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: 'Chaptér: I

Student Learning l‘-}un:nm 5

After studying this chapter, students will be able to:

. Dafire chemistry as the study of martear, its properties, compaosition, and interactions
with other matter and energy. Or Study of earth (salids), Air (gasses), Sea fliquids) and
sky (plasma) and thelrinteraction with e-a-:h other,

- Explainwith E}:arﬂples that chr—.trmsh:,,r has many sub ﬁnlds and 1r.terd|sc|'l||ra.rn_,. frelds,
Some examples include:

+ Binchemistry

« Medicinal Chemistry

« Bolymer Chemistry

- - Gegchemistry
Environ mental C |'IEF"|I'~_F‘_-.-'

- Analytical £ -EFI'IISIF]."
Ph;-‘sicalﬁhgmlstry_

. -!Jrganl'c{:hernistﬁr
Inarganic Chemistry

« Muclear Chemistry Astrachemistry)

- Def ing matterasa subcstan-cenawngmassandnccl.pymg5pnce

LeSiate the distinguishing macroscopic properties rf cgmmonly observed wta'ﬂs of
snllds liguids and gasesin pamculardenmw [} mﬂresmt:l ity, and fdidity:

. 1|:|arrrf5rthat state is @ distinct farm of matter (exa mpIEE could mcludefamlllaﬂt;-.r with
plasma, intermediate states and exotic states e g, BEC r:urllq uid crystals)

' Explain the allotropic farms -::u‘ solids (some exam ple5 may include diamaond, ‘:jr'ﬂphltt‘
andfulleranes)

* Exptmn tha dlf‘ern:-ncn hen-.-:-:-ar'. Elnmmt_f., compal -1-:]5 and rnl:-:tu*es : :
. I-:ienul';-.-' soluti r:nns collaids, and sU spenslr:-ns as rnmtu res and give an Bxam plr_- ofeach

. Explain the effe-;:t af tempera.ure on solubility ar‘.d formation of unsaturated-and
saturated solutions
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1.1 What is Chemistry?

Chemistry is the science which deals with the properties, composition and
the structure of substances. It also studies the physical and chemical changes in
matter and the laws or principles which govern these changes.

Determination of composition represents finding out percentages of
elements and compounds in a sample of matter. Structure of matter means the
arrangement of atoms in matter. Both physical and chemical changes may be
brought abaut by the interaction ef energy.

- Branches of Chemistry
To understand the widely spread complex subject of chemistry and te
concentrate on its specific aspects, chemistry is divided into many distinct

branches. These branches have distinct areas of study for the scientists to focus
on and tc achieve breakthroughs and advancements,

! 1:Physical Chemistry

This branch investigates how substances behave at atomic or molecular
levels. It provides clear explanation as to how fundamental physical laws
governing our world cause atoms and molecules to show specific characteristics
and in tum react to give huge structures related to life. Physical chemistry s also
used to predict and change the rates of reaction and thus optimize the
conditions to carry out the reaction on industrial scale.

2. Inorga hic Chemistry

It is the study of the synthesis and properties of compounds that da not
centain carbon hydrogen bonds. An inorganic compound can be compased of
metals, nonmetals or a mixture of these, salts, acids and bases. Inorganic
compounds are used as fuels, medicines, catalysts, pigments, surfactants,
coatings and much mare,

3, Elrgarhc Chemistry .,

It is the branch of chemistry that deals with the carbon compaounds other
than its simple salts like carbonates, oxides and carbides, In this branch, we study
the structure, formation, properties,- composition and reactions of carbon
containing campounds. Organic compounds are found in all forms of life and are

also essential for life.
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4. Environmental Chemistry :

It is the scientific study of the chemical and biochemical phenomena that
occur in this planet, In this subject, we study the sources, reactions, effecis and
fates of chemical species in the air, soil and water environments, Without this, it
would be impossible to study the effects humans have on the environment

through the release of chemicals. It helps in understanding the causes, effects
and solutions of different types of pallution.

5. Analytical Chemistry

This branch of chemistry deals with the analysis of different substances. it
involves separation, identification and determination of the concentration of the
material things. Nowadays the field of analytical chemistry generally involves the
use of modern and sophisticated instruments to analyze the matter,

6. Biochemistry.

It is the branch of chemistry in which we understand life through chemical
processes. It is the study of chemical substances and vital processes occurring in
living organisms. Biochemistry provides insights inte the structure and function
of malecules such as proteins, carbohydrates, lipids and nucleic acids,

7. Nuclear Chemistry

Muclear chemistry deals with the reactions taking place in the nucleus of
an atom. it deals with radioactivity, nuclear processes and transformation in the
nuclei of atoms.

' B. Polymer Chemistry

Polymers are large molecules made by linking together a series of
building blocks. Palymer chemistry focuses on the properties, structure and
synthesis of palymers and macramaolecules. Many materials present in the living
arganisms including proteins, celluiose and nucleic acids are naturaily occurring
palyrers,

il

TerraonaoN

Ceatharmal heat pump usas a pump to transfer underground water inta the
buildings during the winter to heat them and in the surmmer ta cool them.
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The study :uf chemical compasition of Earth and its seurces and minerals s
called geo chemistry. Apart from its use in minerals exploration, geochemical
mapping today has applications in environmental monitering, forestry and
medical research.

w Mediclnal Chem i

In this branch of chewstw, the chemist tries to design and synthesize a
medicine or a drug which is beneficial for mankind. It includes the discovery,
delivery, ansorption and metabolism of drugs in human bady.

11. Astrochemistry

It is the study of maolecules and ions recurring in space and interstellar
space. In this discipline we study the abundance and reactions of molecules and
ions in the universe and interaction of these species with radiation.

; E'.ll'.E rose:

A lunar mission has recently brought samples from the Moon. The fﬂllowmg
experiments were then carried out on it. Peint out the branch of chemistry
these experiments are related 1o.

Experiment Branch of Chemistry

1. Determing its composition

2. Studyingthe physical properties
of matenalsitcontains

3. Carrying out chemical reactions
with usual inorganic reagents

T

1.2 States of Matter

This world is made up of matter and energy. Energy is non-material in
nature. Anything other than energy which carries weight and occupies volume is
called matter. We encounter material things evernywhere in all sort of different
and distinct forms.

A state of matter is one of the many distinct forms in which matter can
exist, We observe four states of matter in everyday life: solid, liquid, gas and
plasma. Apart from these, there are more states of matter which we do not see in
our everyday life.
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The three primary states of matter-are the seolid, liquid and gaseous. They
are different fram each other due to different strength of intermolecular forces,
the arrangement of particles and the distance between the particles. In gases,
molecules are wvery widely apart with no order whatsoever and very weak
intermolecular forces. All these features make gases easily compressible. Their
densities are cbviously very low.

The liquids, on the other hand, have molecules closely attached but
randomly arranged and there exists significant intermalecular forces between
them. Liquids are therefore not easily compressible and their densities have
higher values than those of gases.

Solids have a definite shape and a fixed volume. Particles in solids are
closely packed and have very strong interatomic or intermolecular attractions.
The particles in solids remains fixed at their positions where they can oscillate
about their mean positions. Solids are incompressible and rigid.

The densities of solids are wvery high. Solids are the anly state of matter
which do not need any container ta be stored. In crystalline solids, particles are
perfectly arranged and stroengly bonded. This makes them almost
incompressiole. They are the most dense substances.

Plasma is not so generally seen form of matter, It is composed of particles
with very high kinetic energy. It exists in flucrescent tubes, lightning and welding
arcs. Plasma can be considered as a partially ionized gas containing electrons,
ions, photons, etc,

Matter also exits in intermediate states where liquid meets gas and liquid
meets solid, for example supercritical fluids, liquid crystals and graphene.
Supercritical fluids are highly compressed states which show both properties of
gases and liquids. Chemical reactions which may not be carried out in
conventional solvents, may possibly be carried out in supercritical carbon
dicxide.
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Liquid crystal is a state of matter whose properties are between those of
conventional liquids and thase of crystalline solids. Liquid crystals are used in
display devices including computer monitors, clocks, watches and navigation
systems. Graphene is an example of two-dimensional erystal, a single layer of
carbon atoms arranged in 2 hexaganal pattern. Graphene is a tough, flexible and
light material with a high resistance.

States of matter that are not commonly encountered are called exotic
states of matter. Examples are dark matter, Bose-Einstein condensate, nuclear
matter, guantum spin liquid and many others,

1.3 Element, Compound and Mixture

Matter in this world exists in the form of elements, compaunds and
mixtures. Element is the simplest form of matter. It is a pure substance
containing the same kind of atoms. It cannot be broken down inta simpler
substances by crdinary chemical reactions. Elements exist in all three forms;
salid, liquid and gas. Most of the elements found in this world exist in solid form.
Liquid and gasecous elements are very few in number as compared ta solids.

Elerments may be a metal, a non-metal and a metalloid and a noble gas.
Elerments can also exist in form of atoms, molecules, ions and isotopes. Examples
of important elements are sodium, potassium, magnesium, calcium, carbon,
silicon, nitrogen, oxygen, chlerine, helium, copper, gold, zinc, silver nickel,
cobalt, mercury, bromine iodine, etc.

Compaund is alsa a pure substance. Itis made up of two or more different
chemical elements combined in a fixed ratio, When elements come together,
they reactwith each other and form chemical bonds that are not easy to hreak,

Compound may be malecular, ionic, intermetallic and coordination
complexes. Compounds may also be inorganic and organic in nature. Examples
of impertant compounds are water, ammonia, methane, carbon diexide,
carbonates, chlorides, starch, proteins, carbohydrates, mineral acids, organic
acids, ete.

The composition and properties of elements or a compound are uniform
throughout a given sample ancd from one sampie to another. A mixture is formed
when more than ane types of elements or compounds are mixed together in any
ratio. Air, soil, milk and tap water are everyday examples of mixtures. A mixture
may be homogeneous or heterogeneous. A solution of salt and water is an
example of homogeneous mixture because its concentration is uniform
throughout. A sample of rock is an example of heterogeneous mixture because




the cancentrations of its constituents is different in its different parts. Rocks are
composed of different types of minerals such as granite, mica and limastone,

Wk ————y
:g) Interesting Information! H

wany elements are found in nature but some are artificial. Techretium was
first elarnant created by scientists in the laboratory.

lvan sulphide

@Figif1.2); Compounds

e
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“AllotropicForms of Substances

Both elements and compounds may exist in more than one structural
forms which can exhibit quite different physical and chemical properties. These
forms are called allotropic forms and phenomenon is called allotropy. Element
oxygen exists in two allotropic farms namely oxygen (O} and ozone (O;).

Similarly, carbon exists in three main allotropic forms, diamond, grapnite
and Buckminster fullerene. Diamond has a giant macromolecular structure
whereas graphite has a layered structure of hexagonal rings of carbon.
Buckminster fullerene {Cgp) consists of spheres made of atoms arranged in
pentagons and hexagons, Fullerenes are stable at high temperatures and high
pressures. Being covalent in nature, they are soluble in organic solvents. The
fullerene structure is unique in that the molecule is not charged, has no
boundaries and has no unpaired electrons. They have a cage like structure.
Fullerene C,, has a low melting paint. It is soft and cannot conduct electricity.
Element sulphur also exists in two crystalline allotropic forms i.e. rhombic and
monocline; the formeris more stable than the latter.

1
o

1 v
‘i-.ﬂl..-l‘ ‘h.’_..r e 1-.;.:..-

Maonaclimic Sulphur

Graphite Rhombic Sulphur
Fig £1.4) Allotropic Forms of Carbon and sulphur
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[hfferences between Eiements Cumpnunds and M:xtures

An element is the
simplest form of matter.
It is a pure substance
containing the same
kind of atoms.

A compound is a pure
substance. It is formed
by the chemical
combination of two or
mare atams of different
elements.

.'"f--Mmtu rr:s

Mixture is an impure
compound. A sample of
matter having more
than one type of
elements or compounds
| mixed together in any

; ratio, is called a mixture.

It is not possible to
break down an element
into simpler particles by
ardinary chemical
reactions.

atoms of elements must
combine together by a
fived ratio by weight. Far
example, in water (H.0)
hydragen and oxygen
are present in a fixed
ratio of 1:8 by weight.

In a compound, the|

Each component of a
mixture retains its
identity and specific
properties,

When an element exists
in the form of
aggregate of atoms, it
s represented by a
symbal, For example,
sodium ard calcium are
represented by their
symbols Na and Ca.

It is possible to break &
compound into its
constituent elements
by 2 chemical reaction.
Far example, ammonia
can be converted back
ta nitrogen and
hydragen by a suitable
chemical reaction,

| A mixture may be

' homogeneaus ar
heterogeneous. For
example, the sclution of
common salt in water is
8 homogenegus mixture
while a sample of rock is
a heterogeneous
mixture.

Gaseous elements exist
in the form of
independeant molecules,
for example nitrogen
{N2), oxygen (C) and
chlarine (Clg). Noble
gases, however, exist as

The properties of &
compound are always
different fram the
elements from which it is
formed. Far example, the
properties of water are
different from those of

monag atomic molecules.

hydrogen and oxygen.

The components of a
mixture are not
chemically bound
together and they can
be separated by
physical methods.

13
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Compounds existinthe | The properties of 2
form of melecules, for mixture are the sum of
example hydrogen those of its

chloride {HCI), ammonia | ., mponents.

(MH,] and water {(Hz0).
Compounds may also
exist as network
arrangement of their
atoms, For example, ionic
compounds like MaCl
and covalent compounds

like sand (Si0g).

m 1. Which elements are found in pure state in Earth?
| 2. Which elements are in very small amounts in Earth? i

1.4 Solution, Colloidal Solution and Suspension

A solution is such a mixture in which sclute particles are completely
homogenized in the soivent e.g. dissolution of sodium chloride or copper
sulphate in water. The solute particles in such a solution cannot be seen by the
naked eye. If solution is filterad, these particles pass through the pores of filter
paper leaving no precipitate. Such a solution is called 2 true solution. A
suspension, on the other hand, is a mixture in which solute particles do not
dissolve in the solvent. We can actually see these particles. If a suspension is kept
for some time, these particles settle down. Again, if this suspension is filtered, the
particles in it cannot pass through the pores of filter paper and can be collected
as a precipitate. & mixture of chalk inwater s an example of suspension.

e —
s
{
4
SR

Solution Calloidal Suspension

Besides a true solution and a suspension, there is a third form of solution
called colloidal selution, In this type, the solute particles do not homogenize with
solvent, These particles are a little bit bigger than the solute particles present in
the true salution but not big enough to be seen with a naked eye like the particles
present in a suspension. If kept for some time, the particles of a colloidal solution
do not settle down. On filtration, these particles pass through the filter paper like

14
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the particles of a true solution. Starch solution and white of an egg are the
commaon examples of colloidal solutions,

ol matioh Soltions

Take about 100 g of water in a beaker, add to it 5g of table sugar, and stir it.
The sugar will dissolve in water, Then add another 5g of sugar and stir. This will
also dissolve. This solution is called an unsaturated solution. & solution which can
dissclve more amount of a solute at a particular temperature is called an
unsaturated solution. Continue adding sugar in the above sclution. As the
guantity of sugar in water increases, its dissclution will become more difficult. A
stage comes when no more sugar will dissolve in water at this temperature, Any
mare sugar added at this stage will settle down at the bottom of the beaker. This
solution is called a saturated solution at a particular temperature of the process,

A solutien in which the maximum amount of the solute has been
dissolved in a particular amount of a solvent at a particular temperature iz called
a saturated solution. '

Different solutes have different salubilities ina particular salvent. For
example, if the saturated sclutions of table sugar and sodium chlaride are
prepared, it is found that the concentration of sodium chlaride saturated
solutionis 5.3 molar atroom temperature while that of sugar selutionis 3.8
molar at room temperature, |n other words, the solubility of sodium
chloride in wateris far greater than that of sugar at room temperature. This
is due to the fact that the attraction of sodium and chloride ions with water
arefarstrongerthanthe attractionsbetweensugar molecules with water.

How formation of solution canbe usefulindaily life?
3l

) Interesting nformationt \

Formation of Unsatutted and Satirated

iy

Selutions are closely related to our everyday lives, The air we breathe, the
liquic and other foods we consume, the fluids in our bady, the solids like steel we use,
.are all solutions.

“Effect of Temperature on the Solubility of Solutes
The salubility of a solute is the amount of solute which can dissolve in
100g of asolvent at a particular temperature.

Change in temperature has different effects on the selubility of different
compounds, Usually the solubility increases with the increase in temperature but
it cannot be taken as a general rule. There are a large number of compounds
whose solubility in H2O increases with the increase in temperature e.g. potassium
15
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nitrate (KMO;j), silver nitrate {AgMNOi) and potassium chloride (KCI) etc. The
solubility of sodium chicride in H,0O does nat increase appreciably with the
increase in temperature. The solubility of compounds like lithium carbonate
(LizCOs) and calcium chromate (CaCrO,) decreases with the increase in
ternperature. The solubility of gases in water alse decreases with the increase in
temperature.

Solubility Curves
158 — ;
148 | )
54 Solubility Curve of KNG, in H O
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| — a - Activity

| 7“1 Take 100 g of waterin a beaker
and prepare saturated solution of
sugar at room temperature. Heat the
beaker on & spirit lamp. Add a little
miore sugar in it and stir'it. Will this
sugar be - dissolved in it? You will
notice that by heating the solution
the quantity of sugar dissolved in
water has increased i.e. the selubility
of sugarhasincreased. = % -

Saturated
solution of
_thar_

- S

Similarly, the solubilities of copper sulphate and sodium nitrate also
increase with increase in the temperature. However, the solubility of caicium
hydroxide decreases with the increase intemperature.

! How variation of solubility at different temperatures can be useful for us?

i




1. The increase in the solubility of solids in liquids
with increase in temperature may be used to
purify them. Pure solids commonly appear as
berutifully shaped crystals,

Crystals of Potassium Nitrate

2. Generally the solubility of gases decreases with increase in temperature. Carbon

dioxide gas is alse more saluble inwater at low temperature. Soda water bottles
are thus stored in the refrigerator to keep carbon dioxide gas digsolved in water
foralonger period of time.

Chernistry is that branch I:l’r'_.ﬁg';i'l.?.nce which deals with the compasition of matter,
changes 'n matter and the laws which govern these changes.
To understand the vast and complex subject of Chemistry, it is divided into many

branches: Physical chemistry, incrganic chemmrg,- and organic chemistry are its main

tranches amaong so many u:r'hers

Mattere:u:qsts maanly inthres 5T.ates snlld liquid and gas The;-.r are di 'Fr'erent En:m sach i

ather f.'ue‘m différent r:harar:"r:nstrﬂ of particles which ﬂ1e3,.- contain.

Plasmma is regarded as the fou 'th state of matter which is nat r-nrmally I]bSEI"-.I'EI:l in thls'

wiarld: Mn:tst of the matter pr esent inthe rest -:::Fthe. unwerﬁe exjstsin this state,

hatter alsn exists in the Ir'.terrnedmte states which are- at the barderline of its twao

pnnmpel states, between liquid’ and gas or between liquid and solid. Superc. itical
fluids and liquid crystals are sorne examples of such states.

r'-"a'ctEr'Exlsf'.-‘- in the form ufdlﬁtlnctentrtes called Elemerv‘s cnr’lpnunds and m Fetures.

E Elements mmﬂuunds and’ mmtures have distinct pr-:: per*les individually and the;-.-' are’

vEry dlﬁerent form one anather. -

S-::-Iutlclns. suspensions. and Cl.'_I".DIdal solutions are dlfferenr farms: in u.rm-:h. 'the

mixturas usual |}" exist. They have their own characteristic p I‘dpﬂl‘tlﬂﬁ

PRl . i



(i)

i)

iii)

(iv)

(v

(wi)

tii

fwiii}

Tick (') the correct answer.
Matter is presentin neon signs in the state of

(a) Supercritical fluid (b} Plasma

{c) Gas {d} Liquid crystal
Hazardous effects of shopping bags are studied in:

{a) Geochemnistry (b} Inorganic chemistry

{£) Analytical Chemistry {d) Enviranmental chemistry
The man-made polymer is:

{a) Starch {b) Polystyrene

(c} Protein (d) Cellulose

The allotropic form of sulphur is:

{(a) Brass (b} Rhombic

(c) Graphite {d) Branze

Which liguid among the following is a colloidal solution?

{a) Milk (b) Slaked lime used forwhite wash
{c} Vinegarsolution (d) Mixture of AgClinwater

Which of the following is a heterogeneous mixture?
{a) A solution of calcium in hydroxide water

(b) A solution of potassium nitrate inwater

e} Hotchocolate

{d) Cancrete mixture

A state of matter whase praperties are between those of liquids and
crystalline salids,

(a) Liquid crystal (b) Supercritical fluid
() Plasma (d) Dark matter

When the tiny particles of a substance are dispersed through a medium,
the mixture is named as:

(@) Truesolution (b) Calloid
{c) Suspension (d) Heterogenous mixture
1B
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ii.

fii.

Wi,
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3.

iii.

iv.
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A solution of KCIO; has a solubllity of about 13.2g per 100 cm’ at 40°C.
How its solubility will be atfected, if you decrease the temperatura?

{8) Thesolubilitywill increase

{b) Thesolubility witi decrease

(c) Thesolubility will remain the same

{d) The solubility will first increase with temperature and then it will
decrease

You are studying the rate of hydrolysis of organic compound starch under
different conditions of temperature. In which branch of chemistry this

topic will fall?
(a) Organic Chemistry {b) Analytical Chemistry

(c} Biochemistry {d) Physical Chemistry

Questions for Short Answers

Why is there a need to divide Chemistry into many branches. Give three
reasans.

Reactions may take place due to electrons present cutside the nucleus or
they may take place inside the nucleus. Which branches of Chemistry cover
these two types of reactions,

What types of problems are solved in anaiytical chemistry?

Both graphite and graphene have hexaganal layered structures. What is the
difference?

Why are supercritical fluids important?
In which state does matter existin the Sun?
What is the importance of graphene?

Which form of matter do most of the material things in this world belong to?

Constructed Response Questions
How does a supercritical state look like?
Inwhatwayis plasma created in a fluorescent tube?

Maost of the motecules we study in biochemistry are organic in nature. Where
does the difference exist in arganic and biochemistry branches of Chemistry,

Give the reason of brilliance shown by diamond. Can you improve it?

Explain the dissolution of Mall in water.
19
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‘Why do different compounds have different solubilities in water at a

particuiar temperature?
Why NaCl can be crystallized from water just like KNO57

Why graphite is slippery to touch which property of graphite enables it to be
used as lubricant?

Descriptive Questions

Mention the name of the branch of Chemistry in which you will study each of
the following topics.

(2) Rate of a reaction (b) Digestion of foodin human body

(¢} Properties of plasma {d) Ecosystem

(e} Reactions taking place during fire works

(f) Measurement of the absarption of wavelength with the help of ultraviclet
spectrameter

What are allotropic forms? Explain the allotropic forms of carbon and
sulphur. How does coal differ from diamana?

What are supercritical fluids. How are they different frem ordinary liquids?

Define solubility of a solute. How does the solubility of salutes change with
the increase intemperature?

What types of movements are presentin gaseous and liguid malecules?

Differentiate between the areas which are studied under inorganic and
organic chemistry.

Investigative Questions

Preparation of solutions-leads to an important process in chemistry which
enables us to purify a compound through crystallization. Describe a process
inwhich patassium nitrate is purified by crystallizing it in water,
Graphene is called a miracle material and it is the material of the future.
Which af its many properties males it very useful in electronics?




After studying this chapter, students will be able to:
Explain the structure of the atom as a central nucleus containing neutrons and
pratons surrounded by electrans in shells

State that, arbits (shells) sre.energy levels of electrons and alarger shell implies higher

"Energy @nd greater average :Tlstar'.cefrnm nuclews

Stats'that electrans are quantum particles with prababilistic paths. w“-unse exact pa’rhr..
and locations cannat be mapped (with reference to the uncertainty principle}

Explzin that a nucleus is made ep of protons and neutrans held tngethur oy strang
nuclear force

Explainithat an atomic madel is an aid to understand thr:‘- structure of an atarm,
State the relative charge and relative masses of 5 5|.I:|3h:|m|c particles (an elect.rcrn,

v prnrnnan"l reutran)

Inter nreﬁherﬁlatmnihip betwaen a subatomic particle, their mass and charge:
11 ustrate the path that posithvely-and negatively charged particles wu:uld take under
the Influence of a Uniform Electric Field.

Define praton number/ stom’c number as the number of protons in the nucleus of an
atom.

-x.pla-n that the protor’ r‘umhcr |5 unigue ta LEI-._|'I ﬂlnment and usec to arrange
elammlt&m periodic table :

E’rate that radioactivity can changF tha proton num I:uer and alter an atom's |dﬁnt|t5,r

Deflne ﬁuclenn number / atomic mass as sum of I'ILI'r'IbEI of protons and reUtrans in
the nucleus of an atom.

Define isotopes as different atoms of the same alement that have same number of
protons butdifferent nevtrans

atate 1."1-BTI5EI iopescan affect rolecular mass but netchemical perEItIE:-ﬁ"E 1atom
Determine the number of protons and neutrons of differant isotopes

Define relathve atomic mass &5 the-average mass of isotopes of an element co mipared
to 1/1 2th of mass of an atom of Carbon-12

State that isotopes can exhibit radinactivity

21
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Discuss the impartance of i'!srg%m;}es using carbon-dating and medical imaging as
examples. Describe the ;ﬂrmgti’lt!:-:n of positive (cation) and negative {anion) ians from
gtoms, i
»  Interpretandusethe s{}rmbnls; 1|~'E:r atams and ians
«  Calculate relative atomic mafi;ﬁ:l:ﬂfan element from relative masses and abundance of
Isotopes, 14
«  Laleulate the relative mass uif in isotope given relative atomic mass and abundance .

ofallstable isotopes.

= Introduction

Elements are very different fram one another, A large number of elements
exist as solids and very few are present as liquids while the rest exist as gases. All
these elements are however made up of atoms.

Have you ever thought why these elements are so different from one
another? Iran looks very different from gold which, in turn, is very different from
aluminium or zinc {Fig: 2.1}. Iron is a heavy metal while aluminium and zinc are
light metals. Metals are mostly lustrous while non-metals like sulphur and carbon
appear dull. The difference in the properties of elements is due to the difference
inthe properties of their constituent atoms.

\

-

Fig (2.1) Different Elements look different

[ - \Write down the names of EHE elements showri in the above pictures. ]
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2.7 Structure of Atom

In 1803, an English chemist, John Dalton, in his famous theory 'Dalton's
atomic theory', proposed atoms to be indivisible. In other words, according to
him, it was not possible to divide atoms to smaller particles. In the last decade of
nineteenth century, a group of scientists were trying to pass electricity through
gases at reduced pressure. During the course of these experiments known as
'Discharge Tube Experiments’, they discoverec that atoms are no longer the
smallest particles of matter; rather there exist particles that are even smaller than
atoms. In other words, atems are composed of negatively charged garticles
called electrons and positively charged particles called protons, It was also
discovered that a proton is 1836 times heavier than an electron. In a discharge
tube, the presence of the negatively charged particles was ascertained because
of their deflection towards the positive plate in an electric field. Similarly, the
presence of positively charged particles was confirmed due to their deflection
towards the negative plate.

i
Wb

) Interesting Informationt '\
Although the nucleus is less than ane hundred=Thousandth (171 D[:,EJE-DJ of ‘

the size of the atom, it contains maore than 99.9% of the mass of the atam. !

Discovery of Electrons

A discharge tube is a hard glass
tube provided with two metallic
electrodes and a vacuum pump to §
evacuate the gas present in it Fig (2.2).
When a very high voltage is applied to
an evacuated glass tube the glass §
surface behind the positive electroda
started to glow, due tothe rays emitte] SRR '

; Fig (2.2} Discharge Tube Expe .
from the cathode. These rays were Cathode Rays

named as cathode rays. In 1897, British physicist Joseph John Thomson studied
the properties of cathode rays by passing them through the oppasitely charged
electric plates. |t was observed that cathode rays bent towards the positively
charged plate showing that they carry negative charge, Thomson also installed
two magnets on either side of the discharge tube and noticed that cathode rays
were also diverted by the magnetic field. Themsan used the findings of his
experiments to calculate the mass to charge ratio of cathode rays which finally
proved that cathode rays are in fact, negatively changed material particles, These
23
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particles were later named as electrons. It was also shown that electrens are th
subatomic particles of all elements.

- Discovery:of Proton -

The presence of positively charged particles in an atom had been first
observed by E.Goldstein in 1886. [t was based on the concept that atoms are
electrically neutral having same n g
number of positive and negative
charges. He performed a series of
experiments with a gas-discharge
tube having a perforated cathode. A
new type of rays were produced from
the anode which moved towards the
cathode. He called these new rays as X
canal rays or anode rays. Anode

The praperties of these rays seemed to vary depending on the gas used in
the discharge tube. In fact what he discovered was gas ions and this also included
hydragen ion (H"). Goldstein at that time knew nothing aboutits sig nificance.

In 1917, Rutherford performed experiments which proved that the
hydrogen nucleus is present in ather nuclei. Rutherfard thought thata hydrogen
nucleus or a praton must be the fundamental building block of all nuclei and also
possibly a new fundamenta! particle as well.

" 'Origin of Cathode and Ahode Rays
Cathode rays are so named because they are emitted by the cathode in a
discharge tube. A very high electrical potential of thousands of volts was applied
in the discharge tube which ionized the residual gas atoms present in the tube.
The positive ions thus produced travelled towards the cathode as anode or canal
rays. When they collided with the cathode they knocked electrons out of its
surface. This stream of electrons was called cathode rays.

Discovery of Neutron

Later on, in 1933, another particle neutron was also discoverad, which is
krawn 1o carry no charge. The mass of a neutron is almost the same as that of a
proton. These three particles i.e. electron, proten and neutron were given the
name fundamental particles and are shown to be present in all atoms
irrespective of the fact that these atoms behave very different from one another.
It was, however, alse shown that the number of these particles is different in
different atoms.
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After the discovery of these particles, a very important question arose as
ta how these particles are arranged in a tiny place called atom. In other words,
what isthe structure of an atom?

Lord Rutherford, in 1917, provided answer to this question. He carried out
a remarkable experiment in which he hit a stream of special type of particlesto a
very thin gold foil. From this experiment he concluded that an atom has two
portions. A tiny central portion which he called as nucleus and a relatively large
area surrounding this, which he called extra nuclear partion.

It was also discovered that almast all the mass of an atom is concentrated
in the nucleus, because bath the heavy particles i.e. protons and neutrons are
faund to be present here. In the nudleus these two particles are held together by
a strong nuclear force, Electrons are, however, revalving around the nucleus in
fixed circular paths called orbits ar shells. Since electron present in each shell has
a fixed energy, these shells are alsa named as energy levels. The shell which is
nearest to the nucleus is called first shell or K shell and the electron present in it
has a fixed value of energy. Similarty, the second shell will also be at a definite
distance from the nucleus which will, of course, be greater than the first sheli and
electron present in it will also possess greater value of energy. Similarly, electron
may also be present in the third or higher shells.

Each shell is further sub-divided into sub-shells or orbitals. The number of
sub-shells present in a shell is equal the value of n for that shell. For the first shell,
(n = 1), it will, therefore, have only one sub-shell which is called s sub-shell. Far
(n = 2), there will be two sub-shells s and p. The second shell will, therefore, have
two sets of sub-shells. The third shell {n = 3) has three sub-shells s, p and d. The
fourth shell censists of four sub-shells s, p, d and f.

) Waaterting iformationt \

The size of an atam is sa small that itis not possible to see with naked syes, However, a
transition electron microscope can be used to see atoms,

According to
madern approach,

: First shell [§
electrons are like thirg shell v h,1=1 e
charged clouds n=3 F = E
whose location E=E

around the nucleus Sacoad shalt (L)

cannot be predicted Fourth shell (N h=2
with one hundred ;'_"Ef‘ E=E:
E = By

percent certainty. All Baz Ex> Fa =

= L - [

2 H 1 W 'k wafs N s e 2

I T T ) - I | : i " et
i AT . L s, N, B ¥ i i

- ] Mern b r - - ¥ . e - . Faa il



e i i - PR gt P BPLRE)
£ A R T e o S L o oo B
R R o1y g

e 1

R _ e - - :
Lr — - i 5 L ry

-we can say is that there is a certain probability of finding the electron at a certain

prabakle distance from the nucieus.
Table (2.1} Chargas and _ nf -Atu rﬁdes ;

riicl Charge, - L EEN
Electran 16022 = 10°¢C 9,109 =

od Lok i

107 Kg
Proton +1.6022 x 107'%C 1673 % 107% Kg
Neutron 0.0 1675 = 107% Kg

T iR T
(- ) Interesting Information] A

The largest atom cesium is approximately nina times bigger than the smallest
atom helium

In order to find out the number of electrons which can be
accommaodated inthese extra nuclear shells, the scientists have devised formula
called (2n®) formula where n can have values 1,2, 3 .. and s0 on and they
represent the number of shells. Shells have also beennamedas KL M, N ... and
s0 on. When the value of n is one, it means first or K shell and the maximum
number of electrans which can be present in this shell is {2 x 1* = 2). Kshell can,
hewever, have less than two electrons or it may nothave any electron.

Similarly when {n = 2}, it means second or L shell and the maximum
number of electrons it can accommodate is (2 = 2% = B). For (n = 3) or M shell, it
can accommodate 18 electrons at the most This process will go on until the
electrons present in an atom are finished.

The maximum number of electrons which can be accommeodate in sub-
shells s, p, d and f are 2, 6 10 and 14 respectively. In the first shell there are 2
electrons which shell go to (s) sub-shell. In the second shell, 8 electrans will be
further sub-divided, s-subshell will have 2 electrons and 6 electrans will be
accommaodated in p sub-sheil.

2.2 Atomic Number and Mass Number

Electrons, pratons and neutrons are called the fundamental particles of all
types of matter. In other words, the atoms of all the elements present in this
warld contain same electrons, protons and neutrons. However, an atom of ane
element differs fram an atom of another element because it cantains different
number of the fundamental particles.

The number of protons present in the atoms of an element is always {ixed
and it is called the atomic number of that element, Since an atom, as a whole, is
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electrically neutral, the number of electrons present in an atom will be the same
as the number of protons. Atomic number of an element is represented by Z.
Atomic number of an element is unique to that element and the element is
identified by this number. In a periodic table of elements, the elements are
arranged according to ascending order of their atomic numbers.

The total number of pratons and neutrons present in an atom almost
accounts for the total mass of that atom and hence itis called its nuclean number
or mass number, |t is represented by A. The mass of electron being very smaill is
notincluded in the mass numier,

Just like atomic number, the atom of an eiement may also be identified
from its mass number, For example, the number of protons present in an axygen
atom is B, so its atomic number is 8 while the total number of protons and
neutrons present in it is 16, so its mass number is 16. Information about the
atomic number and the mass number is often included with the symbol of any
element. The atomic number is written as a left subscript while the mass number
as a left superscript. 5o, oxygen atom would be symbelized as "3 0. Similariy,
carbon atom symbolized as ' Cwill have 6 protons and 6 neutrons.

The number of neutrons N present in an atom can be calculated if its
atomic number £ and mass number (A) are known.

M=A-2
Thus, the number of neutrons in chlorine atom, symbolized as 3C), can be
calculated as 3517 = 18 '

y

) Interesting |nfér'm_a_|_i§i:-nl'-1\.'

Copernicium {Cn)is a synthetic element and itwas discovered in 1995, This metal
tums inta a gas atroom temperature.

Sample Example 1:

Calculate the number of neutrons, protons and electrons in barium 135: Ba

m Each barium atom will have 56 protons and 56 electrons, The
number of neutrons in boron will be caleulated as follows:

N=~A-Z
MN=137-56 =81
So each '.:Ba atom will have 81 neutrons, 56 protons and 56

electrons.
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‘Solved Example 2:

Calculate the number of neutrans, protons and electron in an atem of uranium
s
=y
Each uranium atom will have 92 protons and 92 electrons. The
number of neutrons will be calculated as follows:
M =A-7F
M =238-92 =146
So each “ZU atom will have 146 neutrons, 92 protons and 32
elactrons.

’ l:alculate the number of neutruns prutuns and electn:uns in the
1 |

fallowing atoms. : e !
l : 1'9'5 55 12'-' ’

- 2.3 Isotopes and their Masses

All the atoms of an element must necessarily have the same atomic number, but
their mass number may vary depending upon the number of neutrons prasent in
the nucleus. Atoms of the same element having different number of neutrons in
their nuciei are called isotopes, For example, element carbeon has three isotopes
as its atoms have six, seven and eight neutrons in their nuclei. These isotopes are
represented as'iC, "IC, "IC. Similarly, hydrogen exists in three isotopes Hydrogen,
Deuterium and Tritium represented by ,H, 7H, 1H. jH is the anly atam which
does not have a neutron. Since the chemical properties of the elements are
determined by the number of electrans, all three isctopes will show almest the
same chemical behaviour, althcugh their physical properties may be different.

M has twice the mass of |H while the mass of {H is thrice as the mass of | H.
Similarly, the masses of three different isotopes of carbon are gifferent.

Isutn;:ea; of Hydl'ﬂgen Atom, JH, 3H, 3H

@




Isotopes of Carbon Atom, ,C, iC, ';C
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Exercise: Why |snfdpes of an Eleme-nt show same chemma! 1
p.‘m pertles while theiqphysncal pmpemes are dlﬂerent‘? : J

adioaceis fotontd

The isctopes of the same element do not have the same physical
properties. Several isotopes of the same chemical elements exist whose nuclei
are unstable. They emit excess energy in the form of radiation. This radiation is
called radioactivity and the isotope which emits energy is called radiosctive
isotope. Every element has one or more radioactive isotope. Tritium ‘His a
radioactiveisatope and the other two are stable and do not emit any radiatian.

When a radicactive element emits radiation, it is transformed intc another
chemical elerment. This process is called radioactive decay. This new element may
be stable or may be radioactive so that it also emits radiation.

Y — H;- Th + energy
" fdranium] i {Tharium)

4 ) Interesting Information! |

zgg Thorium is unstable and further
Vi - . Every year, our bady replaces
disintegrates ta give "5, Pa (Protactinium)

abiet 98% of its atoms,
23
M e * 1T
{Tharum £ (Protactiniumy
I M‘? Tl + energy
[Bismiuth) Thallium)

. Applications of Radioactive Isotopes

Radicactive isotopes are useful in medical imaging. Doctors use them to
diagnose the disease by injecting the patient with 2 small amount of radioactive
fluid. Technetium = 59m is used for diagnostic imaging across human organs like
brain, lungs, etc. Doctors use a special camera to watch how the radioactive fluid
moves.

22



1. Why does a radioactive isotope emit radiation? I
2. Give an example of a radicactive isotope which disintegrates to give
a stable atom.

[ s
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Gallium has many interesting properties. Its melting -point is below body
temperature so it is liguid at room temperature, it has water like viscosity. It does
not evaporate.

Radiocarbon dating is a methed for finding out the age of an historical
abject containing aorganic material with the help of radicactive isotope of
carban '} C. The method involves measuring the proportion of **C in a sample
from a dead plant or animal like a piece of wood or a bone which pravides
information that can be used to calculate when an animal or plant died, The alder
the sample is, the less *Cis to be detected.

Radioactive isotopes are used to test the strength of metals and cancrete
mixture. They are used to generate cheap nuclear power and to find oil fields. In
medicine they are used to diagnose and treat many medical conaitions and
diseases, including cancer and thyroid disorders,

n of Atoms by a Radioactive Solirce -

Radiation emitted from a radicactive source causes ionization of atoms.
For example, heat or light energy coming from the Sun or a radicactive element
can remove electron or electrans from the atom. However, this ionizing radiation
should have enough energy to remove the tightly bound electron fram the orbit
of an atom. )
. Hla . Energy Na® _]_1 o
e Cation
However, the electron will be lost only when there is present anather atom which
can acceptit. .
VO e e '+ | Energy
i : Anion
il .

Y imteresting intoremationt \

Figs

All artificial isotopes are unstable and therefare radioactive.
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Ever since the existenca of atom was recognized, the chemists were trying
to find out a method which would allow them to compare the masses of different
atoms. It was necessary because without knowing the relative masses of atoms,
we would not know in which ratio of masses we mix the reactants to carry out a
chemical reaction. In 1961, the chemists adopted a new scale for the
measurement of the relative masses of atoms. The unit mass on this scaleis 1/12"
of the mass of lighter isotope of carbon taken as 12. The mass of one atom of
carbon an this scale is exactly 12 and the masses of the other atoms are
measured relative to this unit The relative atomic mass of an element is thus
defined as the mass of an atom of that element relative to the mass of light
isotope of carbon taken as 12. The relative atomic masses of elements are
expressed in atomic mass unit {amu). it is defined as one-twelfth the mass of an
atam of carbon-12.

Tamu = 1.67377 x 107% kg
For example, the mass of one atom of hydrogen-1 is 1.007 amu, the mass one
atom of sulphur-32is31.972 amu.

‘ How would you co mpare the masses of the atoms of C, Mgand CI?

An element usually consists of a few different isctopes with different mass
numbers. These mass numbers are called relative isotopic masses. Each isotope
will also have its own naturally occurring abundance which is called isctopic
abundances.

Relative atemic mass of an element can be calcuiated from the relative
isotopic masses and isotepic abundance.

The element Krypton (Kr] has five isotopes. Their relative isotopic masses
and isotopic abundances are shown in the following table (2.2).

Table fE 2] rmtnp]: .ﬁ.l:m ndanm -uf Hryman

Relatwe isntﬂp ic Ma:-’.s.

PR e

80 .'-_"_D'Z'{-
g2 12.0%
83 12.05

ES|



84 ' 57.0%
85 17.0%

Sample Example 1

Relative atomic mass of krypton
= B0x20+82x120+83x12.0+84x57.0+85x57.0
100

= 837

‘Sample Example 2:

Calculate the relative atomic mass of light isotope of chlorine
Relative atomicmass of chlorine Tl = 7577 + 37 x 24.23

100
35 45 = Cl=7577+37= 2423
100
3545 = Cl= 7307 + 37 x 24.23
3545-896.51 = Cl= 7577
2648.45 /7577 =
34.95 = Cl

Relative atomic mass of light isotope of chlorine is 34.95,

Ea[r;ulate the relative atomic mass of Lead {Pb). Isotopic ahundances |
.‘ofi |sr:ntu ES arezﬂ 24.0, 22,0, 52.0 respectwely e
E““Ph ’“”EFB " Ph mi’h
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An English chemist, John Dalton, prﬂpused*thatatnrnsare lndr\rmble
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i 2. Discharge tube experiments showed that atoms are nn longer smallest p.:lr‘tlcres af
; matter. Rather they are made up of still smallar pa mdes called electran, proton and
i meptran.

3.  Electrons, protons and newirons are shown to be present in all the alements
imespective of the fact that the elements behave very differently, Different elements,
howaver, contain different number af these particlas. l :

4, Lord Rutherford discovered that all atoms have a cevrr*rel part which he na“ned as
nucleus, The protons and neutrons are present in th:s nucleus while the ElECt.I’ﬂl"lE ara
revolving around the nucleus, I ; ;

5° Anatom hEIrlg electrically neutral contains the same '1u ber ufelectrc:ns ar‘d nrutn:uns

& Electrons revolve aroundthe nucleus in different shells,

7. The number of protons present in the nuceus of an eler‘neht is called the atomic
rumber.af that Element ;

|- 8. . The'total rumber of prnt{:nns and neutrans pr‘eser'ct ||}t|:1e nucleus af an alement in
| calledits mass nurmber.

' 8, 1sntnpe:r are the atoms of the =a|me elarment whu:h ha\é the same nu rr]b-prnf pr-:}tuns
; but differant number of neutrons, ple :

10. Isotapes of an element have same chemical pmpeﬂles lbutfhe:,.r -::I'li"fer in ﬂ'u:ir physical
propérties. : i £

1. Isatopesof an element rrlaj,.f be stable m;adinamm q, dioactive Isotopes have many
uséfﬂ' appl catiansin medlr_me s : A i

12, Radicactiva lsntepf"; have unsﬁahle nuclei and th&y’thr“ Eﬁu&:&diatiﬂﬁ.
13. R&Iame E_imrmc mass of an element can be calctilated frem the relative isstopic
- masses of this element and their isotapic abundances | - : i
f
ExErcise &
1.  Tick{¥') the carrect answer.
(1] How many elecirons can be accommodated at the maost in the third shell
of the elements?
(ay & (BY 18 {c) 10 dy 32
{ii} What information was chtained from discharge tube experiments?

(@} Structure of atom was discovered.,

(b} Neutronsand protans were discovered.

{¢) Electronsand protons were discovered.

{d) Presenceof nucleusin an atom was discovered,
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(i)

(i)

fwin)

{ix)

Why have lsotopes not been shown in the periadic table?

R S
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{a) Periodic table cannot accommaodate a large number of isctopes of
different elements,

() Some of the isotopes are unstable and they give rise to cifferent
elements

(€} Al the isotopes have same atomic number; so there is nc need to
give them separate places.

({d) lsotopesdonotshow periodic behavior.

Which particle is presentin different numberin the isctopes?

{a) Electron (b) Meutron

(c) Proton (d) Bothneutronand electron
Predict the boiling point of neavy water (D:0)

(a) 101.4°C (b) 98.2°C

{c) 100°C (d) 105.4*C

What wili be the relative atamic mass of hydrogen given the abundances
af its bwo isotopes, 99.9844% and 0.01546%.

{a) 1.0078 (b} 1.0784 (c) 1.0800 {d) 1.0700
How s radiocarbon dating useful for archeclogists?

{a) It helpsdetermine the age of organic matter.

(D) It helps determine the composition of matter.

[} It helpsdetermine the usefulness of matter.

(d} 1thelpsdeterminewhether the matieris radioactive or not.

What cloes keep the particles present in the nucleus intact?

(a} Particles are held together by strong nuclear force,

ib) Particles are held together by weak nuclear force.

{c) Particles are held together by electrostatic force.

{d) Particles are held together by dipolar farce.

How do electrons keep themselves away from the oppositely charged
nucleus?

(a) By keeping themselves stationary

(b} Byrevolving around the nucleus

() Duetotheirwave-like nature

Ad) A magneticfield around the nucleus keepsthem away

Rubidium consists of two isotopes “Rb and “'Rb. The percent abundance
of the light isotope is 72.2% What is the percent abundance of the
heavierisotope? Its atomic mass is 85.47

(@) 15% (b} 28% (€} 37% (d) 72%
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Questions for Short Answers -

Why is it said that almost all the mass of an atom is concentrated in its
nucleus? '

Why are elements different fram one another?

How many neutrons are presentin " Bi?

Why is tritium {{H) a radioactive element?

How can an atom absarb and envolve energy?

Constructed Response Questions

Why does the energy of electron increase as we move from first shell to
second shell?

Why is it needed to lower the pressure of the gas inside the discharge tube?
What is the classical concept of an electron? How has this concept changed
with time?

Why the nuclei of the radicactive elements are unstable?

During discharge tube experiments, how did the scientists conclude that the
same type of electrons and protons are present in all the elements?

Descriptive Questions

Explain the structure of 2 hydrogen atom.

How does the theory of atomic structure explain the ionization of atoms by a
radioactive isotope?

What is radicactivity? Explain any three applications of radicactive isotopes.
Find out the relative atomic mass of mercury from the following data.

lsotope Relative Abundance  Isotope Relative Abundance
FHg = 0.0146% “Hg = 16.34%

"*Hg = 10.02% Hg = 23.13%

PHg = 13.22% “Hg = 29.80%

“**Hg = 6.85%

Investigative Questions

How can scientists synthesize elements in the laboaratory?
A system just like our solar system exists in an atom. Comment on this
statement.
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! Afl:erstud:-,rmgthls l:hapter studmtswi[l beable to:. |

Describe that noble gas electronic configura Llﬂﬂ actet and duplet rules help predict
chemical properties of mair group elements

Compare betweaen the formation of cations an & anions
Account for the electropositive and electro "IEgatl'i'E';i'ld'LUf“ of metalsand non-metals.
Define ionic, covalent, coardinate covalent and qjetal lichands :
Differantiate between ionic compounds and’ i:qu'.ldllenl compounds. (Fhe fallawing
points need to beinduded inthe respective def lnltlzlr‘s

. lonic Band as strong electrostatic attraction I::uetu.'een Oppe ':nlnteig,.- charged ions

h Cenvalent bond as strong elnv:tms.ta'r cartractl::m bu twean shared electro ns and two
nuclei !

¢ Migallic band as strang electrastatic al:tractlc:ln l:l-etween el I:udfsea af delocalized
electrons and positively charged catians) : ;

E:-tplal"l the properties of compounds in terms nfhur dmg and structure

Compare uses and properties of materials su::h a5 strength and conductivity as
determined by the type of chemizal band present between their atoms,

Interprat the strength of forces of attraction and their mpact an me1 ting and I:-mllr'g
rmr-t-; ofionicand covalent compounds, E '

Justify the availzbility of ﬁee charged particles ﬁel&;tr-: ns or ions) for o) nductian of

alactricity In ionic compounds- (salid-and malter) n:f_'u'..-a eng -:-::-mp-:lunds aﬂd metalilc

bonds. -

Recognize Mat some substances can ionize when dissolved in water. [rzq acids
dissolves in water and conduct electricity) ;
histify ‘the suitability of. usage of graphite, qhamnnd and  metals for Irudus-t rial
purposes (Some examples may include: a. graphite as lubficant or an Ele-:tr-::-de
b. :!larnm-r in cutting taols e metals forwires,and sheets)

Draw ‘the strdcture of ionic ard covalent cam p.:u_nds afong with their: ﬁ:rrrat iar,
[some examples can include: a. ieni¢ bands in binary compounds stch as MaBr,NaF,
CaCl; using dot-and- cross disgrams and Lewisdat structures: simple molecules
including H,, Cl, Oz Ny, H0, CH, NH, HCI, CTH,0 H, CH,, COy HCN, and similar
malecules using dot and-crass diagrams and Lewis- dot structures)
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- 3.1 Why do atu-r-ns-fiﬁrfn ﬁ:heniiéai i::;nnds?

Atoms bave a tendency to decrease their energy. They can do this by
combining with other atoms, Itis a natural phenomenon because it increases the
stability of atoms.

How do atoms succeed in lowering their energy? The early chemists had
started thinking about this a long time ago. They finally succeeded to get an
answer only when the noble gases He, Ne, Ar, Kr, Xe were discovered. Helium has
two electrons in its outer shell while all other noble gases have eight electrons in
their outermast shells. We alsc know about these gases that neither their atoms
combine with themselves nor with other atoms. The probable reason for this fack
of reactivity was their stability. It was suggested that these gases were stable due
to the presence of two electrons in helium and eight electrons in the outermost
shells of the rest of gases. This gave rise to a principle that having two electrons
{for hydrogen and helium which have only the first skell) or eight electrons in the
autermost shell meant stability and hence unreactivity as well. This principle was
named as Duplet or Octet Rule.

The discovery of duplet or octet rule was followed by another similar
suggestion that atoms form bends because they would like to lower their energy
by completing their duplet or octet, For example, for sodium atom it is easy to
lose one electron and stabilize itself than to gain seven electrans while
completing its octet Sodium atom, therefore, adopts the energetically easier
path and loses its electron to form a bond. In the same way, it is energetically
favourable for hydrogen atom to lose one electron to become preton (H) or
gain one electron to become hydride ion (H). In the latter case, it completes its
duplet.

Alkali and alkaline earth metals are therefore expected to be
electropasitive metals which will form bonds with electronegative elements of
&th and Tth groups. Although, in the beginning, octet rule played a significant
role in understanding the nature of a chemical bond, yet further investigations
found it to be less important.

3.2 Chemical Bond

A chernical bond is a force of attraction between atoms which holds them
together in the form of a melecule or a compound.

When atoms of different substances approach each other, there are two
possibilities. They may attract or repel each other. If the forces of attraction
between therm dominate the forces of repulsion, the energy of the system gets
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lowered and as a result the twa atoms will react to form a new maolecule.

Conversely, the two atoms simply move away from each other.
L

b o —

' Impnrmm Inform ﬂmn'

The a-'rar]g sment of electrons around the nucleus of an atomin shells and S.J’c-shells is
H called els.i:tmm: configuratiari. !

LEY SE S

Types of Bonds

We shall consider here three types of bonds.
{1} lonicbond
(2) Covalentbond
(3} Coordinate covalent bond

11321 lonic Bond .

A chemical bond is formed as a result of the tendency of atoms ta lose or
gain electron or electrons to acquire the electronic configuration of the nearest
noble gas bacause this is a more stable electronic structure. Let us take the
example of the farmation of a simple and important compound, sodium chloride.
This campound is formed when the elements sodium and chlorine react
chemically. The electronic configurations of these elements are shown in Fig (3.1).

£ 15t shell 2ndshell  3rdshell
11Ma 2 8 1
- 2 8 7

Fig {3.1): Electronic Configurations of Sodium and Chlorine

An electran from the outermost shell of sodium atom is transferred to the
outermast shell of chlerine atom and in daing so, both these atoms acquire the
electronic configurations of their nearest noble gases. (Fig 3.2)

Ma — 3 Na + &

g+ Ol —— T

Na + Ol ————— MNaCl

cioNolox

Sodiumm: © Chlorine Sodium Chloride
atom atom ion ion
Flg (3.2): Transference of Electron from Sadium te Chlorine Atom
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Similarly, sodium also reacts with flucrine and bromine to give -sodium
fluoride and sodium bromide respectively.

It should be noted here that an electron or electrons, which take part in 2
chemical reaction, come only from the outermost shells of the atoms, Sodium
chloride, formed as a result of the chemical reaction mentioned on the previous
page contains the positively charged sodium ions (Na"} and the negatively
charged chloride ions (CI7). These oppaositely charged ions are then held together
by the electrostatic force of attraction. The chemical bond, thus formed, is called
an lonic or an Electrovalent Bond and the compounds having such a bond are
called ionic campounds.

Calcium, an alkaline earth metal, loses two electrons to form calcium
chloride {Call;). Fig (3.3)

Ca ——» Ca" + 28

2C1 = 28— 2CI

Iy

Tl

HaE

iyl ey o an —
S _ B £ S
Fig (3.3): Formation of CacCl, e

There iens then surround each other three dimensionally to form a crystal
|lattice.
Examples of ionic compounds are KCI, Mg F, NaF, Kbr, CaF,

| 1. What types of elem ents form ionic bonids?

i 2 What are the ccnditiéns foranionic bond tofarm?
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.Fiq ures of crystal lattices of Na{jl-, i‘daEr. h:laF and CaCl,. {fig 3.4)

) B
Crystal Lattice NaCl - - Crystal lattice Call, ! !
Fig (3.4} Er-_.rstsfl Lattices of MaCl and Catl; i

An lonic bond is therefore a bond which is formed by the complete
transference of electron or electrons from one atom to anether atom.

- 3,2.2 Covalent Bond -

During the formation of an ionic bond, the atams lewer their energy by
the transference of an electron and thus acquire the electronic configuration of
the nearast noble gas. However, it is not the only way by which atoms can lower
their energy. Some atoms decrease their energy by mutually sharing their
electrans. This can be explained as follows.

When two atoms approach each other in order to form a bond, they
undergo important changes in their energy. The electrons belonging to one
atom will came under the attractive influence of the nucleus of the other atom.
This is the new force of attraction and will be respansible for lowering the energy.
The electrans and the nucleus of ane atom will also repel the electrens and the
nucleus of the other atom. This is the force of repulsion and will obviously
increase the energy. The two atoms will bring themselves at such a distance so
that the attractive forces dominate the repulsive forces. The total energy at this
distance will be minimum and thus a stable molecule is formed. A covalent bond
is therefore a bond formed by the mutual sharing of an electron pair
provided by the bonded atoms. This is called a single covalent bond.

In some compounds, the atoms share two electrons each to form a
double covalent bond. In the same way atoms can share three electrons
each to form a triple covalent bond. Double and triple covalent bonds have
two and three electron pairs respectively which are mutually shared
between the two atoms. A single covalent bond is represented by a single
line(-), a double covalent bond is represented by two lines (=) while a triple
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covalent bond is represented by three [ines{=). The mutually shared electrons
may be shown by a dot or a cross. The formation of single, double and triple
covalent bonds in different maolecules is explained in the examples shown in Fig
(3.5).

! Wh aft-,-ﬁe of elements form cavalent bond?

How tﬂvalent bond is diffe re nt fram an ionic hand?

HHH H—H

-

T x}d - :-:'_a.:
SO & QEEeal — O
Tt i et

= (B
S PRy

e
?‘

Fig (3.5): Formation of Single, Double and Triple Covalent Bonds
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Formation of Covalent Compounds

Water

A water molecule is formed when twe hydrogen atoms share their
electrons separately with the electrons of one oxygen atom.

[ I
soE . i
L]
« H “~H
Carbon dioxide
A carbon dioxide molecule is formed when an atom of carbon shares its
four electrons with two oxygen stoms. Each oxygen atom also shares two

electrons.
OXORORICED
. F i 4 L
- rodidites
0 = C = OF
Ammonia Hydrogen cyanide
.”- .. s w XK
HENSH H-—N—H HixeCax N
L] o
] ,L H-C=N
Methane

e,

OO O
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Ethene

Cz Hy

H H H H

| X ¥
H—C=C —H Hx—-C=Cx~-H

Methanol

H H

. |

L O o
HxeCaxDxeH H=—=f—0—H

[ e b

x |

H H

Fig {3.6): Fnrnial:]nﬂ: of Covalent Compounds

Draw electrondotand cross stru cture r:afthefl:ull-:uwmg cumpuunds
SiH,. PCl, 'S0, SO, : R

e

It is quite clear from the examples shown above that after mutually
sharing their electrans, the bonded atoms acquire the electronic configuration of
the nearest nable gas.

°13.2.3 ICoordinate Covalent Bond -

Coordinate covalent bond is a type of covalent band in which the shared
electran pair is donated by one atom only. This bend is formed when a molecule
has an electron pair to donate to another molecule, The molecule which donates
the electron pair, is called a donar while that which accepts it is called an

acceptar. An arrow head (—} pointing towards the acceptor represents this type
of bond. Following examples will help to explain this bond.

Hydronium lon (H,0")

Acids provide protons {H*) when dissolved in water. This proton has an
empty outer shell and can accept a pair of electrons present on the oxygen atom
inwater molecule. As a result ofthis, a hydronium ion (H,0") is formed. (Fig 3.7)

H: D Ho 4
H : ' H -

Fig {2.7): Fermation of a Coordinate Covalent Bond Between H,0 and B’

43

theF
.



The positive charge covers whole of the hydronium ion. After the
formation of hydronium ion, there does not remain any difference between a

coordinate covalent bond and a covalent bond. All the three bonds of axygen
behave exactly alike.

Reaction Between HH, and BF,

A reaction between ammonia (NHs) and boron trifluoride (BF;) is another
example of the formation of a coordinate covalent bond. During the reaction, an
electron pair fram nitragen of ammonia fills the partially empty outer shell of
boron present in boron trifluorinde Fig (3.8).

F H F

_,_,..-"'"'N“‘--.h_“ é, H rlf'l éﬁ_ -
H I H+',,.-f"-f"“*-..._‘ | Fr
et M F F i ek -
T & B : : | :
Hfﬂ l [ B R o » |'H—N—H | CF
" H
4 oH H H
B 1R SRl et ont el
H—C— C—0—H+H ——>H—C— C—0—H
il kol Rk bRy
Ly 5 VI H H H
' " Ethyl Alcohal

Fig {3.8): Formation of Boron trifluorinde ammania, ammaonium chloride
and protonated ethyl alcohol

In the abave example, a coordinate covalent bond in ammenium chloride
links nitrogen of ammonia and the proton. The positive charge is spread all over
ammaonium ion. All the four bonds between nitregen and hydrogen in
ammonium ion behave exactly alike. This proves the peoint that the difference
between a covalent band and a coerdinate covalent band lies in the way they are
farmed. Once such bonds are farmed, there does not remain any difference.
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Draw the“;;i;:.tu res of mﬂr‘dinate: covalent bo nd formed between:
{a) BF,and AlCI, SN A : ] o T
) CHOCH, and H*

‘ Which cﬂmpﬂuhd is not able to form a caur&inaté;ﬁuv_a!ent bond?

3.3 Metallic Bond

The charactenstics shown by metals are very different from thase of ionic
and covalent compounds. This suggests the presence of different types of
binding forces among the metallic atoms.

: Pl‘ﬂpEl‘:t_iéS of Metals. .

Metals usually show metallic luster.
Metals usually have high melting and boiling points.
Metals are good conduciors of heatand electricity.
Metals are usually hard and heawy.
5. Metals can be made into different shapes by applying pressure.
These characteristics of metals can be explained if we know the nature of binding
forces present between their atoms.

Usually metals have low values of ionization energy. Their atoms can
therefare, lose their outer electron or electrons easily. In other words, the nuclei
of metallic atoms cannot nhold their outer electrans firmly. For example, in
sadium metal, each sodium atom is surrounded by eight other sodium atams.
The outer electrons of these atoms move freely between the vacant spaces
oresent between atoms because of the loose linkage they have with their nuclei.
Mo electron remains attached with any particular nucleus. Instead, all the
electrons, at the same time, get attached with all the nuclei. When all the atoms
attract all the electrons collectively, obviously they will be bound togetner. A
metal will appear to have a sea of electrons in which all the nuclei of atoms are
submerged. A metallic bond, is therefore a type of chemical bond which has
positively charged ions bound tagether by the mohile electrons. Fig (2.9)

el o
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Fig {3.9): Metallic Bond in Sodium Metal

The strength of a metallic bond depends upan two factors: the number of
positive charges present on the positive ions and the number of mobile electrons
set free by each atom. In sodium metal, for example, 2ach sodium atom sets free
anly one electron. The metallic bond in sodium metal is, therefore, not very
strang. In magnesium metal, each magnesium atom releases two electrons to
acquire two positive charges. The metallic bond in magnesium metal will
evidently be stronger than that in sodium metal, This explains why the
magnesiurm metal mehs atahi gher temperature than sﬂdlum metal. Fug (3. ‘JIZI}

@ O@'@Q o
KOIOXONO)
.S.O.'OQ@

Fg {3.10): Metallic Bm‘ld in Magnesim Mel;Eli

The presence of freely moving electrons in metals makes them good
conductor of heat and electricity. Moreover, in metals, the atoms are strangly

held and arranged in the form of rows one above the other. This arrangement.

makes them hard and heavy. When pressure is applied on the metals, the upper
rows of atams slip pass the lower rows. As a result, their shapes are changed.
Metals can, therafore, be easily drawn into wires and sheets. Fig (3.11)
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Fig (3.11)

What type of atoms form metallic band?
Give a comparison of metallic bond withan mnlc Inr:md

\.'!'
(¢ ) interesting Informationt
Metals are extensively used in many industries. They are used in machinery,

automobiles, railways, air crafts, rockets, in construction industry, in electranics
industry, injewellery, in electric wires and many more,

3.4 Electropositive Character of Metals

Metals generally have a tendency to lose electrons to form positive ions
called cations. This property is called the electropositive character of metals, This
property is also related to the reactivity of the metals. Metals which lose electron
or electrons easily are considered more reactive. Far example, alkali metals (Na,
K} are highly electropositive elements and thus they undergo reactions very
easily. Sodium and potassium react vigerously with water and halogens to give
their respective hydroxides and halides. They also react with acids to give salts
and water.

Alkalinre earth metals (Mg, Ca), on the other hand, lose their outer
electrons less easily and thus they are less electropositive than alkali metals, Their
reactions towards water and halogens are also less vigorous.

Aluminum is also highly electropositive metal. It reacts readily with
mineral acids to form salts and water.

3.5 Electronegative character of Non-metals

Mon-rmetals have an affinity towards electrons, They tend to gain
electrons and become negatively charged ions calied anions. They are therefore,
named as electronegative elements. Fluorine is the most electronegative
element in the periodic table followed by oxygen, nitrogen and chlarine. Mon-
metals readily react with metals forming ionic bands. Mon-metals also combine
with other non-metals to form a wide vanety of molecular substances,
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3 6 Eumpare the prnpertles af ionic am:l cnvalenﬁ
compounds.

1. In ionic compounds nppaifteiyf 1 leeﬁt;dmpuunds mosthy exist

charged ions are properly!  as discrete neutral molecules.
arranged to give a crystalline There exists a strong electrostatic
structure. As a whole the attraction between the two nuclei
compound is neutral. There exists . and the shared electrans.
a strong electrostatic force 2. Covalent compounds are made of
betweentheirions. | two or more non-metals. Lower
2, lonic compounds aré usually | - molecular mass covalent
solids having high melting andi campuurﬁdé are gases or low
bailing points. The melting point |  beiling liguids. High malecular
of sodium chloride is 800°C !  masscovalent compounds exist as
because it is difficult to break’ v.hE | solids. Géner'ally, they have lower
strong electrostatic forces af | melting andh:::ulmg paints,
attraction between the opo DSITE'}I’ 3. They are usuallj,.f insoluble in water
charged ions. & but salut:lle in non-polar solvents
3. lonic compounds are genera”y IukEether,.nenzeneandacetune.

solublein pularsulvent like water. 4 They are :.suall},-! bad conductor of
4. They are usually good EG"'IEEU{"tDr‘ - electricityl - : i
~ of electricity in molten state ar in | LA
solution form. Their canductanﬂe 3
is due to the presence of free ! nns' l :!

B 3.7 Intermolecular Forces nf Attraction

The forces of attraction which are present between the molecules of
elements and compounds are named as intermolecular forces of atiraction.
There attractive forces are generally very weak as compared to the bonding
forces present between the atoms of substances. Among the three states of
matter, these forces are the weakest among the molecules of the gases and the
strongest among the molecules of salids.

The intermolecular forces of attraction are of many type: some are weak
and other are relatively strong. They affect the physical properties of the
substances. The meklting and boiling paints of substances depend on the
strength of these forces. The stranger the forces among the malecules of a liquid
the higher is its bailing paint and vice versa. Similarly strongerthe intermolecular
forces the higher wili be the melting point of a sclid,
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We shall explain here two type of such forces.

These attractive forces are present between the molecules of a polar
compound like HCl. Hydrogen and chlorine attract the shared pair of electron
between them with different farce. This farce of attraction of an atom is called its
electronegativity. Since the electronegativity of chlorine is greater than that of

hydrogen it attracts the shared pair of electron with greater force. As aresult the
bond between hydrogen and chlorine becomes polar as shown in the following

H* & I
Due to these partial charges the molecules of HCl start attracting each
other. These forces of attraction are called dipole-dipole forces. {Fig 3.12)

I b t'."-— i
H_Cl ............. H_t.cl ........... H—.
6% o

= =

= s L T

EE R
j attraction

Fig E3.12‘,|1.Dipnlar[}1pple Attraction

The compaunds which have this type of attractive farces will show
relatively higher melting and boiling points.

2. Hydrogen Bonding :

Hydrogen bonding is a special case of
dipole-dipale attractive forces. When
hydrogen is covalent bonded to highly
electronegative elements like F, O or N then
the large difference of electronegativity
values will make the covalent bond highly
polar. As a result strong dipele-dipole
attractions are observed among the
molecules. For example, in HzO, The O=H
bonds are highly polar. Due to this strong
attractive forces are developed between
water malecules as shown in the Fig (3.13). Fig (3.13): Hydrogen bond

This attractive force present between the meolecules of water is called
Hydregen Bonding.

Hydrogen
b
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The strength of the hydregen bonds causes water to have relatively
higher melting and beiling points as compared to compounds like Ha5 and NH;,

o 3.8 Nature of Bonding and Properties

In ionic compounds, the oppositely charged ions are held together by the
strong electrostatic force of attraction in the form of a crystal lattice. Since the
ians are rigid in ionic compounds, such compounds therefore exist in the form of
very stable solids with significantly high melting paints. Since ions are spherical
and oppositely charged they can surround each other from all the sides, ionic
bonds are nen-directional. This arrangement of ions is called crystal lattice.

If an external force is applied on the crystal lattice, it breaks easily. |t shows
that ionic solids are highly brittle. [n the solid form, ionic compounds do not
conduct electricity because ions are tightly held and cannot move. However, in
the malten state, the ions get free and start conducting electricity. lonic solids are
alsc generally soluble in water. Water not only breais the electrostatic ferce of
attraction but also hydrates the resulting free ions. Fig (3,74}

i H— @gh=—H"
.-'_'."-_:- MY ¥ I R Hﬁ‘
Ma’': -~ CI" + HO — H; Q~-Na"— i0Hz b, 2
S - cr --H f,_...Dﬁ-
-|-i-| r_-'-r \'\‘
1DH] H.:+ H'E"’
\i}
/
& 1.0
L)
0+
B+ B+
Hydrated Na™  Fig (3.14); Hydration of lans Hydronium ion
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the free ions can now move towards their respactive slectrodes. |onic .

compounds generally react in an aqueous solution. When we mix two solutions

of ionic compounds, the positive ions of one compound may react with the
negative ions of the other to form a new compound.

NaCly, + AgNO, ﬂ"‘ Na'yy + LMy + Agiuy + NO°

T

AgCl, + Na NGO

White precipitate of silver chloride comes out of the aqueous solution.

1l
:E) tﬁﬁr&é;tl_nﬁ'lhfqmlt{nn!_}\ - o

4 - — T ——

Conduction of ionic compounds in molten state and in form of an aqueous salution |
has been utilized to prepara many imporiant elements 2nd compeounds. For example, |
electralysis of molten sodium chladde gives us scdium metal and chlasine gas.
Similarly electralysis of aqueaus sodium chlorde gives sodium hydroxide and |
chlorine gas.

Diamaonds, due to their exceptional hardness, are highlby vafued in industries, Diamond
tipped glass cutters are used to make clean cuts inglass, Diamond-tipped drill kits are
used to drill through hard rocks in mining operation.

Graphite is used in pencils, in polishes and to make crucibles, Graphite electrades ara
used in battery cells and in electric are furnacesto produce stesl.

18
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Covalent elements and compeounds behave very differently from ionic

compounds. Elements present at the right side of the periodic table exist as
covalently bonded diatomic molecules, for example nitrogen{N,), oxygen(Q,),
flucrine{®,) and chlarine(Cl,). Due to very weak forces of attraction between their
molecules, their densities and boiling points are very low. Bromine (Brz) exists as
volatile fumning liguid while elements like carbon, phospharous and sulphur exist
as covalent solids. All these solid elements exist both in amorphous and
crystalline farms.

Coal is the amorphous form of carbon whereas diamaond and graphite are
its crystalline forms. Coal is used as a fuel in electricity generating plants. In
diamond, each carbon atom is surrcunded by four other carbon atoms linked
together by strong covalent bonds. Due to this rigid structure, diamend is the
hardest thing on this planet. It is used as a cutting, palishing and drilling tool.

Graphite consists of a layered structure, made of hexagonal rings of
carbon. Since layers are not bonded strongly, they can slip past each other.
Graphite is thus used as 2 lubricant in industry. Further, these layers in graphite
have mobile electrons in between them, Graphite is a good conducter of
electricity and itis also used as an electrode.

Binary covalent compounds generally exist as low temperature boiling
gases except water, Methane (CH,}, ammonia (NH,), hydrogen sulphide (H,5),
hydrogen chlaride (HCI), nitrogen dioxide (NO,), carbon dioxide (CO,;) and
sulphur dioxide are zall covalent compounds which are gases at room
temperature,

Water and hydrogen fluoride, on the other hand, are liquids at room
temperature. Liquid water has a high boiling point because strong
intermalecular farces are present between its molecules. Covalent molecules like
hydrogen chloride, sulphuric acid and nitric acid icnize completely in water
behaving as very strong acids.
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1. Aroms forn bonds with othar stoms to stabilize themsell.-'es by ghej,ﬂng duplet and
octet rules. .

2. The force of attraction which keepﬁ the atoms mg&tker is ﬂalied achemucal ban.-:.l

3. Bond which is formed by the transference of oné or more electrons is called ionic
bond. '

4. Acovalent bond is farmed by the mutual 5harr'ig of EIEt:trnns b-et'-ween atu’ns A
cavalentband may be single, double or triple, _;: i

5. When an Elettmn pair is share-:l Ir:l;r one atom nnﬁr rt is called a mrdn‘;a‘te covalent
; bﬂrld . e :

‘6 rumc solids are crg.-stalllne £om pnun-:l5 with high rﬂEH.:r'ig and h'::llrng naln&s They are
generally solubleinan agueous salution.

7. Lower molecular mass covalent compounds are gases ar law bmhng Iquds. H|gher
maolacular mass covalent cnmpaunds axist as sn'llds "'he;-.-' are bad n:nndu-:mrs of
; electrlnt}-‘and are soluble in organic salvents. 45

B. P pEI‘tIEE of ianicand t:t:n.ralert n:umpnundsare aq:Eequa:.er E-xpLamed -::mn ﬁ"lE I:IELEIE af
- rh Hhe type. of attractive forces present bebaden mem* B :

@DE

1. Tick (v} the correct answer.

I When molten copper and malten zinc are mixed together, they give rise
to a new substance called brass. Predict what type of bond 15 formed
between copper and zinc.

(a) Coordinate covalent bond {bY lonicbhond
fc) Metallic bond {d) Covalent bond

(i) Which element is capable of forming all the three types of bonds;
covalent, coordinate covalent arianic?

@) Carbon {b) Oxygen
{c) Magnesium (d) Silicon

(i} Whyis H:0aliguid while H,5is a gas?

{a) Because in water, the atomic size of oxygen is smaller than that of
sulphur

{b) Because water is a polar compound and there exists strong forces of
attraction between its molecules

(€} Because H:0 molecule is lighter than H;S

(d) Becausewater can easily freeze intoice
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Which of the following bonds is expected to he the weakest?

{a) C-C ) CI-dl

g O-0 id) F-F
Which form of carbon is used as alubricant?

(a) Coal (0 Dizmond
{c] Graphite {d) Charcoal

Keeping in view the intermeolecular forces of attraction, indicate which
compound has the highest beiling point,

(@ Ha0 (b) HiS5

(c) HF (d} NH;

Which metal has the lowest meiting point?

{a) Li (b} Ma

€) ¥ {dy Rb

Which ionic compound has the highest melting point?

{a) NaCi by KCl

{€) LiCl {dy Rbdl

Which compound contains both covalent and ionic bonds?
fa) Macl, {b) MNH,CI

e} CaD {d) PCl,

Which among of the fellowing has 2 deuble covalent bond?
{a) Ethane i) Methane

{c) Ethylene (d Acetylene

Questians for Short Answers

What type of elements lose their outer electron easily and what type of
elements gain electron easily?

Why does lower malecular mass covalent compound exist as gases or low

bo

iling liquids.

Give ane example of an element which exists as a crystalline solid and it has
covalent bonds in its atoms.

Which property of metals makes them malleable and ductile?
|s cordinate covalent bond a strong bond?
Write down dot and cross formula of HNO;.




Constructed Response Questions

Why HF is a liguid while HCl is & gas?

Why covalent compounds are generally not saluble in water?

How do metals conduct heat?

How many oxides does nitrogen form. Write down the formulae of oxides?
Whatwill happen if NaBr is treated with AgNO; inwater?

Why does iodine exist as a solid while Cl; exist as a gas?

1
Py v o,
- '{:_. - kS

Descriptive Questions

Explain the formation of an ionic bond and a cavalent bond.

How daions arange themselve to form NacCl crystal.

Explain the properties of metals keeping in view the nature of metellic band.
Compare the properties of ionic and covalent compounds.

How will you explain the electrical conductivity of graphite crystals?

Why are metals usually hard and heawy?

Investigative Questions

The formula of AICl: in vapour phase is Al:Clz which means it exists as a
dimer. Explain the bonding between its two molecules?

Explain the structure of sand (Si0,),
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After studying this chapter, students will be able to:

Seate the formulae of commaon elements and compaounds.

Deafine malecular formula of a compound as the number and type of different ataoms
inane molecule

Define empirical formula of a compound as the simplest whaole number ratio of
different atoms in a Molecule,

Deduce the formula and name of a binary ianic compounds from ions given relevant
infarmation

Deduce the formula of 2 malacular substance fram the given structure of molecules,
Use the relationship amourt of substance= mass/ molar mass to calculate number n!‘
maoles, mass, molar mass, relative mass (atamic/molecularfermula) and numbear of
particles

Define mole as amount of substance cantaining Avogadro's number 6.02= 104 of
particles

Explain the relationship between a mole and Avogadro's constant.

Construct chemical equations and lonic equations to show reactants forming
groducts, including state symbols.

Deduce the symbal equation with state symbols for a chemical reaction gl\fen
relevant information,

Stoichiometry is an important concept in chemistry which helps us to

calculate the amounts of reactants and products by using a balanced chemical
equation, It is based on the law of conservation of mass which states that matter
can neither be created nor destroyed. Therefare, the total mass of all the
reactants must be equal to the total mass of all the products. The stoichiometric
coefficient used to balance a chemical equation provides the maole ratio between
reactants and products.
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Elements exist in different forms in this world. There are elements which
exist in the form of aggregate of atoms, These elements are represented by their
symbals alone, for example Ma, Ca, C, Fe, etc, On the other hand, elements like O,
M3, Ha exist as ciscrete molecules in which their atoms are chemically bonded to
each other. In ozone, three atoms of oxygen are bonded to each other, 50 its
chemical farmula fs O,

Similar to elements, chemical compounds also exist in different forms.
Commeon salt i.e. sodium chloride exists in the form of ions which are bonded
together in the form of a crystal. Since ratio between its ions is 1;1, saodium
chloride is represented by a formula unit NaCl. Similarly, the other ionic
compounds are represented by their formula units which show the minimum
ratio present between theirions. Examples are CaCl;, KBr, BaCl,, etc.

Covalent compounds generally exist in discrete molecules in which atoms
are bonded together. For example, water exists as molecules which are
represented oy the chemical formula HzO. It shows thatin one molecule of water
two atoms of hydrogen are bonded to cne atom of oxygen. Similarly, chemical
compeund, ammonia is represented by NHi and methane gas is represented by
CH.. A chemical compeound is thus, represented by a chemical formula which is
called the molecular formula of that compound and which shows all the types of
atoms bonded together in one molecule of that compound. Examples of
covalent compaunds are HCI, HF, H,S, PHy, Ha03, Ha50,, CO4, €O, CsHs, ete.

Stoichiometry is used in industry quite often to determine the amount of
raw materials required to produce the desired amount of the products,

. How would you differentiate between the chemical farmula of an element
and that of a compound? Give examples. Write down the names of ionic and
covalent compounds whase formulas have been given in this article.

4.2 Empirical Formula

Empirical Formula of a compound shows the minimum ratic between
atoms present in that compaound. All the ionic compounds are represented by
their empirical formulas. These formulas show the simplest ratio present
between their ions. The empirical formula of calcium fluoride is CaF; which shows
the ratioc present between calcium and fluoride ions in its crystal,

For covalent chemical compounds, which exist as molecules, the empirical
farmulas may e different from their molecular formulas. For example, hydrogen
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peroxide is represented by its molecular formula H;O;; its empirical formula will
be HO. Similady, a benzene maolecule has CgHs as its molecular formula; so its
empirical formula will be CH. For water, the molecular formula and the empirical
formula are both the same i.e. HzO because there does not exist any minimum
ratio between hydrogen and oxygen atoms.

Since an empirical formula does not tell us
the actual number of atoms present in that m

compound, rather it represents the simplest ratio
between atoms, it is possible that same
compounds may have the same empirical formula.
For example, both benzene (CgHg) and acetylene

‘Give ‘two examples- of of
. the .compounds wh:ch
have same emprm:.‘al

I
(C,H3) have the same empirical formula CH. : ""”d-"_’“' ecularfqgm.glej% :

4.3 Chemical Formula of Binary lonic Compounds

In order to write down the farmula of an ionic compound, first identify the
cations and anions and the number of charges prasent on them. Finally combine
the two ions together to form an electrically neutral compeound.

I you know the name of binary ionic compound, you can write its
chemical forrmula. Start by writing symbol of cation with its charge. Then write the

symbaol of anion with its charge and find out how many of these ions are needed
ta give an electrically neutral compound, For exampie, write down the formula of
lithium oxide. The symbel of lithium cation with its single positive charge is Li" .
The symbal of anionis 0%,

Let us now apply crisscross methad to write the Ea_?é,’" ‘"‘"i%”
formula. In this methaod, the numerical value of each of Ll \ {Ef
the ion charges is crossed over to become the e
subscript of the other ion. Signs of the charges are :"-.
then dropped, LivQ¥ LiC

Write down the formula of Aluminium oxide,

; @
Cation AI‘:*’::E Anlirl / GE Al O

Write down the formula of Magnesium nitride.

Cation Mgf:ix,_h Anian /'H_ @ MgaMa
e _‘_‘ﬁ--\__
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The comaosition of ali the chemical products we use in our lives, such as shampaos,
perfumes, seaps and fertilizers are formed using stoichiometric caloulations. Without
stoichiometry the chemical industry does not exist.

K Kt Br B
Mg Mg™ I 3=
Ca Ca® Cu Cu', Cu™
Ba Ba® Fe Fe'" Fe*
'; In ™ S Sn, 50
' Al Al

Bii 4.4 Chemical Formula of Compounds

Molecular formula of a2 compound can be found out if we know its
empirical formula. To calculate the empirical formula of a compound, you need
to determine the simplest whole-number ratio of atoms in the compound. This
can be dene by using experimental data on the mass percent composition of the
compound. Malecular formula is then calculated by the following relationship.

Molecular formula '

n (Empirical Farmula)
Molar Mass
Empirical Fermula mass

Far example, the empirical formula of hydrogen peraxide is HO. [ts molar
mass is 34. Its molecular formula wili then be

Where n

34
= — =7
17
Maolecular formula = (HO): = H:0:
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ﬁ- 4.5 Deduce the molecular formula from the structural fnrmula
In order to deduce the molecular formula from the structural formula thg

b

If Fﬂr a-com p-::uund he value of nis one, then its mﬂlec u{ar f{:rm ula Is the same as
its empirical formula.

R .-J

'h-

Whrite down the names of thr'ee such com pounds which have
- different emplrlcal ar'u:l mnlecular formulas.

bd nlple F‘rr:nhlmn

= :mpm:al formula -::f*a :i::rrpr_'nund is {H Hs mnlecn..lar mass is 78 g1 mnl Flnd

nu’ms m-::le-:ularfmmu[a _ i : =

" Empirical Formula .
A Malecular formula |

--CH : -Malecularmass=?ﬂgm_u[—'1_
n{Empirical farmuila) P |

n. = molarmass/émpircal formula mass
i - :
=6
HiE 13
.._Mdlg-'cui'arF'cnirﬁﬁl'ai oy 37 ‘[CHJE —C;H.

1. The emp|rlca1 formulaof acam pnund is CHaO: s rm:llar massis TBDg
maol” Determine its mﬂlecularfﬂrmula i
2, Th& emp irical formula of a cumpuund is CHa0. Its molar | mass is Eﬂg

I; r'rrnf“ Determine its. malEcuIarfurmuIa

following steps are taken.

Write down the structural formula of the compound.
Count the number of atoms of each type in the structural formula,

2.

3. Write the symbols of all the elements.

4 Writethe total number of atoms of each kind as a subscript.
5

Remove the subscnpt T

_",-.'an'lple Prclhlern

Wnta d :nwn th.-c mnlm:ularfnrrnu Ia :_'lf sulphum: acld Its btru-:tut‘al forrmu la1i i

e H—r:h s—t:l—H';_ R e L
ithas 2 H, 1‘_5and4ﬂamrm '
Its mialeculzr formula will be H:50,
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Sa mple l-‘ruhlﬂm "

It has 3C, 4H, 20 atoms
its matecular farmula will be CiH.O -

Exercise

1. Find out the molecular formula of phosphoric acid, Its structural
formulais: OH

I
HO—F—OH
0

2. Determlne the molecular formula of n— propyl alcnhal Its structural
formulais CHs;— CHz — CH; — OH

3. Write down the formula of calcium carbonate. Its structural formula
is: 5
Gﬁ fO
Ca®

L
O

B 4.6 Avogadro's Number (N,)

In a chemical reaction, large number of atoms or molecules of reactants
react to give the products. We would very much like to know the weight ratio in
which the reactants react. For this purpose, we would also like to express these
weights of reactants in grams. To achieve this chjective, we need to transform the
concepts of chemical farmula and atomic mass units into such cancepts which
may lead us to know the weights of reacting elements and compounds in grams.
Avogadro, an ltalian scientist, helped us to achieve this objective in the following
way.

Let us cansider the following reaction in which two atoms of carbon react
with a molecule of oxygen to produce two molecules of CO.

2 + 02 —» 200
Atam Malecule Molecules

LR
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Since it is not possible to account for the masses of individual atams or
molecules because these are very small particles, we increase the number of
reacting species aswritten below,

2C + 02 » 2C0
2 x 100 atoms 100 Molecules 2 » 100 Molecules
2 x 10000 atoms 10000 Malecules 2 = 10000 Molecules

Increasing the number of reacting atoms or malecules will not change the
ratio in which these are reacting ar are being farmed.

Increasing the number of reacting species, however, has not solved the
problem because this numbar is still very small. We should increase this number
to such avalue whereby it is convenient for us to calculate their masses,

Th
o + 0; > 200
2x6.022 = 10” Atoms 6.022x10" Molecules 2x6.022x 10 Molecules

2 x 6022 = 107 is a huge number and we have selected this because
1.00 g = 6.022 x 10" amu

Mow the amounts of reactants and products in the forementioned equation can
be written as follows.
24,00 g carbon atoms = 2 x 6022 = 10" (12.0 amu)

32.00 g oxygen molecules = 6.022 = 107 (16.0 amu)
2 x 2800 g carbon monoxide malecules = 2 x 6.022 = 107 (28 amu)

T ) interesting Informationt.

Mole is important because atams and maolecules are so small. The mole concept
allows us to count atams and melecules by welghing macroscopically small zmaounts
of matter,

The weight ratio between the reactants and those of products will then become
C + O » 200
24g 32g 569
You must have realized that starting from a simple equation we have developed
such ratio of masses of the reacting species which can conveniently be used in
_the laboratory.
According to the above-mentioned equation, 24 g of carbon contains 2 x
6.022 x 10® atoms of carbon, 32 g of oxygen contains 6.02 x 10° molecules of
oxygen and 56 g of carbon monoxide contains 2 x 6.022 = 107 of its molecules.
The number 6.022 = 10% is called Avogadro's number after the name of
Amaedo Avogadro who discovered it. Thisnumber is represented as N,
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4? .The Mnlé-and Mnl-é; Massu

Avogadro’'s number has an immense significance in Chemistry and the
quantity of a substance containing Avogadro's number of particles (NA) is called
a Mole, Mole is a number like a dozen or a gross. A dozen of oranges means 12
oranges. Similarly, a mole of a substance means its 6.022 x 10* particles. When
we use the term mole of a substance, we must also refer to what type of particles
are present in this substance. The following examples will help you to understand
the concept clearly.

A mole of carbon atoms contains 6.022 x 10** atoms and weighs 12 g.

A male of oxygen melecules (Ca) contains 6022 x 10** molecules and
weighs 32g. A mole of sodium chloride (NaCl) consists of 6.022 x 10*° of its
formula units and its massis 58.5 g.

The mass of ane mole of a substance is called Maolar mass. The molar mass
of hydragen atoms refers to the mass of ane male of hydrogen atoms and its
value is 1,008 g. Similarly the rmolar mass of hydrogen molecules will be 2,016 g.

The chemical equation discussed in the previous article will now be
understood inthe following wag,.-'

2qE T e g ————— 200
Twoatoms 1 Dr'ua r'm:ulecuie e Two malecules
..L-_-_qu,:m};':gl_'jgii_:a;f{-i-"' - Orie moleof @; i Twomales of €O
2::5_.1’.]2:7:_'4«:;:1= - atoms: E ﬂEE‘ﬂD‘" molecules: 2:6 ﬂ-EEx‘!D-J malequlea
. Twemgles 0 .0 Onhe'mole it Twomioles

Y 324 B

Calculate the molar masses ﬂf the following com pﬂu nds
H;PCLH Sl':]‘;, Cu zH ;;Gﬂ; N;G.q.r MQC'D] L -.-.._ e

Sample Plﬂ-hll‘m

DeterrﬂlnetP]ernclarmassescfme ﬂilmlngmmpﬂun{:*.ilr g,rncﬂ" = ; '_ .
Ay H;S&. :E‘.ulphur'!c a:ld] : (h}CWH.—[Na phthalme:n
S0, :

'Atn::rmcmaés-:fl—[: 1 LB N:umu: massafs = 32 " .ﬁ.tnrnl-::n'rass{:nfl:l* iE
.ﬁ.ddtl'l&r:nrlutnburmn ufear_ﬁamrn RILE F R Bl
- 2" i 1{32}+4[‘EE] EiEug rr‘-nl"
_fl.:l] Cs-'lm 5 - JRn bl _ (il
- Atomic ma 54:|f£ 12 Azomic massof H = 1 © 7 Atomicmassof O =16
Add the caqtrlhutmn of each atam
TUUB(12)+ 12(1) + 6(16) = 180 g mal”
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4 E Cheml:al Equatmns and Chemlcal Real:tlnns

-".':{He_mj;al-f:E?q_L;r__ati_uns j

To understand a chemical change and to study the different factors which
control it, has always been a focal point in the efforts of chemists. To achieve
these objectives, we should have an appropriate way of representing a chemical
change. Fortunately, the chemists have developed a very suitable way of
representing a chemical change in terms of symbels of elements and formulas of
compounds. Representing a chemical change in this way is called a chemical
equation. A chemical equation tells us the elements or compounds which are
reacting and those which are being produced as a result of a chemical change.
The reacting substances are called as reactants while those being produced are
called products. It is customary to write the reactants on the left-hand side and
the produets on the right-hand side. An arrow head drawn from reactants to
products separates the two. The following example will help you to understand
these paints clearhy.

':' .4A|ﬁl ' ot 0300 ————»" 2Al0,, .
; F{ea{tants g ""Prt:iiu::ts

The following points must be kept in mind while writing a chemical equaticon.

1. A chemical equation must obey the law of conservation of mass. This
means that no atom should be destroyed or produced during a chemical
change. The total number and the type of atoms must remain the same
during a chemical change.

2. The formulas of elements and compounds must be written correctly.

3. A chemical equation must determine the carrect mole ratio among the
reactants, the products and between the reactants and the products.

4. A chemical equation must also point out the direction in wh ch the
change is proceeding.

5. Itis a usual practice to show the normal physical states of reactants and
products. Solid, liquid and gas are symbolized as s, | and g respectively.
Agueous (aq) represents the solvated ion. _

A chemical equation can, however, only be written if all the previous
menticned paints are experimentally verified. For example, the nature of the
products and their correct formulas must first be ascertained before writing a
chemical equation. After the experimental verification of all the information
about a chemical change, we should now be able to write a correct chemical

a o () 5 —— | L = T L P e e i = _.-‘t H
O L W B B ,: TR u i | __.._.[_.' m F T ¥

5_‘_._2-.» o T

[N "T'I'" R gt e



[R5 i
Sl T

e
-t

4 fl’..{:-.".' T '__|.. ..'-:-' -:. '.'.::-.'-..:r.!.' I::. - I- T T e
equation. The following equation has been written keeping in view all the points
mentioned above.

znm g HISD‘ (] ———— Erl S'.Dql'“: +. Hg.:._::,

According to this chemical equation, zinc reacts with sulphuric acid to
give zinc sulphate and hydrogen gas. This chemical equation further tells us the
mole ratio not only between reactants or products but also between reactants
and products. According to the equation, one male of zinc reacts with one mole
of sulphuric acia to produce one mole of zinc sulphate and one mole of
hydrogen gas.

Sometimes a chemical reaction moves both ways. In other words, the
reactants react to give the products and the products, in turn, react to give the
reactants back. Such reactions are called as reversible reactions and are indicated
by (===)sign,e.g.

Nz o BH e AN
Reaction involving ions may also be shown in the farm of chemical equation,
Both AgNO; and Mall are ionic compounds and are soluble in water, When they

are mixed in water, they react to form products.
AgNQ,,4 + Nacll,, —————— AgCl, + Na“,, + NOj,,

AgCl being insaluble comes out of the aquecus solution.

4.9 Calculations Based on Chemical Equation

A complete and balanced chemical equation tells us the mole ratio or
molar mass ratio between the reactants and the products. With the help of this
ratio, we can find out the molar masses of the products provided we know the
molar masses of the reactants. Similarly the molar masses of the reactants can
also be found out if we know the molar masses of the products.

For example, the following equation tells us that one mole (100 g) of
calcium carbonate reacts with two moles (73 g) of hydrochloric acid to produce
one mole (111 g} of CaCl,, one male (18 g) of water and one mole (44 g) of carbon
dioxide.

“Cal0;, -+ 2HC,, ~———— Call, "+ ‘HO, '+ €O

2

“tTmole Z. 2males 7 & Tmale " " 1mole Y Tmole
1009 739 11149 18g:- -0 ‘d44q
The total masses of the reactants are equal to the total masses of the products.
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2 -Example 1

25g of limestane (CaC0,) reacts with an excess of hydrochloric acid according
to the above equation. How much calcium chloride (CaCla) will be produ ced?

‘Mass of CaCGa =25g Malar mass of CaC0; = 100g :nfnul"
Massof CaCloproduct=?  Molar mass of CaCl, = m g n;ur‘

; ;A:mrdlng totheequation =~ 2
T'Dﬂ g of I|me5tﬂ ne rea cts to prﬂ duce caitmm chlﬂrrde ~=T11g

it

> 1g c:nf Iimeﬂqné wf!l react to produce cal-:lum chlaride = -;I% g

25 g r::fllmestﬂne WI" rea::l: to produce r:aiv:mm chloride = % " 25

% pmduced

Eha mple 2

1.80 mn!es of ethyl aECﬂhﬂ| when burnt in air completely,. will l.ItI|IIE[|!'IEIW
many rr1r:|IE5 f:f r:rxg,rgen gas‘-“ Alsca calcuiate the HL.ETI'II:IET of F'HEI|E$ ::E CD:

Nu. ufmﬂiesufath}fl alcuhﬂl -'-:=_ 18& _ ' ;
- No.of males of oxygenneeded =7,

T :

o i e
e b e e
v Byt el -

. N

“Thebala nced chemical equation for the reaction willbe
: o GHOH, F 302@ R zmw L+ 3H;_c_:-;-r'
Accnrdmgtnthisaquatiﬁn : i Z'. a5 ': S A RO
One mule ufethg,vl a|1:0hﬂ| when mmpletel'_«,rhum’t needs ax;..rgen —imt:ules

-
i Bmules uFethyI almhn., u'pun burming, w1|l naed axygen el = <1 5

B
: e =54 rm::tes
Immle afethyl a!cnhﬂl p“ﬂdLlL‘-EE rm:-ies ofCCJ; _3 BN o E 1Y
el "_ B ' e 2
. E r‘m:l m‘ ethyi aimhcr[w;ll pruduce R e R 'T x 1 8
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. Aluminium metal reacts with oxygen to produce aluminium oxide. How
many grams of oxygen WIH be req mr‘ed to react completely with 0.3 males of
aluminium?

mm:}leaufﬂl 3{} Grams of Oy used =7

The balanced ch er'nn:al equal:mn for the reaction.

4Al,  + 3':' P EAI D
A:cnrdlngfuthisaquaﬂnn ] S

'.j"_41-rnt:nlesufalurr nlumneednxygen _ i ='?...I!]Ir'nﬂles
1.0 muleafalummmmmll needaxygen : = %

03 mﬂl_é_s.ufa_tluminium will need oxygen - . = % ,___113
e s '. 1 ', {= 0.225 mnles

iy :'.1 mr:ﬂe ufﬂwgen ’0;} has r‘rmlar miast: ¥ sie=gdy

v IEIEESmnIenfu:-q..'gen|:D;]|W|Ilhaﬁ.remnlarmass =32x.0225

R e : ~=7.2g

— G
How many malecules of water will be produced if we react 5 g of hydrogen
gas with excess of axygen gas?
m Mass of H: used = 5g Molecules of water produced =7

The balanced chemical equation for the reaction:
2Hey + Oy —» ZHO,

gl
2 moles 1 mole 2 moles
44 i2qg 36 g

; According to this equation
: 4 g of hydrogen produce H;O = 369 of H,O

5 g of hydrogen will produce H:0 = %@ x5 =45gof H,O

18g (1 mole) of H:C cantainmolecules = 6.02 x 10+

36g of H:O contain molecules =602 % 10" %2

: : : =12.04 x 10%
45g of H20 contain _.".;.g x 12.04 x 10%

= 1.505 = 10* molecules |
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Malacular formula of an element or a compeound shows the actual number of atoms

~1
i
:-

presankin the molecule of the edement or a compound.

2. The formula of a compaound which glves the minimurn ratio present between its
atoms is called its Empirical formula, All the ionic compounds and some of the
covalent compounds are represented by their empirical farmulas.

3. Chemical formula of a binary ionic compounds can be written if you know their names
and the charges present on the lans.

4 Chetnizal formula of a compound is n times its empirical farmula where n (s the ratio
of malar mass ta empirical formula mass,

5. Avogadro's number has been calculated to know the mass ratio of reactarts and
oraducts ina chemical reaction. The value of this number is 6.022 = 107,

6. The quantity of an element or a compound, whith cantains Avogadra’s number of
particles, is called a Male and the mass of a substance presentin it is called the Melar
hass. _

7. A chemical equation tells the reacting and producing elements or compounds in a
chemical reaction. It also tells the mole ratic botween reactants or products and
between reactants and products. & chemical equatian must be balanced and should
shaw the correct formalas of all the participating elements and compounds.

8. The male ratic between reactants and products as shown by a chemical equation
enables us ta find out the mass ratio of these substances. A chemical equation is used
to calculate the masses of the reactants as well as the products, which take part n a
chemical reaction. : '

‘Exercise
1.  Ticlk({v)the correct answer.
i) How mary atoms are present in one gram of H;07
(a} 1002 = 10* atoms {b) 6.022 = 10* atems
(c) 0.334 x 10* atoms () 2.004 x 10°* atoms
(ii) Which is the carrect formula of calcium phosphice?
(@) CaP (b) CaP;
{c) CasPs {d) CazP;
(i)  Howmany atomic mass units (amu)are there in one gram?
{a) 1amu {b) 107 amu
(¢} 6.022 % 10%amu (d) £.022 = 10 amu
i) Structural formula of 2-hexene is CHy = CH = CH = ({CH;)la — CH3. What will

be its empirical formula?

(8) CaHa (b) CH
(c) Cabiz (d) CH;
68
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How many moles are there in 25 g of Hz50,7
(a) 0.765males {b) 0.51 moles

() 0.255moles {d) 04 maoles

A necklace has bg of diamonds in it. What are the number of carbon
atoms init?

(a) 6.02x10% (D) 12.04 % 10*

(¢) 1.003 x 10% {d)3.01x10*

What is the mass of Al in 2049 of aluminium axide, Al.O,.

(a) 26g (b)) 27g (c] 54g {d} 108g
Which gne of the following compounds will have the highest percentage
of the mass of nitrogen?

(a) CO{NHz); (o) NaH, fc] NH; {d)yNH2OH

When one mole of each of the following compounds is reacted with
oxygen, which will produce the maximum amaount of CO;?

{a) Carbon {b) Diamond fc) Ethane {d) Methane
What mass of 95% Cal0s will be required to neutralize 50 crm® of 0.5M
HCL solution?

(a) 8.5g (b)1.25g (c)1.32g (d) 1.45g

Questions for Short Answers

Write down the chemical formula of barium nitride.

Find out the molecular formula of a compound whose empirical formula is
CHa0 and its molar mass is 180.

How many molecules are presentin 1.5 g H.07

What is the difference between a mole and Avogadro's number?

Write down the chemical equation ef the following reaction.

Copper + Sulphuricacid — Coppersulphate + Sulphurdioxide + Water

Constructed Response Questions
Different compounds will never have the same moleculer formula but they
can have the same empirical formula. Explain
Write down the chemical formulas of the following compounds.
Calcium phosphate, Aluminium nitride, Sodium acetate, Ammonium
carbonate and Bismuth sulphate,
Why does Avogadra's number have animmense impartance in chemistry?
When 8.657g of a compound were converted into elements, it gave 5.217g
of carbon, 0.962g of hydrogen and 2.478g of oxygen. Calculate the
percentage of each element presentin this coampound.

"
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How can you calculate the masses of the products formed in a reversible

reaction?

Descriptive Questions

Which canditions must be fulfilled before writing a chemical equation for a
reaction?

Explain the cancepts of Avogadra's numbers and mole.

How many grams of CO, will be produced when we react 10 g of CH, with
excess of O, according to the following equation?

CHyy + 20, —— CO,, + 2HD,

How many moles of coal are needed to produce 10 moles of CO accerding to
thefollowing equation?

3Cy + Oy + H0, ——— H, + 3C0

cigl

How much 50, is needed in grams to produce 10 moles of sulphur?

How much ammaniais needed in grams to produce 1 kg of urea fertilizer?
2NH;py + €Oy — CONH),,, + H0,

Calculate the number of atoms in the following.
{a)3g of H: {b)3dmolesafM; () 10gofCaHi0,.

Investigative Questions

it is generally believed that drinking eight glasses of water every day is
required to keep oneself hydrated especially in the summer. If a glass
accupies 400 em? of water on the average, how many maoles of water are
needed for a single adult?

The chemical formula for sand is Si0; but the sand does not exist in the form
of discrete molecules like HzO. How has its formula been determined
keeping inview its structure?

L,
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5tude nt Leamlng t}ut.curne:i

hﬁ;er mdﬁng this chapter, students will be able to: : AR S
Explain the idea of a chemical system a2nd its connection W'h its .mrr-:mr*dlngs
influences energy transferduring a chemical reaction.

Differentiate between exothemmic and endothermic reactions by giving examples.

« . State that thermal Eﬂer-!;}'lscatled Entlhlp'_,-'c:hangeahd recngmaeuﬁs:..n d':.‘m-_'uatl'-.-'e
far Em.he micand post it '.ref{:rﬂnd-;:-tﬂenﬂ.-: reactians . 5

¥ ..eﬁne ectivation energy as tlm minimum encrgyt}" at colliding pa rtl-.':IEﬁ rrust have far
asucsessful collision. : M R

. Exolain that activation r&nerqj-' depends on react an patnway -..'.'hud1 can-ba -:hanged
dsirig catalysts crenzyme detailed pathways not requirad)

« * Draw, iabel and |r'terpret reaction pathway diagram for exatharmic ar o ardathermic
- reaction which “inchides r:‘-ntn.alp-.r :har*ge a:truat-:h E-nErg,r IL.n.,a'ai_-.-zed and
-catalg,.-z-p_-d'le reactants and |'_'l|‘|'_'ll:|l_||:"h

» Recognize-that bond ‘Beeaking is-endother e |:|I'I::| Eu:md mak:ng 15 Fb:-::-thnrrm:;
pracessas. :

= Ewplain that enthalpy chaﬂge is-surm of ener glr-_-z. dh&.c:rhed and mpaqed in |"|!Jl'||j
braaking ard band farming

. Calcalate enthalpy change of a reaction given Lmnd energ}r values

e Explainhow: respiration. {2érabic and anaerc—bm] ar exothermic prncsu:r. rr-r'w-d?s

nncrqgrfafhlulzuq cal 5:,.rs.l’erns andl pidsas reserve storgs of Bnergy.

- Introduction

Energy exists in different forms which are often interconvertable. In
chemical energetics we are mainly concerned with two forms of energy.

1. Chemical Energy: This energy is stored in a molecule in which atoms are
bonded to each ather.
2, Heat Energy: This form of energy is released when a bond is formed

and ahsarbed when it is broken.

T
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In energetlcs we 5md1,r the energy changes that take place durmg a

chemical reaction. These changes are caused by the making and breaking of
bonds during a reaction. In most of the reactions the weak bonds of reactants
break while in products new strong bands are formed. Since energy is needed to
break a bond while energy is evalved when a bond is formed, such reactions take
place always with the evolution of heat. If a reaction is accompanied with the
evolution of heat it is called an exathermic reaction and if heat is absorbed
during a reaction itis called an endathermic reaction.

In energetics we nat only encounter heat which comes out of a chemiical
reaction but also another guantity which is called enthalpy.

Enthalpy (H) or heat cantent, is defined as the total amount of thermal
energy stored in a compound, The unitof its measurement is k) mal”,

When the energy is absorbed during a reaction, the total enthalpy of the
system increases, When energy is evolved during a reaction, the total enthalpy of
the system decreases.

Chemical energetics is part of a broader field of Thnmig "r’oung was :
chemistry called Thermodynamics. In energetics we | the firkt to’ use the
study the flow of energy in a chemical reaction. . _word 'energy’ to the
Thermodynamics deals with how the energy changes - fi‘Eld of ph}is |c5 A
during chemical reaction affect the properties of a ° 1333 3 :

chemical system.

. 5.1 System and Surounding

In Chemistry, any physical or chemical change under study may also be
called a system. The chemical reaction includes reactants, products, catalyst,
solvent and anything else which is important to study this reaction. Everything
alse which does not fall in this system is called the surrounding. Far example, if
you are bailing water in the beaker, the water malecules will be called a system
while everything surrounding this like beaker, burner, etc. will be called the
surraunding. When energy is transferred from surrounding to the system, the
change is called endothermic and it has a positive sign. When energy is
transferred from system to surrounding, the change is called exothermic and it

carries negative sign.
il
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] Interasting Information!

Energy evolved during a chemical reaction is used in E".IEI"_',I‘dEj,':HfE for cooking,
heating, lighting, transportation, communicaticn, entertainment and much more.
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Surroundings get cooler Surroundings get warmer
Fig (5.1) System and surrounding exchanging energy

mr——.

DU-EE hmhng water ina bea[cer endnthe Fic nr‘ e:ml:her‘rmc cha nge? Whlch
fmm ofenergy is bemg transferr‘ed in this system : ]

Enthalpy is important because it tells us how much heat s presentina 5y5tern Heat is
important because we can extract useful work from it

- 5.2 Enthalpy

The total ameount of heat energy present in 2 molecule under standard
conditions (0°C temperature and 760 mm pressure) is also called its heat content.
Enthalpy is the measurement of energy in a thermodynamic system. The quantity
of enthalpy is equal to the total heat content of a system. Enthalpy of a system is
represented by (H) while the change in enthalpy which a system undergees is
represented by AH. The total enthalpy (H) of a system cannot be measured
directly. However, the change in enthalpy AH brought about in a systemn can be
measured comparatively easily.

In Chemistry, the standard enthalpy of reaction (AH®) is the enthalpy
change when reactants in their standard states undergo reaction to produce

products in their standard states. This quantity is called the standard enthalpy
change or heat of reaction at constant pressura.

2¢0,, + 0,y ——» 2C0O,, AH" = -566.0k

The reaction in thus systemn is thus exothermic evolving 566 kJ of heat energy
which is given to the surrounding.
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Haw 'ls entha]pydlﬂeren*t from hea‘t?

Heat /s a form of energy that flows from hot bedy to a mld body because
of a difference in temperature, We measure heat in joules. Heat iswhat we call the
transfer of thermal energy. Contrary to this, enthalpy is an essential part of a
systemn since it depends on the number of molecules present in that system, its
chemical composition and its structure. Heat is not essential part of a system, it
just comes and goes. When heat leaves or enters a system, it results in a change of
enthalpy. At a constant pressure the enthalpy change is equal to heat evalved or
absorbed.

Exercise

Can energy be transferred in a form other than heat during a chemical
reaction? :

Exercise

Whﬂ%it_'i's nu‘t pn_:ns&i:b_le o calculate the enthalpy r.:.d’ asystem?

- 5.3 Exothermic and Endothermic Reactions

A physical or a chemical change is almost always accompanied with either
absarption or evolution of heat. Heat, which is evolved or absorbed during a
chernical reaction, is called the heat of that reaction.

Chemical reactions in which heat energy is evolved are called exathermic
reactions while those in which heat energy is absorbed are called endothermic
reactions. Heat, which is evalved during an exothermic reaction, goes to the
surrounding and the container in which such a reaction is being carried out, gets
hot. Conversely, in an endothermic reaction, the absorption of heat from the
surrounding will decrease the temperature of the container,

Exampie: Hydrogen gas and oxygen gas react to give liquid water in an
emthErmlc reacmn

EH {g]l + 0O I.’Q'J —_— EHG{I* + S?TER.I
Hyﬂm-gﬁn D:-cyn::en -.-'u.fal-er _'

571.6 ki heat energy is evalved during this reaction. If the energy evolved
is shown separately it is expressed as AH = -571.6 k). The same amaunt of energy
will be absorbed when the reaction will move in the backward cirection i.e. water
will decompaose to give hydrogen and oxygen back.
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Example: Carbon dioxide gas 15 produced when solid carbon burns in oxygen
gas.

€9 + 0,(g)- L, CO(g) + 3935K
Carbon  Oxvoen Carbon dioxide

It is also an exothermic reaction and 393.5 kJ heat energy is evolved
during this reaction. When this reaction moves in the backward direction, the
same amount of energy i.e. 393.5 kJ will be absorbed, Thisreacticn has AH -571.6
kK mol” of CC,.

Both the reactions mentioned above are the examples of exothermic
changes.

The following reactions represent endothermic changes.

"H;{g} (sl e ZHIfG) — 53. DBJ:'_F b
Hvdr-agen Tr:uc;lme___.-_.;;;;;.:_ﬁ;_-.;' Hl_.rdragenind e LR,

The enthalpy change for the reaction is AH = 53.08 I:_J

Hydrogen gas reacts with solid iodine only at high temperature and 53.08
kJ of heat energyis absorbed.
Formation of MO in air due to lightening in the clouds.

N, {9‘1 + 0, ig, o g N 151::51:.1
Nlr-:gen n‘.-:yg&n B Nutncﬂ-mde

The enthalpy change for the reaction is AH = 180.6 kJ.

. l["mﬂlﬁﬂlnfqmmm“;\f
Heat evolved or absorbed during a reaction is used in self-heating or seif-cooling

packs Thase packs contain reactants that undergo an exothenmic ar an andothermic
reaction praviding high or law temperature.

CQur present-day living conditions depend heavily on the availahility of
energy in its various forms. Exathermic chemical reactions are extensively used
to fulfill this requirement. In such reactions, chemical energy is converted into
heat energy. We burn fuels like gas, oil and ceal to cook food and for other
heating purposes in our homes and industry. During this burning process called

75
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combustion, compounds present in fuels react with axygen of the air to produce -
alarge amount of heat.

Foods such as fats and carbohydrates are important biological fuels,
During metabalism, the chemical energy presentin this food is converted to heat
to keep uswarm,

A large portion of electricity is produced at power stations by burning
fuels such as natural gas and coel. The heat which comes out from their
combustion is used to produce steam at high pressure. This high pressure steam
is then used to rotate turbines, which in turn generate electricity.

While driving a vehicle, it is the combustion of petrol or diesel that gives
off energy and drives it forward. The one example of exothermic reactions
people seem to enjoy the most is that of fireworks. Fireworks are the result of
combustion reactions that yield heat, light and sound. Different metal powders

atongwith oxidising agents produce a variety of colours when burut.

Fig (5.2) Fireworks

Exercise

Why the chemical reaction between sodium metal and water proceeds
violently? -




Exercise A
|s melting of ice an exothermic or endothermic change?

Exercise

Can exothermic reaction be reversed?

Let us now examine the reason why the chemical reactions are either
exothermic or endothermic.
A chemical reaction mainly invelves the processes which involve bond breaking
and bond formation. In the following reaction, the chemical bonds between the
atoms present in the molecules of H; and O: first break to give their atoms.

H, (g) + O; [9) — 2H,0(g)

2H, (g) ———» 4H (g) 0, {g). =——— 20 (g}
Molecule® "~ oot Mbions - Molecile” Atr:ur‘ns

ThESE‘ at::rmE of hydmgen then form bonds with oxygen atoms to form
two molecules of gaseous H;0.
G o+ O
1 i S, W e
4H@+.2Gt-;lf"‘;‘_'_""“.l-¥ i
Breaking of bonds of H; and O, absorb energy (endothermic process)
while making of bonds between H and O evalve energy {exothermic process). in
this reaction, weaker bonds are broken i.e of H,. Hence less energyis absorbed in
the system. While the bonds which are formed in water molecule are stronger
and thus greater energy is evelved. Hence, the energy which is evolved is more
than ﬂ'IE ene rgy which is abaom ed The werall reaction i E thus exothermic.

EH.JQJ S Hl[g} + 435 kJ / mﬂl {Endcrthermmj
0y —— 2 CJ + d-EJE ki/mol [Endmh_erm:lc] i
Ol e H 484 kl/mol (Exothermic)
Since two mc:les of H; take part 'n the reaction so t::-:al energy absorbed in the

reaction
EH S 4H + 870 k/mol

Ouy ——> 20, + 498 kl/mol

2Hyy + Oy — 4H,, + 20, + 1368 kJ/mol

T
- :-c ._..-\.-: ; I. : i iz L o,
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It means 1368 i) energy is absoroed when 2. pony dissaciation energy of Ha

moles of H, and one mole of O, break their s 435 k)/mel while that 6f O, is

bands to canvert themselves into atoms. 438k} /mol. Band formation
energy of one O = H bond ‘is

: _ 484 lJ/mol.

. ) |',-|t,.ms_t_lhg_[nfnr'rr_|i|tl_nl"|l'.l‘\1

Nitragen of the atmasphere reacts with oxygen to produce nat only in the presence of
lightening. This is because reaction is highly endothermic, so only lightening can
pravide enowgh energy far this reaction to take placa.

Total energy evolved in the formation of 4 O —H bonds.
20y + 4Hy———— 2H,0, - 1936 ki/mel

This is the energy evolved when twa moles of water are foermed from 4
maoles of hydrogen atoms and 2 moles of oxygen atoms. Thus for the formation
of one male of water, the energy evolved will be 968 kJ mol™,

Hence the overall energy evalvad in this reaction is = -1936 + 1388 = 568k for
two moles of water.

2 Hyy + Oyy—— 2H,0, + 568 k/mol or AH =-568 k]

The enthalpy change for the farmation of two moles of gaseous water is
thus =568k). So the enthalpy change for the formation of one male of gaseous

water will be ) 568 kj _  meapi
2 mol

The experimental value of formation of gaseous water is -284.3 ldJ which is
quite close to this calculated value.

Calr;ulate the enthalpy of the ‘ollowing chemical reaction,
: U Hag ¥l e 2 Hig :

B-u-nl,’t-EthgIES:}fJ" I, and Hlare 436, 1:11 and-299 kI "rml respectr'-'ely

‘ Calculate the enthalpy change for the formation of ane mole of liquid water.
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5.4 How does a Reaction take place?

4 - - g = - [ e 5 s i
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A reaction takes place when the reactant molecules collide with each

other to give 2 transition state, Let us study the following hypothetical reaction.
Aa+B; — 2AB

Before mixing, the molecules of reactants A and B are in a state of random
maotion separately colliding with each other and with the walls of container.
Kinetic energies possessed by these molecules are not the same. Majority of
these molecules possess average kinetic energy but a few possess more than
average energy while yet others possess less than average kinetic energy. The
maolecules which possess more than average kinetic energy may alsa be called
excited molecules.

When the two reactant molecules are mixed together, all these
molecules start colliding with each other. The collisions which result by
colliding melecules having average or less than average kinetic energies may
not be able to produce any result. But when the two excited molecules from
both the reactants collide with each other they may be able to produce the
transition state as shown in the fallowing Fig (5.3).

BBy e i e AR #oIABC
Ly Reactants St sl | Bl T e 5
7 s 1w e T rangition stakg ! -l R
Fig (5.3) Formation of Transition state

The transitation state is shown at the peak of curve. After a very short
period of time the transition state either returns to the reactants or to the
products. The praogress of the reaction can be shown in the form of the following
energy profile diagram drawn between path of the reaction and the energy of
the reactants and products.

Transition state

Energy of both reactants
ic talcer as equal.

Energy

1 -H
——  Reaction coordinate
Fig (5.4} Path of Exothermic Reaction
i

Products

X _-\.. i |':=":l' y - _ _-i-.l... e e :: -'.- . il -\. l.. i :':\.._
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Washing clothes at 140°F uses almost twice the energy as at 140°F wash. 0% of the
energy used by the traditional electric bulb iz wasted in producing heat.

The energy of the transition state is higher than that of reactants or
oroducts because the bonds between the reactant or product malecules are
heing cleaved progressively. The energy absarbed by the reactant or product
maolecules in order to be converted into the transition state is called the
activation energy (E,) of the reaction. The difference between the enargy of
reactant and that of the product comas gut in the form of heat representing
enthalpy (AH) of the reaction. This graph represents the path of an
exothermic reaction Fig {(5.4). A similar graph can be drawn for an
endothermicreactionFig (5.5%.

Transition State

s —

Endathermic
Reaction

Products

Energy

Reactan

m—— Reaction coordinate
Fig (5.5) Path of Endothermic Reaction

Exercise

.ﬁ.re energydl-agra ms usefut?

Exercise

Draw an erergy profile diagram for a hyputhecal reactmn which does not
evalve or absorb heat.

e e

An addition of the catalyst in a reaction increases the rate of reaction
because it changes the path adopted by the reactants whereby the activation
energy value of the reaction is substantially decreased. As a result, more
reactants are now able to be converted into product malecules and hence the
rate of reaction will increase Fig (5.6).
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A catalyst is thus, defined as a substance that increases the rate of a
chemical reaction without itself undergoing any permanent chemical change.
For example, Ni acts as a catalyst in the hydrogenation of oil to give banaspati
ghee. Platinum acts as a catalyst in the production of H, 50,. Chlorine acts as a
catalyst promoting the breakdown of ozone.

Transition state without the catalyst

Transition state in the presence
af catalyst

Activation energy in the

AE presance of catalyst

Energy

Fezactants

—_—

Fig (5.6) Path of Reaction in the absence and presence of a catalysist
5.5 Aerobic and Anaerobic Respiration

The process of respiration in human beings is a continuous process,
Curing this process, we breathe in oxygen and breathe out carbon dioxide.
Respiration also carries complex chemical reactions inside the human body. This
process that occurs in the presence of oxygen is called aerobic respiration.
Aerobic respiration is an exothermic process and involves the following
reactions.

' (CaH404)
Glucnsew—{ﬁﬂ P}rr’u:fa;'e ——— BCO, + 6H,0 + Energy
(CeH1205) ¥
Energy

 Glycolysis !

During glycalysis one molecule of glucose is split into two molecules of
pyruvate. This process involves e series of reactions catalysed by enzymes, with a
net production of 2 ATP (Adenosine Triphosphate). When cells of our body
require energy for performing the metabolic activities, they use this ATP and
break it down to get the required energy. The food we eat undergoes digestion
in our body and the digested food molecules that are absorbed by the cells
undergo exidation to produce energy.

- .'I
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I certaln nrganmms I|ke bactena and zlgae respiratmn accurs in the
absence of oxygen and it is called anaerobic respiration. This is also an
exothermic pracess and during this process glucase is converted into carbon

diaxide and ethanol with the evolution of energy.

in ] Absence of axygen
Glucase — e F'Ef'-rrrr Pyruvate i i = CHOH + (O,
+ Yeast +
Energy Energy

Lipids are a group of organic compounds which include fats, waxes,
sterals, etc. Lipids serve as an energy reserve within our body. About half of the
fuel our body needs comes from lipids. if you eat more food than you need in a
day, the excess food is stored as lipids in adipose cells. In between meals and
during exercise aur bady relies an this resource 1o provide energy. Glycogen is
the primar}- stnrage farm of glucose. Itis stored inthe liver and muscles.

5 Ang.r ph],rsﬁ;al or chemical change under study is called a system. Everything else which
does not fzllin this system is called surrounding. . C
2. The total amount of heat energy present in a systern at standard conditions is called
its heat content The |:||.|a1-|t|t-‘.r of enthalpy of a 5:-,-*5tern is alsn called its total heat
.. content. : -
4 bl Thé st;ar'idard enthalpy ofa reacnn'n lsthe ertthalpy t:ha ngethatnccmfs whan reactants
; in thair s.ta nd ard stateaundergn reaction to produce pr-::ll:lur:'ts in thersr.andar:rgtates
4, |.':'1EF"|_| ...al reav:lﬂa ns which take place with the evolution of heat are called exathermic
reactians while those which proceed with the EDS-DFI]‘II{:I'I of ‘heat are called
endathermic reactions.
5. Achemical reaction always invelves breaking and fa:matmn nf-:hemlﬁlbnnds
When weaker bonds are broken while strunE-Ef I:u:!ndﬂ arg fﬂrmﬂd the. reaction is
avarall ﬂ:::-therrmcand vice yersa. Bp L : - '

- ? A reactn:n takes place when the mac‘tant part:des :;ullu:le ta gwe atra n5|t|L1'|'1 atate

whizh then change into the preducts. A
8. . The energy needed by the reactant particles to d‘langa m'r.c:- transition state is caIEEd
activation energy. #i e

9. Thadifferenca between the energy of reactants and tha.l; clf prudur:t!- i cailed er'thalpy
: Ehﬂl'lgﬂ of the reaction.

and enduthErrrﬁlc:fthe energy of the products is rn-::lrethem matﬂfrﬂaf:tant&

11: .ﬁ.:cqtal}.-snr;.crea_se:tl_-!e rate qf_reeLilﬂn hydecreasmgnﬁ ar:;twatlnn energy.: .

12. “The process of respiration in human beings takes place in the presence of oxygen and
it is called an aerobic respiratian. In some orgarisis, the respiration occurs-in the
absence of oxygen which is called anaarabic res.plratmn :

s b - Rt it ey —
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(i)

{if)

(iii]

{iv}

Tick {v) the correct answer.

The toltowing reaction is an exothermic reaction.
Bk Dl o B HE
From where does the energy come to break the bond of H, and C1,7
{a) By collisions between the molecules
{b) Framsunlight
{c) Fromthe surrounding
{d) By collisions of the molecules with the walls of the container
Which of the following reactions has the least value of activation energy?
(@) Hyy + Y20y —— H,Oy,
) €, + Oy — CO,,
() NaCl,, + AgNOQ, (agq) —— AgCl, + NaNOQ,
(d) Hyy + by ———— 2HI,
Formation of which hydrogen halide from the elements is an endotherric
reaction?

fa) HCI (b} HF

(e) HBr (d) HI

What are the products of anaerohic respiration?

fa) ATP +CO; + H;O (b) CO; + H;O

{c) ATP + Ethanol + H:0 id) Ethanol + H:O

Which reaction do you expect to be a reversiple reaction?

{a) (b)

Erergy
Energy

C+D

Fath of Reaction Path af Reaction
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Energy

Path of Reactian Path af Reaction

(v} What does it show when a chemical reaction is exothermic?
{a) It shows the bonds which break are weaker than those are formed.
(o) Itshowsthe bond which break are stronger than those are formed.

(€} Exothermic nature of the reaction is not concerned with bond
farmation or band breakage.

(d}  Itshowsthat the reactants are more stable than the products,
i) When MaOH and HC) are mixed the temperature increases. The reaction is;
(a) endothermic with a positive enthalpy change.
(by  endethermicwith a negative enthalpy change.
(c)  exothermicwith a positive enthalpy change.
{d)  exothermicwith a negative enthalpy change.

(viiij The average bond dissociation energy for the C-H bond is 412 kJ mal”,
Which of the following process will have enthalpy change close to 412 ki

mol™?

(@) CH.u — G+ 2H,,
(b)Y CH,y —  Co.+2H,,
(€} CHay — C,+4H,
(dy  CHay —3 CH,*H,

fix)]  The average bond energies far 0 - 0 and 0 = 0 are 146 and 496 kJ maol”
respectively. Find the enthalpy in ld for the following reaction?
H—0—0—H, ——> H—O0—H,+ -0 = 0,
(a) -102kJ
(B} +102k
() +350k)
{(d) +394k]
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Why does the following exothermic reaction not occur?
C(Diamond) -3 C{Graphite) AH= -3k] mal”
(a) structure of diamond is more stabie than that of graphite.
(b} Diamond has strong covalent bonds than does the graphite.
(¢}  Thechange from diamand to graphite has high activation energy.
(d}  Density of graphite is |less then that of diamond.

QOuestions for Short Answers

What is the difference between enthalpy and enthalpy change?
Why is breaking of a bond an endothermic process?
Depict the transition state for the following reaction.
H, + T, — 2ZHCI
Draw the reaction profiles for two exothermic reactions one of which mowves
fasterthan the ather.
Whatis the role of glycogen in our body?

Constructed Response Questions

Physical changes which usually occur around us are given in the table. Write
down whether they are exothermic or endathermic.

Physical Exothermic or Physical Exothermic or
change Endothermic change Endothermic

Conversicn of Conduction of
hydrated salt electricity by metals
into anhydrous

salt

Burning paper

Dissalving ammanium
chloride in water

Vapourizing : Formation of rain
liguid from clouds
nitrogen !e
Evaporation Dissolving socium |
of dry ice carbonate in water |

a5
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Explain why the reaction between atmospheric gases oxygen and nitrogen
does not take place under normal conditians? But in the presence of
lightening these gases react to give NO, The reaction stops as soon as the
lightening stops.

A reaction between natural gas (CH.) and atmaspheric oxygen does not take
place when you mix them. As soon as you show a burning match stick, the
reaction starts immediately and then it continues until one ar both of the

reactants is/are used up. Explain.

Descriptive Questions

Find out the enthalphy change of the following reaction using the given
data.

My + 03 —— 2ZNO
Bond dissociation energy of Nz = 958.38 kd/moi
Bond dissociation energy of Oz = 498 kl/mal
Bond formation energy of NO = -626 kJ/mol
Explain the difference between the terms heat and enthalpy.
Explain why formation of a bond is always an exothermic process,
Explain the role of fipids in our bady.
Explain the following terms.
Activation energy, Transition state, Aerobic respiration

investigative Questions
Why is it essential to cock some of the food items while others we can eat
without cooking?

Why does fireworks look spectacular, What type of chemical compounds
undergo chemical reacticns during this activity.




- 'Student I.E.ar.nmg tmt:nme:

Recognize that reversible reactions are shown by symbal and may nul go to
campletion :

- Describe how changing the physical conditions of a chemical equilibrium system can
redirect roeversible reactions -(Gome examples can include: a. effect of hest on

hywdr.:lted compounds b. addition of water to anhyl:l“uus 5._4E:|5tarce5 in par icular. -
copper (|sulfate and cabalt {Il-ehiforide

«  Statethatreversible reactions can achieve equilibiumina - closed system when rate of
forward and backward reactions are equal.

Introduction

In a chemical reaction, the reactants react to give the products. The
reaction will continue until all the reactants or ane of the reactants is converted
into product. For example, the following reaction takes place immediately in an
aqueous sciution to give the products.

NaCll, +  AgNO,, =——— AgCl, = MNaNOj,,

The reaction goes to completion and if stoichiometric amounts of the
reactants are used then noreactant species are present atthe end of the reaction.
Such a reaction is called anirreversible reaction. It moves in the forward direction
only.

In the majority of chemical reactions, however, the reaction does not go to
completion. The products of the reaction react among themselves to give back
the reactants under the same conditions.. Such a reaction moves in both the
forward and backward directions under the same conditions. The reactants react
to give the products and the products, in turn, react to give back the reactants.

The reaction is called a reversible reaction and it is denoted by a double arrow =.

Farexample, 400°C, 200 atm
N.‘-_[ql + -:-!'Ha.m FE —= ENH-'@I

gy

ﬁﬂerstudylng this chapter, students will be able to: ; R
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In this reaction, one male of nitrogen gas reacts with three moles of

hydrogen gas under the canditions of reaction in a closed container to give two
moles of ammaonia gas. After its farmation, the ammonia gas decomposes to
give the reactants back. The reaction never goes to completion. At any time, all
the three species are simultanecusly present in the reaction mixture.

A reversible reaction, however, goes to completion if either one of the
products is withdrawn from the reaction mixture ar being a gas, it escapes into
the atmasphere. For example, calcium carbonate is decomposed by heating at a
particular temperature,

CaCO,ls) ===~ CaOfs) + COLg)

If the above reaction is carried out in an open container, the carbon
dioxide gas will escape into the atmosphere as soon as it is formed and the
reaction is forced to go to completion, If, on the other hand, the reacticn is
perfarmed in a closed container, the carbon diaxide will react with calcium oxide
to give backthe reactants.

Like chemical changes, physical changes may also be reversible in nature.
Copper sulphate pentahydrate (CuSQ, 5 H;0) is an important salt which is blue
in colour. When this salt is heated strongly, its colour changes to white. This
physical change involves the fallowing equilibrium,

.. Heat

7 QuSO, SHO S————= CuSO, + § HO

" Hydrated Copper : . Anhydrous
o sulphate : * Copper sulphate

When white anhydrous copper sulphate absorbs moisture from the
atmasphere, it will turn blue again.

Similar to this, when cobalt chloride hexahydrate (CoCk 6 H:Ob, which is
pink in colour, is heated it is converted to anhydrous CoCl; which is biue in colour,

Heat
Coll; 6H.O = = Coll; + 6 H0
Hydrated Cobalt Anhydrous Cobalt
© chlaride {Pink) chloride (Blua)

In the reverse reaction, the anhydrous cobalt chloride absorbs less
moisture, it is first converted into a dihydrate which is purple in celour. This
dihydrate then further abscrbs four more water molecules to become a
hexahydrate which is pink in colour.
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malstura Maisture .
Anhydrous Cobalt - Cobalt chloride - Cobalt
- chloride (Blue) dihydrate (Purple) hexahydrata (Pinld)

Take & few grams of blue coloured copper sulphate in a cry test tube. First heat it gently and |
then stronghy for some time .

Mate down the observation. Let the test tube cool down, Again note down the obsenation,

6.1 Dynamic Equilibrium

If a reversible reaction is started by mixing the reactants, the reaction
moves in the forward direction only. After some time when enough
concentrations of the products are built up, they react to give back the reactants
inthe reverse reaction.

The reaction will keep on geing in both the directions until the rate of
forward reaction becomes equal to the rate of reverse reaction. In other words,
the number of reactant molecules which will disappear as a result of forward
reaction becomes equal to the number of reactant molecules which will form as a
result of the reverse reaction. The same will be true for the product molecules. At
this stage, the reaction is said to be in a state of chemical equilibrium. It appears
as If nothing is going on in the reaction vessel as the concentrations of both
reactant and product molecules do not undergo any change at this stage. Since
the reaction did not cease at this state of equilibrium, rather it keeps on geing in
both the directions, this state is called dynamic equilibrium. The concentrations
of reacting species (reactants and products) remain constant at equilibrium,

it - R TR

“Q‘)_ Interesting Informatiani .\
: Vast depasits of coal are available in Thar, Sindh, This coal can be used to

generate electricity. When coal is made to react with steam, CO and H; are produced.

These products then react by a reversible reacticn called catalytic methanation to
yield methane.

Cu + HO0, == CO, + Hy,

Watar gas

Catalyst

€O, + 3H, ===CH, + HO,




1. Elahmrate an example of dynamic ethbnum which exists in this warld
between the three physical states of water. '

2. Dinitrogen tetra cxide (N,O4} is a colourless gas It slowlhy changes o
brown coloured nitragen dioxide (NO.) at 100° C. Predict how the_
colour of the mixture will change if N0, is kept'in a sealed flask at_-._.
100%C. . 100°C =

k- ..'.:: .. : Ma0,

g . 2NO:g)
Colourless 'Erhwn_ £ L e

The time a reaction will take to attain the state of dynamic chemical
equilibrium depends upan the nature of the reaction and the conditions at which
the given reversible reaction is performed,

For a dynamic equilibrium to be set up, the rate of the forward reaction
must be equal to the rate of hackward reaction. This does not happen instantly
and far very slow reaction, it may take years. Bath the rates of formation and the
decamposition of ammaonia are reasonably fast at around 400°C in the presence
of a catalyst. This reaction will reach the equilibrium state within minutes of the
start of reaction.

For exampie, the following equilibrium reaction takes 4 - 5 seconds to
reach at the point c:feqml:hn um.

‘Electig COrREnt © = 2 :
ZHD'“. 1..—'—"—5 EHE,D., + ’C', :

e R e T
L Ee Tty

6.2 Changing the Ph:-,rs:cal Conditions of a Chemical
Reaction

If a given reversible reaction has attained the state of dynamic equilibrium, it will
rermain in this state for infinite time unless it is sornehow disturbed. A reversible
chemical systerm may be distributed in the following possible ways.

1. Adding orwithdrawing one or more of the reacting species
Adding orwithdrawing one or more of the product species
Changing the temperature of the reaction
Effect of the presence of a catalyst on a reversible reaction
Changing the pressure of the reaction if it involves reactants or the
products in the gaseous state
Consider the following reversible reaction at equilibrium.

N 3, e SN
Hai lig! "E;;};;" 3ig}

B M
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The concentrations of all the participating chemicals will be constant at
the state of equilibrium. At this stage if we add more N; gas in the mixture, its
concentration will increase and the reaction will no longer maintain its state of
equilibrium. To restore the equilibrium state again, nitrogen will react with
hydrogen to produce more ammonia. This change will go on until a new state of
equilibrium is reached at which the concentration of all the species will again
become constant. These new concentrations will, however, be different from the
concentrations of the earlier equilibrium state,

Mow let us disturb the equilibrium again by withdrawing some of the
ammonia gas formed. As a result, its concentration will decrease. To restore the
equilibrium state, more nitrogen and hydrogen will react to produce ammania,
When the state of equilibrium is reached again, the concentrations of all the

speciesshall again become constant.

% 6.3 Effect of Changing the Temperature on the State
of Equilibrium

The farmation of ammonia is exathermic in the forward direction and
hence this reaction will be endothermic in the reverse direction,

TP e 3Hay S ZNHg T OR =-024d/mole .

" v mr

If this reaction is at equilibrium and its temperature is increased, the state
af the equilibrium will be disturbed again. The AH of this reaction is negative. This
means the total energy of the system containing Nz and H; is higher than that of
ammeonia. The increase in temperature of this reaction at equilibrium will push
the reaction in the backward direction ie. the reactants side. Decreasing the
temperature will drive the equilibrium to the forward direction.

‘Effect of Change of Pressure on the Reaction at Equilibrium:.

Change of pressure will disturb the equilibrium state of only those
gaseous reactions in which the number of males of the reacting gases will be
different from the number of moles of the gases being produced. Since the
formatian of ammonia gas meets such a condition, the state of its equilibrium
will be disturbed by changing the pressure exerted on the reaction mixture,

Ny + 3Hyg =====" INH,;

1 maole I miles 2 males
| g | L
b ke 2 ralas
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In this reaction, 4 moles of reacting gases are producing two moles of
product gas. 4 maoles of gases at say 5.T.P will cccupy 4 = 22414 = 89.656 dm® of
volume. 2 molas of NHy will occupy 2 = 22.414 = 44828 dm’® of volume. If this
reaction is at equilibrium and the pressure is increased, the equilibrium will be
disturbed. To restore this, the reaction will move to that side in which the number
of moles are less i.e. forward direction. The formaticn of ammonia gas is thus

favoured at high pressure,

-Effect of the Presence of a Catalyst on the Reversible Reaction:

At the stage of dynamic Eqmlil::mm the rates of both forward and backward
reactions are equal.

A catalyst increases both the rates of forward and back reactions of a
reversible reaction. So if a reversible reaction is carried out in the presence of a
catalyst it will decrease the time taken by the reaction to aftain the state of
equilibrium.

Example: Let us consider ancther example of a reversible reaction at
equilibrium. Phospharous pentachloride decomposes accarding to the
following equation.

PCly, =—=== PCl, + Cly

According to the equation one mele of the gaseous reactant is giving two moles
of the product gases. The reaction is an endothermic reaction. Keeping in view
the above description of the reaction, answer the following questions.

i.  Whatwill happen if the gas mixture is compressed?

il. Whatwill happen if we add Cl, gas to the equilibrium mixture?

iii. Whatwiil happen if the temperature of the reaction is increased?

LK

"\(b Intur‘ntlng [I:lfn%ﬁaﬁnﬁ 'ﬂ‘

Ind |_|:51:nai production of ammania in Haber Process is & very useful
application 1:§F the;phenumenuq of chemical equilibrium. Ammonia gas leads to the
formation of an important fertilizer urea. The ability of ammonia gas to be converted
inta its liquid form easily is used to drive the reaction to completion. In this way,
practically 100% conversien of Nz and Ha to NH, is achieved.

—na
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The preparation of F'th:,rl acetate is commercially very impnrtan' -

| because tisused as a thinner | in paint industry.

~ dil. H,S0, '
C,H,OH, + CH,COCH, = = CH,LO0OCH,, + H.Q,

Ethyl alcohol * Acetic acid Ethyl acetate
. One way to get the better yield of the pmduct' ethyl acetate is to remove

| water from the reaction mixture as socn as it is formed. EuggesL & qurtable

{ ‘method mwmf‘draw water from the reaction mixture,

Ir- {httpa.,-’fwww_.mchester.edu}

1.

2

T

Majority of chemical reactians are reversible reactions, Reactants react to give the
products and the products, inturn, react or decomposa to give back the reacta nis.

A reversible reaction never goes to completion. Howewar, it may be forced to go to
complation if one or all the products are withdrawn from the reaction mixture as scon
asthay are farmed.

Fhysical changes may also ba reversible in nature,

A reversible reaction will keep on gaoing in both the directions until the rate of forward
reaction becormes equal to the rate of revarsa reaction. At this point the reaction is
sajd to be at a state of chernical eguilibrium.

Since bath the forward and reverse reactions keep on going at the state of chemical
equilibrium, itis called a dynamic equilibrium, The concentrations of all the reacting
species remain constant st equilibrium,

The tirme a reaction takes to attain the state of dynamic equilibrivm depends upan the
nature of reaction and the conditions at which the reversible reaction is parfarmed.

A reversible chemical systemn may be disturbed either by adding ar withdrawing the

reactants or the products and by changing the conditions of temperature, pressure
and catabyst.

93



i)

(i)

(i)

(iv)

)

Tick (+) the correct answer.

What will happen if the rates of forward and reverse reactions are very high?

(a) The equilibrium paint will reach very saon.

(b} The equilibrium paint will reach very late.

(€) The reaction will not attain the state of dynamic equilibrium.

(d) The reaction will be practically irreversible.

Predict which caomponents of the atmosphere react in the presence of

lightening.

{a) M,andH,0 {b) 0,andH,0

{c} CO,and O, {d) N,and Q,

An inorganic chemist places ane maole of PCL in a container A and one mole

of each Cl, and PCl, in container B. Both the containers were seajed and

heated to the same temperature to reach the state of equilibrium, Guess

about the composition of mixtures in both the containers,

(a) Bath the containers will have the same composition of mixtures,

(b) Container Awill have more concentration of PCl, than B.

{¢) Container A will have less concentration of PCl; than B.

{d) Both the containers will have zero concentration of its reactants.

Cal or lime is used extensively in steel, glass and paper industries. It is

produced in an exothermic reversible reaction by the decompaosition of lime

(CaCO,). Choose the conditions to produce maximum amount oflime.

(2) Heating athigh temperature in a closed vesse|

(b) Heating at high temperature in an open vessel

(c) Cooling itin a dosed vessel

(d} Coolingitinanopenvessel

What condition should be met for the reversible reaction to achieve the state

of equilibrium?

(a) Allthe reactants should be converted into the products.

(b) 50% of the reactants should be converted into products.

{c) The concentration of all the reactants and the product should become
constant s

{d) Ore of the products should be removed from the reaction mixture.
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{wi) Why the gas starts coming out when you open a can of fizzy drink?
{a8) Becausethe solubility of the gas increases
{b) Because the gasisinsolubleinwater
{c} Because the gas is dissclved under pressure hence it comes out when
pressure is decreased
(d) Becausethe solubility of the gas decreases at high pressure
(vii) The following reaction is performed in an open vessel.
CaC,,, s (a0, + O

£ ]
Haow the equilibrium wili be affected if you increase the pressure?
(a) Theforward reaction will be favoured
{b) The backward reaction will be favoured
(¢) Mo effect on backward reaction
(d) Moeffect onforward orbackward reaction
vililWhen a reaction will become a reversible one?
{a) If the activation energy of the forward reaction (s comparable to that of
baclward reaction
(b} If the activation energy of the forward reaction is higher than that of
backward reaction
{c) If the activation energy of the forward reaction is lower than that of
backward reaction
{(d) Ifthe enthalpy change of both the reactions is zero.
fix) Isreversible reactionuseful for preparing compaunds on large scale?
(a) Mo (b) Yes
(c) They are useful only when equilibrium lies far to the right side
(d) They are useful onlywhen equilibrium lies far to the left side
{x)] What will happen to the concentrations of the products it a reversible
reaction at equilibrium is not disturbed?
{a) They will remain constant
{b) Theywill keep on increasing
{c) Theywill keep on decreasing
{d) They will remain constant for some time and then start decreasing

2. Questions for Short Answers

. Howisdynamic eguilibrium different from the static equilibrium?
. How the following reversible reaction will be affected if its temperature is
increased? Electricity
2H.0, s 2Hy + 0O

2l

a5
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How can you get the maximum yield in a reversible reaction?
How can you decrease the time to attain the position of equilibrium in a
reversible reaction?
What is the effect of increasing pressure on the following reaction?

Moot 6 2NO.,

A

Constructed Response Questions

Why are some reactions irreversible while others are reversible?

Why zre combustion reactions generally irreversibile?

Can you make an irreversible reaction reversible and vice versa?

How do yau know if a reaction is reversible orirreversible?

Do the phase changes in water {solid to liquid, liquid to vapour) reversible or
irreversible?

Descriptive Questions
How can you derive the reversible reaction atequilibrium?

% {a) in the forward direction  (b) in the backward direction :
Explain how the forward and backward reactions change when the system
approaches equilibrium,

Describe the effect of a catalyst on the reversible reaction.
How can & reversible reaction be forced to go to completion?
How does change in temperature affect the reaction at equilibrium?

Investigate

Study the effect of heat on hydrated CuSO.. Why does this saltlook coloured
and why does it lose colour upan heating?

synthesis of ammonia gas is very important industrially because it is used in
the preparation of urea fertilizer. Explain the conditions you will use to get
the maximum yield of ammonia.
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" After studying this chapter, students will be able to:

L]

Dafine Bransted-Lowry acids as proton donars and Bransted -Lowry bases as praton
E-."_CE'p“{_'IFE

Recognize that aquecus soltions of acids :.:mtam H" ions and aqueous solutions of

nr"-'-’| 5 qontain OH IS

Define 2 strong acid ancj base a5 an acid or hase that: n:ﬂmpieter_'..' dnssncmtes in
aquecus solution and weak acid and base that partially dissociates in agquecus
solution. (Some examples include: Student writing symbal aquations to shaw these
for hyd rachloric acid, sulphurle acld, nitricacid, and ethanoicadid. )

Formulate dissaciation squations far an acid or base inagueous solution.

Fte-:r:ng-'n:e that bases are -:mdns ar hiyd raxldec nf et als ‘and that atkalls ar e wiater-
saluble bases :

DEEI:I‘Ib-E the cha m-::tenstw: |;1r'nperhe= of at:—ds in terms of their rear.tluns wrth metals,
bases and carbonates

Identify the characteristic prapen‘.les of hases in tarms af their reaplmq with acids
and ammenium sakts

Pefine acid rain. .
I:ns-::uss eﬁ‘e-‘ts af acid ralnar'n:l retgte them with Fll-:I-DEH.'IES ﬂfamds

7.1 Acids and Bases

Acids and bases have been known to mankind since centuries. Acids have
been known far their sour taste like the taste of lemon and ability to change the
colour of litmus paper from Elue to red. There are many substances which
cantain acids and hence taste sour, such as curd, tamarind, lemon and lime, etc.

Cammon examples of acids include acetic acid, hydrochloric acid, nitric
acid, sulphuric acid and tartaric acid. Most of these acids, we come across in
everyday life, are available in the form of aqueous solutions as they can be easily
dissolved inwater.

a7




Acide are divided into two types on the basis of their occurrence: natural

acids and mireral acids. Acids which are obtained from natural scurces are called
natural ar arganic acids, Mineral or man-made acids are prepared from minerals
like sodium chleride or sodium nitrate. Commeon examples of mineral acids are
hydrochloric acid, sulphuric acid and nitric acid,

Some comman arganic acids and their natural sources are given in table {? ’I‘j
Table {?‘ 1) EurnE Ct:-mmun Or ganlc Aclds and thew Enu rees.

e e W _u_

Organic acid Natural Source
Acetic acid Vinegar

_Ascorbic acid Amla, Guava
" Citric acid Lemon, Orange
Lactic acid Saur milk, Curd

B Formic acid Ant sting

Oxalic acid Tomato

Tartaric acid 3 Tamarind

In comparisan to acids, alkalis or bases are known for their bitier taste,
slippery touch and ability to change the colour of litmus paper fram red to blue.
An alkaliis a base that dissolves in water. Some commaon examples of alkalis are
sodium hydroxide {caustic soda), potassium hydroxide (caustic potash) calcium
hydroxide {lirvie water) and aqueous ammonia (NH,OH). Both sodium hydroxide
and potassium hydroxide are extremely corrosive and can burn your skin away.

Metals oxides are also basic in nature because they react with acids to
farm salt and water, Na,O is basic axide because it contains oxide ien, 0%, which
is a very strong base with a strong tendency to react with water to preduce

hydm:-:ideinns. Nﬂaﬂm il Hzgm % 2MaOH

Other examgples of basic oxides are calcium oxide (Ca0), zine Oxide {ZnO) and
magnesium oxide (Mg Q).

Both acids and alkalis are known to cancel the properties of each other
when mixed together in equal amounts. The reaction is called neutralization
reaction. A salt and water are ﬁ::r'med as a result of this reaction.

.. e

f27T Nl Mame some fruits which contain citric acid, |

lar}

_:\."" 1 : e - N =i
* ;} Interesting Information! \
Ciwalic acid (HaCy0y) (5 the simplest organic diprotic acid. 1ts commercial uses }

include bleaching straw and leather and removing rust and ink stains from fabncs.

L
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The following compounds are provided in the form of liquid orin the
form of their aqueous solutiens. Use blue and red litmus paper stripes to
show whetherthese substances are acidic or basic in their aqueous solutions.

— e e

. . Substance - Acidic -

Tap water

Battery water

Rain water

Soap solution

Tooth paste

Shampoo
Bleach

{Exercise

B e S LR TP

In what ways are mineral acids useful for us?

7.2 DIFFERENT CONCEPTS OF ACIDS AND BASES

“Arihenius Atids and Bases .

Although the earlier definitions of acids and bases describe some
distinctive features of these substances, yet new and broader definiticns were
neaded to explain their chemical behavior on the molecular level.

Svante Arrhenius, a Swedish Chemist,
suggested that acids and bases may be classified in
terms of their behavior in water. According to him;

An acid is that substance which dissociates in
water to give proton{H") or hydroxonium ion {HO)
Some typical Arrkenius acids are HCL, HNO,, H,50, and
HCN.

; HC|.:.,¢ ,,H;":I : “::_I-IE_C'_'_M} g Clii
Similarly, a base is that substance which Svante Arrhenius
dissociates inwater to give hydrowylions (OH), ese-1sen
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Some typical Arrhenius bases are NaOH, KOH and Ba{OH),.
H,Q

Ma',, + OH,,

NaOH,,

Water has an essential rele to play in Arrhenius concept of acids and
bases. Whenever an acid or a base dissociates in water, its molecules participate
in reaction by surrounding the resultant protan {(H") and hydroxyl ion{CH).
Since proton is very small in size and its charge density is very high, it forms a
strong bond with the lone pair of water molecule te give hydroxenium ion, H.O".

HO + H =—— H—O0—H

According to some reparts upto
faur water molecules may surround the
proton. Similarly, hydroxyl ion are also
surrounded by water molecules as shown
inthefigure (7.1).

Arrhenius also explained the
process of neutralization, Accerding to
him when a strong acid and & strang base
are dissolved in water, they caompletely
dissociate intoians.

Arrangement of water molecules

araund H° 5
H,0 ; H* H*
HCl, . == HO Wy + Ny Wopat |.
' i H[] N : :_.:- ; g “5-_ H=
NaOH,..~ = -2 Ma'y;,  + OHL, N rl_.-"
h : W
A H"-.‘
E:I:s- {js-_ Hs_
H H Hhi-
—— L Fig (7.1)
“Exercise’ S 3
' Howdo chloride ions éxi's_t'inwa’tei-? |
'I'IIII:I__ 2 _
] |§",:|-'-.., I i ey _ I _| Ry :
- b p P = .- i ]
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The hydroxanium ion and the hydroxyl ion then react to form water with

. the evalution of heat.

HO'Ww + OH. —— 2H,0, + Heat

fe

The salt NaCl that is formed with water does not exist as solid crystals. It
remains present in the solution as hydrated spectator sodium ions (Na" and
chloride ions (C).

Mineral acids are generally very strong acids. The strength of an acid
depends upon the extent to which itis ionized in water. Hydrochloric acid ionizes
inwater completely giving a large ameount of hydronium ions in water.

! HCly + H-a‘:im = H0'y + Cly

Sulphuric acid being a diprotic acid ionizes in two steps.
HSOu + HOy

HO' -+ HSO,
HSOue - HO, o

it

0% S0
Mitric acid iﬂhizes;in single step. .
HNO;.  + H%D;E'_# HiO g + NO, .,
Cortrary to mineral acids, organic acids ionize upto a very limitad extent

and hence they are weak acids.
Glacial acetic acid has a percentionization of only 0.132%.

CH,COOH,, + H,0, HO .+ CHCOO,

It means that out of 100 molecuies of acetic acid, only 1.32 molecules
dissociate and the rest remainundissociated.

Similarly, the percent ionization of formic acid having cocentration 1,50M
Is 1.06%. Which means 987 molecules out of 1000 remain undissociated.,
HO' + HCOO

[LE]]

HCOOH + H,O, ——

MaOH and KOH are the examples of strong bases because they alsoionize
completely in water. :
NBOH,

i)

Na’ + - BH
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NHLOH and AI{OH); are the examples of weak bases because they only
partially ionize in water.

HO NHL o+ DHL,

NH,OH;

Wh}’ does ammeonium h’}'d“ﬂ}zlde c-nl;.r
! pamaﬂymmzemwa’t&ﬁ i

E} Interesting Information!
Stomach Acidity

Stomach acidity or hyperacidity conditions are a camman problem. I"-’Ic-st
often the problem arizes when a persan takes fatty and spicy foods which cause
mare acid to produce in the stomach than reguired,

Qur stamach produces hydrochloric acid to digest the faad that we eat.
Whenrever we eat, cells within the lining of the stomach produce acid. Problem
ocours when these cslls praduce more acid than your stomach needs. Whan it
happens, the persan suffers from stomach acidity. The commen indication of such a
conditisn is the feeling of burning sensation right below cur breast bone. A persan
may also feel sour taste in mouth and heart burn or pain near the heart area. The
uneasy condition may easily be cured by taking weak bases like calcum hydroxide
and magnesium hydroxide commonly krnown as antacids. These antacids remove
minor stamach disarders by neutralizing the stamach acid, but the cancentration nf
hydraxyliansin them is too low ta harm the throat or stomach.

7.3 Bronsted - Lowry concepts of Acids and Bases

Arrhenius concept of acids and bases s very simple and easily
understandable but it has got its limitations. For example, NazCOs, KCO; and
MH; do not contain any hydroxyl group which will get ionized by water but all
these compounds behave as bases and yield OH™ in water. Arrhenius definitions
also reguire that water must be present as a solvent in arder for a compound to
behave as an acid or a base. [t was realized that a broader definition for acids and
bases is needed to cover all the aspects of the concept.




Ta rermove the limitations of
Arrhenius concept, Bronsted and
Lowy gave the following definitions
of acids and bases: :

An acid is a substance that |
donates aproton,

This definition reguires that to | &
behave as an acid a compound must
have a proton to donate. The Ja - Re—

[ n . Bram om i
mn.dlt:ﬂn. af the.presmce of water {!5?9-19&?}5 uﬂidﬂsz:w
during this donation was, however, - 4
eliminated, All Arrhenius acids are, thus, Bronsted-Lowry acids as well for
example, HCI. it dissociates in water to give H” and CI". [t also donates H™ to H,0
forming H,O".

A base is a substance thataccepts a proton.

For example, OH7, CN7, NH, and CI” are all bases because thejf nave the
ability to accept a proton. Mote that except OH™ zll other species are not
Arrhenius bases. All Arrhenius bases are, however, Bronsted-Lowry bases aswell,

All Bransted-Lowry acids and bases are not Arthenius acids and bases,
MH," is not Arrhenius acid and NH, is not Arrhenius base.

According to Bronsted-Lowry, an acid base reaction is that reaction in
which a proton is transferred from a proton donor to its acceptar. This reaction
may take place in gas phase orin the presence of any solvent.

Consider the following reaction between hydrogen chloride gas and
liguid water.

H{_:|,-51 T Hé.':‘-.']'ll
Aeid Base

HyOh: 4 €r

In this reaction, HCl gas acts as an acid because it donates its proton to
waterwhich acts as a base.

Similarly when ammaonia gas dissolves in water, a proton is transferred
from water to ammonia and ammonium ion is formed.

MH,, + H.O, OH, + NH,’

gl ) 4 gl
Base Acid Conjugate base Cbn;ugate acid

Ammonia is a base while water is an acid in this reaction. Water has the
ability to act both as an acid ar a base depending upaon the other compound with
which it reacts.
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Water is therefore called an amphoteric compound which means a
compound that can behave both as an acid and a base.

In the reverse reaction, OH is a base because it accepts a proton donated
by the acid NH,". In order to differentiate, OH" is called the conjugate base while
MH," the conjugate acid.

Some octherexamples of Bronsted-Lowry acids and bases.

HCNM + Hzclm e H!ﬂ+|m . ":.N-m
Acid Base Cﬂrtjugat-:— acid Conjugate base

| HFm] L | Hacfin; — H 'D o e : :
Adigh w07 Base: Canjugate acm Lnnjuqate base

| . Give twa examplas of Emnst&d—Lm'l}r t:mses which are not bases

l I:g,.- Arrhemus definition.

s —

7.4 Pruperties of Acids and Bases

a. Acidsgive the following three types of reactions.

1. With a1kaE|s or r‘netal ﬁxldES the;.r f-::l rem sa I.rts and wiater.
szaatam Cadsy —:- ::a (NG;];{aq] S H:0m
I-!z_SE);{an;-_ : EF{DH {aq] —r E{JSD I{aqj + EH;'D fl]

2 WP‘h reactwe metals | 'Mg Zn) they fn::rr'n Ea]tS and Evu[ue h',rdmgen gas

.___.q,. P

Mg {s} EHEJ{EEI!.-'
En I:ET H=5 Cl.-, {ar!]

.—"“—""'—1*_ M'QC'-E taq} H‘i [‘H}
e IﬂSB4f,aq S Ha g l

The unr&;cﬂv& metzals Cu, Ag, Au, and Pt do not evolve hydrogen gas with
acids.

Take a few granules Gflln{ ina cl&an tEEt tuh-e Add dilute HzS04 in it
| and heat it gently ldentrﬁr the gas evolved. in this reaction by taking a
| burning match stick near the mouth of test tube Nme the Ghsewatmm iy |
. your notebook. o :
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3. Theydecompose metal carbonates and hydrogen cabonates evalving
carbon dioxide gas.

CaCO, (sl + 2HCl(ag) ~ ~——» CaCl (ag) + H:O (1)'+ COu (g)
2NaHCOs {s) + Ha504 (ag) ——  NaSOaq) + 2H;0(1) + 2C0; (g)

b. Properties of Alkalis

As already mentioned alkalis are those bases which are soluble in water.
Examples of alkslis are NaOH, KOH etc, Ca(OH), is sparingly soluble in water
while Cu{QH1; is insoluble.

Apart from reacting with acids in neutralization reactions, alkalies also
react with ammonium salts and liberate ammonia gas

MaOH{aq) + HCl{aqg) ——» NaClf{agq) + HOM
Ca{OH); = H:50.(aq) — T3S0 {aq) + 2H:O (I}

Ca (OH)z o) + 2NHiCIag) 2> CaCly {ag) +2H,0 (1) + 2NH; ()
 NaOH (aq) + NHiNOsfaq) ~——= NaNOsaq) + HiO (1} * Nt (o)

o o — Actlwt:-,r?3 —

- HCrth rieanablucked draln'r" i

Blacked drains are one of the most cﬂmmnn pr‘crl:ﬂerns that we face

| every other day leFerent blackages require dlﬁerent cher‘nlcals to réemove
them :

: One. of the ways to ciean the drain is tr:n pour half a cup ﬂf sodium

i b|car11n::u nate solutioninto the draln followed by half a cup of vineger. Cover |
the dr‘aln and’ walti‘n?thrrtj,-' i ﬁutec Pour hmhr'rg waterde;wn the drain. -

' Caustic chemical dram cleaners are capa ble of dissolving grease, hair,
food ang mher common blockages. Pour down the caustic cleanerinta your
dram Wait f::!ur half an hour and then flush your dram with water,
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. 7.5 Acid Rain and its Effects

When rain water has pH less than 5.6, it is called acid rain. Burning of fossil
fuels releases harmful gases in air. These gases, S0y and NO; when mixed with
moisture present in air form acid droplets. These droplets then fall on the ground
as acid rain.

250,, + O, ——— 250,
5":'3'3: = H.':'Dﬂ. —_— HESD-“!III
END!I]II + ch:lﬂl'—h- HNDiIg'l + HNGM

SEffectsiof Acid Rain !
Acid rain causes a number of adverse effects cn soil, plants, aquatic life
and hurnan-made structures,

Acid rain makes soil more acidic. It dissolves and washes away nutrients
present in the sail which are needed by plants. Many plants cannot five ar grow in
an acidic sail. It can damage vegetation and plants. Acid rain can make water of
the water badies too acidic for aquatic animals to live in. Due to this, many lakes,
tivers, ponds and streams no longer have fish. Acid rain and the dry deposition of
acidic particles damage buildings, statues, automobiles and other structures
made of stone and metal.

1. Acids are ’Ehclse cam pnuncl5 whu:h have a sour taste and which tuen blue litmus rad.
They alsa give hydroxoniumions when dissolved inwater.

2. Bases or alkaliz are those mmpqunds which are bitter | in tas‘e have a slippary touch
and which; -::ha nge red litmus blue. They ﬂlm form h].-:l:ir{:-mde o when dizselved in

. water : :
3 ina nELrnJlldzatmn reaction, an aque::-us sﬂlutu:m -:nt an aud reacts with an aque:}us
: selution nr!a basetogive salt and water, :

4. Accordin g| to . Arhenius ueﬁmtmns acids .give grotons in waterzand- bases give
hydrn:-:ld& jens inwater, i :

5. Bronsted - LCI-'-'I.Ir'_'lu' define acid as a pratan donar and base as pr:‘tﬁn an:ceptf:.r

6. Generally ‘acids dissolve rr'etals with the evalution af h'_-.-'drngen gas. The;».r zlsa

- decormposecarbonates ardhyuru-nerl carbanates, -

T Generall:.rélbhs or bases reactwtth arrimonium salts to F'v-:llwl ammania gas.
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Tick (v') the correct answer.

Which acid is not used as a food or mixed with food?

{2} Tartaricacid (b) Ascorbicacid

{c) Citricacid (d) Formic acid

While baking, which gas is responsible for raising the bread and making it
soft?

{a) Oxygen (B) Carbon dioxide

{c) Nitrogen (d) Carbon monoxide

Predict the main characteristics of the reactions of metals with acids.

(2} Metals ara dissolved

{0} Metals are converted into salts

{c) Hydrogen gasisevolved

(d) Allthe above mentioned characteristics are true

How many hydroxide ions, calcium hydroxide will release in water?

(al 1 {b) 2 ) fero {dy 3

In a neutralization reaction between KOH and H3PO,, how many
molecules of KOH will react with one molecule of H;POL?

(a) 2 (k] 1 ) 3 {d) 4

Which acid is used in the preparation of soap?

(a) Tartaricacid (b} Citric acid

() Stearic acid (d) Oxalicacid

Which compound is farmed when 50; is dissalved inwater?

{a) S0O; (b} H2504 {c) Hz50, (d) HaS:0;
Which of the following contains oxalic acid?

{a) Tomato {b) Orange {c) Tamarind  {d} Sourmilk

Which compound in the following reaction is behaving as a conjugate
base?
CH.COOH,, + HQ, == CHCOO , + H,0',

(a) CH:COOH {b) HO {c) CHaCO0" (d) H;O
When a chemical reaction is carried out with a substance Z, a gas is
procucedwhich turns red litmus paper blue. What is the reaction?
(a) Reactionofan acid with a metal carbonate
(k) Reactionof an acid with ammaonium salt
(c) Reactionofanalkaliwith a metal carbonate
(d) Reactionofan alkaliwithammoniumsalt
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Questions for Short Answers
Choose Arrhenius Acids among the following compounds,
HF, NH, H,S0, 50, H,S, H,0

How does calcium metal react with dilute H,50,?

Which saltis formed when HC| reacts with BaCO,?

How will you justify that HSO", is a Bronsted - Lowry acid?
What chemical name will you give to soap as a compound?

Constructed Response Questions

Why is HCl not edible although it is present in the stomach and responsible
for digestion of foad?
Ir the presence of a drop of an acid, water is known to ionize as follows:
HO, === H + O
in your opinion, which name will be suitable for water: an acid, a base or
both?
Why does MNa,CO, behave like a base in water?
ls MaHCO, a base oran acid?
What is the difference between a strong acid and a concentrated acid?

Descriptive Questions

Explain Arrhenius concept of acids and bases.

Compare Arrhenius and Bronsted — Lowry concepts of acids and bases.

How does sulphuric acid react with the following compounds?

NH,Cl, NH,NO,, MgO, MgCo,

What happens when a base reacts with a non-metallic oxide. What do you
infer about the nature of non-metallic oxide?

State the reason of showing acidic character by bath dry HCI gas and HCI
solution inwater.
Differentiate between an acid and its conjugate base,

Investigative Questions

Acids play significant rales within human bady. Camment on this statement.

What is observed when CQ, is passed through lime water {i} for a short
duration (i) foralong duration?
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Etudent Learmnq Outcomes -

AFtErstud:.rlngthlschapter Etuden'tsmll be ableto: _ ;
¢ o Definelthe perindic table as an arrangement.of elements in periods and groups, in
arderofi |-!1::ree-smg proton num ber/atomic number -

. |dEﬂtIf'_'.|' the grougor perlﬂd or I::tu::nck. of an element using its electranic mnﬁguratmn
; ﬂr*l;-.-' theigea of subshelis r&a*eﬁtn theblcu:ks can F:uemtrud uced)

......

. Euplaln the -'elatlcnsh!p hetween g"'CHJ[J numl::er and the chargrmf |r_'nns fn:nrmed ﬂ':nm
-EIEr'I‘.Iﬂr‘:IE iri the g r-::au;:m terms of thair outermost ahel 5

. E:-cpl ain simillarities in the chemical properties of ele-'ner ts in the same g n:.uup n terms
_:nfth girelectronic :nnflg uration

. Idr-.'ntlﬁ,' trerlds ingraup and periods, gl'-.l'-EI'I |nf{:rmat|r:|'1 al.'mut the EiErnents I'IEIL I:Jlr'lg
tr'eruzs fl:'r atomic radius, electron . affinity, ele:trqnegatmty mnr;atmn energj.-',
; rnetalllc charﬂcter, reaxztwnj.r and der‘ Sty AT

S Use terms alkal metalﬁ. aﬂr.allne earth matals, halngens. nekble gases. transmnn'
metals, lantha ntdes and actinides in reference t-:}'[th}Erlﬂ-dIC table 5 :

o Predict the characterlstc EII'CI-pEr‘tIEE of an element in a given grm.l;:- L'r;,r usmg
lﬂ'l-:'_‘n'v.'.liﬂdgE nfchﬂmlca[penndtmw L :

’ Dedu-:a the nature, pnssmle pasition: in the Penndl-r: Table and the: u:ientltg,.r of
u-1~:naw-1 elem.entt from. I:_I_I_'-.--EI"I information: al:lnut 1J1eur phg,-mr_ar and Lhemlc.:l.l

prcperi;m

E 8.1 Modern Permdtc Table

The modern periadic table is based upan the arrangement of elements
according to increasing atomic number. When the elements are arranged
according to ascending order of their atomic numbers from left to right in a
horizontal row, properties of elements are found repeating after ragular
intervals. This results in the form of a table in which elements of similar properties
are placed in the same vertical columns.

The harizontal rows of elements in the pericdic table are called periods
while the vertical columns are called groups,
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Inthe madern periadic table, the electronic configuration of the efements -

continues changing when we move from left to right in 2 period. Due to this, the
elements in a period show a gradual change in the properties. Against this,
elements present in a group passess similar electranic configurations in their
autermost shells. Therefare, the elements in a group show similar chemical
properties. As a whole the periodic table shows the repetition of the properties of
elements after regular intervals, The study of properties in a sequence s called
periodicity in the properties of elemeants.

. 8.2 Salient Features of Modern Periodic Table

“Periods
The horizantal rows in the modern periodic table are called periods. There
are seven periods in total. Each period except the first starts with an atkali metal
and ends at a noble gas. Each period also represents the completion of a shell.
Since the number of electrons 1o be accommodated in a particular shell is fixed,
the number of elements in a period is also fixed. The detail about the periods is
given in Table (8.1}
Table {B 1 ) Fermds in the F'ermdl: ‘I'able

Pél:i;- &.'H:ln-'{" | Mame ::-f the !:'f Number.of _Numher of Shell!
AR £ i F'Erlnd_ ___'_h ; .-._EEm_.&_Ts 4 hl!lng fllh‘-_'d
1st Short 2 ] 1st
2nd Maormal 8 2nd
3rd Mormal 8 3rd
4th Lang 18 . 4th
Sth Lasrg 18 Sth

fth Very long 32 T Et-h_ ]
l 7th Incomplete 23 7th

In 6th and 7th periods, twa series of fourteen elements each have been
accommeodated, Because of the space problem, these two series were placed at
the bottam of the periodic table to keep it in 2 manageable and presentable
form. The first series starts after lanthanum (La = 57} and it is called lanthanides.
The second series starts after actinium {Ac = 89) and it is called actinides.
Tagether the elements present in these two series are also called rare earths or -
olock elements,
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The vertical columns present in the periodic table are called groups. There
are in total eighteen groups. Elements present in a group resemble one another
in their chemical properties since they contain the same number of electrans in
their outermost shells, Elements present in a group are also called a family and
each group has also been given a family name. The distribution of electronsin the
outer most shells (electronic configuration) and other information about the
groups are givenin the following Table (8.2).

Tah!e a.2) Elnﬂ.ﬂ:m: Cnnﬂgurutinn: af Elerner:ts In The Qutermaost Shell

| Electronic Cnnﬁguratinn

Eruup MNo. | f;n‘nrly Name : in the Outermost Shell |
1 Alkali metals ns'
2 Alkaline earth metals ns’
3to 12 Transition metals nd" ns’
13 Boron family ns’ np'
4 Carban family ns’ np*
15 Mitrogen family ns' np’
16 Oxygen family ns’ np’
': 17 Halagen family ns’ np°
18 Noble gases ns’ np’

The groups 1to 2 and 1310 17 contain the normal elements. In the normal
elements, all the inner shells are completely fillec while the outermaost shell is
incomplete. The groups 3 to 12 are called transition elements and in these
elements the inner sub-shells are in the process of completion,

Elements present in the periodic table are also classified into blocks. It
depends upon the type of the subshell which is being filled; s, p, d and f.
Elements of group 1 and 2 are called s-black elements because in them s-
subshell of outermost shell is being filled. Similarly, elements present in groups
13 to 18 are called p-block elements because p-subshell is filled in these
elements. The d-block elements lie between the : and p blocks, while f-block
elementﬁ lie separate at the bottom of the periodic table.

7 J Inferﬁting [nfurm.'atmn \,l

Mendeteay arranged only 63 elements in his periadic table because onby thase
elements were discoverad at that time. He left mary spaces vacant for those elements
which were vet to be discaverad,
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g PERIODIC TABLE OF THE ELEMENTS

i WAL METALS @ raTLLoiDs [ ELUTETL
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EG. Mazurs collected 700 dmr‘erent published versions .;.f the periodic tabdle. Many
forms retain the regular rectzrgular structure. Seme forms had spirals, dircles and
triangularshapes.

(M Tha eler:trnmc configuration of the outermaost shell of an element is s2p°. Find aut
perlad number and the group number of the element, In which black will you. place
this element?

{21 What is the group of the element having epg ht electrans in its outermost shell? In

which physical state does this element exist

(3} An element belongs to sikth group and msa gas. Towhich period does it belong? |

e ———— ==

i" 8.3 Similarities in the Chemical Properties of Elements
in the Same Group

The chemical properties of elements depend largely upon the number of
electrons present in their outermost shells, Since in a group of the periodic table
all the elements have the same number of electrons in the outermost shell, they

are expected to show similar chemical properties.
All elements of group | have one electron in their outermaost shells, so they
show a strang tendency to lose their electron forming cations. They are thus
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known as electropositive metals. These metals react vigorously with water

producing hydrogen and giving alkaliin the sclutian,
Na, + HO, —» MaOH .,
Alkali -
Oxides of these metals are also strongly basic in nature. They are readily
soluble inwater giving alkalies.
KOy + HO, —» 2KOH

# H;

Alkali metals alse react with halc:gﬂ ns giving hahd es,
Ne + Cl e El"x.af:l

The reactivity of alkali metels gradually increases down the group.
The second group elements also show a tendency to lose bath of their
outermaost electrons forming dipositive ions.

Mg, — Mg", + 2e

The tendency to lose electrons down the group increases due to gradual
increase in their atomic sizes. The oxides of these metals are also basic in nature
and form alkaliesin water,

A0y HLO e CalOH)

All elements in greup 1? have 5%, p® -:enflguratlen in their guter shells.
They show a strong tendency to gain one electron to become an anion, They are
called electronegative elements, These elements are very reactive non-metals
and form salts with metals. Hence they are called halogens (salt forming), Unlike
alkali metals, the rea CT.I'I.I'It},.-' of heleng ens decreases dawn the group,

Cl

+_- Ee —_— ECI"' :

oAt

Cay, t;:"-::'zie —" e;m%,,,_

Lm

Elements present in groug 16 have s p* configuration in their outermaost
shells, so they have a tendency to accept two electrons to form a dinegative ion.
Oxygen behaves as a strong electronegative elemant,

i e

- Relationship between Group Number and Charge of lons
When we move from left te right in the periadic table, the main-group

elements tend to form catians having a charge equal ta the group number. For
example, group 1 elements form 1+ ions, group 2 elements forms 2+ ions and
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group 3 elements forms 3+ ions. The number of charges on the cations also
carrespond to the number of electrons present in their outermost shells.

When we move from right to left in the periodic table, elements often
form anions with a negative charge equal to the number of group towards the
left side of the noble gases, For example, group 17 elements (which are located
one group towards left to the noble gases) form 2- ions. The negative charges
presants on these ions correspend to number of electrons which these groups
need to complete their octets.

i | 8.4 Variation of Periodic Properties in Periods and Groups

Periodic properties of the elements occur due to recurrence of similar
electranic configuration in the outermaost shells, They include:

i) Atomic radius ii) lonization Energy

i) Electron affinity iv) Electronegativity

The eleciron cloud of an atom has no definite limit. Because of this, the
size of an atom cannot be defined easily. However, it is possible to measure the
radius of an atomwhen itis bonded to an identical atom.

Atomic radius is defined as half the distance between the nuclei of the two
identical banded atoms. It is expressed in pm(1pm = 107°m). For example, the
distance between the nuclei of two bonded carbon atoms is 154 pm. Half ef this
distance ie. 77pm is therefore the radius of carbon atom. This is also called
covalentradius of carbon atom.,

When we move from left to right in a period, the size of atoms decreases
generally. It is because as we go frem lithium (Li) to neon (Ne) in the second
period, we are adding electrans to the outermost sheil. The charge on the
nucleus also increases from +3 to +10. This tends to pull the electrons closer to
the nucleus and hence the sizes of atoms decrease from lithium to neon Table
(8.4).

Table(8.4) Atomic Radii of Second Period Elements
2nd period elements | L ] Be | B c ! N | o F | Ne
Atomic Radii (pm) | 152 [113 | 88 | 77 [ 75 | 73 | 71 | €9

The atomic radii of atoms increase from top to bottom in a group. It is
because a new shell is being added in the successive pericd down the group
which increases the shielding effect Table {8.5).
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Na 10 186

K 18 227

Rb 36 248

o I Cs 54 265

¥ ) [ntermﬂng Infurmatlnﬁl J\{

Although you might expect atams to become larger with the increase in thair atomic
numbers, this does not always occur because the size of an atom is determined by the
diametar of its electron shells,

lonization Energy

lonizatian energy is the amount of energy required to remove the mast
loosely bound electron from the valence shell of an isclated gaseous atom.
When there is only one electron present in the valence shell, the energy required
to remove it will be called first ionizations energy. It is expressed in kJ mal”. For
example, the first ionization energy of sodium atom is +496 kJ mal™.

Ma — Na° + & AH = +496 ki mal”

When there are more than one electrons in the valence shell, they can be
removed one by ane providing more and more energy. For example, Mg has two
electrons in its outermost shell. It is easier to remove the first electran frem
magnesium than the second one.

Mg, —= Mg’ + & AH

+737 k) mal™
+1450 k) mol™

lonization energy value is related to the atomic size. The smallerthe radius
of an atom, the stronger the attraction between the nucleus and the outer
electrons and higher the value for ionization energy. The ionization energy
values thus increase from left to right in a period and decrease from top to
bottom in a group. Table (8.6) and Table {(8.7) '
Table (8.8} lonization Energles of Elements of Second Period

Mg',—— Mg, + & AH

2nd period elements . | Li | Be | B | C | N | O | F | Ne

L

lonization energy (k] mal™) | 520 | 899 | 801 (1086 (1402 [1314 1681, 2081
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added up in the outermaost shell of an isolated gaseous atom. For example, 328
kimal™ energy is released when an electron enters in the flucrine atom.
Figp # Em—% .8y AH = -328 kimol™
Electron affinity values are also related to the sizes of the atoms. The
smaller the size of an atom, the higher the force of attraction with which the
nucleus will attract the entering electron and hence higher is the value of
electron affinity. Table (8.8)
Table {E..Iﬂ}_‘Electmn Affinities of Second Pariod Elements

2nd period elements Li Be B C| N O F
Electron Affinity (lkd mol™) | -60 | 0 | =29 |-122} 7 |-1H -3EBj

In a group, the electron affinity values decrease from top to bottom
because the sizes of atoms increase down the group. In a bigger atom, the
nucleus will attract the incoming electron with a weaker force and hence the
electron affinity will also be low,

"~ things to Know ;
While first electron affinities can be negative, positive or zera,
secand electron affinities are always positive.

Electronegativity

Electranegativity of an atom is its electron-attracting ability. It is defined
as the force with which an atom attracts the shared pair of electrons towards
itself in a bond. Electronegative atoms are those whose outer electrons feel a
large nuclear charge. Itincreases from left ta right in a period and decreases from
top to bottom in a group. Thus the most electronegative atoms are found at the
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top right-hand corner of the periodic table. The most electronegative atoms are
F.ON and Cl. Table (8.9) and Table (8.10). The most electropositive elements lie at
the bottom left of the periodictable.

Table (B.9) Electronegativities of Elements of Second Period

Z2nd period elements Li Be B i M Q F

Electronegativity | 10 | 16 | 20 | 26 | 30 | 324 | 40

\.
LS
=

] e
) Interesting Infarmationt '\

Electronegativity is one of the mast well-known property for axplaining why chemical
reactions take placa.

Table {8.10) Electronegativities of Elements of First Group

17th Group Elements Electronegativity
F 4.0
d 3.2
Br 3.4
I 2.7

~ 8.5 Metallic Character and Reactivity

The metallic characteris the tendency of an element to lose electrons and
form positive ions or cations.

since the ionization energy decreases down the group, the elements have
increased ability to lose electrons, For this reasen both the metallic character and
reactivity increase down the group.

As we mave from left ta rightin a periad, the nuclear charge increases due
to a gradual increase in the number of protons in the nucleus. Owing to this the
valence electrons are pulled strongly by the nucleus making it difficult for the
atoms to lose electrons. Hence the metallic character decreases in a period from
left to right.

The chemical reactivity gradually decreases as we move from left to right
ina pericd. Aluminium and silicon are less reactive than sodium and magnesium.
This is because the number of valence electrans increases, making it difficult to

lose electrons. Moving further right in a period towzrds non-metals, the chemical
reactivity gradually increases.

| Meatallic character of a metal genearally
| determines its level of reactivity.




‘Density.

It is mass of a substance in a unit volume. Density of elements generally
increases fram top to bottom in a group but varies less significantly fram left to
rightina periad. Itis expressed in g/fcm”.

Table (8.11) Densities of First Group Elements

First group - | L Na K Rb Cs
Elementsdensity. | 053 | 097 | 089 } 163 | 1879

Erercie IR )

I (1) Baruim tBa] is present in 2nd group and Gth pern::nd Answer the
... following questions about this element. -
S Isit a metal or anon-metal? :
f uj WI“ it he EfECtI‘ﬂpﬂSITI"."E ar eler:trunegatwe?
(iii} What i is the nature of its oxide? S
fiv) “In whmh ph],-'ElcaI state you expect this elament to exlst? _
(2} In whlch group and perlud you expect to ﬁnd an element wﬂh the
..o larg estatomic radius?. :
3 Can you predu:t the gn::up number of the mnst electmpcsnwe and the
- maost EIEI':I;FD"‘IEgatWE elements? R S
-~ {d) Chuuse amang the. following the element ha'.rmg thE lnwesf mmzatmn :
" energy and the element with highest electron affinity. .ﬁ.lf.u: asslgn its
group number and permd number Li, K, O, F, Cl.. '
(5) | Which two elet ments of the penudlcta ble react t::- give
: M A basic oxide aﬂd

= (i) An acidlconide®s Tt TR e i
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In the madem periodic table, ﬂEemenTs have been ar-'anqed intha as:endmgur—der of
their atemicnumbers Thare are e'gh'r.een graups ancl saven penads in this takle,

Intha mn:udem periodic table, elemants have been’ -:In.-u;led |r1tp 5, P, d and f blocks,
Each: pennd starts with an alkali metal and Ends at a-nohle gas. A period also
represents the completion of a shell. :

The elements present in 5 and p blocks are called normal elements whereas those
presentin dand fhinclﬁare called transition elements. !

Al eltm-ents in.a gmup are expected to show similar -ﬂhErrll-E.:ﬂ pmppr‘tu:r. hFrau*ie of
the saprie numner af electrons presentun their wtermpstsﬁe{ls

:F'I'I':.GICE' p"ﬂFJEI'tIE'E af the elaments vary gradually as we move fram |Eﬁ"tﬂr rrght in-a
period and from top to bottom in & group.

Atomic sizes of elements decrease frnrn [ei‘ttcrngh‘* in a parl-;]d and increase from top
tﬂbﬂt"ﬂ-l‘r‘tl"lag"ﬂup : :

|{I-I'I-.Iﬂtlﬂi'l- emarg],r values i increase m}m JEFt'r.n 'mhtln a F‘Er‘l-:td and decraase frnm top

o tﬂhﬂmmma gmup

_Erﬂcm:m affinity and ele-:tran.egjatu.-{t}r *..'alues mcrease frc-rn IEFttn rrght ina penu-c and
i decradse fn:-m tapmhﬁuam i gn:-.up-; . _- b 3 :
10, Metallié character increases fram tcrp t-::- I:l:ﬂ:tn:lm ina gmup and decraases frnm laftto
rightina peﬁ od. ;
1.  Tick (¥') the correct answer.
{i) In which period and group will you place the element which is an
impartant part of the solar cell?
{a} Third period and fourth group
{b} Second period and fourth group
{<) Third period and fifth group
{d) Third period and sixth group
(i) |dentify the electronic configuration of the auterraost shell of 2 transition
metal.
(a) ns*ap® (b) ndxns?
ic) ns*np® (d) ns*np®
(i} Which is the softest metal?
a) Ma {b) Ca fc) Al (d) Zn
£ & 113 i
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- A yellow solid element exists in allotropic forms which is also present in

fossil fuel, Indicate the name.

fa} Carbon () lodine

{c) Aluminium (d) Sulphur

How many electrons can nitrogen accept in its cutermost shell?

(a) 2 (o) 3 (c) 4 (d) 5
Which element is the most reactive element?

{a) Oxygen (k) Chlorine {c) Fluarine {d) Nitrogen
Which element has the highest melting paint?

(@] Na (B1K {cIRB (d) Cs

In what arder does the metallic character change in the second group?

(a) Mg > Ca=>Ba>5r {b) Sr>Ba>Ca>Mg

(¢} Mg>5r>Ca>Ba {d) Ba>Sr=Mg>Ca

Which of the following best describe the correct order of oxygen, fluorine,
and nitrogen's atomic radii?

(@) O<F<N by N<F<OQ () F<O=<N (d} O<N<F
Which of the following elements has delete twa shells, beth of which are
fillec completely?

{a) Me (b Ca (€ B (d) He

Questions for Short Answers

Why was atomic number chosen to arrange the elements in the periodic
table?

What is the significance of the word periadic?

Why does the size of 2 period increase as we move down the periodic table?
In a group, the elements have the same number of elecirons in the
outermost shell. Why is it 507

v. Doyouexpect calcium to be more reactive than sodium? Give the reason of
YOUF answer,

vi. Which element has the maximum atomic radius and which element nas the
minimum atomic radius inthird period?

vii. Why are the mast electranegative elements present in sixth and seventh
groups? '

viii. The first ianization energy value of magnesium is less than the second one,
Give reasan.

ix. Isit possible for two metals or two non-rmetals to ferm an ionic bond?
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Which element has the least value of ionization energy and which element

has the highest value of electronegativity?

Constructed Response Questions

Suppose 2 new element is discovered. Where would you like to
accommodate this elementinthe pericdic tabie?

What is the first element of the periodic table? Will it lose an electron ar gain
it?

Atomic radii of boron and aluminum are 88 pm and 125 pm respectively.
Which elemant is expected to lose electron or electrons easily?

How would you find the atomic radius of an atom?

Whiy is it not possible for oxygen atom to accept three electrons to form O
ion like nitrogen which can accept electrons to form N7

Descriptive Questions

Which infarmation is needed to locate the elements in the periodic table if
you da not know its atomic number? |s atomic mass helpful for this purpose?
How many blocks of elements are present in the periodic table? Are these
blocks helpful instudying the properties of elements?

Explain the variation in the following properties in the periods giving
reasons.

(a} Atamicradius (b)) lonization Energ}r-

Which physical properties of elements may lead us to know what type of
bond it will form?

Write dawn the names of four non-metals which exist in solid state at normal
temperature.

Why do second and third periods have equal number of elements while all
other periods contain different number of elemants?

Investigative Questions :

Arrangement of the elements in the form of a periodic table is a remarkable
achievement of chemists. Comment on this statement citing the benefits of
this table,

Bath Iithium and beryllium show behaviour different fram rest of the alkali
and alkaline earth metals respectively. Can you think of the possible reasons
forthis difference?

Modern periodic table is the amended form of the earlier table developed by
Mandeleev. Elaborate how these two tables are different from each other.
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% After studying this chapter, students will be able to:

-

“Student Leaming i;lu":f:l:injle..s-

Define graup 1 Alkali metale as relatively soft metals with general trends down the
group limited to decreazing melting point, incressing density a2nd increasing
reactivity.

Predict properties of other elerments in group 1, given information about the
alemeants.

Predict properties of elements in group 1 in order of reactivity given relevant
information, '

Define group 17 halogens as diatomic non-metals with general trends limited to
increasing dansity, and decreasing reactivity.

|dentify the appearance of halogens at rip as fluorine as pale-yellow gas, chlorine as
yellow -green gas, bromine as red -brown liquid, iodine 25 grey- black solid

Explain the displacement reactions of halogens with other halide ions and alsa as
reducing agents '

Predictthe properties of elements in group 17, given information about the elements
Analyse the relative thermal stabilities of the hydrogen halides and explain these in
terms of bond strengths Transition elements

Describe the transition elements as metals that: have high densities, high melting
points, variable oxidation numbers, form coloured compounds and act as catalysts
for industrial purposes. (Some examples include catalysts being used ara tha Haber
process, catalytic converters, Contact pracess and manufacturing of margarine)
Cefinethe Group 18 noble gases as unreactive, monatomic gases

Explain this in terms of electronic configuration properties of metals

Compara the general physical properties of metals and nan-metals (Specifically in
tarms of: i

a. thermal conductivity

b. electrical conductivity

¢. malleability and ductility

d. melting paints and boiling paints)
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Elements present in a group of the periodic table show similar chemical
properties owning to the presence of same number of electrons in their
outermost shells. However, a small variation in the chemical properties of
elements is expected because the atomic size increases down the group.

All the elements present in group 1 have ns' configuration in their outer
shells. They are also called alkali metals. This single electron can be removed
easily which makes these metals very reactive except the first element hydrogen
which is a gas and a non-metal. When we move from top to bottom in this group,
the atomic size increases. Owing to this, it becomes easier for elements ta lase
electron down the group which is reflected in the increased reactivities of the
lower members of the group.

Lithium reacts with water steadily giving hydrogen and lithium hydroxide,
Sodium reacts vigorously while potassium reacts vialently with water giving their
respective water soluble hydroxides.

Li H,0, == LOH,, + H
Nay, + HOp ———» NaDH,, + H
Ky + HOp ——— KOH,, + H,y

Similarly, reaction of these metals with chlorine becomes more vigorous

aswe go down the group.

L1} gk

R

; Haat 2 :
2Ly + Chg e 2LiCl,
Heat .
Na, + Chy vigorous reaction 2NaCl,
Haat
+ . >
2K Clag viclent reaction 2KCl

Keepmg in view the tr&nds of: raa r:'tlwt:.r ini f rst grﬂup eLements haw wcnuFd
“they rea.:twnth oxygen? e :

il
I'nteruting; Inﬁ:mnaﬁun! "'i\

Li, Ma and K are lighter than water but rubidium sinks in water. Cesium explodes an
contact with water, passibly shattering the container.

Increase in the atomic size down the group also weakens the interatomic
attraction of the atomic metals. This fact makes them softer down the group and
their melting points decrease.

As we go down the first group, both the size and volume of the atoms
increase as the number of electrons and protons increases. But the increase in
123
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is defined as the mass per unit volume increases gradually down the group.

{Table 9.1)
Table (9.1) Physical Properties of First Group Metals

CSI

Metal Li Ma K Rb
Melting point *C 180 98 64 39 28
Density g/cm’ 0.53 0.97 0.86 1.53 1,87

9.2 Properties of Group 17 Elements

All the elements in the group 17 have seven electrons in their outermaost
shells (n°s%. They are electronegative non-metals because they have strong
tendency to accept one electron to become an anion. They exist as diatomic
malecules and behave as very reactive non-metals. Atomic radii, melting and
boiling pairts of halogens increase when you go down the group. This is because
the atoms get larger as they have more electrans. Because of their larger size
they experience stronger intermolecular forces between molecules. Because of
this, they require more heat energy to overcome their intermolecular forces and
so their melting and boiling points are increased. They react with alkali and
alkaline earth metals to give salts. These elements are thus named as Halogens
which means salt-farming elements. Unlike metals, the reactivity of halogens
decreases from tap to battom in the group. This is due to the fact that atomic size
increases down the group and tendency to accept electran from other atoms
decreases making them less reactive. _

The attractive forces present between the halogen molecules increase
down the group so as we ga down the group the halogens become more dense.

Fluorine gas is very pale yellow, chlorine gas yellowish green while
bromine is fuming red-brown liguid. lodine exists as shiny grey crystals which
easily tums into dark purple vapours when they are warmed up,

Metal halides are formed when halogens react directly with alkali and
alkaline earth metals. Metal halides behave usually as ionic compounds.

Oxidatian is a process in which an electron is lost. The substance which
loses an electran is called a reducing agent.

Ma, ———s MNa’ + e

- (On the contrary, reduction is a process in which an electron is gained and
the substance which accepts the electron is called an axidizing agent.

cl,

e ————» 2CI
1

&
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Oxidatian-reduction are simultaneous reactions. In other words an,
electron iz lost only when there is a substance to accept it.

Halagens are reducing agents and their reducing power decreases down
the group. T T
Cla o5 B, il

This fact gives a unique property to halogens when a halogen having
more reducing power displaces an ion of another halogen from its compound.

Cl,, + 2NaBr

wg ———= 2MeCl +  Bry,
Cl + 2Nal

HI'N

— 2MaCl,. + |,

Zag) lag]

Brﬂllﬂ + ENEL}Q' —_— ENEE rr-:l: + |]|:.‘.:.

Halogens react with hydrogen to give hydrogen halides. Hydrogen
halides behave as strong acids in water,

Hz + Xz — Z2HX

All halides exist in gaseous state at ordinary temperature except
hydrogen fluoride which is a liquid. Bond length between hydrogen and halogen
increases down the group because as the halogen atom gets bigger the bonding
pairs of electron get further away frem the halogen nucleus. The bond between
hydrogen and halogen therefore gets weaker. The weaker the bond, the less heat
enargy it will need to break it. Hence the thermal stability of hydrogen halides
decreases down the group.

CHE > HCL > HBr s> HI

= Huwdﬂ ﬁa_lq*j&ﬁ_s react wi;{:h water?

wil

i e e g e ST R s T
.:;;ﬂfln_tgmqhng.rlnfurmhuqhk
Ly W O DS g e e

iy

‘Waterin :wfrrlrnir'ig pool is sterilized with chlorne.

9.3 Group Properties of Transition elements

_ Elements present at the centre of the modern periodic table from group 3
to group 12 are called d block elements or transition elements, All transition
elements are metals having the similar properties. Transition elements are aften
hard with higher densities. Their melting and boiling points are also high. These
metals show variable oxidation states and the compounds they form are often
coloured. They are malleable and ductile.
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Transition metals and their compounds function as catalysts in many
impartant chemical reactions. Metals often absorb other substances on their
surface and activate them in this process. Iran, a transition metal, is used as a
catalyst in one of the most important industrial reactions which gives ammonia.
itis called Haber process. This ammonia is used ta prepare urea fertilizer.

oSN, + 3H A

2!

S 2MNHy,

Platinum was originally used as a catalyst in the contact process for the
manufacture of sulphuric acid, This expensive catalyst is, however, rendered
inactive due to the presence of arsenic as impurity in sulphur dioxide. Vanadium
pentoxide (V; Os) is now preferred as a catalyst.

llullic}i

S0 + B ceemticlon 50
5{:'3[&“ + HEDm"-—-"""""‘ HESD'H-!II'l

A catalytic converter is a device used in the exhaust of an automobile
which converts mare harmful gases produced in the engine to such gases which
do not pollute the atmosphera. Platinum, pallacium and rhodium are the
catalysts used in catalyic converters.

A transition metal nickel is used as a catalyst for the hydrogenation of oils
to give solid margarine. Margarine is less likely to spoil than butter.

- Things to Know ' -—j
Transition metals have high tensile

l— strength. What does it mean? J

9.4 Properties of Noble Gases

Elements present in group 18 of the modem periodic table are called
Moble elements. All noble elelments are monoatomic gases having very low
boiling points, Helium (He), Neon {Me), Krypton (Kr), Xenone (Xe) and Radon (Ra).
All these gases have eight electrons (s°p®) in their outermost shells except He
‘which has s? electronic configuration. Since their outer shells are complete, they
show very little chemical reactivity.
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3 5 Physmal Prupertles nf Metals and Nnn metals
Metals and non-metals can be distinguished based on their physical and
chemical properties.

Metals are defined as the elements which can generally form cations
easily. They also tend to form metallic bond, Metals can be hammered into thin
sheets. This property is called malleability, Metals can also be drawn into wires
and this property is named as ductility. Metallic band in metals allows metals to
be the best conductor of heat and electricity. Metals are lustrous which means
that they have a shiny appearance. Due to high tensile strength metals can hold
heavy weights. When metals are hit by an object, they make a ringing sound.
Metals can notbe cut easily because they are hard substances.

Due to the presence of strong metallic bond metals generally have high
melting and boiling points. Their densities are also very high. Alkali metals being
soft metals are treated as exceptions. Example of metals include cooper, silver,
iron, lead aluminium, gold, platinum, zinc, ete.

Mon-metals generally gain electrons easily. Nan-metals show a greater
variety of calours and physical states compared to metals, Non-metals cannot be
beaten into thin sheets because being brittle they break into pieces when
hammered. Sulphur and phosphorous exist in powderad forms and cannot be
made into sheets. Non-metals cannot be melted and drawn into wires. Non-
metals do not have free electrons due to which the bonds between their atoms
areweak and they break down when stretched.

As there are no free electrons so non-metals cannot conduct heat and
electricity. Graphite is the only exception, It conducts electricity because of its
special crystalline arrangements. The electrons which are present between the
layers of graphite crystal are loosely held and hence they can become mobile.

The conduction of electricity of graphite is due to the maobility of thF‘SE‘ glectrons.
_..—-l=

gty

= 5’4” f}.;

iigi“)a?

Rt_‘_;_ *. '_1_
Fig {2.1): Graphite strur,ture
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MNon-metals cannot be polished because they either exist in-powder or
gaseous form. Most of the powders are dull in texture. Due to non-ductile and
non-malleable properties, non-metals are not strong at all. Their bonds being
weak break easily. All non-metals have low melting and beiling peints. The
melting point of sulphur is 115°C. Graphite and diamond have high melting
points and these are exceptions. Non-metals have l[ow densities as compared to
metals. This means that in non-metals atoms are not strongly bound with each
ather. Examples of non-metals are oxygen, nitrogen, chlorine, sulphur, carben,

bromine, etc.
Al

) Interesting informationt. \

About 75% of all the elements in the periodic table are metals, There are tatal 20 non-

£ PR T e
] o Ak, i

mietals which exist in a solid or liguid or gaseous state at roomtemperature,

——

Pt e

1. Metals usually have high melting
and boiling points,

Mon-metals may be sclids, liquids
or gases at room temperature,
They show wide range of melting
and bailing points. '

2. Metals are good conductors of
heat and electricity.

Mon-metals are bad conductors of
heat and electricity {except
graphite),

3. Metals can be made into different
shapes by applying pressure.
Metals can therefore be easily
drawn into wires and sheets,

Mon-metals are brittle.

4. Metals are usually lustrous solids
(except mercury).

MNon-rmetals are dull and cannot be
polished (exceptiodine).

5. Metals are generally tough and
s_trung.

Mon-metals are neither tough nar
strong.

- Yiinteresting Informationt

According to one report nine elements are facing serous threat of extinction, Some of
those elements are arsenic, gallium, gald, helium and zinc.
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Atomnic size increases from tnp 1o bottom for elements r_ﬂ grnup-‘l It her_urne-h easier
ﬂ:r elements t|:I lose therr single electron, ;
Chemical reactivity of the Elements ingroup-1increases .:'kh.lm the group.

Due to increase in their atomic sizes, the interatomic attraction decrease down the
ﬁrstgrnup elements, This rnak-aﬁ them softer and 1.‘ha|r meltlnrg points decreas.-e down
the gmup | : : .

: Cue ta’ increase in tlm 5|er and n.'nlump_ nf al:vnr-ﬁs the densn:ies af alkal] rnetals

increasesdown the gr-::up_

Grr.u.rp 1? elements o Ha!n;:gens Emsras dmmmlc m-::iecules Th&].f are 1.'311,' reactn-*e '.
non-rmetatsand react vnth alkali and zlkaline earth mietals.

H-il|'!:l-g'F.'fL'i are reducing ﬂgEl'ItEE"Id thmrreducmg pmmrdecreases down tﬂegmup
in hydn:-gen 'nalldes th& bond. between hydrogen and halngen gets weaker as wa go X

-dawn fh& gmupL Hmcq the the r'r'n.al stablllty nfhyquen halldes de:reases d-::.wn the
g e L : i
d= btaclqetérnents ar Ei‘al‘ISItll:ln ehﬂ.-mem are ail u-etalsThey ars uﬁen haﬂi and ha-ve '
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hlghe*‘ Hensltres.. ThE.EE e1er:1er1t5 and thew mrnpuuﬂds are - us-ed‘ as catai}rsts m £
|mpurtan11'1dusmal read: clns - :

- Woble gases areall unreae:twe ga&es bmusethmrnut&rr’mst shells are mmplete
"-"|Etﬂ|5 arH:I non- r'netals' have mary dﬁerentphys:cai pmpar‘tles

{1}

(i1}

i
{iii}

(v

B TR e

Tick {+') the correct answer,

Which halogen will have the least reactivity with alkaline earth metals?
(g} Chlorine (b) lodine

(c) Bromine {d) Fluorine

Which compaound do you expect fo be coloured?

(a) KCI {b) BaCls

(€] AlCl {d) NiCl,

In which element there exists the strongest forces of attraction between
atoms?

{a) Mg {b) Ca

{c} Sr {d) Ba

Elements ef which group are all colourad?

{a) Secandgroup {b) Sixthgroup

{¢) Fourthgroup {d) Fifthgroup
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i)  Which halogen acid is unstable at room temperature?

() HBr (k) HI
(c) R (d) HF
(vl  Which oxide is the most basic axide?
(a) Ma,O (b) Li;O {c) MgO {d) CO

i)  Which group elernents are the most reactive elements?
(a) Transition metal Group {b) Firstgroup
{c) Second group {d) Third group
{viii} The following solutions of a halogen and a sodium halide are mixed
together. Which solution will turn dark because of a reaction?
{a) Brzand NaCl {b) Brzand NaF
{c)} Cl;and NaF {d) Cl; and Mal
(i} Xisamonoatomic gas, which statement about this is carrect?
{a) Xournsinair {b) ¥ is coloured
(c) Xisunreactive (d) X will displace iodine from it
(%} Which property is carrect far group 1 elerments?
(a) Low catalytic activity {b) High density
() Low electrical conductivity {d) High melting point

2. Questions for Short Answers

i, Why does it become easier to cut an alkali metal when we move from top to
bottominagroupI?

ii. Predictthe reactivity of potassium towards halogens.

jii. In the following reaction, chlorine acts as a reducing agent. What is the
oxidizing agent?

Clyy + 2NaBr,, —— 2Nall,, + Bry

iv. Why does iodine exist in the solid state at room temperature?
v. Howdoes Nicatalyse the reaction involving hydrogenation of oil?
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Constructed Response Questions
Which noble gas should have the lowest boiling point and why?
Compare the reactions of alkali metals with chlarine.

Why are almost all the metals solids while nan-metals generally exist as
gases and solids?

Mame any three elements in the periodic table which exist as liquids,
Why are transition elements different from normal elements?
Compare the reactivity of chlorine and bromine as reducing agent.

Which element is the most reactive and which is the least reactive among
halogens? Give two reasons to explain your answer.

Descriptive Questions

Explain the role of catalytic converter in an automaobile,

Why do the chemical reactivities of alkali metals increase down the group
whereas they decrease down the group in case of halogens?

Why are metals generally tough and strang whereas non-metals are neither
tough nerstrang?

Both alkali metals and halogens are very reactive elements with roles
opposite ta each other, Explain,

Why hydrogen bromide is thermally unstable as compared to hydrogen
chloride?

Compare the properties of metals and non-metals,

V105 catalyst is preferred over platinum in the oxidation of sulphur dioxide.
Give reasons.

Investigative Questions
Explain the rofe of sodium as heat transfer agent in the atomic nuclear power
plant. Which property of sodium is utilized in this role,?

Why and how does lithium behave differently from the rest of the alkali
metals?

Why aluminum metal is used in the manufacture of coaking utensils whereas
magresium is not considered useful for this purpose?

.....



Aﬁernudymg this chapter studentswill be able to:

State that composition of clean, dry air is appmmrr'ately T8% I'EItI"EIQE"I M, 21%'
axygen, Oa./and the rernamderas a mixture of noble gasses andcarban dlnxlde £0y

State’ ‘thE rna;urimtn:es afai rp-uil utants (Some emmples include:
a. carbon digxide from the: comgplete combust ion clfa:arhnn mntalnlng fuels

b. carbion monaxide aned partrulatc-s from. the mmmplete combustion. of cdrhm-
containing fuels :
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d. meﬂ-.ane -pgher leurelg of rnF-ﬂ'lane leading ta mm:ased global warmlng whl
leads to climate change :
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a.the a'l::-5-::.'-r|::|t|-|}n, reflpcucm and emlssion nftherr“nﬂﬁenergy
b. red ucing  thermal ene:g:.rlnsstﬁspace
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+  Dascripe the role of s.ulfur'j in the formation of acid rain and impact.on the
: _Enwmnment Dascripe tha ategles to redum*he &ﬁer:ts af major environmental
issues {some examplesin .Jdé '

' a. climate change: planting f‘raeg reguction in Iwe;tm':k farming, c[e:reasurg use of
fossil fuals, increasing useafhydrngen and renewable energy,e.g wind, solar,

b. Acid. rain: Use of r:atafg,.-'tl; converters in vehicles, reducing emissions. af. sulfur
dioxide by using low sulf'urﬁ.l{h and flue gas desulfurization with -:-:al-:rurn u:l:::ld&’.l

. ugsm ke the role of NO and MO, {subscriptl in 'tf'&fnrmaxlm of acid rain, I::u:lth dtre::tl'_..r
“ang ﬂ"lf'ﬂLIl_:,"h their catalytic roEin the oxidation ufatmpspherl-:suifur dmxrd E

i m{pram how oxide of nrl:mg n form in car EI'Ig|"IGS and des:nhe thelr r'em::r-..-a I'_'l'_-.r
catalytic converters, e.g. CO 4 2NO—2C0; + N;©

Deflre photosynthesis as the reaction between carl:ucm dioride and water to pmdpce
: glucnse and oxygeninthe presen::eufchlurﬂph}dl and uslng energy fmrnilght

=i .ﬁnalpze how ta use tools to reduce persuﬂal e:d:pmiu[e o hanﬂfulf puliuta nts [some
'_'_f:ﬁr'ﬂp]e&mcl-l.tdeﬂ'ne usage qtma.iks airg ualn],-'mdlces and €O d&’tecmzs}r

L Identlfy high risk situation |n fe includinig ﬂ'nc:-sewheref I::nng—term m:pnsurr: o thﬂse
pnl]utants £an Iaad to ruplra Tlssues and redur:truh in qualnt'_-,r anﬂh:r-ngevl't? Uﬂlﬁ!

B Eldiiction

The branch of Chemistry which deals with the study of chemicals and
other pollutants in the environment is called environmental chemistry. It also
covers the adverse effects of these chemicals on living and nan-living things.

Emvironmental chemistry is a part of environmental education. The
objective of which is to enlighten the people. Particularly the students, about the
importance of protection and conservation of our environment. The need for this
environmental education, both formal and non-formal, is keenly felt at the
national level.

Since the start of industrial revolution, human activities have played havoc
with the atmosphere of the earth. The gases which are released due to the
increasing use of fossil fuels (natural gas, coal and petroleum) have polluted the
atmosphere upto such an extent that it is difficult to breathe air in some areas of
metropelitan cities.

The excessive use of fertilizers, insecticides and pesticides, etc. for
agriculiure purposes has proved to be harmful for animals, birds and human
beings. The situation is turning serious for every passing day and there is an
urgent need to control the emission of pollutants to the atmosphere,

P
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10.1 Eampnﬂtmn ﬂf Atmnsphere

Farth is covered with a blanket of air called the "atmosphere” which is
made up of several layers of gases. Air is essential for |ife an earth, for animals to
breathe and far plants to make their food. You cannot see, smell or taste earth's
atrmosphere. It cantains more nitrogen than any other gas.

The compaonents of the atmosphere may be divided into major and minor
constituents. The amount of these different gases in the air varies slightly from
olace to place, season to season and day to night. The percentages of these
canstituents by volume are given in Table {10.1),

Tahla {1&.1': I'u'la;ur am:i I".I'[lnnr Enmhtuenu uf the Mmmphtm

Major i " Minor

Pe r'::entage

comtinions | P9 | consitaens | PErECTSC
Mitrogen ?E‘r l‘.'i Carbon dioxide 0.03
Cwygen 21.0 MNoble gése:‘. About 1.0
WETEF#EP{JUFS Variable

E‘Jl.’EI‘Eiﬁ.E

{a] '.l'n.l'hn:h methcdls used msepar'atﬁgases present!nthemr? 2 : it
{b‘.l Whl:hgamsrei’easmed whenﬂizydrmksapen? AR, G

.. By

Interesting Information!

: Emr[ré:lnrneﬁt.:il.séiencn helps us to understand the

cnmplex interactions that occur in our &n:clsyste.ms
' and the |mpa|:ts an human Ilfe

10.2 Air Pollutants

Any substance (solid, liquid or gas) in the air which has adverse effect on
human health, quality of life and natural functioning of ecosystem is called an air
pollutant.

The cancentration of a pallutant is expressed in parts per million {ppm). A
concentration of one ppm means one part of poflutant per million part of solid,
liguid or gas mixture inwhich the pollutantis formed.

Every Individual should try to.....
Pour liguid waste into sewers not in open drains, river and sea. Stop using
chlorofluorocarbon (CFCs) products.
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Airis not always as pure as it should be. There are five types of harmful
substances which account for mare than 90% of air pollution. These are fast
growing sources of air pollution created by our day-to-day activities. The detail
of these substances is mentioned below.

(it  Carbondioxide (CO,)

(i) Carbonmanoxide (CO)

(MO, NO,) collectively referred to as N,
(50, SO,) collectively referred to as 50,

(i} Oxidesof nitrogen
(ivi Omxidesofsulphur

(v) Hydrocarbons (Methane, ethane efc.)

(vi) Particulates (Dust, pollens, metallic compounds)
(vii) Ozone (Oy)

(viil) Smog (Mixture of smoke and fog)

Sources of Air Pollutants

Millions of tonnes of pellutants are emitted into the atmosphere each
year as a result of human activities, The major activity among them is the
complete and incomplete combustion of fossil fuels which alone is responsible
for maost of our poliution problem.

Burring of fosil fuels (oil natural gas, coal) produce carbondioxide carbon
maonoxide, NO,, 50,, CH,, ash, smoke and suspended particles.

Many of these pollutants are also released into the air by natural
processes eg., volcanic eruption releases large gquantities of CO,; SO: and
particulates. Methaneis released in the air by the decomposition of vegetation. It
is also presentin waste gases praduced during digestion in animals.

Rapid growth of population, urbanization, industrialization and
transportation are the main factors which are responsible for environmental
pollution. All these factors are increasing in every city of the world especially in
the last half century. These pollutants are affecting the environment very badly.

Anather pollutant ozone (O4) is formed when heat and sunlight cause
chemical reaction between cxides of nitrogen {NOx) and volatile organic
compounds {hydrocarbans).
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An extremely ugly poliutant, smog, is suspended in many cities of
Pakistan especially in winter. Its suspension is caused by a combination of factors
which include industrial pollution, vehicle emission and crap burning. These
factors are responsible for the accumulation of nitrogen oxides, sulphur dioxide,

particulate matter and volatile crganic compounds in air.

The following Table {10.2) shows the major air pellutants and their

harmful effects on human beings and on the environment.

TEIIJIE {m.zj FnIJutants and Thenr Harmful Effects
Harmful Effects

Carban
dioxide
{8 F)

ngher Ievels of carbon dm:«ude Iead ta

increased global warming which can cause ice
caps to melt and oceans to warm, causing sea
levels to rise. Extreme weather changes such as
hezt waves, heavy rains and wild fires also occur.

Carbon
monoxide
(CQy

It is extremely poisonous gas that can cause
suffocation and death. Carboen monoxide is
very toxic gas that stops the red blood cells in
animal's blood from carrying cxygen that body
needs,

Oides of
nitrogen (NO,}
MO, NO,

MO, can damage lungs, irritate the eyes and
damage vegetation.

It can also cause acid rain which affects
buildings and statues made of limestone.

QOxides of
sulphur (SO,
50, 50,

SO, irritates the eyes and causes breathing '

difficulties and acid rain.

Hydrocarbons

Poisonous and cause glebal warming.

Particulate matter

Irritates the eyes and can also cause severe
hreathing problems for peaple with asthma. It
also makes clothes dirty. Alsa, visibility is
reduced because it produces haze in the air, It
may renderlakes and streams acidic.




B 103 Acid Rain

7 Ozone Breathing ozone can cause a variety of health
prablems including chest pain, coughing,
throatirritation and congestion.

g Smog It can lead to health complications like
allergies, asthma and lung infections. Inhibits
the prupﬂrgrﬂmﬁ of plants

......
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Amazing Facts ahnut Hme Emrirun ment
1. 78% of marine mammals are at risk of choking on olastic.
2. Human use only 1% of all available water.
3. Theworld has over 3.04 trillion treas. 27000 out of them are cut down daily to
make toilet paper.
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How does air poilution affect plants?

When rain water has pH less than 5.6, itis known as acid rain. In 1852,
Robert Angus Smith was the first to show the relationship between acid rain and
atmospheric pollution in Manchester, England. He is sometimes referred to as
the “Father of Acid Rain". Burning of fossil fuels releases harmful gases into the
atmosphere, These gases (S0;, S0s) are produced due to the presence of sulphur
in the fossil fuels. S0, is converted to S0, in the presence of oxides of nitrogen of
the atmosphere. Oxides of nitrogen are preduced mostly by the direct
combination of atmospheric ﬂ:-:],ngn and nitrogen in the industrial and domestic
cambustion processes. - :

They are also produced
by the combination of
atmaspheric nitragen
and oxygen in the
presence of lightning.
Significant amount of
nitrogen oxides is
proeduced by the
reactions taking place B
in automabile engines §
Fig.{10.1).

Fig (10, 1} Al:ld rain umll;r falls ﬁ:r frnm 'I:he slte where the
acidic oxides are generated,
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acid droplets. Wind can carry these acidic droplets te huge distance,

Finally, these droplets return to the ground as acid rain, acid hail, snow
and even fog. Acid rain looks, feels and tastes like clean rain, lts corrosive nature
causes wldespread damage to the environment.
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L2NOy,  + T Oy ———> 2NO, : !
Moy, H,0p ——> I-}HD + HNOy

: ;] lnter&stmg I’nfarm&ﬂnnf.\_

There is a giant fleating patch of garbage spread aver in the Pacific Ocean. It containg
about 100 million tons of garbage.

_ Effects of Acid Rain

Acid rain causes a number of adverse effects, It tends to increase acidity of
the soil, threatens human and aguatic life, destroys forests, and reduces
agricultural productivity. Besides, it can corrode buildings, monuments, statues,
bridges and railings, Most important adverse effects of acid rain are as follows:

(i) Soil

Acid rain makes soil more acidic. It dissolves and washes away nutrients

present in the soil which are needed by plants. It can also dissolve toxic

substances such as aluminium and mercury which are naturally present in the
soil.

(i) Plants

Many plants cannot live or grow in acidic seil. It can damage vegetation
and plants. Tree roots hald the sail tagether on hills and mountain areas. If the
trees are destroyed then the soil is washed away and new plants cannot grow
there.
(iii) Aquatic Life

Acid rain falls into drains, streams lakes, marshes, rivers and damages the
aquatic life. Acid rain can make water too acidic for animals to live in. Due to this,
many lakes and rivers no longer have fish.
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The acidification of surface water does not affect life directly. However,
toxic substances leached from the soil can pollute land water supplies and
damage human health.

{v) Agriculture

Crops are less affected by the acid rain than forest. Farmers can prevent
acid rain damage by monitoring the conditions of the soil and when necessary
adding crushed lime to neutralize the acid.

{vi) Human-made Structure

Acid rain and the dry depaosition of acidic particles damage buitdings,
statues, automobiles, and other structures made of stane, metal etc. Historical
buildings like Parthenon in Athens (Greece) and the Taj Mahal in Agra (India) are
deteriorating due to acid rain.

“{a) Which acids are made when S0, an;:.%l ND; dis _sul'-.-f.g inrain? -
- (b} ‘What happens to the soil if trees are destroyed by acid rain?

. 10.4 Global Warming (Greenhouse Effect)

The progressive warming up of the Earth's surface due to blanketing
effect of man-made carbon dioxide, methane and other gases in the atmosphere
is called Greenhouse Effect.

The sun emits shart f* :
wave radiation that passes 1
through greenhouse f
gases to heat the surface g,
of the Earth. At night, the § }
hot Earth's surface emits H&g ¥
longwave radiation that is 3
maostly absorbed by green

of absorption prevents |
the radiation to reach

atwhich the Earth can cool
off (Fig 10.2).
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Higher the cancentration of carbon dioxide and other gases, greater will
be the absarption of thermal and radiation the increase in global warming.

s A FE L
T 1
ok

Greenhouse effect, depietion of ozone and acid rain are the global effects of
u.,_':":'“miq”' y J

atanme

Sources of Greenhouse Gases
ra

Due to the buming ‘Df the Sunlight passes TheEarthwarmsupand
large amount of ceal, oil and |, oy gh the gives out heat. Some

natural gas, the amount of green | greenhouse gases heat pass through the
house gases, carbon dioxide | andwarmseverything greenhouse gases but

together with other gases in the | ontheEarh same are trapped.
atmosphere has increased for the E:uitf WaERIRG e
last 300 years. About half of this :
carbon dicxide is utilized by plant
life during photosynthesis. As
human beings cut down forests, the
capacity of the trees to remove CO; |
from tha air iz diminished.
Methane is another green |
house gas which causes adverse |
effects. The increase in its
concentration in air is due to the
increased decay of vegetation
matter, digestion in animals and
increased farming of the rice fields.

Fig {10.3): GREENHOUSE GASES

) itaresting Informationt '\

Water vapours also act as greenhouze gas. When released into the
atmasphere, water soon comes back to earth a3 acid rain.

—

The remaining carban dioxide goes on accumulating in the lower areas of
the atmosphere and forms a thick dense layer. This layer behaves like glass sheet
of greenhouse that allows the incoming solar radiation but does not atlow it to
escape outside; as a result of this the average temperature of the Earth rises,

140

o gr . oakay A i S
T r. P r

-

4 L e TN r HE

A EL 4 - el 3
e ey, A | [ T e
T o Tyt 'L:a.'.i‘:"_l:_%:_ i r

£ S L “
i e ] g ol '
bk e e A FEa

e e = T
: PO o b iy | a L
o o ) R et Sl
- K i



; Lo : S i e, - e o
) A LT T Lo b R L = PR L PR . |,\_| . B, i Pl Lo B

A rise of a few degrees in temperature may seem small, but it can be
enough to cause significant changes in the climate. At the moment, it is difficult
for scientists to say how big the changes will be and where the worse effects will
accur, Thiscandamage agriculture and food production aswell.

(a8)  How daliving things add and piant& remowve @arbﬂn dioxide from the
air? . =

(B} Which gas dorice plants produce?

{c)  Which gas s given out by rotting garbage?

SIS Falfy s, P

SRS

The effects of climate change may be physical, ecological, social or
economic. Following are four adverse effects of the global warming.

Sea level

Higher temperature will make
the water of the seas and oceans
expand. lce melting in the Antarctic
and Greenland will flow into the sea
and it results in higher sea levels. This
phenomenon will threaten the low-
lying coastal areas of the world such as S

E;‘l;;]-letherlandf. and: Aangliclesh: Hg Fig (10.4}: Global warming at sea level

Increase in Rainfall

There may be enormous increase in rainfall which may increase the sea
level. This ultimately will cause worldwide floods endangering survival of living
species. Fig (10.5)

Fig (10.5): Effacts of Climate Change
141
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The changes in the weather will aﬁect
the types of crops grown in different
parts of the world. Some crops such as
wheat and rice grow better in higher |
temperature but other plants such as |
maize and sugar cane do not Fig {10.6}.

Fig (10.6): Global warming risking the
agriculture drought.
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In moderate region, the winter
will be shorter and warmer and the
summer will be longer ang hotter Fig
(10.7).
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Sinea 1990, we have lost arournd 28
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melting rate is 1.2 trillien tons per year,

w

. 10.5 Strategies to Reduce Environmental Issues

Huge amaount of pollutant gases are thrown out in the atmosphere by
burning fossil fuels, Automobiles, aeroplanes, industrial machines and coal-fired
electricity generating plants, etc. are mainly responsible for the extremely
poliuted air especially in big cities. Scientists have developed a number of
different ways ta cantrol this menace of pollution.

Planting trees is thought to be very helpful in removing the air pollution. A
well-known process carried out by plants is photosynthesis in which plants clean
the air through absorption of carban dioxide and releasing oxygen. This farnous
reaction takes place in the presence of sunlight and it is catalysed by chlorophyll,
the gr&en ﬂlgments nresentin leaves,

e .ﬂlamphyll A R RPEHTTL
& CDhgl D - g RO b Bl O ot B0,
: © Sunlight TR _
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The particulate matter present in the atmosphere is also removed by
plants when it deposits on leaves, branches and trunk surfaces.

Catalytic converters are used in the exhaust system of modern-day
automobiles to reduce the emissions from an internal combustion engine. Due
to non-availability of enough oxygen the carbon fuel in engine does not burn
completely into carbon dioxide and water. Thus, toxic by-products like CO and
hydrocarbons are produced.

A three-way catalytic inverter performed the following three functions
simultaneously.
1. Itreduces nitrogen oxide into elemental nitrogen and oxygen.

NO, = My + Qi
2. Roxidizes COtaCOs
200, + O » 2C0,

3. [Itoxidizes hydrocarbonsinte COz and HzO
CHuw + 20, ————————» %00, + 2xH,0,

Similarly, the emission of sulphur dioxide can be decreased either by
using fuels which have significantly less sulphur contents or using flue gas
desulphurization process, This pracess can remove sulphur dioxide gas from the
exhaust gases of fossil fuel. Flue gas is the emitted material produced when fossil
fuels are burnt in power plants. The desulphurization process involves the
addition of absorbents like calcium oxide which can remove upto 95% of the
sulphur dioxide from the flue gas.

To discourage the excessive use of fossil fuels in our daily lives it is
urgently required to use the renewable rescurces to meet our energy needs.
Renewable resources are those resources that can continue to exist despite
being cansumed over a period of time even as they are used.

These resources include Sun, wind, water, geothermal, biomass and
nydrogen gas. Solar energy and wind energy have been proved to be very
effective ways of generating electricity without damaging the environment,
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Air quality index (AQI) is a rating system that shows how bad is the

atmosphere around you. An (AQI) value under 50 is considered good in quality.
This means that it is safe for you to spend time outdoors without posing a risk to
your health. As the (AQI) number increases, so does the risk to health. An (AQI)
over 300 is considered hazardous, Children under 18, adults over 65, paople with
chronic heart or lung disease and diabetic people are high risk groups. Qutdeor
workers can also be cansidered at higher risk because of prolonged expaosure.

The following steps should be takien when air quality is bad.

i

Reduced the time you spend outdoors. Also reduce the intensity of
outdoaor activity. According to experts the chances of being affected by
unhealthy atmosphere increase the longer a person is active outdoors
and the more laborious the activity.

if you are forced to go aut, then consider wearing a mask. Unfortunately,
not all the mask provides adequate safety against particulate matter.
Cloth or dust mask may not effectively filter out the finer particles.
However, well fitted NA5 masks have better filtration capabilities and may
be safer to use.

Keep your indoor healthy by keeping the windows and doors clased. [f itis
difficult to maintain clean air in the entire room then create a clean room
by switching on air conditioner or air cleaner.

Ifyou experience such symptoms that worry you, talk to your docter.
install carbon monoxide detector to detect the increased level of carbon
monoxide. These higher levels of CO may occur due to faulty fuel burning
appliances.

Breathing in polluted air by these high risk groups may affect their lungs,

heart and brain. Air pollutants can enter their blood stream and can cause
coughing or itching of eyes which may lead to poor quality of life, hospitalization,
cancer ar even premature death.
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1. Eartn is covered with a hlank&t of air n:a]hed atrﬂcspnere whiich is made up. nf saveral

layers of gasas. Lt
| 2 Anysubstance in the air which f as an adverse effect on human health, q,l&lll}' of life
| and natural functioning of the ﬂt:t:lﬁ:.-'stem is called a pallutant,

3, Owides of carbon, nitregen and sulphur ainng with methane and particulate matter
ara the rain pollutants in the air: :

4: Major sources aof pnlluta nts areduetﬂ human actmt i Ener_lall:,.-'the hurrlﬁc nf fossil
fuels, : : -

5. Pollutants ha'.rr-_- E:tl:remel_l,' .-zdw-_lrse an|:| harrnﬁ.ll E-f‘Frl:q ncni: |:m|'_|,.' an'the humaq hemgs

iles3 butan thewhaole ecosyster. -

6. Acid rainis formed due to the pres&nc-e nfﬂmdes of nr’rﬂgan and suiphurwhen they
are mixedwith the maisture presentm the atmosphere. -

1. | The progressive warm ing of Earth's sarface due te:blan ketmg efFe-:t af C0;, l.‘IH.1 and
other gases present in the atmnspnere is ::E:Ited green hnuse e‘?e:t_ T|"||$ ErFfe-::t has
|r|-.'_re.-_lae::[ lhe ternpemture L'I.thE Earth b £ :

A EvEr'g.-' Eﬁ'ﬂr‘t should be made o l‘educe the harmful =*’Fa:|:s t:lfthe pr:r1h.:1.7:| nts These
effarts include dlﬁﬁﬂufﬂglrg the use -of fl:l-SEIl fuels,” plantmg frees and usi ng the
rmewableswrms of energy. I

9. Steps should be: tah:en o avoid the harmful effects -::f pu!lutlun especially on the

__penple whq BrE at hbgherrlsk i
E. <)
1. Tick (+') the correct answer.
(i) Which gases are responszible for greenhouse effect?
(a) SO,NQ, {b) CO,CO
(cy CO,CH, d) 0,0,
{ii) Indicate the source of sulphur which is responsible for the presence of

(i
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oxides of sulphur in the atmosphere,
(a} Decomposition of vegetation
(b} Waste gases from digestion of animals
{c) Photochemical of smog
{d) Combustion of fassil fuels
Concentration of which gas in the atmosphere is dacreased by
chotosynthesis in plants?
(@) Cwygen (b} Mitrogen
{c} Carbondioxide (d} Watervapour
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Which subistance remains unaffected in the catalytic converter fixed in the
exnaust of the automohiles?

(@ CO, (b) €O

fe) NO (d) NO,

People of which age groups are the most affected by the air pollution?

{a) Young adult

{b) Cancer patient

{c) Children

{d) Both children and aged people

In which area there is a greater possibility of acid rain?

(a) Aroundvillage (b} Around bigcities

(c] Aroundindustrial area {d) Aroundwater bodies

Why is smog not feltin summer?

(a) Because fogisnotpresentinsummer

(b) Because duetoheat of the earth the smoke rises up

{c) Because insummer smoke and fog cannot mixwith each other

(d} Because less fossil fuels are burntin summer

Which catalyst is used in the catalytic converter fixed in the exhaust
systems of automobiles?

T

(a) i (b} Cu (€} Pt, Pd and Rh (d} Ca0l
Which components are essential for the formation of photochemical
SIMoG?

{a) CO,NOs €O,

(b) NO;, velatile organic compounds, sunlight

(€} COa, NOy, sunlight

(d) volatile erganic compounds, NOgz, CO

Which air pollutant can cause respiratory problems?

a) CO2 o) Ozone c) Smog d) CO

Questions for Short Answers

What is the main objective of environmental education?
How is particulate matter released in the atmosphere?

iii. Which gas is mare poisonous, CO; or CO?

How does acid rain affect forests?
Inwhat way sulphur present infossil fuels becomes dangerous?
Name any three major sources responsible for the greenhouse effect.

il. Howlisgecthermal energy useful forus?
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Constructed Response Questions
How is the excessive use of insecticides and pesticides harmful for birds?
Percentage of CO; in air is only 0.03%. Then how does it become harmful for
the ecosystem?

Why only some pollutant gases present in the atmosphere cause green
house effect while others do not?

How can you reduce the emissian of CO present in the gases emitted by the
burning of fuel in the automaohbile engines?

Mention three different ways in which solar energy can be usedful for us.

Descriptive Questions

Describe the harmful effects of the major pollutants present in the air.
Explain greenhouse effect. How is global warming dangerous for us?

What s air quality index? What information does it convey?

Who are at high risk groups and why is pollution more dangerous for them?
Describe three strategies to address environmental issues.

Investigative Questions

Majar Pakistani cities experience a very high AQI in winter which renders
them the most polluted cities in the world, Paint out some of the major
causes of high AQl inthese cities.

Why does AQI notrise in Pakistan in hot days of summer?

How has dimate change affected Pakistan during the last five years?
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After studying this chaptar.ﬂudenu will ba able to:

« . Describe the properties of alkanes as bieing generail'_-.r unreactive, except in terms of

. combustion and substitutian by chlerine . :

. Stal:é that in & substitution reaction ane atarmi ur gn:lu::- of atoms is replaced By

- anathier atom or group of atoms i

» . Describe ‘the substitution reaction of alkaﬂes wlth f'ﬁnnna as a photochemical
reaction, and draw the structural nrdlspléa'_..-edfﬂ muiee of the products, limited

- Describe, using symbal equations, preparation of alkanes from cracking of larger
h-_,-d raca l'bﬂ-l'li. hg,rdrngeqa.t on of alkenes and alkyne.:.,and reduction DFalk}I halides

B Intrnductmn

All the arganic carmpounds are known to contain carbon as an essential
element, This fact has led us to define organic chemistry as the chemistry of
carbon compaunds. The ianic compounds like carbonates, cyanides, carbides
and cyanates, etc. and the oxides of carbon are, however, classified as inorganic
compounds. Apart from carbon, most of the organic compounds contain
hydrogen and oxygen aswell.

Organic compounds are famous for their large number and diverse
behaviour. Several million arganic compounds are known to exist naturally or
have been synthesized in the laboratory. Organic molecules are usually large and
more complex in nature. They include life molecules like proteins, enzymes,
catbohydrates, lipids, vitamins and nucleic acids, pharmaceuticals and synthetic
fibres, etc.

The number of compounds formed by the element carbon is far more
than the total number of compounds formed by all the rest of elements put
tagether. This is due to some unique properties of carban,
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The element carbon is present at the center of the periodic table and it is
energetically not possible for it 1o gain or lose electrons to. form ionic bonds.
Therefore, it forms four covalent bonds. Because of their small size, these
covalent bonds are short and strong enabling carbon to give strong and stable
bond with itself and with hydrogen, oxygen and nitrogen. The self-linking
property of carbon is called catenation and due to this it forms long, straight and
branched chains and rings.

Carbon atom mostly forms covalent bonds with carbon, hydrogen,
oxygen, nitragen and halogens. Compounds in which carbon forms single bond
with other stoms are called saturated compounds. These compounds are
generally represented by their structural formulas, Methane a saturated
compound, is represented by the following structural formula.

H

I
H— {i.‘ —H  orits condensed form is CH,

H
A structural formula thus snows the symbols for the atoms present in the
compounds connected by short lines which represent the bonds present in
them, Cther examples of saturated compounds are C,H,, CH,CI, CH,OH, CH,NH,,
etc.

What do you underEféﬁd b:,f‘t:hié term Etfdétd};eji formula of an organic
compound? - Ap A TERTI i

L 11.1 Hyrocarbons

The family of hydrocarbans constitutes a very large number of simple
organic compounds containing carbon and hydrogen anly. Most of the fuels
which we use every day, for example, natural gas, LPGC (Liquefied Petroleum Gas),
CMNG (Compressed Natural Gas), petrol, diesel and kerasene oil, are all simple
nydrocarbons, These hydrocarbons also serve as a feedstock to prepare maore
complex and useful compounds like plastics, medicines, synthetic fibres, gaints
and varnishes.

‘Hydracarbons are classified into several structural types called, alkanes,
alkenes, alkynes and aromatic hydrocarbons. Only alkanes are discussed in this
chapter.
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Methane is the simplest alkane and it is mainly used as a fuel but it is also
used to make hydrogen gas, carbon black, carbon disulphide, chloroform,
hydrocyanic acid, etc.

11.2 Alkanes

Alkanes are the simplest family of hydrocarbens with only
carbon — carben and carbon - hydrogen single bond. Alkanes are also called
saturated hydrocarbons because all the four valencies of carbon in them are fully
utilized either by hydrogen atoms or by other carbon atoms. For example, in
ethane {CH;— CH3) both the carben atoms are fully saturated with single bonds.

Alkanes are represented by a general formula CH,, . ; (where n is an
integer). Methane being the simplest hydrocarban, is alsoe called parent
hydrocarbon,

Table (1‘].1
+ MNo.of |

Root Carbon
atoms |

As a result of the great complexity and large number
of arganic compounds, it is not possible to name each
and every compound individually, The International
Union of Pure & Applied Chemistry has devised a @

systermatic way of naming arganic compounds called Meth- 1
IUPAC nomenclature. Eth- 3
According to IUPAC system of nomenclature, the Prop- 3
antire name of an arganic compound has three parts:
1.Root:  Ittells us the number of carbon atomsin But- 4
the longest continuous chain present in Pent- <
the molecule, The roots upte ten carbon K 6
atoms are shown in table 11.1. Hoes 7
2.5uffix; it is added after the root and tells us fin
about the class of arganic compounds. Oct- B
3. Prefix: It is indicated before the root and tells Mon- 9
us about the group or groups attached Dec- 10
to the lengest chain,
To explain the above system, let us name the fellowing compound.
CHy=— LH —CH;—CHj
CH;
150
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(a) Identify the longestcantinuous chain presentin the compound.
(b) ldentify the class of organic compounds.
{c) Identifythe substituent or substituents if present.

This arganic compourd contains four carbon atoms in the langest
continuous chain and it belongs to the family of organic compeunds called
Alkanes. The root is therefore But- and the suffix -ane added to this. The organic
compound will thus be given the name Butane.

A ] it sl i {_-. :_ 1 ke ' I"_'_.' e

| CHs— CH — CH;— CH;

N
CH3

Longast conmtinuaus chain

The name of the only branch methyl- will be added to this name as prefix.
5o the name will become:

CHy— CH — CH;— CH;
hMethylputane

To specify where the branch occurs, the longest continuous chain is
numbered starting from the end closest to the branch. This number is then
attached 1o this prefix. The name of the above compound will then be:

1 2 2 4
CHa CH CHy—CH;

CHs
2-Methylbutane or iso-Butane

Ifa compound has no branches, its name will contain only root and suffix.

JL 5]
) Interdsting Information
The distinguishing feature of alkanes making them distinct from cther compounds is
their lack of reactivity towards usual chemical reagents,

L)




HExercises

S

1. Mame the following compounds according to IUPAC system of
E nomenclature.

(i) (CHa)s CH— CH — CH;— CH;  {ii) {CHs}: CH — CHz = CHa

CH;
2. Drawthe structural formulae of the following saturated compounds.

C 3 H5E!-r, ': H 3 N Hg-, 'I:H 3CH ;DH

How many methyl and methylene, groups are present in each of the

above compounds? . ¢

- B - 11.3 Preparation

Generally, any member of the alkane series can be prepared by the
following methods.
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_facking of Highet Hyroi _'Erhﬂns

Cracklng is the name of a process in which hydrocarbons with higher
molecular masses are broken up info smaller hydrocarbons which are more
useful. This is done by heating the hydrocarbons at high temperature in the
presence of a catalyst.

Fractional distillation of petroleum gives naphtha which consists of a
mixture of liquid hydrocarbons. Itis then heated at around 500°C in the presence

of catalyst called zeolite to give hydrocarbons which have five to tan carbon
atoms.

LRI T Iy

Napﬁtha Alkan es and aﬂ-:en s, mntammg

wrh-etmer.‘:,f _Ieﬂllte m‘l[] carbcnn atﬂms
e hyomitaibonsl " L L il

Cracking of hydrocarbons helps balance the availability of petroleum fractions with the
demand for them. When cracking transfarms bigger hydrocarbons inta small
hydrocarbons, the fuel supply is increased. That helps to balance demand with supply.

2. Reduction of Alkenes and Alkynes

Alkanes can be prepared by reducing alkenes and alkynes with hydrogen
gas in the presence of nickel metal as a catalyst. Methane cannot be prepared by
this method. The reaction is also called hydrogenation of alkenes and alkynes
and is an example of addition reaction. An addition reaction occurs when
hydrogen f H } is add ed toanun saturated compﬂu nd

CHz_ CH g H.; —L oy it CF—Ii
Ethene £ 200°C - Ethanel

OHE=CH sz—“'—#j:Hg-—--CHs'
~ Ethymed e ! - 200°C Ethane

R R e

' [
Reduction reaction of unsatu rated compounds is L-SEI:l io prepare banaspati ghee and |
margarine, '|




Alk}rl halldes (R-¥) can be reduced to alkanes with hydrogen generated by
reaction of zinc metal with hydrechloric acid.

[EHl'; R H + H—-K

R— X + Zn/HCl
s znxljcr"_,__ [?HJ CHa e H-::
t’.‘ihlnmmethaﬂe S > g

11 4 Important Rea:tmns

Alkanes are sometimes reffered to as paraffing which means "little
affinity”. This term describes their behaviour, for alkanes show little chemical
affinity far other substances and are chemically inert to most laboratory reagents.
Hewever, alkanes do react with chlorine and oxygen under suitable conditions.
The unreactivity of alkanes may be explained on the basis of the nen-polarity of
the bonds present in them. The electronegativity values of carbon (2.6) and
hydrogen {2.1) do not differ appreciably and the bonding electrons between C -
H and C-C bond, are almost equally shared. This fact makes alkanes almost non-
polar. In view of this, the reagents like acids, alkanes, oxidizing agents find no
reaction site in alkane molecules to which they could be attached.

Alkanes give substitution reactions. The reactions which invalve the
replacement of hydrogen of alkanes by an atom or a group of atoms like halogen
are called substitution reactions. Alkanes react with halogens especially chlorine
ta give alkyl halides. Since these substitution reactions are carried out in the
presence of sunlight, these are called photochemical substitution reactions.
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The reaction may proceed ahead and all the hydrogen atoms attached
with caroon of the methane are successively replaced by chlorine atoms.
CCHY e 0 e TR HO
it Dichloromethane

CHiCh + Gl =B CHCTy [+ HEI

; Trichloromeathane ar
* - chigrafarm

e e R e s H _
: i Tetrachloromethane or. -

carbon tetrachloride

Structural Fq_rmuiae of the Products.
OO HSCa O

.

= T
| p
3]
)

Al
.

Alkanes burn in oxygen or air to form CO; and HO with the evalution of
large amount of heat. The reactionis called combustion.

CHilg) + 20:(g) ——= €02 + 2HsO(g) + heat
Methane

2CH; CHi(gy + 70:{g) —» 4C0; :.+ 6H;0 (g) + heat
Ethane

e, =
B . &
e -

- Amixture of natural gas (methana) and air may explode when ignited. Thisis
the main cause of explasion at hames where gas leakage ocours,




{1) In the reductmn of alky! halldes with Zn / HCL alkyl hallde is belng

reduced. Which speciesin this reaction is bemg axidized?

(2) During the combustion reaction of ethane, which bonds are: hemg

broken and which are being formed?

© (3} What pmducts other th anCH;CI are fnrmed when metha ne reacts.-,mrlth .
chlurrnega:-:? ! Al
1. The cempounds obtained fmrn plants and- animals were named as urga nic
compaunds, Fredrich Wohler was thE first chemist to prepare an organic com pnund
in the labaratory. : ; s o
CA Qrganl-: r_"ler'ﬂtstr'_g' is the' chem:srry af carl:mn c-:rrnpm nds.. The eler‘nent ﬂarhﬂh ig
' unlqublﬂﬁhehaudaur SR e b
3. Organic -r.-;:mpnunds are cd‘.rdluntm nature. Thﬂra'neltlng pe:umt and hulimg pnlnﬂ are
; Q-EHETE"H'LI:I"-'-' [ .. Y i
4, l::lrga nic mmpc:und; mntslﬂrng :arbnn and hydrﬂgirn are called h].rdrc-:arhnns The;.r
' aredasslfled into saturated and unsaturated hydrncarhuns '| o)
B _Hgdrﬂrzarbnns containing a slngIE h-und beu.r:een t:arh-nn and hydrnger't arE caIIEL‘r
: saturatédhitfﬂrdcarhmcralkanﬁ%. Yo s ;
18 '_Atka s, r:arEl be named by & s:.ﬂstemat:c W&}.I' ::rf na 'Tlenclature :atled I F’-"-*-C 53.?5 Eﬁf Uf :
; namm:lamre : : 1
i A A!kanes can he prepared I::uya i mt}erﬂf different rnetht:dﬁ afpreparatlaﬂ A o
By A th-::nugh alkanes show. leasa: reactivity towards other mmpaundg TJ‘IE:-f re&ct '-‘rl'th;
halngens and undergn c{:mbush{:n reactions.
o : 156 2
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(1)

{ii)

(il

(iv)

(v)

fwi)

{vii)

fwiit)

Tick {+') the correct answer.

Which ather atom is almost always present aleng with carban atom in all
arganic compounds?

{a) Oxygen {b) Mitrogen

{c) Hydrogen {d) Halogen

Which ather metal can be used to reduce alkyt halides?

{a) Al (b) Mg () M {d Ca

If nephtha undergoes a combustion reaction what products do vou

axpecttoform?

{a) Alkanes (b) Alkenes

{c) COzand H:0 (d)Both alkanas and alkenes

Why does a mixture of zinc and hydrochloric acid acts as a reducing

agent?

{a) Becausezincacts as areducing agent,

(o) Because atomic hydrogen is produced with Zn / HCl which acts as a
reducing agent.

(c} Because molecular hydrogen is produced with Zn / HCl which acts as
a reducing agent.

(d) Because chloride ions are produced with Zn / HCl which act as a
reducing agent.

Which alkane will evolve the most amount of heat when it is burnt with

oxygen?

(a) Ethane (b} Propane

(¢} Butane (di iso-Butane

Indicate the most reactive hydrocarban,

(a) CH;—CHj (b) CH;==CH;

() CH==CH (d) CH4

Which hydrocarbonis responsible for explosions in coal mines?

a) Butane b} Pentane o) Methane d) Ethene

Which product will be fermed when ethyl bromide (Ca Hs Br) is treated
with Zn/HCH

(a) CH. (b) CHy—CH;

(€) CH3=CHz—CHy~CH; (d) CHa=CHz— CHy
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Which of the following is not a process of halogenation of alkanes?

{a) Cracking (b Chlorination -

{c} Bramination (d) lodination

How many meles of oxygen will be required to campletely burn propane?
{a) 4 moles (b} 5 males (c) 3 moles (d) & maoles

Questions for Short Answers

Differentiate between an organic and an inorganic compound.
Why are arganic compounds found in large numbers?
Mame the products which are obtained when natural gas is oxidized under
controlled conditions.
How naphtha fraction is decomposed to give lower hydrocarbons?
Write down the malecular farmula, structured formula and the condensed
structural farmula for iso-butane.
How are organic compaunds useful forus?
Write down the names of five such organic compounds which exist
naturally?
Give IUPAC name to the following compaound,

CH:— CH — CH: —CH;4

ClHa

How do the melting and beiling points of alkanes change when we move
fram lawer members to higher members?

Constructed Response Questions

Why do alkanes show little reactivity towards the ather reagents?

Why doas a mixture of naturai gas and air explode?

How do you compare the melting and boiling points of inorganic and
organic compounds?

Reactions of alkanes with chlorine takes place in the presence of sunlight.
What is the role of sunlight in the reaction?

How do you compare the boiling point of n — butane with that of iso -
butane?

Why are arganic compounds nct generally soluble in water?
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4, Descriptive Questions

Describe the importance of organic compounds in daily life,

Why is carbon so important az an element that the whole branch of

[t

ey

Sk

.

chemistry is based on it?
i,

buta carbion carbon double band {C = C) does. Explain.
iv. Explain IUPAC system of nomenclature for alkanes.

i,
A carbon—carbon single bond (C - C) does net behave as a functional group
How combustion reaction of alkanes is useful forus?

v,
5. Investigative Questions

i, When natural gas valve is kept open in the kitchen, the gas spreads through

the whole kitchen. This may cause an explosion, What is the reason of this
explosion and how can you avaid it?

ii. “Neem"is a common tree grown throughout our country, Comment on the
medicinal benefits of thistree.
Mame a few popular medicines which are, in fact, organic compounds?
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After studying thls chapter, students will be able to:

= Explain that units are 5taqdan:|:-s-rl for better cammunication and collaboration.
(Some Examplus may nclude In the field of chemistry, the International System of
Linits (SI] is used to measure. physical quantities such as mass, volume, and
ternperatn,:re This standardized system ensures that chemists warldwide can use the
same unifs to measure and-communicate their results, fac Iltatmg communication
and collaboration in the Seld. Without standardizad units, it would be dlﬁ"l:ult for
chemists to compare their results with one anather, and it would be challenging ta
develop c.::uns, stent and accurate scientific models. For example, imagine if one
chiarm|st measured the mass of a substance In grams while another used ounces, The
Wi "r'I_EE|5I_. rements would be difficult to compare ard combine, puten |34I3.r jeading to

_ mac::ural:é] nrlnmnsl-stent r’esults] - i

+ Identify St units for abstract dnd ths cal qua ntltl‘"E- isc:-rr'.e e:-u;ample*: ln-:'lurJP mass,
time and: am-::mr of rnatter 7

L Auply the!concept tl-ua~ unité’can be cr:rmhmed with terms for magnitude, r:a.Jer_lallg-.r
kilo, deci, =n:| milli.

1t Justify wqy chemists use cm3 a anfj £ A5 MOre pract ical units when warl-:r‘g with small
amcuntsln Cla] i f

= . Explain: ..wth Examples how different tools and Eerr'nlques can I:le uséd-to manage
._a{-:urary and precisicn f furu |h arent errors that EFIEEdLrIﬂg 'Tleasurement ;

i Introduction

Science is a systematic study of this warld through observation and
experimentation. It is 2 method through which we make sense of this world in
which we live,

Scientific research is done in all the countries of the world. Butthe way it is
dane is not identical everywhere. In arder to make sure things are done property
and carefully, we need to share ideas and standardize our approach towards
solving the problems.
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One of the most usual problem which is faced by the scientific community
is the issue of unit. If scientists in one country are measuring lengths in metres
and in another country in feet, then we will have to face problems in converting
them. Comparing quantities in different units is not only confusing but the
wastage of time as well,

For the reasons mentioned abowve scientists have agreed to adopt
standard and user-friendly units called 5l or System International Units. Things
become alot easier when we use these units.

The adoption of 51 units is important in all branches of science because it
makes communication easy worldwide. It allows scientists to share data easily,

50 units are preferred because they reduce the number of conversions
neededto coerdinate information among the scientists,

51 units use base 10, just like cur number system. So, it is much easier to
learn, remember and convert these units. These units are based on definite and
precise standards. Sl units are interrelated in such a way that one unit is derived
from other units without conversian factors,

\Ll AT W ) AP
) inaresting nformationt \

The following systems of units are commonly used in the world:
1.. ©  SlSystem

2. . €GSSystem

3. MKSSystem

s

Sk units are used almast everywhere in the world, It allows scientists to use
a single standard in exchanging scientific data. This fact brings accuracy,
consistency and universal understanding in scientific communication. A
measurement taken in part of the world can be easily understood and verified in
another partwithout any confusion.

When scientists belonging to different countries and cultures collaborate
an research, they need a comman language to share their results. Using Sl units
enables scientists to compare results, replicate experiments and take benefit of
each otherwork,

In conclusion we can say that S| units allow scientists to work together
effectively, advancing the frontiers of our knowledge. All of this ensures safety,
reliability, reproducibility and progress,

1. Whatisthe difference between reliable and reproducible results? By |
2. How Sluriits have brought harmony in the scientificcommunity? = .
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12.1 Sl Units in Chemistry
There are seven base units in $ system for physical guantities out of which

we use five in Chemistry. These physical quantities are length, time, amount of
substance, mass and temperature.

It is the standard unit of length. Symbol m is used for meter. Metre is the
distance travelled by light in vacuum in about 300 millionth of a second.

Fig 12.7: Meter rod

12.1.2 Kilogram

lts symbol is kg and itis the standard unit of mass. A block s kept in France
which is taken as a standard unit of mass. it is also defined as the mass of 1000
em’ of water.

oy

Fig 12.2: Different weights

-12.1.3 Second

It is the standard unit of time with a symbol s. 1t is the time that elapses
during 9,192,631,770 cycles of the radiation produced by the transition between
two levels of the cesium-132 atom.

AL

.Y inferesting fnformaion sbout 1 Units  \

_—

1. Symools are not changed in plural farms.
2. ' Useaspacebetweenunits Nm®not Nm™
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Itis represented by K and itis the standard unit of temperature. It is *:;_-%3:., of
the thermodynamic temperature of the triple point of water. It is a poirt at which

all the states of water exist at the same time.

It is the base unit of the amount of pure substance and it is denoted by
mal. It is defined as having exactly .022 x 10” particles of substance,

12.2 &l Units in Chemistry

Chemistry involves taking measurements, analyzing results and sharing it
with othars, You may be working anywhere in the world, you need a consistent
way to cammunicate measurements like mass, velume, temperature, amount
and time. To make sure that all of us can understand each other, scientists all over
the world use a commaon system of units calied Slunits.

Table {12.1). Base Units of 51 system

: _.ff-;luagntit:,.r Unit
o _ =SS Meter[]
I Time Saecond (s)
Amount of substance Mole (mal)
Mass Kilogram {kg)
Temperature Kelvin (K

Derived Units

Apart from these base units, there are cther guantities that are
mathematically derived from these base units. Examples of the derived units
used in chemistry are given in the following table (12.2),

Table {12.2) Derived Units

Quantity Unit
Volume Cubic meter (m?
Density , kg per cubic meter {kgm™)
Area Square meter (m?)
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In addition to derived units, there are other specific quantities commaonly used in

EhEI‘I’!IStI:"_I,.T': Table (12.3) Specific Quantities used in chemistry

Quantity f Unit
Force Mewton/N (kgm™)
Pressure Pascal/Pa (Nm*)
Energy Joule/f) (Nmj

Since the 51 system of units is a metric system, it is based around the rumber 10
for convenience, A set unit of prefixes has been developed which indicates
whether the unit is a multiple cr a fraction of the base ten. It allows the reduction
of zeros of a very small number or a very large number. These 5| prefixes also
have a set of symbals that precede the unit symbaol.

Table (12.4) Prefixes used with 51 units

Prefix .
10°

Mega A
klo k 10°
Dec d 10
Cent ¢ 10
Ml m | 1
Micro v 107
Mano n i1
Pico ] : i

In Chemistry, we measure the masses of the reactants in grams. It is
essential because the unit of measurement of molar mass consists of grams per
maole, Therefore, given a mass measured in grams as well as a corresponding
molar mass, enables us to find the mole of a substance, Mareaver, in Chemistry
the quantities involved in the laboratory are likely to be small. The choice of gram
rather than kg is therefore sensible and normal, Using grams provices maore
manageable numbers for calculation and prevents the need for excessively large
orsmallvalues. :

Similarly, Celsius scale is most often used to measure temperature in
Chemistry rather than Kelvin because itis more convenient to use it. Celsius scale

has 100 divisions in total which makes it more compatible with the base ten
164
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format of Sl system. Another reason is that it is easier to convert temperature on
Celsius scale into Kelvin scale,

The unit of measurement of volume in Chemistry is cubic centimeter
instead of cubic meter because it is easy to measure and calculate with itand itis
precise. In laboratory, we usually measure smaller volumes of liquid which are
more manageable in cubic centimeter rather than cubic meter.

¢ 12.3 Tools and Techniques to Manage Accuracy and

Precision

Measurement is the foundation for all experiments in science. Every
measurement carries a level of uncertainty which is known as error. An error may
be defined as the difference between the measured value and the actual value.
Farexample, if two students use the same tool orinstrument for measurement, it
is not necessary that both of themn get similar results. The difference between the
measurements is called an error. An error may occur due to two factors: the
limitation of the measuring instrument and the skill of the student making the
measurement,

When we use tools meant for measurement, we assume that they give
correct results, However, these toois may not always be right. In fact, they have
errors that naturally occur and these errors are called systematic errors.
Systematic errors may be removed by adding or subtracting a constant
adjustment given to each measurement. Systematic error affect the accuracy of
the measurement. All measuring instruments contribute to systematic error e.g.
pipette, burette and measuring cylinder may deliver the volume slightly different
from the cne indicated by their graduation.

Another type of error which a student commits during measurement is
called a random error. Random error causes one measurement to ditfer slightly
from the next measurement. It comes from unpredictable changes during an
experiment. The main reasans for random errars are limitations of instruments,
environmental factars and slight variation in procedure, For example, when
taking a volume reading from a measuring cylinder, you may read the volume
from a different angle each time. Measuring the mass of a sample on a balance
may give you different values as the surrounding air affects the balance. A
random error often determines the predision of the experiment. The goazl of any
experiment is to obtain accurate and precise results. '
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Accuracy and precision are both ways to measure the correctness of
results. They are used interchangeable in everyday life.

Accuracy measures how close results are to the true or known value. For
example, the volume of a liquid is 26 cm’ . A students measures its valume three
times and find the result as 27cm’. The student is not accurate because he has not
calculated the exact result.

The closeness of two or more measurements ta each other is called
precision. For example, if you weigh a given substance five times and every time
you get 3.2kq reading, then your measurement is precise but not necessarily
accurate.

Precision is independent of accuracy. A student may be accurate but not
precise and vice versa.

The exact mass of an object is 20 g. A student measures it and takes three
readings as 17.3, 174 and 17.2. The student is considered as precise but not
accurate. Similarly, another student measures the mass of the same object and
gets readings as 19.8, 20.5 and 19.6. The second student is the more accurate but
not precise.

| Exercise 2N

1. A :tudeht w:alghs a: gwen su E:Jstam:e th re-e tlmes and each trme he gets-
the readmg 5.2g.Thetrueg WEI-Q htof the su I::sta rice is, however, 5.0g. Is the
wiark -::Iune b:-.r the student . @ pr‘ecme and accurate {ll} accurate hut ru:lt
prer.lﬁa {III] precise butnot aﬁcurate?

2. Hnw IMIJ yﬂu a'-.rmd syste matlc and ra ndom errors?

1. The subject of chemistry needs a consistent way to measure and to communicate the
guantities ke mass, volume, terperature, amount and time, To make sure that all of
us can understand sach ather, scientists all over the world have adopted a commen
system of units which Is based upon the metric system and itis called Sl units.

2. Thereare seven base units and twenty two derived units in 5 system but all these units
zre not used in chemistry. In chcmlsmr we generally use five base units and three

derived un..t's E, L
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i.

(i)

Tick (+') the correct answer.

Which of the following pairs of quantities may be measured in the same
unit?

{a) Heatand temperature )} Termperature and area
(c) Heat and work (d)  Lengthandwork
(i} Inwhich unit we usually measure the energy present in the food?
(a) Kilcjoules (b)  Megajoules
{c) Calorie (d)  Joule
(i} What prefixis used for 10"%
{a) Mega (b) Pico
() Giga (d)  Tessa
{ivl In 5l unit of pressure is expressed in:
{a) Mewton per metre (b)  Mewtcn permetre square
() loule (d)  Pascal
i) Which symbol iz used for kilogram in Sl units?
(a) K (b} k
(c) Kgm (d) kg
[wi) What coes amale represent?
(a) Mumber b)Y Mass
{c) Volume {d) Length
(wii) Which unit of velume should usually be used in chemistry?
{a) Mitlilitre {B)  Litre
(<) Cubic centimetre {d)  Cubic metre
(viil)Express G.000840 in scientific notation:
(a) 840% 107 {b) 740%10°
{c) 8.40x 107 {d) T4x107
{ix) InSlunits prefix nano means:
{a) 10° b 10"
(c) 10" (d) T
(¥} 65°Cisequivalent to:
(a) B5'F (b} 120°F
@) 14%°F ' (d)  -85°F
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Whatis consistency of results?

Why Sl units are user friendby?

Does systematic error affect the accuracy?

What is reason behind a random error?

What is the difference between precision and accuracy?

Which other systems of measurements are used apart from 51 units?
Define metre.

Mention two benefits scientists get by using Slunits,

Constructed Response Questions

Compare the unitsin Sl system with those in MKS system?

What are five basic 5l units which are used in chemistry?

Explain the three units derived for the basic 51 units.

Explain why do we prefer to use smaller units of mass and volume in
chemistry.

What difficulties we expert to encounter if we use different units of
measurementin daily life.

Descriptive Questions

What are our indigenaus units of measurement of mass, velume and length?
Compare Slunits with imperial system of units.

How can you avoid systematic errors in your measurements?

How do taking measurements in Sl units ensure safety and reliakbility?

Can astudent be both inaccurate and imprecise in his measurameants?

Investigative Question

Elaborate the importance of using Slunitsin space exploration.
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.A'Fnritudjrmg this chapter, mudants will hu- ableto:
. Explain, with examples, the types of chemical hazards in the lab and suggest safety
precautions. (Types of chemical hazards to ‘be identified: lammable or explosive
. hazards, earrosive ha;zert.ﬂ tiele hazards, rea-::Lwe hazar‘dsf radjatlr.:un hazaﬁds r-mf"
= _:asph}-}ﬁaﬁlar hazards} & ; TR 5
. _Eecagnlze the meanlng :':’r' dl'-'rEf'E"'lt ﬂhernu:eﬂ hazaru ;-lgns |'1 ..he Iab and an
chemicals, : i

« . Recognize the 1rnpnrtence ¢f persnnat pmtectwe Eqmpmen' iF'F'E!I b}.r cnrrecﬂf,'
identifying the types of PPEneeded for different lab activities :
» . . Locatethe nearest fire e:-rmgulsher and emergency shnwmr

. Shnw Awareness of E-mergenq,.' prnn:Edu res in the avent -:;l-fan emergenq,f |r'| the |aks,

a

Intruductlnn

A Chemistry laboratory is a place where a student is trained to cbserve the
physical and chemical characteristics of substances by following definite
procedures. Befare starting the laboratory work, a student should get himself
familiarized with the layout of the labaratory and various fittings provided in the
laboratory table as well as the side shelves. Students are expected to conduct
themselves in a responsible manner at all times in the lab. They are advised not to
work alone in the lab. Experiments should be performed in the presence of lab
instructer and other laboratery staff. All equipments should be checked before
use whether they are working properly according to the requirements of the
experiments. Determine the potential hazards related to any equipment or the
experiment befare beginning any work. Appropriate safety precautions must be
observed at all cost. There must not be any crowding in the lab and students
should stick to their work places at a safe distance from each other. Don't bring
any food items in the lab. Never taste or smell any compound or a gas. If it is
necessary to smell a gas it is always advised to waft the fumes or vapor towards

YOUF NOSE.
163



! .“! ! o i

] L, - | 4 __._."-u.r ) I <Ea g R b
s Lo L e ol TR et M e i LR ey . 1 oy KL e PO e

e r b’ o - - Ll = 3

Warning signs are displayed when unusual hazards, hazardous materials,

hazardous equipment orspecial conditions are expected. Do not pour chemicals
down the drains and do not utilize the sewer far chemical waste disposal. Keep
all sink traps and fioor drains clean. Laboratory chemical waste can be disposed
of in sewer or trash bin if they are non-hazardous materials. Acids and bases are
first neutralized followed by sewer disposal. Hazardous waste material is
transported to hazardous waste disposal site.

Misuse and mishanaling of chemicals may create serious problems for the
laboratory workers. A labaratary worker must use the chemicals according to the
standard procedures keeping in view the particular hazards and precautions
required for the safe use. The chemicals which can create problems for the safety
of workers are cleaning agents, disinfectants, solvents, paints, compressed gas
cylinders, mineral acids, carcinoagenic chemicals ete.

Recognizing hazards which are commonly encountered in the |aboratory
nelps to identify and minimize many of the health and safety problems. Most
hazards which we might face while working in the laboratory fall into the
fallowing categories.

- 13.1 Chemical Hazards in the Laboratory

Flammable and Explosive Chemical Hazards

To start working in the |aboratory requires great care, responsible
behaviour and good attention. Itis important to exercise extreme caution while
working with delicate instruments, hazardous chemicals and open flames. If
flammable and explosive chemicals are not handled in a safe and compliant
manner, they can cause acute hezlth problems. These problems may inciude
burns, eye injuries, lung disease and suffocation.

Chemicals that cause a sudden release of pressure, gas and heat when
they experience sudden shock are called explosive chemicals. Examples of
chemicals which are expected to explode are picric acid, 2.4 -di-nitrophenyl
nydrazine, benzoyl peroxide, nitrocellulase etc.

Flammable chemicals ar mixtures are those which have a flashpaint
around room temperature. Examples of flammable compounds are ethers,
methylated spirit, benzens, acetene, petrol etc,

If you ever come across any chemical that you suspect to explade, do not

i e B o R
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attempt to-move the container to avoid shock. Explosives can cause damage to
peaple, windows, tables etc.

o

Avoid using a chemical that is hazardous. Look for its alternative. If you

must use a potentially dangerous chemical, you must follow the underlying
safety instructions.

Obtain prior approval from your teacher.

Always use smallest quantity of the chemicals.

Always conduct experiment in fume hood.

Remove adl other chemicals and apparatus around you.
Inform other people working with you.

Always wear safety spectacles, gloves and lab coat.

Always keep flammable compounds away from heat source,
Paur the flammabile liquid very carefully.

Properly cispose off any hazardous waste.

0.  Donotstore flammable liguid in refrigerator.

b DD s O LA g WP -

13.1.2 Corrosive Hazards

Corrosive chemicals attack living tissues when they come in contact with
them. They can be in the form of solids, liquids or gases. Such chemicals attack
skin, eyes and respiratory tract and in the intestine as well. Whenever you wark
with corrosive chemicals, wear splash goggles instead of safety glassesand use a
face shield.

Safety Precautions

1. Corrosive chemicals must be used in a fume cupboard to avoid breathing
COITOSIVE Vapours.

2. While mixing concentrated acids with water, always add acid slowly to
water and not vice versa,

3. Ensure eye wash and emergency shower is available.

4. Wash the affected area with soap and water and seek medical attention in
case of emergency,

Examples of corrosive chemicals are mineral acids including HF, caustic alkalies,
acetic acid {glacial) etc.

A toxic chemical is a polsonous material which is capable of causing
serious health problems. Mercury, benzene, chlorine, pesticides, ammaonia,

17
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hydrogen cyanide are some examples of toxic chemicals. The fallowing safety

instructions may be ensured in case you intend towork with toxic chemicals.

1. Wear gloves, masks or other protective devices,

Keepthewerk area well ventilated.

Keepthetoxicchemicals in original container.

Do not work alone.

Wash your hands with soap and water after you finished.

Ahways wark in fume hood because toxic vapours can be formed during

an experiment.

A Seek immediate medical and if you think you may have exposed to
poisonous substance,

o A W

13.1.4. Reactive Ch_e.mé_c':a_l Hazards

The reactivity property of chemicals is vital for the production of many
chemicals, pharmaceutical and faod products which are in our daily use. When
chemical reactions are not properly performed, they may cause fires, explosions
as they may evolve dangerous gases. These reacticns may result to an extreme
damage to life and property. Examples of reactive chemicals are calcium hydride,
Ma, Li, azides, picric acid, AlCl,, benzoyl peroxide etc.

Safety Instructions

1 Handle reactive chemicals with utmaost care. Segregate these from other
chemicals while starage.
2. Appropriate measures should be taken befare performing reactions with

reactive chemicals. Utilize shield and heavy gloves.

3 Minimize the quantity required for experiment,
4, Glass equipment must be shielded by wrapping with tape.
B Afteruse carefully dispose off every dangerous material.

13.1.5. Radiation Hazards '

When a person is exposed to a high dose of radiation, it can damage the
functioning of tissues and organs and can cause vomiting, radiation burns, hair
loss and radiation syndrome.

Radioactive materials that emit alpha and beta particles inflict extreme
damage when inhaled or injected. Gamma rays cause external injuries. Medical
¥-rays produce ionizing radiation which can affect living tissues.
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Safety Instructions

1. Keep radioactive sources shielded.

2. Avoid prolonged exposures to the radiation.

3. Stay inside as walls and ceilings can protect you from radiation fall out,

4, MNever operate equipment that produces radiation without sufficient
training.

5. Wear protective clathing, wear face mask.

6. Avoid contact of the material with bare skin.

¥ Maonitor exposure to radiation using badges atc.

13:1.6 Asphyxiation Hazards

Itis a type of hazard in which a gas or vapour can cause Unconscience or
death through suffocation.

A sufficient level of oxygen is essential for normal breathing. If this level
falls, it can create very dangerous situation. The exposed person has no warning
and cannot realize that oxygen level has become low. If the level of oxygen
decreases a person can feel rapid breathing, rapid heart rate, nausea and
convulsions.

Examples of chemical asphyxiants are hydrogen cyanide, carbon
monoxide, nitrogen, argon, helium, methane and carbon dioxide ete.

Safety Instructions

1 Store and use asphyxiant chemicals in well-ventilated areas with plenty of
air.

2. Wear a full lab coat, wear glasses and standard gloves, long trousers and

closed-toed shoes.

3. Dispose off the waste strictly according to the instructions.

4, If exposed to such chemicals wash the expased part with running water
and seek medical attention,

5. When such a chemical is inhaled, remove the patient frr:um the

contaminated area and call appropriately trained person,

Exercise

=L Why 'Iammablh liquids are notstored in rel‘rlgeratm‘? : '

2. Canyou wearc?:ntac* !enses inthelab? R

3. Underwhat circumsta nces ex plosive C|"IEF‘I"|ICEI|S are 1|kE‘|‘j’ to Eﬁpl@de?
4

How will you duspnse off acid and alkali waste after the expeﬂment is
finished? '
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& chemistry |laboratory is a strict area where rigorous rules must be
practised to avoid a chance of a deadly accident, A dangerous situation may arise
not anly for the individuals working there but for the whole area. In a laboratory
there are several hazardous materials, sensitive equipments and specified areas
for specific tasks. Proper warning signs ought to be posted on these areas 10
ensure that every person entering there must understand and act accordingly to
maintain laboratory safety.

Several signs and symbols are posted in different areas of the lab and
bottles containing hazardous chemicals. These signs indicate that specific
precautions must be observed according to the requirement sign posted there,
If you see such signs, you must be alert and take extra care to maintain safety in
that area.

| Warning
Corrosive .

- Danger | Danger
Highly-fismmable:| PRt FteRpIr I g

SANITIZE

HANDS -

yocking Wear [ oo
.

. ] faEE mask pRraaTn anly

Fig {13.1); Different Hazard Signs

+ What does warning sign "caution” convey the message?

- Marne some explosive chemicals.
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13.3 Personal Protective Equipment (PPE)

in the Laboratory

Personal protective equipment should be made availzble to students to
face any emergency situation which may arise in the lab. They are also useful to
reduce exposures to hazardous chemicals. Proper protective equipment include

such items as lab coat, protective glasses, face shields, apron, boots and hearing
protection.

- 13.4 Location of Fire Extinguisher

Chemical laboratories using such materials which are likely to catch fire
during experiments must have a portable fire extinguisher. This equipment can
quickly be used to control a small fire if it is applied by a student individually. For
this purpase all students should be well aware the location where this fire
extinguisher is placed. A training session should be held to train all the students
to know how to handle and apply this fire extinguisher to extinguish the fire
properly without any panic or harm to anybody.

Similarly the facility of a shower should also be made available in the lab
whose location and working must be told to everybody working in the lab. in
case of fire or any other emergency students should know how to face that
emergency situation.

| 1. Should ern_erger_‘i'r:yﬁr"ills I_::_émf‘:npulsar}r-Lf;r'np_'tghr'j.;g_[?._ S SiE s |

L 13.5 Emergency Situation in the Lab

Students should make themselves aware of the actions that need to be
taken in case of an emergency in a laboratory or if a person is affected. For this
purpose periadic drills should be held with compulsory participation. Students
should not anly been given lectures but involve them practically to handle the
emergency situations. During drill firefighting and other equipments must be
checked whether they are in proper working order or not.
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The following pmnts should be kept in mind ta cope 'mth the emergency

situaticn.

k Stay calm and donot panic.

2. Alert peoplein the area to evacuate,

- § In case of fire, close doors to confine fire. Use fire extinguisher to put
down the fire.

4, In case of chemical emergency adopt safety procedures as mentioned
article 13.1.

& Call and assist emergency staff.

1. Warking in the lab::inatarg;r requ'lres'r:hre and respnnsih-lé behavicur. Hazardaus
- chemicals and open flarmies if net handled properly can cause health prﬂb]ems

2 Chmlcals can sud den’],fexpl-:lrdg duafn ﬂhﬂfk’ and heaﬁ The*_-.r requlre haﬁdllng I:hem .

with care, ':_ e A L ] : :

3 Safety instructions shoild I:n fnlluwed STFICtl'_." tnamldanydamﬂge dueaﬂﬂ am mal:ule
- andexpiosivechemicale . .. 4

4. Comosive chernu:als affact skin, eyes am:! resplrat::-ry tract. To avoid 5uc'1 heall.‘h
s pmhlemsmrmﬁwechemk_‘als muﬂheham:[led in fUmE-:upbqard AN e ]

{ G I.]'Lemu;ais ar‘e pqmr.lnmur and cal_-:se' great harrn dii HDE hnndle.d a::ccurdlr'.g tl:l ;
gE '--'.rnstmctm'nﬁ J’i "’;,'. S U OIS AL i -
6. Soma chemicals are s-ure&ctwe thatﬁ"leyrequlre speclal :arelﬁ 'thrE Iahnﬂr}tﬂf?

7. Radloactive matenals can affect Imng tissues, and clrgaﬂs and cause other hea]th
. prablems. It Isl*ﬁpu:}nantm avuld Innger exposure to radiatian to stay hEaIth}f
8. Asphyxiant d'lermcals are !:-:I:remely lathal because they can cause suﬁu-:ahm The;.r
Lo sk beusead |nweli-vEr|ﬁllatEd :r|aﬂn|!51.'|.'|'l‘h protected dress. |
A 5|gn5 and ;yrnhufs should: be [;u:st;d m Iah, and cﬁemlc&l L:-c:-ttles to |Et ‘t_!'_l_-: DEGP|E
.« kriow their hazardcms nature .’; e s
A0 'Persnnal prnteﬂlqn equpn‘rent aramandatm;-.f I::IE'ﬁ:II'E:'_i,fDu enterthe lah.: ;
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Tick (+) the correct answer.

Safety inthe chemistrylaboratoryis:

(@}  theresponsibility of the students only

b} the responsibility of the professor anly

icd  theresponsibility of the labincharge only

(d)  ashared responsibility

Accidents often result from:;

{a} making mistakes

(b}  failure touse common sense

{c) failure to follow instructicns

{d)  allofthe above o

The label "Warning” on a chemical bottle signifies:

(a)  thatthe chemical can cause less seriousinjury
(b)  thatthe chemical can cause seriousinjury

() that user should be careful when using chemical
(d}  thatusershould openit onlyinthe presence of ateacher
Thelabel "Caorrosive” on a chemical bottle indicates:

{a)  thatthe material is an oxidizing agent

by thatthe material can degrade rapidly upon exposure
{c) thatthe contact destroys living tissue

{dy  thatthe chemical can explode

Example of highly toxic chemical:

(a) Ethanol {b)  Aceticacid

(c) Potassium Cyanide (d) Potassium permanganate
Examnple of self-reactive chemical:

(a) Potassium (k) Phenal

{c) Picric acid (d) n-Hexane

Kt
TR



{wii)

(viii)

When diluting an acid with water:

(a)  doitquickly

()  donotstirthe container

(©y  always add acid to water

(d) always add waterto acid

What should you doin case of a fire drill in lala?

EY run to safety shower

(b}  climbintothe fume cupboard

¢y closegasvalues and turn off all equipments

{dy  carrychemicals out ofthe lab

2. Questions for Short Answers

W,
i,
wii.
viil,

Mame some corrosive chemicals.

What type of safety precautions are adopted to avoid damage due to
explosive chemicals?

What type of damages can reactive chemicals cause?

Indicate two such safety instructions which are required to avoid
radiaticn,

Which chemicals can cause suffocation?

Why signs and symbols are posted on lab and chemical bottles?
How fire caused by chemicals should be handled?

Why emergency drills are important to face emergency situations?

3. Constructed Response Questions

iii,

How will you handle an emergency situation caused by fire due to short
circuiting?

What type of reactions should be carried cut in fume cupboard?

Put forward at least two suggestions to improve safety in the lab.

Can you identify warning symbals posted for radiation and asphyxiant
chemicals?

Why sudden shock can cause some chemicals to explode?

i
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Explain hazards due to explasive and toxic chemicals,

Write down five such comman safety instructions which are used to avoid
all types of hazards.

Explain the importance of warning signs and symbols to avoid any
accident in the lab.

MName some toxic chemicals. Describe the effects of spreading toxic gas in
the lan.

A student has spilled over a corrosive and explosive chemical due to an
accident. Which emergency measures you will take to tackle the situation.

Investigative Question

A few decades ago, a tanker carrying poisonous chlorine gas leaked and
the gas spread over a large area in Lahore. The accident killed a few
persons as well as animals. Give some conicrete proposals to avoid such an
accident in future.
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2n’ Formula: Formulaused forfilling the electrons in shells.
Accuracy: Itrefersto how close ameasurement is to the truevalue.
Acid Rain: Pollutant gases mixed with rain water come down as acid rain.

Activation Eneri_:m: Energy absorbed by the reactants and product malecules
in order ta be converted into the transition state.

Aerobic Respiration: The process of respiration in the presence of cuygen.
Aldehydes: organic compounds containing the aldehydic functional group
O
Il
(—C—H.
Aliphatic Compound: (Acyclic compounds) Compaounds containing open
chain of carban atoms.

Alkanes or Saturated Hydrocarbons: Hydrocarbons in which all the four
valencies are fully utilized ar they contain single bonds only.

Alkenes: Compounds containing a double bond between twe carbons
atoms.

Alkyl Amine: Crganic compounds containing amino group {-MHz) as a
functional group. -

Alkyl Halides: A family of organic compounds containing halogenatomasa
functional group.

Alkyl Radical: When an alkyl molecule drops ane of its many hydrogen
atoms. i -
Alkynes: Compounds containing a triple bond between two carbansatoms.
Anaerobic Respiration: Respiration without oxygen.

Aromatic Compounds: Compounds containing at|east one benzene ring.
Arrhenius Acid: Achemical which gives proton (H™) in water.

Arrhenius Base: A chemical compound which gives hydroxide ion (OH) in
water,

Astrochemistry: |t is the study of molecules and ions accurring in stars and
interstellarspace.
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Atomic Mass: The mass of an atom of an element relative to the unit mass,
which is 1/12th of the mass of C-12:

Atomic Number: The number of positively charged particles (protons)
presentinthe nucleus of an atom.

Atomic Size: Average distance between the nucleus of an atom and its
outermost electronic shell. Its units ara m or pm.

i Avogadro’s Number: The huge number 6.022 x 107 is called .ﬁw'u:rgadm 5
| number, ;

, Enchamnstrr Which deais with the study of chemical compounds presem

in the living things.
Bronsted Acid: A compoundwhichcandonate proton,
Bronsted Base: A n:nmpcrur*d which can accept proton.
Carboxylic Acids: Drgaﬂlc cﬂm p::ru nds ::::Ln’rarnlr"g carboxyl group
O
Il
(—=C— DHJ as afunctional group.

Catalytic Converter: [t is a device used in the exhaust of an autumub:le
which converts harmful gases produced in the engine.

Catenation: The self-linking property of carbon.

Chemistry: [Zdeals with the i;ﬂmpDSITlﬂn and changes in rnatterand the Iaws
which govern these changes.

Colloidal Solution: A 5n|u1mn in which solute pa-'tjcies are bigger than those
present in a true solution andwhich cannot be filtered.

Combustion: Burning of an organic compound in an excess of oxygen. .
Concentrated Solution: A snlutu:m that mntams a relatively large ar‘nnunt
of a dissalved solute.

Concentration of a Snluﬂﬁn: The amount c:nf: a solute which has been
dissolved in a particular amount of solvent.

Coordinate Covalent Bond: When the shared pair of electrons is provided
by one of the bonded atoms, a coordinate covalent bond is formed,

Covalent Bond: It is the force of attraction that arises between two atoms
due to mutual sharing of an electron pair. '

Crystal Lattice: Three-dimensional arrangement ofians.
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Cyclic or Ring Compounds: Compounds in which carbon atoms are linked
togetherto give a ring.

Dilute sofution: A solution that contains a relatively small amount of
dissolved solute, :

Discharge Tube: A glass tube containing a gas at 2 very low pressure and
provided with electrodes to study the passage of electricity through the gas.
Dynamic Chemical Equilibrium: When the rate of forward reaction
becomes equal to the rate of reverse reaction, at this stage the reaction is said
to ba in a state of dynamic chemical equilibrium.

Electron: It is the smallest negatively charged particle present in all kinds of
atom 5 Its mass is 9.1095 x 107" kg and carries a charge -1.602x 10 C.
Electronegativity: It is the power of an atom to attract the shared pair of
electrons.

Empir;ical Formula: The formula of a compound, which shows the minimum
ratio present between its atoms.

Endu{hermh: Reactions: Those chemical reactions during which heat is
absorbed. . :
Entha'lpy of Reaction: Heat of reaction which takes place at constant
pressure.

IEr'tth=|I|.1:.,|I It is the measurement of energyina thermadynamlc system.
Environmental Chemistry: I this branch, we study the chemicals and other
pollutants present in the environment. It also covers the effects of these
pmllutantsan living and nan-living things.

Errur. The r:hfference between the measured value and the actua! value.
E:mthgarmlc Raactinm*_ Those chemical reactions during which heat is
evolved, bl d '

Exotic states of Matter: These are not commonly encountered states of
matter, for example, dark matter, - ;
Extranuclear Portion: Area surrounding the nucleus of an atom.

First lonization Energy: The minimum amount of energy requirec to
remove an electron from the outermost EIEC’[TG"'IIC shell of an izalatec
gaseous atam. Its unit are ki mol™. '
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Formula Mass: Formula mass is the mass of a compound relative to the unit
mass whichis 1/12th of the mass af C-12,

Functional Group: An atom ar group of atoms or a bond whose presence
imparts characteristic properties to the organic compaounds.

Geochemistry: [t covers the study of chemical composition of racks and
minerals. :

Global Warming: The pmgres.sive warming of the Ea;’th's surface due to the
blanketing effect of CO; CH.: and the water vapour present in the
atmasphere. :

Heat content: The total amount of heat energy present in a molecule under
standard conditions.

Heat of neutralization: The heat given out during a neutralization reaction
when one mole water is formed from an acid and hase is called the heat of
neutralization, |

Heat of Reaction: Heat Em[ued or absorbed durmg a chemical reaction
which takes place at any pressure.

Hydrated Salt: A saltwith water molecular of cry*stalllzatmn
Hydrocarbeons: Compound of carbon and hydragen only.
Inorganic Chemistry: The study of all other Elemen‘ts and their compounds

except carbon and its compounds.

Inorganic Compounds: Compounds obtained ﬁ:rrﬁ non-living things or
mineral sources or synthesized in the laboratery by rea r:‘mg metals with non-
metals.

Intermnle_:ular Forces: Forces between two separategmﬂlecules.

lenic Bond:; A bond formed _'dua to the Ele-:tmstafcic force of attraction
between oppositely charged jons.

Irreversible Reaction: Reaction which moves in one direction only; the
reactants react to give the product.

Isomerism: The phenomenon shown by the organic compounds having the
same malecular formula but different structural formula.

Isotopes: © Atoms of an element having the same atomic number but
different mass number. '

Isotopic Abundance: The natural abundance of anisotape.
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Ketones: Organic compounds co ntain.ing the ketonic functional group
O

fR‘E—HL
Lipids: A group of organic compounds which serve as an energy reserve,
Liquid crystals: Itis a state of matter whose properties are between those of
liquids and salids.
Mass number: The total number of protons and neutrons present in the
nucleus of an atom.
Medicinal Chemistry: Designing and synthesizing medicines or drugs
which are useful to mankind.

Metallic Bond: When positively charged metal ions are held tegether by
freely moving electrons, the bond farmed is called a metallic bond.

Metallic Lustre: Shine present on metallic surfaces.

Modern Periodic Table: A table in which elements are arranged in
ascending order of theiratomic numbers.

Molar Mass: The mass of an element aor a compound which contains
Avogadro's number of particles. _
Molecular Formula: The farmula of an element or a compound which tells
the actual number of atoms present in the molecule of that element or a
compound.

Molecular Mass: Molecular mass is the mass of the molecule of an element
aracempaund relative to the unit mass, which is 1/12th of the mass of C-12.

MNeutralization: Acids and bases react together to form salts and water and,
in this way, they neutralize the properties of each other. This reaction is called
neutralization reaction.

Neutron: |%is the smallest neutral particle present in the nucleus of atoms. Its
mass is slightly more than that of a praton.

Muclear Chemistry: This branch deals with the reactions taking place in the
nucleus of an atom.

Nucleus: Central part of an atom where most of its mass is concentrated. Its
size isvery small as compared to the size of the atom.

Octet Rule: When an atam has eight electronsin its outer most shell, |t is said
to be stable and does not combine with other atoms to reduce its energy. This
is called octet rule.
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| Orbit: the circular path of an electran around the nucleus.

Organic Chemistry: The branch of chemistry in which we study the
compounds of carbon.

Organic Compounds: Compounds obtained from living or plant and animal
sources and which can be synthesized in the laboratory. All the arganic
compounds contain carbon as an essential element.

Oxidation: A processinwhich anelectron arelectrons are lost.
. Oxidising Agent: A substance which accepts an electran or electrons.

Parts per Million: One part per million parts of the solid, liquid and gas
mixture inwhich pollutant is formed.

Physical Chemistry: This branch investigates how substances behave on an |

atomic or melecular level and how physical laws govern the specific
characteristics of atoms and maolecules.

Plasma: Itis the fourth state of matter. it s composed of particles with very
high kinetic energy.

Pollutant: Any solid, liguid or gaseous substance present in such
concentration as may be injuricus to health.

Polymer Chemistry: [t focuses an the properties, structure and synthesis of
polymers and macromolecules. :
Precision: |t refers to how close measurements of the same item are to each
other.

Proton: It is the smallest positively charged particle present in all kind of
atoms. The mass of this particle is equal to the mass of hydrogen nucleus (H).
Radioactive rays: Rays emitted from radicactive elements or their
compounds, which can cause fogging of the photographic plates.

Radioactive Isotopes: |sotopes of elements which throw out excess energy
inthe form of radiation.

Radiocarbon Dating: A methaod for finding out the age of a historical object
containing organic material with the help of ;C.

Random Error: Errorwhich a student commits during measurement,
Reducing Agent: A substance which loses an electran orelectrons.
Reduction: A processinwhich anelectron or electrons are gained. -

Reversible Reaction: A chemical reaction, which takes place in both
| directions, forward as well as backward.

185
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Saturated Solution: A solution, which contains the maximum amount of a
solute at a particular temperature and which is unable to dissolve further
amount of soluteinit.

Sl Units: A common system of units based on metric system.

Solubility: The amount of a solute in grams which has been dissolved in
100g of a salvent at a particular temperature to prepare a saturated solution.
Strong Acid: An acid which ionizes completely inwater,

Strong Basa: A base which can ionize completely in water giving excess of
hydroxide ions.

Structural Formula: The farmula which shows the arrangement of atoms in
a compound.

Substitution Reaction: A reaction which occurs when anatom or a group of
atams frem the reagent displaces an atom or group of atoms from the
organicreactant -

Supercritical Fluids: They are highly compressed gases which show the
properties of bath gases and Liquids.

Surrounding: Everything else which does nat fall in the system.

System: Anything under consideration for the purpose of study.

Eyr.:tematic Error: Error which naturally occurs when we use tools for
measurement. b :
Transition Elements: Elements having incomplete penultimate {next inner
tothe outermost) electronic shell.

Transition State: A state of molecules when they are undergoing breakage
or formation of bonds.

Unified Atomic Mass Unit: Unit of a new scale, which is equal to 1/12th of
themass of C-12.

Unsaturated Hydrocarbons: Hydrﬂcarbanﬁ Fﬂntalmng double or tr:ple
bonds.

Unsaturated Solution: A solution, which can dissolve further amount of a
solute at a particular temperature,

Vital Force: The imaginary supernatural force which was supposed to be
presentin all those compounds which were obtained from living things.
Water of Crystallization: The number of water molecules present in the
crystals of a solid. :

Weak Acid: - Anacid whichionizes pa rhaEh; inwater.

Woeak Base: A basewhichianizes partially inwater.
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