scale is manufactured by the

> .. PLOCESS.
(vi Phosphorous with hot conc. HQSO . oxidizes to L
(vij Ethene gas evolves when is dehydrated by hot conc.

H,SO,.

2. Tick true or false for the following statements:
(1) Plastic sulphur is hard.
(i) Monoclinic sulphur is stable above 96°C
(i) Sulphur is extracted by the direct mining from the earth’s
deposits.
(ivy Conc. sulphuric acid has greater affinity for water. |
) Conc. sulphuric acid reduces to SO, when acts as oxidizing

agent.
vi) In the manufacture of sulphuric acid, SO, is directly dissolved

in water to produce oleum.
(vi) Conc.H,SO, removes water from sugar to leave charred

mass.

3. Pick up the correct answer:
()" The formula of iron pyrite for getting SO, from pyrite burner
1S: :
(a) FeS (b) Fe,S, (c) FeS, (d) Fe,S, \
(i)  The non crystalline form of sulphur 1s : |
(a) Plastic sulphur (b) Rhombic sulphur,
(c) Monoclinic sulphur (d) Ordinary sulphur. |
(i) The specific gravity of 98.3% conc. H,SO, is: |
(@ 1.5 (b)1.84 (c)1.80 (d)1.91.
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(ivy The density of rhombic sulphur (1)58
(@) 1.96 (b) 192 ()24 (d)2. f. s
(vy ~ Rhombic sulphur has structure of shape:
(a) Square planar (b) Ogtahedral
(c) Tetrahadral, (d) Prismatic. '
(vij The Optimum condition of temperature for the maximum
yield of SO, in contact process 18: :
(a) 350°C (b) 450°C (c) 1700°C (d) 900°C.
(vii Sulphur burns in oxygen with blue flame to produce:
() SO, (DH,S (o) S,Cl, (d) SO,.

(a) What is allotropy? Describe different allotropic forms of
sulphur.

(b) What is plastic sulphur? Why is it elastic?

(c) What is the action of sulphur on heating with.
(i) Cu (i) C (iii) Cl, (iv) Na.

(d)  Give four uses of sulphur.

(a) Describe and explain, how sulphur is extracted from
underground deposits by Frasch process.

(b)  Describe what happens when:
(1) Sulphur is heated in the absence of air.
(ii)  Sulphur is-heated in the presence of air.

() Complete the following reactions with balanced equations:

(i) FeS,  + oz{g) D
(i1) Fe(sl + S(s] N
(iii) SEet H2SO4laq) _Hot
v} s, +HNO, _Hot

v) S
) Oa(g] +HQS 4(cong) ————)Hm
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(b)

(d)

(¢)

Discuss various stages in the manufacture of sulphuric acid by
the contact process, giving equations of the reactions involved.
What is the catalyst used in the process?
Explain why SO, is purified before it is passed into the contact
tower for its oxidation to SO,.
Show that sulphuric acid acts as:

(i) oxidizing agent (ii) dehydrating agent.
With the acid of equation, describe the action of conc. sulphuric
acid on:

(i) Al metal (ii) C

(ii1) *C, ,H5, 9, (iv) Blue crystals of CuSO,.5H,0.
Give the importance of sulphuric acid and its uses.
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CHAPTER-15

: L K b
You wil learn in this chapter abou : .
* Occurrence, sources of halogens and importance of halogens in daily

life. _ _
* Chlorine and preparations of chlorine, laboratory and commercial prepa.

rations of cholrine. .
* Physical,chemical properties and uses of chlorine,compounds of

chlorine,hydrochloric acid,its preparation,properties and its uses.
* Bleaching powder, its preparation and i_mpc_)rtancez.
* Silver nitrate test for the presence of Cl ,Br and L ‘ions.

15.1 INTRODUCTION
Halogens are the elements of VII A group of the periodic table. These
elements are Fluorine (F), Chlorine (Cl), Bromine (Br), lodine (I) and Astatine
(At). These elements are known as halogens-a name derived from Greek
words meaning Salt producing (Halo means Salt, Gene means Producing),
‘because these elements combine readily with metals to form salts.
Generally speaking halogens are the most reactive group of now
metals. These are strong oxidizing agents. The last member of the family
Astatine is radioactive; shows different behaviour and is rather unstable
(astatos=unstable). They exhibit various oxidation states in their compound
except fluorine which shows an oxidation state-1, which is a commo
oxidation state for all the halogens. Halo

2 . . S,
gens exist as diatomic molecule
05 CL, Br, and [

Halogens belong to VII A group in the periodic table because all ¢
ents contain seven electrons in their valence shells. All the haloge™

are oxidizi : idizi
dizing agents dye to their ability to gain electron. However oxidiz?

Power decreases from to [
2 0>

Fluorine ang chlorine
of greenish

elem
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gome of the physical properties of halogens are summarized in the
able 15-1 Table 15.1

Elgment Fluorine(F) Chlorine(Cl) | Bromine(Br) | Iodine (1)
\tomic number 9 17 35 53
Electronic configuration |2,7 2,87 2,8,18,7 |2,8,18,18,7
Outer Shell (E.C) |2¢’2p° (3s'3p° |4s’4p’ |58’ 5p’
State at 20°C Gas Gas Liquid  Solid
Colour Pale yellow:Pale green |Redish brown Black
Atomic size (A”) 0.71 0.99 114 N33
Jonic size (x) (A”) 1.33 1.81 {196 2.20
First ionization energy |1681 1257 1140 1008
(K.J /mol) |
Electron affinity(K.J/mol) |-328 ~ -349"  |-325 -295
Electro negativity 4.0 3.0 2.8 215
Melting point ('C) 200Q~ |01 |7 113
Boiling point (C) -188 -35 159 183
X-X single bond energy |155 242 193 151
9/ ,
Reduction potential ~ |2.87 1.36 1.07 0.56
(volt) |

Reacts iO.Sg 3.6g 0.018g
Sohlbﬂjty in water readily !(Reacts

A (g{ 100g Wwater) with water Egpartially

@_ S 1w1th water)
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Occurrence or Sources: .

The halogens are SO reactive
nature. Halogens always occur 1l
these compounds they aré preseml
chloride (Cl’), bromide (Br’) and 10
are found as halides, irt sea water an
of iodine in these sources is very sma
seaweeds. Fluorine and chlorine are abundant elements.

Fluorine occurs in the minerals, the most widely spread compounds of
fluorine are fluorspar (CaF,), cryolite (Na, AlF,) and fluorapatite {3C33' (PO,), CaF ),

Chlorine is abundant in oceans and salt deposits as sodium chloride
i.e, rock salt(NaCl). Each kilogram of sea water contains about 30g of NaCl
(3%). The large salt deposits in Pakistan are at khewra near Jhelum.

Bromine is less abundant and is found as bromide (Br) of Na and Kin
sea water. Sea water contains very small concentration of bromide, about
70 parts per million by mass, however this amount is still feasible for its
extraction.

lodine is even less abundent than bromine. Sea water contains traces
of iodide (0.05 part per million by mass), however it concentrates i
seaweeds is present upto 800 parts permillion by mass and can be extractt?d
from seaweeds. Iodine is also present as sodium iodide (Nal) in certain oil
wells and also as sodium iodate (NalO,), found along with chile salt peter
(NaNO,).

Astatine does not occur naturally. It is very unstable radioactive
element.

that they can not exist in the free state ,
aturally as compounds with metas, In
t as their negative ions i.e, Flouride ()
dide (I'). Chlorine, bromine and iodipe
d in salt deposits. The concentratigy
11. However it is concentrated in

Importance of Halogens in Daily Life:

Except chlorine, the halogens have limited uses, however thel
compounds are extensively used in industries agriculture, medicines gl
homes. ’ i

dSmall quaqtity of fluorine is used in rocket propulsion, fluorine 12
used to'make wide range of flugro carbon compounds which are used 2

refrigerants, aerosol propellants, anaesthetics and fire-extinguisher s

One of the most i "
important fluoro carbon ig (poly tetra ﬂuometh?ﬂe) P;TFE

: g stainless stee] nop-
(SnF,) is used in tooth pastes for pr

temperature upto 4000°C and is

. . 0
sticking utensils etc. Stannous 1(1, uce
eventing tooth decay HF torches o
used in weldings.
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The production and consumption of chlorine on large scale make it

one of the most important prod}lct of .chemical industry and national

' economy- This means Chlorlr_le 1s an 1mmportant building block in the
chemical industry. It 18 used in the manufacture of organic compounds
jike CCl, and CHCI, whlch.are very gpod organic solvents. It is used in the

manufacture of vinyl chlo.rlde which is used extensively in the preparation

of PVC (Polyvinyl chloride) plastic. It is used in the productions of

chlorocarbon, DDT (dichloro diphenyl trichloroethane), hexachloro-

cyclohexane etc which are effective pesticides and in various synthetic

products such as rubber etc.

Most of the drinking water is treated with chlorine to distroy bectaria
i.e. drinking water is stirlized by chlorine, also disinfecting drainages.
Swimming pools are rendered safe by chlorine treatment. All ‘pathogenic
organisms can be destroyed by chlorine. A

You know sodium chloride (NaCl) is one of the most important
compound of our daily diet. It is known as common salt or table salt. It has
great importance. Na” ions of NaCl are important assistants in our body’s
communication systems and are key figures. Cl ions of NaCl have an
equally vital function as Na® ions but in quite different region of the body.
Cl' ions form hydrochloric acid (HCI) in the stomach. However, its

~concentration is 0.5 percent, which is sufficient to destroy all the germs
that smuggle into our body with the food:

The recent studies have shown that chlorine also plays an important
role in the daily battle of the body’s defense system against countless
invisible enemies: bacteria, viruses, fungi and toxins. Many diseases are
Successfully controlled by chlorine. Chlorine fights against cholera. This
shows chlorine plays a vital role in our health. Roughly 40 percent of all
Pharmaceutical products are based on chemical processes involving
chlorine. For example chloroquine is the most effective medicine against
Malaria. Millions of malaria sufferers survive, thank to chlorine.

Inspite of all the importance in the daily life, chlorine has still come
Under fire and is described as satanic element. This is just because of its
i?lfrniounds which are considered to be dangerous and pose a threat to
iy €alth and environment, such as DDT (Dichloro diphenyl - trichloro

etcane)' PCBs (Poly chlorinated biphenyls), CFCs (Chloro fluoro carbons)
are-dangerous compounds. But chlorine has its benefits and we want

to ;
Make use of its compounds.
fumg Organo bromine compounds are used as Pharmaceuticals, dyes, l
extirllgants and pesticides. Bromine compounds are also used in fire- |
|

uishers and fire retardants. An important inorganic compound of
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bromine which is silver bromide (AgBT) is used in photographic films, being

light sensitive.

Iodine is 0
compounds do hav )
photographic films emulsion (

analytical chemistry. Jodide ion is used in thyroid glands to synthesise

thyroxin, a substance that helps to regulate. metabolism. An. i_odide ion
deficiency leads to an enlargement of thy.rou.i gland, a condition Calle'd
goiter. Goiter is prevented by the use of iodized salt, a prodgct that is
mainly NaCl but includes a small quantity of Nal or K.I. Iod'me dlssolved_m
ethyl alcohal, commonly known as Tincture of Iodme,.1s used as mll.d
antiseptic for cuts and scratches. lodine when mixed with detergents is

used in cleaning dairy equipments.

f less importance than Cl, and Br,, athough iloc‘line and ity
e applications as catalysts in medicine and iy
Agl). lodine and its compounds have uses i

15.2 CHLORINE
Chlorine is the second member of halogen family i.e. of VIIA group

of the periodic table. Chlorine is the most abundant and very important
member of VIIA group elements. Chlorine was discovered by C.W. Scheffle
a Swedish chemist by the action of hydrochloric acid on mangnese diomqe
(MnO,). The name chlorine to the gas was suggested in 1810 by S
Humphry Davy from Greek word. Chloros means pale green, because the
colour of the gas was pale green. We smell chlorine sometimes in our
drinking water, in swimming pools, whose smell is slightly irritating an
disagreeable.

PREPARATION OF CHLORINE
(1) Laboratory Method:

 Chlorine is usually prepared in the laboratory from hydrochloric acit
which is a convenient source of chlorine. When concentrated hydlfOCh g

acid is gently heated with oxidizing agent, such as MnO,, KMnO, of KCIOs
chlorine gas is produced. : %
Reaction:
(i) MnO,  + 4HCI Heat
2(s) (conc) —_ea__) MnCIQ(aq) * QHQO“) + Clg(g)
(ii) 2KMnO Dt 16HC1[ Heat 0.+ 5CLg

o) —2, 2KCl_ + 2MnCl, + 8H,0y

270

Scanned with CamScanner



B

In this method MnO, is taken in round bottom flask, as shown in
e figure 15.1, ﬁttéd with a cork, containing a delivery tube. Concentrated
h ydrochloric acid 1s .added in the flask over MnO,. On gentle heating
greeniSh yellow ch'101.'1ne gas comes out which is collected by the upward
displacement of air in a gas jar through the delivery tube. Since it is a

poisonous gas so efficient ventilation in the laboratory is necessary.
N

LB C12
MnO, + HCI

o

Fig.15.1 Laboratory preparation of chlorine

Chlorine in the laboratory can also be obtained by heating common
salt (NaCl) with conc. H,SO, in the presénce of MnO,.

heat ‘
——— Na, SO T MnSO - q)+2H O, 6 +Cl

2NaCl(8) i 2I_IQSC)4|conc)+I\/In() slow 220 ge

2(s)

Relatively pure chlorine in the laboratory is produced by heating
Potassium dichromate (K, Cr,0,) with conc. HCL

KCr, 0, + 14HCL Heat | QKCI, +2Cr Cly,, + 7H,0, + 3Cl,,

conc)
(2) Industrial or Commercial Methods: .
Chiorine on large scale is manufactured by the electrolysis of sodium chloried
wolution. For this purpose two cells are used which are described below:
%) From Nelson’s Cell:
Nelson’s cell consits of a U-shaped perforated steel vessel, which acts
% cathode, The graphite anode is dipped in the salt solution, taken in the U-
*hapeq vessel. The U-tube is separated from anode by asbestos layer or
‘@phragm, deposited on the inner wall of the perforated U-tube, as shown in
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the figure 15.2. Through the diaphragm the salt solution slowly seeps, The |
fube is known as anode compartment and this U-tube is fixed in an gy,
compartment, known as cathode compartment. On passing electric curreer
through the salt solution, chlorine gas is produced at anode, which riseg inltlt
the dome at the top of the anode and is drawn away. Na metal is produceq a(i
cathode which interacts with water of the solution seeping through t,
diaphragm to release hydrogen (H,) gas with the formation of sodium hydroxige
solution which is collected at the bottom of the cathode compartment.

™ Anode

Cl,gas ———— Fresh NaCl (Sol)

s -
v e

Cathod

A

SOSS -

Asbestos lining

ooouoo°o°°
h)
'.|'|..:'l"'.l'l'"'n' .

et Saes
AL AR RRTRRAN

Perforated steel cathode

oooooo

Aqueous NaCl solution

Fig. 15.2 Manufacture of chlorine from Nelson’s Cell
Reactions: ‘

(1) Ionization reaction:

+ 2Cl°

ONaCl 2d8S0us, oNg' |
(2). (i) Reaction at anode aq)

2C1(aq) Y ClQ(g) + 26—

(i) Reaction at cathode

2Na"(uq) + 2\(—3- e e, 2Na(s)

2Na +2H,0 —_, 2NaOH_ +H,,
a £
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p) From castner-Kellner’s Cell:

This cell has cathode consisting of moving mercury layer at the bottom
of the cell. Mercury ﬂqws from right to left as this upper cell is slightly
filted. Saturated solu'tlon'of NaCl also. flows through the cell along with
the Hg. Anodes are titanium plates dipped in the saturated solution of
NaCl. There is also a lower cell known as Soda cell or denuder which is
packed with graphite blocks.

On passing electric current chlorine gas is released at anodes and is
collected outside the anodes. Na* ions are discharged at cathode which is

moving mercury to form Na metal which at once forms sodium amalgam
with mercury.

Titanium
Chlorine + anodes
CELL =——p J L
SN,
Sodian Enee e e e Used
chloride =—p = = S et e T, = = = —P sodium chloride
solution e e e e e solution

r—' ﬂ R =z 1 Hydrogen
r Amalgam } |

! e

Sodium

; s —® hydroxide
M Graphite X E o
i blocks g =
Water —#s g rmerer=r =i+ + DENUDER
= Mercury
pump &

Mercury
. Fig. 15.3 Kastner-Kallner’s cell

Reactions:
2NaCl ZIUEOUS, 9Na’,, +2C1
Reaction at anode: .
2¢] o Clmg) +t2e
Caction at cathode (Hg):

2Na+(aq' + e e 2Na

2Na + 2Hg N 2NaHgm (sodium amalgam)
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Sodium amalgam is then carried to soda cell, wherc? it is allowed tq
react with water to produce NaOH, liberating H, gas, while free mercury
obtained is recycled in the upper cell to act as cathode.

ONaHg, + 2H,0, __, 2NaOH, +H,, * 2Hg,

The problem in this process is that mercury vapours €sScapes into
the environment which are toxic, even small amount of mercury
contaminates sea water, as a result mercury becomes the partscof tissues
of aquatic animals and plants producing the pollution of food chains.

Now a days Gibb’s diaphragm cell process is used in which Hg is not
used and the products of highest purity is produced. Currently most of
chlorine worldwide is produced using the diaphragm;process.

Physical Properties:

Chlorine is a greenish yellow gas, with 'sharp pungent disagreeable
and irritating chocking smell. It produces inflammation in the nose and
throat, if inhaled in considerable quantity and causes congestion in the
lung tissues. It is fairly soluble in water and its solution in water is called
Chlorine water. Its density is 3.214g/dm? at S.T.P. It boils at -34°C and

melts at -101°C. Its electronegativity is 3.0. It shows various oxidation

states in its compounds such as -1 (the most common oxidation state); *1,
+3, +5and +7. It is 2.5 times heavier than air.

Chemical Properties (Reactions):

Chlorine is @ typical non-metalic element. It is chemically very
reactive and eombines with majority of the elements to form binary
compounds, known as Chlorides. It combines with many compoundsv
displacing other elements such as oxy

gen, bromine, iodine, hydroge? etc.
It also.adds in many chemical compounds.

(1) Reactions with Hydrogen:

Chlorine combines with hydrogen in the presence of sunlight or o#
heating quickly to form hydrogen chloride.

Sun light _
H,, + Cly — = 2HCL,
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actions with Metals:

(2) Re

chlorides.
() 2Na, +Cly, _feat
(i) Zng+Cl, b,

(i) 2Sb, + 3Cl,, heat

(iv) 2Fey + 3C12‘g) ﬂt_)

(v) Sn, + 2C12(g) ﬂ)

(3) Reactions with Non- Metals:

practically all metals combine with chlorine on heating to form their

2NaC1(S)

ZnClQ(S)

QSbCla(s) (Antimony chloride)
2FeCl (Ferric chloride)
SnCl, (Stannic chloride)

Non - metals like phosphorus, sulphur etc. on heating with chlorine,
produce their chlorides. Phosphorus catches fire in-chlorine, forming
phosphorus trichloride (PCL,) a colourless liquid, in excess of chlorine forms
phosphorus pentachloride (PCL,) a pale yellow solid.

Chlorine combines with hot sulphur, forming sulphur monochloride

(5,CL), a yellowish liquid.

(i) 2P . + 3Cl e

(s) 2(g)

[ii) “2P. + 5C| ="

(s) 2(g) excess

(i) 28, + Cly b)),

(4) Addition Reactions:

Chlorine directly combines with many compounds to form addition

Products.

W) S8 =CH] “HCl

2PCl,,

2BCIL.

S,Cl

2(1)

Gl il

| |
T EH THGH:

2(g)
Ethane 1,2 - dichloro ethane
i1
i) COy * Clyy — COCLy,
Phosgene gas; a poisonous gas and
is used as chemical weapon in
warefare.
111 Q
Ese s - el Ssaielt
Sulphuryl chloride
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(5) Substitution Reactions:
Chlorine replaces one Of more atg
reactions are called substitutions reactions.

0 HSytel, T 2HCl, * Sy

27 (g

ms from other compounds syg,

i) 2KBr, +Cl, —> 2KCl,* Bl

i) 2KI +Cl, —— 2KCl, < ly

(s) 2(g)

i) CH, g Clyyy ¥y CHCI, + HCI

%  CHCL+Cl, v, CHCL + HCI

(6) Oxidation and Bleaching Action: i d
Chlorine in the presence of water acts as powerful oxidizing an

bleaching agent due to the formation of hypochlorous acid, Cl, reacts wit

water and under go auto oxidation-reduction forming hypochlorous &

and hydrochloric acid.
CEHTOE—— H-Cl + HOCI

Hypochlorous acid.

d
It oxidize green coloured ferrous chloride (FeCl)) to yellow colow®

ferric chloride (FeCL).
2FeC12(a1 o Cl,(water) —— 2FeC13[aq)

Green Yellow
d oxid®
Solution of chlorine in water is a strong oxidizing agent an

sulphurous acid (H,SO,) into sulphuric acid (H,S0,).
H,S0, + Cl,+ HO __, H,S0, + 2HCl

The reaction proceeds as,

Cl?(g) i H:zou)—) HCI + HOCI
HCIO —, HCL+ [O]
H2803 A [Cff 2 H2804
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Reactions of Chlorine with Alkalies:

(7) when Cl, gas is passed through caustic soda solution (NaOH) in
cold, then sodium hypochlorite and chlorides are formed.

cl, + 2NaOH _cold | NaCl_, +NaClO + HO

1.e sod hypochlorite
or sodium chlorate (I)

If excess of Cl, gas is passed through hot solution of NaOH, sodium
chlorate (V) is produced, by the decomposition of sodium hypochlorite.

3Cl,, + 6NaOH,, _hot ,  5NaCl  +NaClO, + 3H,0

Sodium chlorate (v)

hot
Or 3NaClO — NaClO, . + 2NaCl
excess of Cl» 3 Ny
Sodium chlorate(l) Sodium chlorate (v)

(8) Reaction with Ammonia:
Chlorine reacts with ammonia violently to form nitrogen and hydrogen

chloride, hydrogen chloride then combines with excess of NH, to produce
white fumes of NH,CI.

i) 2NH. + 3Cl — ANV, " GHCL

3(s) 2(g)

(i)  6NH, + 6HCl, ' 6NH,CI (white fumes)

/4 In 'this reaction ammdnia must be in large excess otherwise nitrogen
Ichloride (NCL)) would be produced which is highly explosive compound.

9) Reaction with Lime Water:
Chlorine reacts with lime water in three ways:

(i) With cold and dilute lime water in excess.

When Cl, is reacted with excess of cold and dil. lime water,
calcium chlorate (I) is produced.

2Ca (OH), + 2C1, _cold | Ca (OCl), + CaCl, + 2H,0

Ca-hypochlorite
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(iii)

With hot lime water in excess of chlorine.
When excess of Cl, is reacted with hot lime water calcium Chlorgg,
(v) is produced.

6Ca (OH), + 6Cl, _hot , Ca(ClO,), + 5CaCl, + 6H,0
Ca-chlorate
Passing Cl, gas over dry slaked lime.

When Cl, gas is passed over dry slaked lime at about 40°¢
bleaching powder is produced.

Ca(OH),, +Cl, __, Ca(OClCl, +2H,0
Dry Bleaching powder
Uses Of Chlorine:

The production and consumption of chlorine on large scale make it
one of the most important chemicals of chemical industry and national

economy.

()

(i)

(i)
(iv)
(V)

(vi)

(vii)

(viii)

It is used in the manufacture of chloroform (CHCL), carbon
tetrachloride (CCl,) which are very good organic solvents and in

the production of sulphur monochloride (S,ClL), a volcanizing
agent.

Itis used in the preparation of Vinyl Chloride (CH, = (IjH) which

Cl
is used in the manufacture of PVC (Poly Vinyl Chloride): ?
common plastic.
It is used in the chloro-carbon preparations such as D.DT
hexachloro cyclohexane which are effective pesticides.

It is used in the preparation of bleaching powder which is ustt
in bleaching cotton, linen cloths. :
[tis used for sterilizing drinking water and disinfecting drai” A
and sewers to kill bacteria. t
It is used in the production waﬂard
such as phosgene, COC &'
gas, (C,H,Cl) S.
Chlorine is used extens
explosives etc.

It is also used in the ]
and iodine,

of some poisonous gases of
1,, Chloropicrin; CCl, NO, and M

e rug”

ively in the production of dyes: ;
brof”iﬂe

ayer test for the identification of
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15.3 cOMPOUNDS OF CHLORINE
(1 'Hydrochloric Aciq; HCI1 (Hydrogen Chloride):
Hydrochloric a?ld was sometimes called as muriatic acid.
Lab oratory preparatlon:
The oldest laboratory method for the preparation of hydrochloric acid,
is by the action of Conc. H,SO, on common salt (NaCl).

4(conc) B — 4(aq)

0
NaCl(s, + H, S0 150 C = NaHSO + HCl(g)

Sodium hydrogen sulphate

In this method, common salt (NaCl) is placed in a round bottom flask,
fitted with a thistle funnel and a delivery tube fig 15.4. Concentrated
H,SO, is added from the thistle funnel over common salt, thistle funnel
should be dipped in the acidic mixture. The reaction starts at once with
effervescence to liberate HCl gas and when HCI gas evolution slakens, the
flask is gently heated to get faster supply of HCI gas, which is collected
through the delivery tube in gas jar by the upward displacement of air.
The gas is highly soluble in water and dissolves to form hydrochloric acid.
This acid is usually yellow due to impurities.

/ Thistle funnel

Delivery tube

. Gas jar
Iron stand

Round bottom/ 1
Héat

flask
gently é)

L )

Fig.15.4 Laboratory preparation of hydrochloric acid

ndus‘tri?«l Preparations: )
() Hydrochloric acid is commercially prepared in fhe pure:State
by the direct combination of hydrogen and chlorine gas.

. A = - 44.12 KJ/mol
H, Gl . PoHClE T A EER 5
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e gas mixture is burnt i
zzle. A small excess of
rrosi from the furnace ar,
is much in demand in Pakistan.

ic acid 1s obtained as a by product

ngly exotherrrric. Th
d iron no

The reaction is stro
water coole
ion. Gases

brick lined furnace, using
gas is usually used to minimize €O
absorbed in water. Hydrochloric acid

Today, however most of hydrochlor

during the chlorination of hydrocarbons.
e chlorides of non-metals, such as

(ii) Hydrochloric acid from th .
ion of PCl, with water.

PCl, s obtained by the action of

HBPOBIaql * 3HC1(gl

pC13(|) + SHQO(” ey '
Phosphorus acid

(iii) Hydrochloric acid can also be obtained by the action of
chlorine over hydrogen compounds.
@) BiSyt Cha S+ 2HCI,

(b) 2H0, * PEIE=——— 4HCl[aq)+ O,

20 2(g)

Physical Properties:
s a colourless gas with strong acidic odow

(i) Hydrogen chloride i

and acidic taste.
(i) Itis highly soluble in water to
(i) Itis slightly heavier than air an

form hydrochloric acid.
d fumes strongly in moist air

Chemical Properties (Reactions)
(i Reactions with Water:

Hydrochloric acid is a strong acid and ionizes in water as,

HO Cl—(aq)

HCl(a i HQO“) —_—
hydronium ion Chloride ion

(ii) Reaction with alkalies:
Hydrochloric acid reacts with alkalies like NaOH solution Of

solution to produce salt and water.
NaOH,, + HCl, — NaCl,, + H,0,

KOH,  + HCl(aq) — KCl(aq) + Hgom

(aq)
280
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Reaction with ammonia:

Hydrochloric acid react with ammonia (NH,) to produce
ammonium chloride; white fumes of NH“CI is observed.

()

NH, + HCl —— NH,Cl (White fumes)

(iv) Reaction with less electropositive metals:

Less electropostive metals like Mg, Zn, Al etc. react with dilute

hydrochloric acid to liberate hydrogen gas with the formation
of their chlorides.

Mg, + 2HCL — MgCl,, + Hyyp
Zn‘s) + 2HC1(aq' = ZnClQ(aq] + HQ[g]T

2Al, + 6HCl,,  — 2AICL,, +3H ¢

(v)] Reaction with metal corbonates and bicarbonates:
Metal carbonates and bicarbonates react with dilute hydrochloric
acid to liberate CO, gas with effervescence with formation of metal
chlorides.

T
Na,CO, + 2HCl — ,{8NaCl , + CO, + H,0

2(g) 270

CaCo,, + 2HCl <O, caCl, +CO,l +HO

254(1)

T
NaHCO, +HCl  — NaCl +CO,, +H,0

3(s) 2(g) 270
sod-bicarbonate

Vi) Reaction with AgNO, and Pb(NO,),
Silver nitrate and lead nitrate react with dil- hydrochloric acid to
Precipitate their chlorides.

AgNOS(aq) 5 HCl(aq) Tny AgCI(S) + HNOS(M)
White precipitate
Pb (Noa)z(aq] + 2HC1(MU — Pb012{s) t 2I_H\IOS(«uq)

White precipitate
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Uses: £ » ’ |

' id i kling of iron and steel that
. loric acid 18 used for the pi€ hat g
. R metal surface.

to remove the rust from the 5 .
(ii) It is used in the manufacture of dyes, plastics, medicine, rubbe

chlorides etc.
(iii) Itis used as chemica .
(iv) It is used to remove CaCO, depos!

floors.

| reagent in the laboratory.
ts from sanitary wares an(

2- Bleaching Powder:
Bleaching powder is a mixe
oxychloride. Professor Odling sugges

/OC] ‘ ;
as Ca(OCl) Cl or CaOCl, Ca\Cl on the basis of the available

d salt of calcium with chloride and
ted the formula of bleaching powder

percentage of chlorine.

Preparation:
(i) Laboratory Preparation:
In the laboratory bleaching powder is prepared by shaking a smal
quant