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PREFACE

The century we have stepped in, is the century of Science and technology. Theimoedern
disciplines Chemistry are strongly influencing not only all the branches of sciencetbut each
and every aspect of human life.

To keep the students, abreast with the recent knowledge, it is a must.that the curricula,
at all the levels, be updated regularly by introducing the rapid and multidirectional
development taking place in all the branches of Chemistry.

The recent book of Chemistry for class IX has been written, in this preview and in
accordance with the revised curriculum prepared by Ministry©f Edaeation, Govt of Pakistan,
Islamabad reviewed by independent team of Bureau of Cugriculum, Jamshoro sindh.
Keeping in view the importance of Chemistry, the topics have been revised and re-written
according to the need of the time.

Since long Chemistry was teaching only in IX class, the text book was consist of 16
chapters which was unable to complete ingsworkingfours. It has been decided now the
Chemistry syllabus will be divided into portions, one should teach in 9th class and other will
teach 10th class. So this book is consist'ef 8«ehdpters which have been thoroughly revised
and re-written to meet the requirement of the curriculum. Special emphasis has also been
paid to the applied aspect including,the impact of chemistry on daily life. Attention has also
been focused on the different branches of Chemistry. Being a part of modern world, the
aspects and problems of country are also discussed.

Among the newgeditions are the introductory paragraphs, information boxes,
summaries and a variety of exténsive exercises which | think will not only develop the interest
but also add a lot t6 theyutility of the book.

The Sind Textbook Board has taken great pains and incurred expenditure in publishing
this book inSpite tovits limitations. A textbook is indeed not the last word and there is always
room fofimproyement. While the authors have tried their level best to make the most
suitable,presentation, both in terms of concept and treatment, there may still have some
deficienciesfand omissions. Learned teachers and worthy students are, therefore, requested
to be kind'enough to point out the short comings of the text or diagrams and to communicate
their suggestions and objections for the improvement of the next edition of this book.

In the end, | am thankful to Association for Academic Quality (AFAQ), our learned
authors, editors and specialist of Board for their relentless service rendered for the cause of
education.

Chairman
Sindh Textbook Board
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FUNDAMENTALS OF
C H E M I ST RY Time Allocation

Teaching periods
Assessment period =3

. Weightage =
Major concepts A
1.1 Historical background of chemistry V

1.2 Branches of chemistry

1.3 Basic definitions

1.4 Chemical species
1.5 Chemical equation and balancing chemical equations

1.6 Mole and Avogadro's number
1.7 Chemical Calculations '

STUDENTS LEARNING OUT COMES (SLOSY

Students will be able to: »

Know the historical background of chemistry.
Explain the contribution of Muslim scientists_in eIopment of chemistry.
Define chemistry and its importance in

Identify and explain different branches of try with the help of examples.
Differentiate between main branches of‘ehemistry.

Distinguish between matter a tance.

Define ions, molecular io ormula units and free radicals.
Define atomic number ato s and atomic mass unit.
Differentiate among ent, compound and mixture.

Define relative atemic mass based on C-12.

Differentiate empirical and molecular formula.

Differentia etween molecule and molecular ions.

© ©©®© ©® ©® 00 ©® ©®© 00 @ O® O

Disting bétween ions and free radicals.
i chemical species from the given examples.
ram atomic mass, gram molecular mass, and gram formula mass to mole.
cribe that how Avogadro's number is related to mole of any substance.
entify the chemical equation in terms of moles.
Calculation with balance equation using mole representative particles masses.
Distinguish the terms gram atomic mass, gram molecular mass and gram formula mass

© © ©@ @

Change atomic mass, molecular mass and formula into gram mass, gram molecular mass
and gram formula mass.




Fundamentals of Chemistry

INTRODUCTION

As we Know that word science comes from latin word “Scientia” which means
knowledge, This knowledge is based on hypothesis observation and experiments of
universal science. In this universal sciences chemistry purely deals with the ma i
have mass and occupy space. Even from the table salt we use in cooking
chemical interaction of our human brain show the differences of substa re
the composition, structure, properties and interaction of matter.

The matter is undergoing changes continuously in nature as rusti o%vaporation
of spirit and burning of coal are examples of reaction in which n tance are formed
and energy is absorbed or released. All of these things are di
different substances. Which are different by means of comp
and structure of matter.

”

to the presence of
properties, interaction

C

The chemists use chemistry to explain occurre
investigate material and their interactions g

ncey and“description of things. They

opose theories to illuminate our

Period - o . Origin of
o Name of Scientists  Contribution/invention g .
[Timeline scientist

Proposed idea of a substance as a Greek
combination of matter and form.
Describes theory of the Four

Elements, fire, water, earth, air

Proposed term ‘elements’ as Greek
composition of organic and

inorganic bodies with particular

shape.

Proposed the idea of atom, an Greek
indivisible particle of matter.

780kl Jabir Ibne-Haiyan Invented experimental methods of Muslim
A.D nitric acid, hydrochloric acid and
white lead.

Extraction of metals from their
ores and dyeing clothes.
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862-930 A.D \EXNeF1
2731048 A D VARV
9

0R 0T 2Bl Ibne —Sina

1627-1691 Robert Boyle
A.D
1728 1799 UA:1lelel

A.D

1733-1804 J.Priesly
A.D

1742-1786 Scheele
A.D

1731-1810 Cavendish
A.D

1743-1794 Lavoisier
A.D

1766-1844

17/6-1856 Avogadro

‘4

Muslim

Prepared ethyl alcohol by
fermentation process.

substances.

Determined densities of different MusliE

P o !
Contributed in medicines, im.
philosophy and astronomy.

<
LN

Put forward idea chemistry as English

systematic investigation of, e

Discovered the gaseous la -

Study of carbon dioxi Scottish

German

y N e
Disc@.hlorine
ADMered hydrogen

{\
JXDamn

v

-Lussac

British

Discovered that oxygen is one fifth French
of air

Proposed atomic theory of matter English

Discovered that water is composed French
of two parts hydrogen and one

part oxygen by volume.

Discovered several chemical and

physical properties of air and

other gases,

Proposed Avogadro’s law that Italian
equal volumes of gases under

constant temperature and pressure
contain equal number of

molecules.
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il el Jacques Charles Described the gaseous law. French
A.D

1741-1820 Petit Determined the classical expressiorfrench
. for the molar specific [heat
capacity] of certain chemical
elements.

J.J.Berzellius Introduced symbols, for uI “Swedish

chemical equation to dy

more systematic O\
1824-1907 Mendeleve Discovered p riodWangement Russian
A.D of eIemen&. I

o~

Arrhenius PropoSed acid base theory and Swedish
A.D i iation.

A% elers M. Faraday Centributed to the study of British
& ?ctromagnetlsm and

(elsles el ) ). Thomso Discovered the electron by British

A.D Q experiments.

ectrochemistry
1885-1962 I(W)hy Proposed a theory for the British

hydrogen atom based on quantum

\ theory

Rutherford Postulated the nuclear structure of Scottish
the atom.

Discovered alpha and beta rays,
and proposed the laws of
radioactive decay.

|LeievA = er s Schrodinger Proposed Quantum mechanical  Australian
A.D model of atom
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[y oivs De Broglie Proposed hypothesis about wave French
A.D particle duality nature of electron.

[k Stendra Nath Bose Proposed fourth state of matter  Indian

A.D N
ey °sEr Elbert Eienstein Proposed fourth state of matter Gern&

AD Vo)

Eric Cornell Synthesized the first Bose Einstein American
Condensate. vx

Carl weiman Produced first bose Eienstei “American
Condensate -

1.1.1 Definition of Chemistry:

Chemistry is the branch of science which deals with the properties, composition and
structure of matter. Chemistry also deals with the changes,involved in the matter .

1.1.2 Importance of Chemistry in ddily\ifé

Our planet earth has only life in the all plafet of universe, due to existence of water
(H,0). The water is basic need of humanj animals and plants. The chemical reactions
take place in human, animals and plants. Disorder in these reactions may cause
different diseases. Which may be aver come with the help of chemistry.

The role of chemistry in daily lite'is unavoidable fact.

e Cooking, eating and digestion of food are purely camical processes.

e Construction, clganing and washing of our homes are dependable on
chemistry.

e The production of fertilizers, glass, plastic synthetic fiber, polymer, ceramics,
petroleum products, soaps, and detergents are based on chemistry.

e The.diseases transmitted through impure drinking water as cholera, typhoid,
dysentery, skin and eye infections can be controlled with the help of chlorine
treatment to kill the pathogenic organism to obtain pure water.

e Jhe'chlorine is most important chemical which used commercially to produce
more than one thousands compounds which are used in chemical industry as
bleaching agent, disinfectants, solvents, pesticides, refrigerates, PVC and
drugs are miracles of chemistry.

Test Yourself

®  ldentify and list down the chemistry in your home?

B How you can relate living things with chemistry?
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N

] Do You Know?
™ ek

ﬂﬁf Silver salts

4

g sl
Sodium nitrite Photography

Sodium sulphite

Sodium chloride
in Industry

Sodium citrate pLesEn(atives

Fertilizers in
agriculture

“Plaster of P
(Calcium s at

BRANCHES OF GAEMISTRY

As we know that chemistry,is servingshumanity everywhere in our environment. Due to its wide
scope Chemistry is divided in following main branches.

odium chloride Ammonium sulphate
Ammonium nitrate

1.2.1 Physical Chenfistry

Physical chemistry is the branch of chemistry which deals with relationship between composition
and physical properties of matter with the changes in them. It deals with the laws and principles
governingthe combination of atoms and molecules in chemical reactions.

1.2%2 "Organic Chemistry

Organic chemistry is the branch of chemistry which deals with hydrocarbons and their derivatives.
Qrganic chemistry is the study of structure, properties, composition, reactions, and preparation of
carbon-containing compounds, which include hydrocarbons except oxides, carbonates,
bicarbonates and cynites. The gasoline, plastics, detergents, dyes, food additives, natural gas, and
medicines are studied in the organic chemistry.

1.2.3 Inorganic Chemistry

Inorganic chemistry is the branch of Chemistry which deals with the study of all elements and their
compound except hydrocarbons. These compounds are generally obtained from nonliving
organisms. It is applicable in all areas of chemical industry. Such as glass, cement, ceramics and
metallurgy.
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1.2.4 Biochemistry

Biochemistry is the branch of Chemistry which deals with the compounds of living organisms.
plants and animals and their metabolism and synthesis in the living body such as carbohydrates,
proteins and fats. Biochemistry helps us to understand how living things obtain energy from food. It
tells that how disorder or deficiency of these biomolecules causes diseases. This branch is useful in
medicine, agriculture and food science.

1.2.5 Industrial Chemistry

The branch of Chemistry which deals with the study of chemical processes involved in the
chemical industries for the manufacture of synthetic products like fertilizers, glass,
cement and medicines is called as industrial chemistry.

1.2.6 Nuclear Chemistry

Nuclear chemistry is the branch of Chemistry which deals with the fadioactivity, nuclear
processes and properties. Radioactive elements are widelywsedin medicine as diagnostic
tools and as a means of treatment, especially for cancerp preservation of food and
generation of electric power through nuclear power reactors.

1.2.7 Environmental Chemistry

It is the branch of Chemistry which deal§ withythe study of the interaction of chemical
materials and their effect on the environment6f animals and plants. Personal hygiene,
pollution, health hazards are the important areas of environmental chemistry.

1.2.8 Analytical Chemistry

Analytical chemistry is the branch,of chemistry which deals with separation and
analysis of kind, quality’and qudntity of various components in given substance, It
used in chromatography, electrophoresis and spectroscopy.

1.2.9 Meditinal"Chemistry

The branch of Chemistry which deals with synthetic organic chemistry, pharmacology
and varieusbiological specialties. The medicinal chemistry is used in synthesis of
chemicalspbioactive molecules (Drugs) and pharmaceutical agents.

1.2.10 Quantum Chemistry

Thesranch of Chemistry which deals with application, mechanics and experiments of
physical models in chemical system. It is also called molecular quantum mechanics.

1.2.11 Green Chemistry

The branch of chemistry which deals with study of processes and designing products,

which are composed of less hazardous substances. It is also known as sustainable
chemistry.
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Safer chemical (polyphenylsulfon), less hazardous chemical (poly carbons) and safer
solvents are examples of green chemistry. The main purpose of this branch is to use waste
material efficiently and improvement of energy efficiency in chemical industry.

Test Yourself

®  In which branch of chemistry analysis of quality and
of compounds studied?

®  What happens due to deficiency of biomolecules?

quantity

® ldentify and list down examples of green chemistry in our

environment?

m Differentiate among Medicinal chemistry and Biochem

BASIC DEFINITIONS
1.3.1 Matter

Matter is all around us. The air you are
breathing, book you are reading and thestuff More energefic '/\ ’
More energetic .

you touch and see. Matter is simply defined as
anything that has mass and occupies’spaee.itis H/\

found in three common states solid, liquid and

gas. The plasma is also considered as fourth w

state of matter. The different states of matter Solids

States of Matter

More energetic

% | Plasma

—_—<®OAmZm—p

are due to difference of energy in increasing Fig 1.1 States of matter from solid to

order. liquid, liquid to gases and gases to

Do"You Know?

plasma due to increase in energy levels

of the particles.

Matter
Substance fehg;'rf]‘i)'l'g Mixture of
Definite composition [« Substance
p
(homogeneous) Variable composition
Element Chemically Ie d Homogeneous mixture | |Heterogeneous mixture
(et e, suifn separable (E och?unt Uniform throughout, Nonuniform
arnp “hydre uliurn | . LETPIB VLT, also called a solution distinct phases,
carbon, hydrogen, iron (Il) sulfide, methane, (Example: air, tap water, (Example: sou
oxygen, silver) Aluminum silicate) [P g D 4 ple: soup,

gold alloy)

concrete, granite)
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1.3.2 Atom

Matter is made up of smallest particles which
are known as atom. Atoms are the basic units

of matter and define structure of elements.

oy ‘Electron
Now it discovered that atoms are made up of
three particles: protons, neutrons and - ‘Pmto”

electrons. Which are composed of even smaller B ‘ Neutron
particle as shown in figure 1.2. Where

neutron and proton are situated in nucleus

and electrons are revolving around the Fig 1.2 Particles of atom
nucleus

1.3.3 Molecules

A molecule is the smallest particle in a chemical element.or Compound that has the
chemical properties of that element or Compound. Méléceules are made up of atoms that
are held together by chemical bonds. These bonds form as a result of the Sharing or
exchange of electrons among atoms. Molecules areMono, di and poly atomic molecules.
Examples of mono,di and Poly atomic molecules.are as follows.

Table 1.2 Examples of mone#di and poly atomic molecules

Monatomic elements

6, \C OO

Name helium argon krypton | xenon radon

Symbol

Name nitrogen | oxygen | chlorine | bromine| iodine

Molecular
formula

Polyatomlc molecules

Name ozone phosphorus sulphur
Molecular
formula O, P, S,
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1.3.4 Substance

A piece of matter in pure form is termed as a substance. Every substance has a fixed
composition and specific properties. Every substance has physical and chemical
properties. Examples of pure substances include tin, sulfur, diamond, water, puressugar
(sucrose), table salt (sodium chloride) and baking soda (sodium bicdrbonate).

Substances are elements and compounds.

-

"‘:‘L

g - _ -
*‘. ) =
B - f" . 4'
* : .'\ v 1‘. : l
) - o >
Salt Diamond Sulphur

Fig 1.3 Examples of pure §ubstance

1.3.5 Element

An Element is a substance made up of same
type of atoms, Having same atomic.aumber
and cannot be decomposed inte Simple
substances by ordinary chemical reaction.
Elements occur in nature in free or'eombined
formin solid, Liquid and gases states. Now 118
elements have been discovered. Majority of
elements are solids‘as ceppér, gold, zinc etc.
Very few elements are liquid as mercury and
bromine. Few @lements are gases as hydrogen,
oxygen andnitfogen. Elements are divided in to
metalsy/nonmetals and metalloids on the basis
of their properties.

1.8.6 How to write Symbol?

Symbol is an abbreviation to represent the name of elements. A symbol is taken from the
name that elements from English, Latin, Greek and German.
» Symbols are usually one ortwo letter long.
> Every symbol starts with capital letter as carbon with C or sulphuras S.
> If symbol is second letter then start with capital and second will be in small letter as
He for helium, Na for sodium, Crfor chromium.

Do you know?

! Metal: solid material which is typically
hard, shiny, malleable, fusible, and
ductile, with good electrical and thermal
conductivity (e.g. iron, gold, silver, and
aluminium, and alloys such as steel).

Nonmetals: is an element that doesn't
have the characteristics of metal
including: ability to conduct heat or
electricity, luster, or flexibility. An example
of a nonmetal element is carbon.

Metalloids: an element (e.g. arsenic,

antimony, or tin) whose properties are
intermediate between those of metals
and solid non-metals semi conductor.
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The symbols of 30 elements in English derived from Latin, Greek and german are given

carbon

sulphur

Fig 1.4 Symbols of elements

in table 1.3
Table 1.3 Symbols of first 30 Elements
S. No | Names of Elements in English | Derived from Latin and Greek,| Symbol
o1 Hydrogen Greek (root genes) w_
02 Hellim Greek (Helios) He
03 | Lithium Greek (ithos), | |ui
04 | Beryllium Greek (beryllos) Be
05 |Boron Latin (B@q)v B
06 | Carbon Latin{Carbone) c
07 Nitrogen Geek (nitrumgenes) N
08 Oxygen Greek (axygeinomes) o}
09 Flourine (fluor) F
10 Neon Greek (neos) Ne
11| Sodium i \ Latin (Natrium) Na
12 | Magnesium Greek (magnesium) Mg
13 Aluminium l o ‘ Latin (alumen) Al
14 Silicon Latin (silen) Si
15 | Phosphorgus W Greek (Phoros) P
16 Sulphur Latin (sulohur) S
17 | Chllerine Greek (Chloros) cl
18 “hArgon Greek (argon) Ar
19 Potassium Latin (Potash) K
20 | Calcium Greek (Claix) Ca
S‘v Scandium Latin (scandia) Sc
22 | Titanium Greek (titan) Ti
23 Vanidium Greek (vanadis) A"
24 Chromium Greek (Chroma) Cr
25 Mangnese Greek (Magnesia) Mn
26 Iron Latin (Ferrum) Fe
27 | Cobalt German (Kobold) Co
28 Nichel German (kupanickel) Ni
29 | Copper Latin (Cuprum) Cu
30 Zinc German (zink) Zn
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1.3.7 What is valency?

The Combining power of an element with other element is called valency. The valency
depends upon the number of electrons in the outermost shell valency is the number of
electron of an atom of an element can gain, lose or share. Some elements with_their
symbol and common valencies are given below in table 1.4

S.No | Elements | Symbol | Atomic Number | Valency

] Hydrogen H ] ’_E
2 Helium He 2 0
3 [ Cithium § TR
4 Beryllium Be 4 +2
5 Boron B A B -
6 Carbon C 6 ig
7 Nitrogen N 7
8 | Oxygen o) | 8 )
9 Flourine Vo 9
10 Neon Ne 10 0
11| Sodium # N Na 11 +1
12 Magnesium Mg 12 +2
13| Aluminiume=| Al 13 +3
14 Silicon Si 14 +4
15 orus P 15 13
16 Sulphur S 16 12

N7 | Chlorine Cl 17 +1
18, | Argon Ar 18 0

L N9 | Potassium K 19 +1
20 Calcium Ca 20 +2
21 Scanidium Sc 21 +3
22 Titanium Ti 22 i%
5 | Vemietom | W 23 344
24 Chromium Cr 24 +3

+2
25 Magnese Mn 25 +3
+6
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26 [ron Fe 26 ::__%
+2
27 Cobalt Co 27 +3, +4
28 | Nicae Ni 28 ) Q
29 | Copper Cu 29 _|_2+]_|_% Q~
30 Zinc Zn 30 +
1.3.8 What is Chemical formula?
The chemical formula represent the symbol of elements and elements to one

anotherin a compound.

Chemical formula tells us number of atoms of each element in a compound with symbols.

For Example: Chemical formula of water is H,0O whic es that 2 atoms of hydrogen
1

combines with 1 atom of oxygen, or Chemical form monia NH, shows that one
nitrogen atom combines with 3 atoms of hydro
1.3.9 Compounds: 0

The Compound is a substance formed %@r more elements are chemically bonded
together in a fixed ratio by mass, As ult a'new entirely different properties possessing

substance formed.
The type of bonds holding elements be ionic bonds or covalent bonds
For Example: NaCl, CuSO are ionic compound and H,0, CH, H,SO, are covalent
compounds. @
Tdble 1.5 Some Common Compounds with their Formula
Compounds Chemical Formula
H,O
Silicon dioxide(sand) SiO,
Sodium hydroxide (caustic soda) NaOH
\ Sodium chloride(common salt) NaCl
% Sodium carbonate(washing soda) Na,CO,.10H,0
Calcium carbonate(lime stone) CaCO,
Sugar C,,H,,0,,
Ammonia NH,
Sulphuric acid H,SO,
Calcium oxide CaO
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1.3.10 Mixture

When two or more than two elements or compounds physically combined without any
fixed ratio is known as Mixture. The component substances retain their chemical
properties. Mixtures can be separated again by physical methods, as Filtration,

Evaporation, Distillation and Crystallization. There are two main types of mixt ch
are shown in figure 1.5, Homogeneous mixture and Heterogeneous ur a
homogenous mixture all the substances are evenly distributed througho e mixture
(Salt water, air, blood). In a heterogeneous mixture the substanc ot evenly
distributed (chocolate chip cookies, pizza, rocks) O

Homogeneous Heterogeneous
Mixture ‘ Aixture

1.5 Types of Mixture

ifferentiate between Element, Compound, Mixture

Element Compound

Element is a substance | Compound is formed by a |Mixture formed by the simple
made up of same atoms, | chemical combination of atoms | mixing of the substances.
and discovered naturally. | of the elements.

Element shows unique | Constituent of compound lose | Constituents of mixture retain
properties due to |their identity and form a new |their properties in mixture.
similarity of atoms. |substance with new properties.

Elements have same [Compounds have fixed Mixtures have no fixed
atomic number. composition by mass. composition by mass.

Element have same |Components cannot be| The components can be
atomic number and |separated by physical means. | separated by physical means.
cannot decompose

in to simple substances

by ordinary means.
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Element represented by | Every compound represented | It consists of two or more
symbols, which are |by chemical formula. components and does not

abbreviations for the show any chemical formula.

names of elements.

Element are Compounds have homogenous | Mixtures have homogenous as

homogenous composition. well as heterogeneous
composition.

As the atomic number| Compounds have sharp and | Mixtures do not have sharp and
increases in elements| fixed melting points fixed melting points.
melting points increases.

Test Yourself
h 4

®  How you can differentiate between matter and subst

B What elements do the following compounds co @
Washing soda, sugar, sand, caustic soda

B |dentify mixture, element or compound fre

Table salt, ice cream, blood, silicon,fco
o

a, tin, zinc, water, sulphur

1.3.11 Relative Atomic Mas$s‘and Atomic Mass Unit

Relative Atomic mass:
The Relative atomic mass ofian atom is the average mass of naturally occurring isotopes,

compared carbon (C-12)

Average mass of one atom of the element

A=

1
EX the mass of one atom of carbon —12

The unit ofrelative atomic mass is atomic mass unit, with symbol a.m.u .

la.m.u=1.66 x 10*gram

¥’3)12 Empirical Formula and Molecular Formula

The compounds are represented by Chemical Formula as elements are represented by
symbols with respect to valencies. Chemical formula are of two types Empirical Formula

and Molecular Formula.
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Empirical Formula

The formula showing minimum relative numbers of each type of atoms in a molecule is
called Empirical Formula.

B Empirical Formula shows simplest ratio of each atoms present in a molecule
B Empirical Formula does not show the actual number of atoms in the -@

B Empirical Formulatells us the type of element present in it.

For Example:
(1) Benzene has molecular formula C,H,. Which has simplest rati dregen and carbon

is 1:1, so the empirical formula becomes CH.

(2) Glucose has molecularformula C,H,,O. It shows the rati s
C6H12oé
6:12:6

1:2:1
C: H,: Q
So the empirical formula of glucose is C@n ave simple ratio 1:2:1 of atoms in

molecule of glucose.
Molecular Formula @
The Molecular formula is the“formula which shows actual number of atoms of each
element presentin a mole
B Molecularformdla is derived from empirical formula.

| Molecularfg ss calculated by adding atomic weights of its atoms.
f

B Molecul ula’'of a compound may be same or multiple of empirical formula.
For Example: Molecular Formula of benzene is C;H,, which have six carbon and six
Hydrog molecular formula is an integral multiple (1,2,3 etc.) of the empirical

Formt
ol

ormula = (Empirical Formula)n wheren=1,2,3,etc

%\ Table 1.7 Some Compounds with their Empirical and Molecular Formula

Compound Empirical Formula Molecular Formula

Carbon dioxide

CHCOOH
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1.3.13 Atomic Number and Atomic Mass

The Atomic Number is number of protons present in the nucleus of atom of any Element.it
represented by symbol Z. All atoms of an element have same atomic number due to the
presence of same number of proton. For example in all oxygen atoms have 8 number.of
protons due to this atomic numberis 8 (Z= 8).

The Atomic Mass is sum of number of protons and neutrons present in the nucleus of
atom of any element.it represented by symbol A and calculated by A=Z+n where n is
number of neutrons. For example nitrogen atom have 7 number of protons and7‘Aumber
of electrons then Atomic mass of nitrogenis 14 (A=7+7=14).

Example 1.1: if any element have number of protons 11 and numb nSuieds
12, find out its atomic number and atomic mass?
Data:

Number of protons 11
Number of neutrons = 12 O
zZ =?

As we know atomic number Z is number o .@ I' ue to this

Atomic number Z =11
Atomic massis A = Z+n

A =11+
A =2
Py PS
h 4

Example 1.2: How many number of protons and neutrons are there in an atom
haying A= 40 and Z= 20?

Data:

A =40

Z=2

Numberof protons?

ux neutrons?
%mber of protonsis Z =20
Number of neutrons =A-Z
=40-20

=20
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1.3.14 Molecular Mass and Formula Mass
Molecular Mass:

The Molecular Mass is the sum of atomic masses of all the atoms present in one molecule
of a substance. For example molecular mass of CO,is 44 a.m.uandH,0is 18 a.m.u .

Example 1.3: Calculate the molecular mass of HNO, Q
Solution

Atomic mass of H =1l amu

Atomic mass of N =14 am.u O

Atomic mass of O = léamu @

Molecular mass = 1(At. Mass of H) +1(At. Mass of N) +3(At. Mass of O)

1 + 14 +3(16)
1 + 14+ 48 O
63 a.m.u

N\

The ionic compounds which form threedimensional solid crystals are represented by their

Formula Mass:

formula units. In such cases fermula mass calculated by sum of atomic masses of all
atoms in formula unit is called Formula Mass of that substance. For example formula
mass of sodium chloride is 58.5 a.m.u

Example 1.4: Cachula mass of Al(SO,),

Solution

Atomic mass o = 26.98 a.m.u

Atomic ma S =32am.u

Atomi =16a.m.u

Form = ALSO,),

ula mass of AlL(SO,), = 2(26.98) + 3(32) +12(16)
\ ~5396 + 69 +192
% = 342.14a.m.u

Test Yourself

®  How you can differentiate empirical formula and molecular formula?

B Why formula mass and molecular mass calculated separately while
process of calculation is same?
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23 cHEMICAL SPECIES:

If one molecule is identical to another we can say they are the same chemical species.
Chemical species is a chemical entity, such as particular atom, ion or molecule.

1.4.1 lons (anions, cations), Molecular ions and Free Radicals
lons (anions, cations): ion is an atom or group of atoms having a change on it-=lhe
change may be positive or negative. There are two types of ions, cations andwanions. The
cations are formed when an atom loses electrons form its outer most shells.
Forexample: Na*, K" are cations. The following equation shows formdtion of cations.

Na » Na' + le
An atom or group of atom that has a negative charge on it isyealled anion. Anion is
formed by the gain or addition of electrons to an atom.[For example: CI" and OZ2,

following examples shows formation of an anion by addition ofelectrons to an atom.
Cl+ le > Ch

Molecular ions: when a molecule loses or gains, electrons called molecular ions.
Molecular ions also possess positive or negative charge like any ion. If it has negative
charge known as anionic molecular ions fthey.hds positive charge known as cationic
molecularions. Forexample CH,”

Free Radicals: Free radicals are atems and'group of atoms having number of unpaired
electrons. Itis represented by putting a dotever the symbol of an element.

Forexample: H°, CI° ,H,C°

Free radicals are formed when homolytic breakage of bond between two atoms takes
place by the absorption of heat or light energy. Free radical is very reactive chemical
species.

With the aboveimention definitions of ions, molecularions and free Radicals. Question
arises thatavhat is difference between Atom and lons, Molecule and Molecular ion. Even
what s difference between ion and free Radical? Let's discuss it one by one.

Table 1.8 Difference between Atom and lons

. Aom | 0 lon
Atom is the smallest particle of an element]lon is the smallest unit of ionic compound

Atom can or can not exist independently | lon can not exist independently and
and take part in chemical reaction. surrounded by oppositely charged ions.
Atom is electrically neutral. lon has negative or positive charge.
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Table 1.9 Difference between Molecule and Molecular ion

Molecule Molecular lon

Molecule is the smallest particle in a chemical | Molecular ion formed by gain and lose of
element or compound that has chemical electrons by a molecule.
properties of that element or compound.

. Molecular ion have positive or
Molecule is always neutral. :
negative charge.

Molecule is stable unit. Molecular ion is reactive species.

Molecule is formed by the combination | Molecular ion formed by the ionization of
of atoms. a molecule.

Table 1.10 Difference between ion and Free'Radicals

| len Free Radicals

lons are atoms which have positive or Free radicles are atoms with odd number
negative charge. of unpaired electrons.

Free radicles exist in air and solutions.
lon are not affected by the presence Free radicles are affected by the presence
of light. of light.

1.4.2 Molecule and, Types-ef Molecules:

lons exist in crystals and solutions.

V Molecule Molecule Molecule Molecule Molecule Molecule
consist of one| |consist of two consist of consist of consist of consist of
atom.e.g. atoms.e.g three many same type of| |different type
helium (He), Hydrogen atoms.e.g. atoms.e.g. atoms.e.g of atoms.e.g
neon(Ne), (H,) H.0, CH,,H,SO, H2,05,P.,Ss CO,, H,0,
argon(Ar) Oxygen (O,), Cco, ,CH,,O, NH,
Chlorine (Cl,)
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Test Yourself

B ldentify the cations, anions, free radicle, molecular ion, molecule from
the following.

0,,H,N,,Cl,,CO., H,0, Br, H,, H,C°Nd

B Justify the classification of molecules? P,

CHEMICAL EQUATION AND BALANCING CHEMICAL
EQUATION

1.5.1 Chemical Equation:

chemical equation is short hand method of describing the chemical reaction in terms of

symbols and formulae of substances.

>  The starting substances are known as reactant$,and.always written on the left
hand side of arrow,

>  The substances are formed due to reactions\of reactants are known as products
and written on the right side of arrow.

> The reactants and products are separated frém one another by using (— ) single
arrow or (=) double arrow dependingtype of reaction.

> The number written in front®fformula is called coefficient which shows number
of molecules of that reactant or product.

> The expression (s),(g) and(l) shows the state, solid ,gaseous and liquid of
reactants and products’

> The expression{ag) express that substance is in the form of solution.
Similarly if catalyst iswused this catalyst shown over the arrow.

For example : when'two molecules of hydrogen and one molecule of oxygen react two
molecules ofswater formed instead of writing the full names of reactants and products
,chemists show this reaction as follows in form of equation.

Reactants Product

Coefficients Liquid

Gaseous State
1.5.2 Balancing of Chemical equation
The chemical equation must be balance in order to fulfill Law of conservation of mass.
Mostly chemical equations can be balanced by inspection method (trial and error
method). We can balance the equation by following steps.
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1.Write the correct formula of all reactants on the left side and products on the Right side
of an arrow.

2.Balance the number of atoms on each side.

3.1f the number of atoms may appears more or less than other side, balance the equation
by inspection method. Multiply the coefficient with formula to make the numberief atoms
same on the both (reactants and products) sides of equation.

4. The covalent molecules of hyderogen, nitrogen and chlorine exist as diatomic
molecules. e.g H,, O,, N, and Cl,. We must write them as diatomic meléeule’rather
than isolated atoms in chemical equation.

5. Finally check the equation to be sure that number and kind of atom are same on
the reactant and product side. If yes now equation is balanced.

For Example: Let us consider, in laboratory oxygen (O,) gastis prepared by heating
potassium chlorate (KCIO,). The products are potassium chloride (KCl) and oxygen
(O,) gas.

Now balance the equation step wise.

Step nol: Write correct formula of all reactants on/left side and product on right
side of an equation.

KCIO,, — > KCl, + O, 4

Step no2: Balance the numberof atoms on each side.

Reactants Products

K1) — K1

cl(l) ——— L J¢)

0QR@) — = 0Q(2)

We see that K and Chelements have same number of atoms on both sides of equation
but O is not balance because three atoms on reactant side and two atoms on product
side.

Step fe3: Now multiply the formula (KCIO,) with co efficient 2 on reactant side
and 3yin front of oxygen on product side to balance the oxygen atoms.

2KCIO5 KCl, + 30,

Reactants Products

K2 — K(1)

Cl (2) —— > CI(1)

O (6) — > 0 (6)

Step no4: Now again check and balance the equation by placing 2 in front of KCI
on product side.
2KCIO, , —— > 2KCl,, + 30,
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Reactants Products
K2 —> K(2)
Cl(2) — > C(Cl(2)
O6) —» 0 (6)

Now this chemical equation is balanced.

Test Yourself

KCIO; on reactant side and 4 in front of KCl on product side.

KCIO; —» KClg+ Oy,
®  Balance the following equation. @

CaCO; +HCI ———— > CaCl, +H,0 +CO,

®  Balance the following equation with coefficient 4 in front of <

X MOLE AND AVOGADRO’S NUMBER

1.6.1 Gram Atomic Mass, Gram Molecular Mass, Gram Formula
Mass

As we have discuss before that all substances,are made up of atoms, molecules or

formula units.

The mass of atom is atomic mass,”mass of molecule is molecular mass and mass of
formula unit is formula mass. All of these masses are expressed in a.m.u. When these
masses are expressed in Gram they are termed as Gram atomic mass, Gram molecular
mass and Gram formula mass:

Gram Atomic Mass: The‘atomic mass of an element expressed in gram is called gram
atomic mass. Itis also called 1 mole.

1 gram atom ofoxygen = 16.00g = 1 mole of oxygen atom
1grdm atomiof carbon = 12.00g = 1 mole of carbon atom
I"gram atom of nitrogen = 14.00g = 1 mole of nitrogen atom

Its means Tgram atom of different elements has different masses.

Gram Molecular Mass: The molecular mass of an element or a compound expressed in
gramis called gram molecular mass. Itis also called 1 mole.
1 gram molecule of oxygen (O,) = 32.00g = 1 mole of oxygen molecule
Tgram molecule of water (H,0) =18.00g = 1moleofwater

1 gram molecule of ethanol C,H;OH =46.00g = 1 mole of ethanol
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Gram Formula Mass: The formula mass of an ionic compound expressed in grams is
called gram formula mass. Itis also called 1 mole.

1 gram formula of NaCl =58.5g = 1 mole of sodium chloride
Tgram formula mass of CaCO; = 100g

1.6.2 Mole:

The atomic mass, molecular mass and formula mass of a substance expressedin.,grams

1 mole of calcium carbonate

is known as mole. A mole is defined as “amount of substance contaihing equal to the
avogadro's number 6.02x 107

Gram atomic mass and a.m.u

SN

One carbon atom One gram atomic
of carbon(6.02x10%
Mass =12a.m.u Mass = 12g of carbon
Thus
Atomic mass of carbon is 12gram = I'mole of carbon atom

Molecular mass of H,SO, is 98gfam_ “*=*Tmole of H,SO,
The relationship between mole and mass can be expressed as

known mass of a substance
Molar mass of the substance

Number‘6f'moles =

Or
Mass of ‘substance ( gm) =Number of moles x Molar mass

Example l@ﬂate the number of moles in 40g of Na.
Solu
Giv of Na =40g
rmass of Na =23 a.m.u
er of moles =?
_ known mass of a substance
Number of moles =
Molar mass of the substance

40

Number of moles of Na= =1.73 moles of Na

23
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Example 1.6: What is the mass of 4 moles of CO,?

Solution
Number of moles of CO, = 4 moles
Formula mass of CO, = 44 gm

= 4x44 =176 gm
1.6.3 Avogadro’s Number

Avogadro an ltalian scientist, calculated the number of atoms, inoleeules or ions present

in one mole. The value is found to be 6.02x10”. This valug is répresented by N, and is
called as Avogadro's number.

mass of CO, = 7
Mass of CO, = number of moles of CO, % formula mass t(g

P

Forexample:  1mole of O,molecule = 32g
So 32gm of O, will contain 6.02x10” molecules
Similarly 1 mole of NaCl =(23+35.5)= 58.5g of NaCl
=6,02%10 Nd + 6.02x10°CT

A 4
Example 1.7: Calculate the numb ,ons present in 9.2gm of Calcium (Ca).

Solution:
Atomic mass of Calcium ( =40
1 g atomic weight of Caléium gm

40g of Calcium contains =6.02x1 0 atoms of Calcium

By using t Na x Mass i
7R Number of atoms = —— >3

Atomic mass

%\E Number of atoms = 6.02 lel(()) x9.2

= 1.384 x10 atoms of Ca
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Example 1.8: Calculate the number of moles, number of molecules present
in8gof C,H,,0,?

Solution

Molecular weight of glucose (C,H,,0,) = (6x12) + (12x1) + (6x16) =180 <

Weightof C,H,,0, = 8gm
SIS oMol E

Number of moles = —

180
Number of molecules = Number of mo@A

= 0.04 x 6. :
= 0.240 x10”

22
=m molecules of glucose

Test Yourself

B Prove that Avogadro's number i d*t6 mole of any
substance.

B Calculate the number of moles in 30gm of H;PO,.

|
CHEMICALCALCULATIONS

In all type of chemicalcalculations we calculate number of moles and number of particles
of a substances These calculations are based on mole .In the sequence of calculation first
moles calculatedthen number of particles.

1.7.1¢{Mole-Mass Calculation

In this'ealedlation we calculate number of moles of a substance with the help of following
equation.

known mass of substance

Number of Moles =
Molar mass of substance

We can calculate mass of a substance with the given moles of substance with following
equation.

Mass of substance= Number of moles x Molar Mass
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Example 1.9: A coin of silver (Ag) having 8.5 gm weight. Calculate the number
of moles of silver in coin?

Solution

The mass is converted to number of moles by the following equation:

known mass of substance
Number of Moles = Q

Molar mass of substance

_ 85
107

= 0.07 moles of silver in W Q r coin
1.7.2 Mole-Particle Calculation

In this calculation we calculate number of moles of a substance in the given number of
Particles (atom, molecules or formula unit).

Given number of paricles Given number of particles

Number of Moles= = -
Avogadro’s number 6.02x10”

We can calculate number of particlesias

Number of pafticles =M umber of moles x 6.02x10”

Example 1.10: Calculate the er of moles, number of molecules and
number of atoms present infl Ogmiof H,SO,?

Solution
The known mass of H 10gm
Molar mass of H,SQ, = 98.0gm

H, 5O,= known mass of substance _ 10 ~0.10 mole

Molar mass of substance 98

Of molecules = Number of moles x Avogadro’s number

= 0.10 x 6.02x10”
0.602x10° = 6.02x107

1.7.3 Mole Volume Calculation

The mole quantities of gases can be expressed in terms of volume, According to
Avogadro, one gram mole of any gas at STP occupies volume of 22.4dm’ (where
standard temperature is O°C and standard pressures is 1 atom)
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Example 1.11: How many liters of carbon dioxide would be produced if 0.450
of a mole of carbon monoxide reacts with excess oxygen at STP.

Solution: The equation for the reaction is

2C0(g) +0, (g) 2C0,(g) <
x,= 0.450 moles x, liters = ?
2 moles of CO 2 moles of Co,
o 0450 _x, _ 0.450x2 _0.450 ?\

@ — s = =

P 2 2 ] 2 moles
1 mole of gas at STP means 0°C temperature and 1 atom pre occupied
22 4dm’. ()
2

Step?2 22.4] X 22.4]x0.450moles 0.08liter of CO,

= X
Imole  0.450moles ~ Imo
So 10.08 liter of Co, would be produced when O @ mole of carbon monoxide

reacts with excess oxygen at STP.

B Chemistry is the branch _ofscience which deals with the properties, composition and
Structure of matter. Chemistry also deals with the changes involved in the matter.

® Chemistry is everywhere in,our environment and serving the humanity day and night.
Due to its widescope €hemistry is divided into physical chemistry, organic chemistry,
inorganic chemistry, biochemistry, industrial chemistry, nuclear chemistry,
environmental chemistry, analytical chemistry, medicinal chemistry, quantum
chemistry, greem chemistry.

B Matter isisimply defined as anything that has mass and occupies Space.it is found in
threeycommon states solid, liquid and gas. The plasma is also considered as fourth
state, of matter. The different states of matter are due to difference of energy in
increasing order.

#® Matter is made up of smallest particles which are known as Atom. Atoms are the basic
units of matter and define Structure of elements. Now it discovered that atoms are
made up of three particles: protons, neutrons and electrons.

B A molecule is the smallest particle in a chemical element or Compound that has the
chemical properties of that element or Compound. Molecules are made up of atoms
that are held together by chemical bonds. These bonds form as a result of the Sharing
or exchange of electrons among atoms. Molecules are Mono, di and poly atomic
molecules.
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B A piece of matter in pure form is termed as a substance. Every substance has a fixed
composition and specific properties. Every substance has physical and chemical
properties.

® An Element is a substance made up of same type of atoms having same atomic
number and cannot be decomposes into Simple substances by ordinary chemical
reaction.

B Elements occurin nature in free or combined form in solid, Liquid and gases states.
Now 118 elements have been discovered.

B Symbol formula is an abbreviation to represent the name of element. A symbol is taken
from the name of that element in English, Latin and Greek. If it isione letter, it will be
capital as H for Hydrogen, Cfor carbon, S for Sulphur and N fer Nitrogen etc. in case of
two letters symbol, only first letter is capital as Na for sodium, Cr.for Chromium, He for
Helium and Znfor Zinc.

B When two or more than two elements or compounds.physically combined without any
fixed ratio is known as Mixture. The component substances retain their chemical
properties. Mixtures can be separated again, by, physical methods, as Filtration,
Evaporation, Distillation and crystallization.

® The Atomic Number is number of prétons présent in the nucleus of atom of any
Element.it represented by symbolZ “all atoms of an element have same atomic
number due to the presence of samenumber of proton.

B The Atomic Mass is sum of number of protons and neutrons present in the nucleus of
atom of any element.it represented by symbol A and calculated by A=Z+n where n is
number of neutrons.

B The atomic mass ofianelement expressed in gram is called gram atomic mass.itis also
called 1 mole.

B The molecular mass of an element or a compound expressed in gram is called gram
molecular mass.itis also called T mole.

B The formula mass of an ionic compound expressed in grams is called gram formula
mass.itis also/called 1 mole.

® Theatomic mass, molecular mass and formula mass of a substance expressed in
gramsiis known as mole.

® Avogadro an ltalian scientist, calculated the number of atoms, molecules or ions
present in one mole. The value is found to be 6.02x10% . This value is represented
by NA and is called as Avogadro's number.
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I SECTION- A: MULTIPLE CHOICE QUESTIONS

Tick Mark () the correct answer
1. The branch of Chemistry which deals with hydrocarbons:

(a) Industrial chemistry (b) Inorganic chemistry.

(c) Organic chemistry (d) Physical chemistry
2. The atomic mass of an element expressed in gram is:

(a) Gram molecular mass ” (b) Gram atomic.mass

(c) Gram formula mass (d) Mole

3. Which of the following can be separated by physiealmeans?

(a) Mixture (b).Element
(c) Compound (d) Substance
4 The molar mass of H,S0,is:
(a) 98 a.m.u (b) 9.8gm
(c) 98gm (d) 9.8 a.m.u
5. The Molecule consist6f two atoms s :
(a) Monoatomic molecule (b) Polyatomic molecule
(c) Hetere atomic molecule (d) Di atomic molecule

6. A formula that indicates actual number and type of atoms in a molecule is called:
(a) Chemical formula (b) Empirical formula
(e) Molecular formula (d) Formula mass

7%, Ethyl alcohol was prepared by:

(a) Ibne-Sina (b) Al-Razi

(c) Al-Beruni (d) Jaber bin-Hayan
8. which of the following is Not a homo atomic:

(a) H, (b) NH,

(c) H,O (d) CO,
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9. The Empirical formula of hydrogen peroxide is:

(a) H,0, (b) HO
(c) OH (d) OH,
10. A piece of matter in pure form is termed as:
(a) Redicadl (b) Mixture
(c) Compound (d) substance

| SEcTiON-B: SHORT QUESTIONS:

1. Differentiate between the physical and analytical chemistry2
2. Write down the classification of molecule?
3. ldentify the differences among the following:
(a) Atom and lon
(b) Molecule and Molecular ion
(c) Compound and Mixture
4. Define the following terms:
(a) Gram atomic mass
(b) Gram molecular mass
(c) Gram formula mass
5. Write down the chemical, empirical and molecular formula of the following?
Sulphurieiacid,wCarbon dioxide, Glucose, Benzene
6. What is Free Radical?

7. Describe relationship between empirical and molecular formula? Explain with
examples:

8. Explain why hydrogen and oxygen are considered as element whereas water is
compound?

I ﬁCTION- C: DETAILED QUESTIONS:

What do you mean chemical species, explain ion, molecular ion and free radical?
Writ down the applications of chemistry in daily life?
Explain in detail empirical and molecular formula?

Explain the steps for balancing the equation?

oo 0N =

Name the branches of chemistry and discuss any five branches?
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I SECTION- D: Numerical

.(1) Balance the following equations by inspection method:
(@NH;+0, 5 NO+H_O

(c)Ca+H,O —  » Ca(OH), + H, :
(d) NgHCO; ————» Nga,CO; + H,0 + CO, V
(e) CO + 02 e C02 O

(2) Calculate the formula mass (a.m.u) of the following?
ALO, , MgCl, , NaCl , KNOj

(3) Calculate the molecular mass (a.m.u) of the following?
C,H,OH, H,O0, NH 5
(4) How many moles are required to prepare 4 of H,SO,?

(5) Calculate the number of moles and o molecules present in the following?

(a) 16 gof H, % (b) 20g of C,H,,0O,

%\%



ATOMIC STRUCTURE

Time Allocation

Teaching periods =14
Assessment period =4
Major Concepts Weightage

2.3 Modern Theories of Atomic Structure.
2.4 Electronic Configuration.
2.5 Isotopes and their common application. @

STUDENTS LEARNING OUT COMES (S‘I!Qﬁ
Students will be able to: U
© Describe the discovery of electron, proton and.
@© Define Atomic Number (Z) and Mass Nu '
neutron.

2.1 Discovery of Sub Atomic Particles, electron, proton and neutron. >
2.2 Theories and Experiments Related to Atomic Structure. Q~

erm of number of proton and/or

© Describe the contributions Rutherf de to the development of the atomic theory.
@ Explain how Bohr's atomic mo different.

© Define Modern theories of Atomic Structure( De Broglie Hypothesis & Schrodinger atomic

model)
@ Describe the presen&b ells in a shell.

@ Distinguish between Shells and Sub shells.

© Write ElectronieConfiguration of the first 18 Elements in the Periodic Table.

© Define p re isotopes of an Atom.
uss the properties of the isotopes of the H, C, Cl and U.

Di
ﬁ\ e structure of different isotopes from mass number and atomic number.
%’te he importance and uses of the isotopes in various fields of life.

@
@




Introduction

The word atom is derived from a Greek word ATOMOS
means indivisible, which was first describe by Greek
philosopher Democritus. Democritus belief that all
matter consist of very small indivisible particles which
are known as atoms. Johan Dalton an English school
teacher and chemist suggested the fundamental
atomic theory, which explain that all element are made
up of indivisible particles called atoms. Dalton assumed
that no particles smaller then atom exit, but by the
passage of time new experiments show that atom is
composed of even smaller particles which are known as
sub-atomic particles. After that these sub-atomig
particles were discovered and named as electron,
proton and neutrons. We will discuss these™all
discoveries in this chapter.

Discovery of Sub Atomic
(Electron, Proton,dNeutron)
Particles of an Atom

Fig 2!1 Democritus

Dalton’s atomic theory explains the chemical nature of
matter and existence offindivisible atoms, but at the
end of 19" century stib-atomic particles were
discovered by differentscientists. First sub-atomic
particle Electron discevered by M. Farady, William
Crooks and J.J4Thomson, second sub-atomic particle
Proton identified by Goldstein and Ernest Rutherford,
while third%sub-atomic particle Neutron revealed by
Chadwick. All of these findings were milestone in the
knewledge of atomic structure which we have now.

Fig 2.2 john Dalton

2.1.1 Discovery of Electrons

Electron is the lightest particle carrying negative charge
in an atom discovered by J.J.Thomson and William
crooks.

Fig 2.3 Chadwick
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Fig 2.4 J.).Thomson Fig 2.5 William Crooks Figy\2.6 M.Faraday

The apparatus used for this type of experiment is called dischargetube which consists of
glass tube fitted with two metal electrodes connected to a high voltage source and a
vacuum pump. When electrodes inside evacuated, diseharge tube are connected with
high voltage source at very low pressure(1mm of Hg), as the high voltage current start
passing between electrodes a streak of bluishslight, originate and travel in straight line
from cathode (-ve electrode) to anode(+ve electrode), Which cause glow at the wall of
opposite end. These rays ere called cathode rays.

Discovery of Electrons

Discharge Tube Air at very low presure

Green glow
. |

—_ £ i

Cathode % Anode

ﬁ — To vacuum pump
High*voltage Generator —

Production of cathode rays

Fig (2.6) William Crooks Discharge Tube

J.J.Thomson justified that these rays were deflected towards positive plate in electric and
magnetic field which shows that these rays possess negative charge due to this negative
charge, particle was named Electron .These electrons were obtained from the gas in
discharge tube which proves that electrons are constituent of all matter.
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Properties of Cathode Rays (Electrons)

1. They travel in straight line from cathode towards Anode.
2.  They produce sharp shadow of an opaque object placed in their path.

3.  They have negative charge and bend towards positive plate in electriciand
magnetic field.

4. These rays when strike with glass and other material cause material glow.

5.  The (e/m) charge and mass ratio of cathode particles is 1.Z2588%10°coulomb
per gram. This is same for all electrons, regardless of any gas\in discharge
tube.

6. They can produce mechanical pressure indicating they possess kinetic energy
(K.E).

2.1.2 Discovery of Protons

The Proton is positively charge particle discevered by
Goldstein in 1886.J.J.Thomson investigate properties
of protonin 1897.

Protons were observed in same a@pparatus of cathode
rays tube but with perforated cathode. Goldstein
discovered that not only negatively charge cathode
rays but positively charge rays ‘are moving in opposite
direction by perforatingy€athode. These positive rays
passes through thé heles of cathode, where they strike

cause the glow of tube: These rays named as Canal Fig 2.7 Goldstein

rays (proton).
Discovery of Protons

Alr at very

&jiﬂ' lows pressure
':'“" Discharge
- I i S .4:-"""" tube
& (=) (D0 (+)
=i - +
-
1L
Perforated Iy | Anode
cathode
High voltage “ i'
generator To vaccum

pump
Fig 2.8 Gold Stein Discharge Tube
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Remember that canal rays are not emitted by anode, but they are result of striking of
electron with residual gas molecules in discharge tube. Electrons ionize the gas molecules
as follows.

M+e—> M'+2e
Goldstein justify that atoms are electrically neutral, while electrons carry negative charge.

It mean for each electron there must be one equivalent positive charge to neutralize that
electron. This particle is called proton and it is a fundamental particle of all Atoms:

Properties of Canal Rays (Protons)
1. They travel in straight line from Anode towards Cathodé.

2. They produce sharp shadow of object placed in their path

3.  They have positive charge and bend towards negativesplate in electric and
magnetic field.

4. The (e/m) charge and mass ratio of pasitive particles is much smaller than
electron. It varies according to naturelof gas present in tube.

5. The mass of proton is 1836 times more than electron.

2.1.3 Discovery of Neutrohs

In 1920 Rutherford predict that atem must possess another neutral particle with
equivalent mass of protongDifferent scientists started working on this neutral particle.
later on 1932 Chadwick’become’successful to discover Neutron. Chadwick found that
when alpha (oc)particles bombarded on Beryllium some penetrating radiations were given
out. Chadwick suggested that these radiations were due to material particle with mass
comparable to hydfogen atom but have no charge. These radiations (particle) are called
Neutron. It€an expressed in equation as follows.

12
Be + He C+n
4 2 6 0
The neutron is fundamental part of an Atom, present in nucleus with proton and include
in.atomic mass.
Properties of Neutrons
1. The Neutrons are neutral particles.
They have no charge.

2
3.  The mass of neutron is almost equal to that of proton.
4

These particles are most penetrating in matter.




Atomic Structure

2.1.4 How Atomic Number (Z) and Mass Number (A) are related
with number of proton and neutron

As we discuss in discovery of fundamental particles of an atom, that Atom consist of three
particles Electron, Proton and Neutron. But if all atoms have same fundamental patticles.
Then why the atoms of one element different from the atoms of another element?

For example: How does an atom of Carbon(C) is different from an atom ef«Nitrogen
(N)?Because all atoms can be identified by their number of protons they.contain. No two
elements have the same number of protons.

Atomic Number (Z)

The number of protons in the nucleus of an atom is called Atomic Number. Atomic
number represented by Z.The elements are identify'by their atomic number. Different
elements have different atomic numbers because of different number of protons. In
neutral atoms number of protons are equaltermumber of electrons, so the atomic number
also indicate total number of electrons outside the nucleus. For example atomic number
of Carbon(C) is 6. It mean that each cdrben atem has 6 protons and 6 electronsin it.

Atomic number= Z = Number/of proton in nucleus = Total number of electron
around nucleus

Atomic number (Z) is written as stbscript on the left hand side of the chemical symbol e.g
C, Some other examplés aré as follows.

Li31 OSI H]

Mass Number (A)

The total'sum of proton and neutrons in the nucleus of an atom is called Mass
Number. Mass number represented by A. For example, the sodium (Na) atom has atomic
number T and mass number 23. It indicates that sodium atom has 11 protons and 12
neutrons. The mass number (A) is written as superscript on left hand side of chemical
symbol. e.g :Ncu

Mass nhumber = A = Number of protons (Z) + Number of neutrons (N) OR
Mass number A=Z+ N
And number of neutron N =A-Z
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Mass number
Number of protons
and neutrons in atom

Zx— Atomic symbol 6
Abbreviation used
to represent atom 6protons @
/ in chemical 6 neutrons )
Atomic number formulas Gelectrons @
Number of protons
in atom

Fig 2.9 Description of Mass number and Atomic ‘aumber

Test Yourself

a. What is atomic number of an oxygen atom which have 8 elect
protons?

b. Find out mass number of chlorine which have 17 protons and 18 neutrons?
c. How many electrons, protons and neutrons are present
d. Do you know any element which have no neutron in its atom?

Theories and Experiment§
Related to Atomic Straicture

2.2.1 Rutherford Atomic Médel

Lord Rutherford in 1911, carried out ‘series of
experiments and proposed .@ new. model for the
atom.

EXPERIMENT

Rutherford took a thin sheet of gold and bombarded it with alpha () particles obtained
from a radioactive€lement (Like Polonium). These rays scattered from the atom and
examined on’a@zincsulphide (ZnS) screen.

Lead block containing
an alpha-particle
emitting source

Fiphaparicle
deflected at a
large angle HBeam of
S— alpha particles

@ Do you know?

Radioactive element are unstable
isotopes that release subatomic
particles or energy as they decay.

Gold fail

Zinc-sulfide- For exc|mp|e:

enated screen

Maost alpha particles Alphs partiche . ) }
Pt it ite o o Uranium, Radium and polonium
no deflection

Fig 2.10 Gold Foil experiment




Observations
1.

Atomic Structure

Most of the particles passed straight and un Do you know?
deflected through the sheet and produced

illumination on the zinc sulphide screen.

Illumination:

The action of sup

2. Veryfew alpha (o) particles undergo small and ipeliating vith el i )
strong deflection after passing through gold  flux per unit area pting
sheet. surface at any gi point called

3. A very few alpha (o) particles (one of 8000) illumination
retraced their path. =

Conclusion

1. According to Rutherford an atom consist of two parts Aucleus and extra nuclear

part.
2. Majority of the alpha particles passed straight line and un-deflected, shows that
most volume occupied by atom is eppty.
3. Alpha particles are positively charged/and their deflection indicates that the
spelling of atom has a positive charge, which is named as nucleus.
4. The mass is concentrated in the nucleus and the electrons are distributed outside
the positively charge nucleus.
5. Theelectrons aré revolving around the nucleus in extra nuclear part in orbits.
Conclusion of Ruther Ford “Gold Foil” experiment
. Beam of Alpha Atom of gold foil  Maiority of alpha-rays
\ Nucleus °
|
‘ ' 1 @ Passed away b~ _o © -
Mo | @ N9 o -
Particles & 2 Deflected M-.&EQS — {
\ 3 € Bounce Back o
- 4 © Deflected _— 0.,_‘“&
® o
© c -~
©

Fig 2.11 Pictorial description of bombardment of alpha particles on gold foil
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Rutherford postulates :

B An atom consist of positively charged, rmmssssennssssss ELECTRON ORBITS
dense and very small nucleus containing iz NOCLEUS
protons and neutron. The entire mass is e

. I Y PROTON
concentrated in the nucleus of an atom. @ -
5
®  The nucleus is surrounded by large empty

space which is called extra nuclear part

where probability of finding electron is
maximum. Fig 2.12 PostélateyofRuther

B The electrons are revolving around the nucleus in circularpaths,with high speed

(Velocity).
B Thesecircular paths were known as orbits (Shells).

®  An atom is electrically neutral because it has“equal number of protons and
electrons.

B Thesize of the nucleus is very small as compared to the size of its original atom.

Defects of Rutherford atomig’ model Do you know?
1. Rutherford did not explain the stability of an atom.

. . SPECTRUM: A B f light is all d thi h
2. |h Rufhel’fo I'd Otom IC model the negCItlvely glass prism, it splﬁsmtg sgverlaslacoolc‘ﬁlers. ?rﬁ:i)she;g;gen:
is called dispersion and band of colours is called
ChG rged electrons revolve Oround -t-he nucleus in spectrum, which is classified according to its wavelenth.

circular path and emits energy continuously. Due
to continuous loss of energy ultimately falls into the

Emission Spectra Absorption Spectra
Continous Spectrum J— Line Spectrum

nucleus.

3. If the reyolving electron continuous emits energy,
then there would be a continuous spectrum but in
contrast to4t we get line spectrum from the atoms

ofelements.
ANy

~ -

2.2:2 Neil Boher'sAtomic Model €y

?
In, 1913 Neil Boher proposed another atomic model. Do you know:

This atomic model was different in this manner that it What is quantum?
shows two folds, first to remove the Rutherford atomic A discrete quantity of energy
model and second explain the line spectrum of proportion which can exist

independently.

Hydrogen atom based on quantum theory of Max
Planck.
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Postulates of Neil Boher's Atomic Model

Neil Boher proposed the following postulates for atomic structure.

1.

The atom has fixed orbits in which negatively charged electron is revolving around the
positively charged nucleus.

These orbits possess certain amount of energy which are called shells andynamed as
K, L, M, N shells.

The energy levels are represented by an integer (n= 1, 2, 3....) known,gs quantum
number, this quantum range starts from nucleus side, whepe = 11is lowest energy
level.

Electrons are revolving in particular orbits continuously,sbut they are not emits or
absorb energy.

When electron jumps from lower energy level (E )to higher energy level (E-), it absorb
energy.

When electrons jumps from higher energylevel(E.) to lower energy level (E1), it emits
energy.

The emission or absorption is ‘diseontinuous in the form of energy packet called
Quantum or Photon.

TheAE difference in energy of higher (E\) and lower (E:) energy level.
AE =E.—-E:
AE=vh =1photon

Here his planks constant, its value is 6.63 x 10 Js and v is a frequency of light.

9.

StationarysState were present in those orbits in which angular moment of electron
wouldbe integral multiple of h/2n

rvr= nh/21 (where n = no of orbits) h=(planks constant) m= (mass of electron)

Increasing enerngy
n=3 of orbits

f Aphoton 1S ermitied
‘\:Cc;?.:’. Esihi

Fig 2.13 Neil Boher’s Atomic model
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Limitations of Bohr's Atomic Model :

L Bohr's model of an atom failed to explain the Zeeman Effect (effect of magnetic
field on the spectra of atoms).

| It also failed to explain the Stark effect (effect of electric field on the spectr@ of
atoms).

| It deviates the Heisenberg Uncertainty Principle.

n It could not explain the spectra obtained from larger atoms.
n It explain the monoelectronic species like H*', Li*?, B
Test Yourself
B Which particles shows mass of an atom? 8
B Prove Rutherford atomic model based on classi
theory and Bohr atomic model based on quantum
theory?
®  How you can relate living things with che @
Vo

2.3 Modern Theories of Atomic Stplcture

In the year of 1900 Max Planck proposediguantum nature of radiations and energy in a
photonwave E=hv as quantum theory- This quantum theory accepted by Albert Einstein
in 1905 and proposed relationship, between mass and energy to explain photoelectric
effect by wave particle duality'as = mc”. In 1913 Neil Bohr continue to use quantization
of radiation with angularimomentum of electrons. Bohr predict and explain the line
spectrum of Hydrogen atom

2.3.1 DesBraglie Hypothesis
In 1923, Leis De Broglie extend the wave particle duality to electron, and propose a
hypothesis that'all matter has particle as well as wave nature at the submicroscopic level.

De Broglie combine the Einstein and Planck equations and argued that if
E=hy where E = energy,h = plank'constant, y=frequency of light

And E = mc where E = energy,m = mass, ¢ = speed of light

Then

hy =mc® OR y=mc’/h
A= h/my
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The wave nature of a particle is quantified by De

Broglie wavelength defined as A=h/p where p is DeBroglie wave particles duality hypothesis

the momentum of the particle.

According to De-Broglie a light, or any other
electromagnetic wave, can also exhibit the
properties of a particle, similarly a particle should
also exhibit the properties of a wave, and those two
nature are interchangeable.

Broglie wave duality

]
2.3.2 Schrodinger Atomic Model @3 hypothesis

In 1926 Erwin Schroédinger, an Austrian physicist, took the Bohr’s atomic model one step
forward. Schrédinger used mathematical equations te describe the likelihood of finding
an electron in a certain position. This atomic m@del is known as the quantum mechanical
model of the atom.

Schrodinger model is just an improvement,of Bohr’s atomic model. He took an atom of
hydrogen because it has one protofi.andene electron. He proved mathematically that
electron can be find in different position around the nucleus and determined by
probability.

B The quantum miechanical model determines that electron can be find in various
location aroyhdthe ndcleus. He found electrons are in orbit as an electron cloud.

B Each energy subshell in an orbit have different shapes which determine the
presence of electron.

B Different subshells of orbitals are orbitals named as s, p, d and f with different
shapes as 's'is spherical and 'p'is dumbbell shaped.

B \The numbers and kind of atomic orbitals depends on the energy subshell.

According to quantum mechanical model probability of
finding an electron within certain volume of space
surrounding the nucleus can be represented as a fuzzy
cloud. The cloud is denser the probability of finding
electron is high which are called atomic orbitals. Detail
and mathematical derivation will be discussed in next

classes. Fig 2.16 Schrodinger
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2.4 Electronic Configuration

Before discussing electronic configuration we must understand the concept of shells and
subshell.

As we know that nucleus is present in the centre of an atom and around the nugleus
electrons are revolving. Now we have to understand how these electrons are revolving
around the nucleus. These electrons are revolving around nucleus in different/levels
according to their potential energy.

2.4.1 Concept of Shell (K, L, M, N,O & P)

The Energy levels or Shell or Orbit are all possible paths onh which”electrons are
revolving around nucleus. Which shows by'n'. these shells are namedas K, L, M, N, O, P
with quantum numbersn= 1, 2, 3, 4, 5, 6 respectively. These shells have definite amount
of energy by means of decreasing shown order as they become'away from nucleus.

N shell

M Shell
L Shell

Y V)V | postoven

charged
Nucleus

Fig 2.17 Shell (Energy level)

First energy level is K shell has less energy.
Second energy level is L shell has more energy thanK shell.
Third energy level is M shell has more energy than K and L shells.

Fourth energy level is N shell has more energy than K, L and M shells.

Fifth energy level is O shell has more energy than K, L, M and N shells.
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2.4.2 Concept of Sub Shell (s,p,d & f)

When atomic spectra of substances were observed in a high powered spectroscope, it
was found that they consist of two or more lines closely packed with each other as
discussed in zemen and stark effects. These lines means that electrons in the same shell
may differ in energy by small amount. Thus main energy level are divided in to sub energy
levels and known as sub shells. When electrons are many in numbers in a shellithey.show
repulsion and main shell splits into subshell which named as s, p, d and f subshells:

The number of subshells in a shell is according to value of that shell, whichware given in
table 2.1

Table 2.1 Values of shell and sub shell Ny
Value of ‘'’ Shell Sub shell

Doyouknow?

The 'atomic spectrum of substance

1 K Only s spectral lines. These lines
di in energy by small amount.
2 L s, p Energy levels are divided into
shells/ subenergy levels due to
3 M s. p,d )repulsion. The shell orbit split into
subshell which are named as s, p, d,

4 N s,p, dif Socl

2.4.3 Electronic Configuration of First 18 Elements

Now we can understdndsthat 'the distribution of electrons among the different
orbits/shells and sdbshells/according to some rules is known as the electronic
configuration of an, atom'. Generally, the most stable electronic configuration
represented when an atom is at the ground state with less energy level. Electrons filled in

increasing order from lower to higher energy levels as
Each shell has a maximum number of electrons that it can hold.
Electrons will fill the shells nearest the nucleus first.

1* shell holds
a maximum of
2 electrons

2™ shell holds
a maximum of
8 electrons

3" shell holds
a maximum of
8 electrons

This electron arrangement is written as 2,8,8.

Fig 2.18 Filling of energy level
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The maximum number of electrons that can be accommodated in a shell is represented
by the formula 2n?, where 'n' is the shell number. The distribution of electrons in different
orbits are as follows:

K-shell/ 1" orbit (n=1) = 2(1)* = 2
L-shell/ 2™ orbit (n=2) = 2(2)* = 8
M-shell/ 3” orbit (n=3) = 2(3)* =18
N-shell/4" orbit (n=4) =2(4)’ =32 and so on

There are slight difference in Energy levels of subshells, that way subshell's'filled first then
subshell 'p'and onward. The distribution of maximum electrons in subshellsis as follows.

2 electrons in's' subshell
6 electrons in 'p' subshell
10 electrons in 'd' subshell

14 electrons in 'f' subshell

Whenever we write electronic configuration always remember following points.
1. Number of Electrons in an Atom.
2. Arrangement of shells and subshells according to energy levels.

3. Maximum number of electrénsfor.shells and subshells.

Example 2.1write dowp &igctrgnic configuration of an element which has 8
electrons.

For this element firstof all electrons will be filled in K shell which have maximum capacity
of 2 electrons, ®than remaining electrons will be filled in L shell which has maximum
capacity of 8'eleetrons. Now arrangement of electrons will be enter into

K\L'M ¥ peatans ()

] clccrmm (=)

2,6,0 Oxyg e n wniteon configureion 36

8 eleci'rons

First shell: 2
second shell: &

Thé above mention element is Oxygen which has 8 |8 protons
eleetrons. In writing electronic configuration first two )
electrons will go in the '1s' subshell of K shell which
hold two electrons. The next two electrons for oxygen
go in the 2s subshell of L shell and remaining four
electrons will go 2p subshell of L shell. Now
electronic configuration of oxygen is 1s” 2s” 2p*

Fig 2.19
Electronic Configuration of Oxygen
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The electronic configuration of different  Order of Filling of Electrons in Subshells
subshell of atom is written as 1s°,2s”, 2p°,

2 . . n=1 @

3s’, 2p asshowninfigure 2.19. . & @
=2 ’

h n 2 v _
Where coefficient shows number of shell, . @ ®
s,p are subshells and superscript is number . @ @ :
of electrons in subshells. The electronic n=4 -' @'
configuration of first 18 elements is given n=5 _ ®_ 6 69
intable 2.2 Al © @®p

n=7 @

Fig 2.19 Order of filling“of eléctrons in sub shells

Table 2.2 Electronic arrangement of the first 18 element§ of the periodic table

mm Atomic Number (number of electrons)| Electronic Configuration

i

/) ) 2 2¢,2p

Nitrogen N 7 1s*, 25, 2

| Nirooen LSV
o/\\v 8 1s2, 2¢, 2p
N X, ’ R
Ne” 10 1, 2¢, 29
} ‘Na 11 1€, 2¢, 28 3¢
Mg 12 1, 2¢, 20 ,3¢
Al 13 s, 2¢, 2p ,3¢,3p
Si 14 1¢,2¢, 28 3¢,3p
P 15 15, 28", 2¢8,35°,3p
S 16 ¢, 2¢, 2¢,3¢,3p
Cl 17 1s?, 2¢, 2p,3¢,3p
Ar 18 1, 2¢, 2p,3¢,3p"
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Test Yourself

B What is maximum number of electrons that can be
accommodate in's' subshell?

B How many electrons will be in L shell of an atom having
atomic number 11?

B In the distribution of electrons of an atom, which shell
filled first and why?

®  If both Kand L shells of an atom are completely filled,
what is the total number of electrons are present in
them?

ISOTOPES AND THEIR COMMOQN APPLICATION

As you know that atom is composed of three particles’electrens, protons and neutron. In
most of the elements number of electrons are equal to number of protons due to this their
atomic number and mass numbers are same/but in few elements atomic number and
mass numbers are different in same elements.

2.5.1 What are Isotopes?

Atoms of the same elements having same atomic number but different Mass number
are called isotopes. They have same.atomic number and number of protons, but different
number of neutrons. These” elements have same chemical properties due to same
electronic configurationgbutddifferent physical properties due to difference in mass
number.

2.5.2 Examplesyof Isotopes
(1) Isotopes oftHydrogen
There are three isotopes of Hydrogen. These are

known as, Protium, deuterium and tritium as g e
showninfig:2.20

Hydrogena | O Lo " °'octon | H

Protium
— 4z

macsens | @) o 4IEZEN  H
Deuterium —m

el o Ba——
Tritium e 1 proton |

Fig 2.20 Isotopes of Hydrogen
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(2) Isotopes of Uranium

234 235 238
There are three common isotopes of 92U 92t 92U
. . . 234.04094 23504392 238.05078
uranium with atomic number 92 and __
mass number 234,235 and 238 0.0055% gr20e

X L Radioactive Radioactive Radioactive -
respectively, as shown in fig 2.21. The

uranium is found 99% in nature. Fig 2.21 Isotopes of fdpiutg

(3) Isotopes of Carbon

There are two stable isotopes and one & Brotons

6 Protons
radioactive isotope of carbon. Which  Nogtrons i
are shown infig 2.22.
The carbon 12 contain 6 proton and 6 _
neutron, Carbon 13 possess 6 proton N
and 7 neutron, carbon 14 contain 6 Fig 2.22 Isotopes of Carbon

proton and 8 neutron. Carbon 12 is the
most abundant (98.89%) isotope.

(4) Isotopes of Chlorine

There are two isotopes of Chlorine with atomic number 17 and mass number 35 and 37.
as shown in figure 2.23..Chlorine 35 is 75% and chlorine 37 is 25% abundant in nature.

17 protons

37 . 17 protons
18 neutrons C I o 20 neutrons
17

17 electrons . 17 electrons

|
N

c0O®

Fig 2.23 Isotopes of Chlorine
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Table 2.3 Applications of Isotopes

S Name of
' Radioactive Fields Uses
Mo
Isotopes

(1) | Phosphorous-32 | Radiotherapy

Treatment of skin cancer ‘
or strontium -20

(2) | Cobalt-60 Radiotherapy * Treatment of body candérdue to
more penetrating pawer.
(3) | lodine isctopes | Radiotherapy »  Defestations of Wﬂds in the
neck. )
(4) | Technetium Radiotherapy + Tomonitorthé bone growth in
fracture healings
(5) | Gamma rayof Medical instrumentation . TWH of medical
cobalt - 60 i nts and dressings from
harmful bacteria.
(6) | Americium -241 | Safety measures & ) Used in back scatter gauges, smoke
industries detectors fill height detectors and

measuring ash content of coal.
Tracing factory waste causing ocean

(7) | Gold-198 and Sewage & liqui USV

Technetium-99 | movement for wa pollution
polluti » Tracing sand movement in rivers and
Z oceans.
(8) | Uranium-235 Powet Gerferation o Conversion of water energy from
steam to generate electricity.

(9) | Plutonium -2 Medicine

Used to stimulate a regular heart
beatin heart pace maker.
Used to estimate the age of fossils.

( 1 m Carbof=h4 Archaeology and Geology

Test Yourself

Which of the isotopes of hydrogen contains greater
number of neutrons?
B Why do isotopes of same elements have same

chemical but different physical properties?

B How the isotopes of Carbon are different from
isotopes of Hydrogen?
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The Electron is lightest particle carrying a negative charge in an Atom discovered by
J.J.Thomson and William Crooks.

The Proton is positively charge particle discovered by Goldstein in 1886.J.). Thomson
investigate properties of proton in 1897.

In 1932 Chadwick become successful to discover Neutron.

Lord Rutherford in 1911, carried out series of experiments and proposedsa, new model for the
atom that an atom contains nucleus at the center and electrons revolve around this nucleus.

In 1913 Neil Bohr proposed another atomic model. This atomic smodelwas’different in this
manner that it shows two folds, first to remove the Rutherford atomic model and second
explain the line spectrum of Hydrogen atom based on quantum theory of Max Planck.

In 1923 Lois De Broglie extend the wave particle duality,to electron, and propose a hypothesis
that all matter has particle as well as wave nature at the submicroscopiclevel.

The Energy levels or Shell or Orbital are all possible paths onwhich electrons are revolving
around nucleus. Which shows by 'n'. these Shells,are,named as K, L, M, N, O, P

Main energy level are divided in to sub energy levelsiand known as sub shells.

The distribution of electrons among the differentworbits/shells and subshells is known as the
electronic configuration of an atom.

Atoms of the same elements having same atomic number but different atomic masses are
called isotopes. They have samenumber of electron and same number of protons, but
different number of neutrons«

The Isotopes are used inworldwide applications of daily life. Research laboratories, medical
centers, industrial facilities,foodsirradiation plants and many consumer products all use or
contain isotopes.
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I SECTION- A: MULTIPLE CHOICE QUESTIONS

Tick Mark () the correct answer

1.

In an atom number of protons and neutrons are added to obtain:
(a) number of electrons (b) number of nucleons

(c) atomic number of element (d) number of isotopes

If proton number is 19, electron configuration will be:

(a)2,8,9 (b) 2,8, 8,1
()2, 8,1 (d)2,8,3
If nucleon number of potassium is 39, number of neutrons will be:
(a) 39 (b) 19
(c) 20 (d) 29
The isotope C-12 is present in abundange™of:
(a) 96.9% (b) 97.6%
(c) 98.8% (d)y 99:4%
Electronic configuration is distribution, of:
(a) proton (b).neutron
(c) electron (d) positron
Which one of the following is most penetrating?
(a) electron (b) Proton
(c) alpha particle (d) neutron
How many subshells in a L shell:
(a) one (b) two
(c) three (d) four
DeBroglie extend the wave particle duality to electron in:
(@) 1920 (b) 1922
(c) 1923 (d) 1925
Name the material of screen which used in Rutherford atomic model :
(a) Aluminum foil (b) zinc sulphide
(c) sodium sulphide (d) Aluminum sulphide
10. Which rays are used for sterilization of medical instruments :
(a) a-rays (b) B-rays
(c) y-rays (d) x-rays
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| SECTION- B: SHORT QUESTIONS:

1.
2.

N OO~ ®

M w0N

Draw the structure of isotopes of chlorine to justify the definition of isotopes?
An atom has 5 electrons in M shell than:

(a) Find out its atomic number?

(b) Write Electronic configuration of atom?

(c) Name the element of atom?

Justify that Rutherford atomic model has defects?

Describe wave particle duality of electron of De Broglie Hypothesis?

What are Limitations of Bohr's Atomic Model?

Differentiate between shell and sub shell with"examples?

How the atoms of O, and O, are similar &r différefit from each other?

Write down the names of sub atomi¢ particles their masses in a.m.u with their
unit charges.

SECTION- C: DETAILED=-QUESTIONS:
1.

Discuss Rutherfofd' gold metal foil experiment in the light of structure of atom.
Writ down thé applications of isotopes in daily life.
Explain hew Bohr's atomic model is different from Rutherford atomic model.

Prove that modern theory of De Broglie is related with Einstein and Plank's
equations:

How,are cathode rays produced? What are their major characteristics?
Describe the schrodinger atomic model.

Describe briefly the experiments which provide clue and evidences of electron,
proton and neutron in an atom.

How many protons, neutrons and electrons are present in the following
elements ?

235

(i) Fe! (i) O, (jii) CI', (iv) U,

v) C;




PERIODIC TABLE AND

PERIODICITY OF PROPERTIES

Time Allocation

Teaching periods =08
Assessment period = 02
Weightage =

Major concepts
3.1 Periodic Table.

3.2 Periodicity of properties. v

STUDENTS LEARNING OUT COMES (SLO'S) A

Student will be able to:

© State the periodic law.
© Distinguish between a period and a group in the periodi

<)

© Determine the demarcation of the periodic ’rc o an s-block, p-block, d-block
and f-block

@ Construct the shape of the periodic t
@ Determine the location of families dic Table.
© Recognize the similarity in the ch |cc1|

family of elements.

© Claossify the elements (into two categories: groups a ods) according to the

configuration of their outer most electrons.

d physical properties of elements in the same

@ Identify the relationship electron configuration and the position of an element on
the periodic table

© Explain how shieldi ct influences periodic trends.

© Describe how electro negativitiy, electron affinity, atomic radii and ionization energy

change withi@o and within a period in the periodic table.

>




Fundamentals of Chemistry

Introduction:

The periodic table of Elements which you see in front of any classroom or chemistry
laboratory.You take it for granted but this is the product of thousands years struggle of
scientists to understand the complexity of this world as Elements . When a large number
of elements discovered, scientists decided to arrange the elements in certain order:

First of all German chemist Dobereiner proposed classification of Triads in which several
groups of three elements classified on the basis of atomic masses. In thisf/Triad eentral
element had atomic mass average of the other two elements. For example, Caleium (40),
Strontium (88) and barium (137). In which atomic mass of strontium isiaverage of atomic
masses of calcium and barium.

Table 3.1 Dobereiner classification of trdids

ELEMENTS ATOMIC MASS ARITHMATIC MEAN
Lithium 7 7 +39 _ 23
Traid Sodium 23 2 - =
raids Potassium 39
Chlorine 35.5 35.5 + 126.5 _ g4
; bromine 80 2
Triads lodine 126.5
Calcium 40 137 + 40 _ 88
Triads Strontium 87 2
Barium 137

In 1864 British chemist Newland put forward Law of Octaves in order of increasing
atomic masses. According to him eighth element has similar properties as first elementin
a group of eight elements. For example:

Table 3.2 Newlands Classification octaves
|_|=f\e=‘54 B=11 C=12 N=14 O=16 F=19

=23 Mg=24 Al=27.3 Si=28 P=32 C|=35.5

L N

In the,above arragement Li and Na, Be and Mg, B and Al, C and Si,
Nénd B O and S, F and CI shows same chemical properties.
In 1869, Mendeleev published eight vertical columns (groups) and horizontal
rows(periods)on the basis of physical and chemical properties of elements. In 1869
German scientist Lother Meyer published a periodic table in which 56 elements were
arrcmged in 9 vertical columns or groups on the basis of atomic masses

i
L

Dobereiner Newland Lother Meyer Mendeleev
Fig 3.1 Scientists participated in classification of Periodic table
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KB PERIODIC TABLE

Mendeleev periodic table was the first attempt to arrange the elements although this
periodic table was failed due to many demerits but provide the base for discovery of
Periodic Law. On the basis of periodic Law a periodic table developed in which vertical
columns are called groups and horizontal lines are called periods. This periodic table
predictthe properties of elements.

3.1.1 Periodic Law:

In 1869 Mendeleev Proposed a periodic law on the basis of physicalvand chemical
properties empirically. Periodic law states that “ The Properties of the elements are a
periodic Function of their atomic weight”. In certain cases Mendeleeyv left gaps, which
modified by Moseley.

3.1.2 Modern Periodic Table

Atomic numberis afundamental property becausé itinereases regularly element to

elementand isfixed for every elements.
It was noticed in arrangement of elements that atemie’number increasing from left to

right in a horizontal row and properties of elements were found repeating after regular
intervals. Due to this reason elements ofwsame properties and same electronic
configuration are placed in the same group.

In 1913 Moseley discovered that Atomigynumber is the basic property of an atom. He
proposed a modern periodic law:*The.Moseley states that “ The Physical and chemical
Properties of elements aré the periodic function of their atomic numbers” Atomic
number of an element is’equal te"the number of electrons in a neutral atomso atomic
number also provides the electronic configuration of elements of periodic table. So on
the baises Electronig Configuration arrangement of elements in long from of periodic
table and Periadietable composed with 7 rows and 8 columns.

Periods if Petiodic Table:

There aresseven horizontal lines in periodic table known as periods. In periods physical
and chemical properties changes from left to right. Elements of a period shows
differentproperties because The electronic configuration continuously changing within
asperiod and number of valence electrons decide the position of element in a period.
These periods are categorized as short periods and long periods. Which are as follows.

First Period(shortest period)

B This period contains only two elements Hydrogen (H) and Helium (He).
®  K-shellis filled in this period.
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Second and Third Period(Short Period)

B Each periods contain eight elements.

B Inthese Periods L and M shells are being filled by electrons.
B Second period contains Li, Be, B, C, N, O,F and Ne.
| |

Third period contains Na, Mg, Al, Si, BS, Cl, and Ar. 20

Fourth and Fifth Period(Long Period)

B Each period contain 18 elements.

B Inthese periods M and N shells are being filled by electre
®  Fourth period starts from Potassium (K) and ends o
m  Fifth period starts from Rubidium (Rb) and ends.on

an

Sixth Period(Longest Period)
B This period contains 32 elements.

B The 14 elements inthe bottom aremnan Q Lanthanides.
@ d ends with Radon (Rn).
Seventh Period (Incomplete

B This period starts from Francium (Fr)

B This period is consi

B Sixth periods starts from Caesium

oup of 14 elements known as Actinides.

B This period coniains a
All the periods ex&e irst period start with an alkali metal and end at a Nobel gas. It
num

is observed that r of elements are fixed in each period because of maximum

number of roms accommodation in the particular valence shell of elements. Which
is sho Q e following table 3.1.
able 3.3 Period wise Atomic Number of Elements in Periodic Table

1to2

8 3to 10
8 11to 18
18 19 to 36
18 37 to 54
32 55 to 86
[32]* 87 to 118*

(Where * Shows incomplete period)



>
S
-
2
i
E
-]
=]
O
e
=
=
[}
]
=
)
£
]
s
=
=
=

sep : LR [CET] yue3 1239
ﬁ? Rt siqoN s N B o)seg uopisuell | auleylY eIy
Tesel 1 roresz % szl | oso'ise || ozoive || oloive | 1eoeve || veowve || eroicc || 6zosce || 9e0'ice || scocee | seoiee |
wnpuaiMe] | wniRgoN Y ) I wnung wnouswy | wnuomyd | wmumday wmueln | wnunoelold | wnuoyp wnunoy
sauas
17 ON s3 .,O g w) wy nd dN N Bd Yl OV e
t €0L zoL } 66 86 16 96 g6 ¥6 €6 € 16 0 68
L96FLL SSOEL PE6'89t ﬁ 005291 SZ6'88) SZ'IS1 $96'161 9€ 051 ELE Pl creppl || 2060¢L | OLLObE S06'8EL
winigauy WNIGISITA E:..=E. _nz E_:uEamE E:::E, 1l 1 1 1t 1 Tt winiey 1
sauss
N | qA PO N3 wg Wd PN Id 9D B ..
LL 0L mm %9 €9 z9 L9 09 65 8S| LS
Umausin | umouyun | Tgez] UmOUUN ﬁ@l 2 lzzzl Ieozl lgoz] [sez] [raz] [ooz] lzozl l192] czoozz || 0zocez |
I | L 1 T _.::..E_ wnpiwadoy  u wnissey wnuyog winwgng i wnipey wnouely
onn snn A7 dnn |4 wn u), BY sg IN sH uygd Bs qg ey 4
8LL| £l 9l SLL pLL €Lk, ziL LLL oLL 601 80L L0L 90L SoL 0L |  £01-68 88 L8
BlOZze | L9660z | lzse'soe] | ose'so0C TL02 £8E'H02 §00 5061 GB0'S6L  LIZE6I £2'061 L0Z'981 PBERL 8v68'081 6V'8LL BEC'LEL | SOBEEL
uopey aune)sy ‘winuojod ynuwisig peaq winyeyl e wnuned winipuy WnIsQ wmnuayy uassunl winjejuej wmujey wnueg winisan
u4y v od Id Hr”_ IL :< id 11 SO ed M el H eqg sO
98 o8 ¥8 €8 %:] 8L LL oL Sl ¥L €L ZL | WATA 9¢g gs
veZLEr || 069zl 9zl 09L 121 [HVA-TUR TR I »% :vamo— 906204 LO°L0} L0686 56'56 90626 vZZ L6 90688 z98 | 8opve
uousy aupo| wnunjap Auownuy uilL winipuj wnjwpegy 2 E%m_mmm winipoyy g 1 ! WiniqoIN wimuodnz winuyA wnuons E—-_E_._E
ax 1 o._. qSs us uy po m( @n_ _._m_ nY 921 OAN 9N 1Z A l_m n_m
va, g5 s 1§ o8 (4 k14 Lig 14 44 34 [44 ¥ or 6¢
861 78 v06'6. || L6 2 zeorl | 89Tl | €269 8859 9v5'E9 .ﬁmm.wm SY8'SS $66'75 966°L5 2v6'05 L98°LY 956'7Y 8007 | 880 m 1
uoydlm aunuoig winuaes Jmasly wniueuusn wnieg iz Jaddog “Neqod uoy [ I winiuel | wnipuess winey wnisselod
M 19 oS sy @©8H ey uz n)o o@ ®4 UN 1D A Il 95 BJ
9 &g e €8 ze Le [ 62 Pz, =% sz vz £z 44 1z 0z | 61
896 66 £67 68 590 ze 71608 9808z | 28692 gz gl 8 aL 29 8 ay ae soeve | o6z |
oBry suton ngng | smoydsoyd | uesms | wnuungy al al v( A |\ alA aln an anl an wniseuSey | wnipog
IV 19 S d I8 IV @ w e s Ta. v s = v & BN BN
8Ltk skf st vl £l coxp k| LL
08L0Z | 8668 | 666GL | Z00FL Lozt 150k sweN Z10'6 L76'9
uoay Butionl{ uagixg usgonN uogieg uoiog winfisg wnpn
N 4 O N O d foquiks °g I
o, & 8 L 9, & v €
£00'F VL v9 Vs v vE 2NN \74 800'}
winijsh VIIA YIA VA VAI vl lhokia/ Vil usBoIpH
9H Jii ol -1} L el z H
z L
v8 Vi
VilIA vl
8l 3

SJUBWIdId JO 9|qD] DIpPOlIdd




Fundamentals of Chemistry

Groups in Periodic Table:

There are Eight vertical columns in periodic table known as groups. The sub groups are
divided on the basis of their similar properties as A and B and placed together in
periodictable.

The elements of sub group A are called Main or Representative Elements.

The elements of sub group B are called Transition Elements. The group némbexindicate
total number of electrons in valence shell of the element.

Group | A (Alkali Metal) or Lithium Family:
m  This Group include Lithium (Li), Sodium (Na), Py

Pofossﬁum (K), Rubidium (Rb), Cesium (Cs) ard Do you know?
Francium (Fr). v Francium(Fr) is

B Their Valence shell contain one electron. . radioactive element

B On reaction they lose one electrod and form el ey
univalent positive ion.

B Theyare highly reactive metals. i

B They have low melting point; i i

. . . Do you know?
Group Il A(Alkaline Earth Metals)/6r Beryllium Family:

B This Group include |Beryllium (Be), Magnesium (Mg) Radium (Ra) is
Calcium (Ca), Strentitim(Sr), Barium (Ba) and Radium (Ra).  qdioactive element

B Their Valence shellcontain two electrons. of IlA group.
B On reaction, theyylose two electrons and form divalen:
positive ion.

B Theyshow irregular Densities, Melting and Boiling point.

GroupthA(Boron Family) :
B, “This' Group include Boron (B), Aluminum (Al),
Gallium (Ga), Indium (In) And Thallium (Ti).

MW, Theirvalence shell contain three electrons. atomic volume boron shows

. some properties of metals
B On reaction they lose three electrons and form At .
and some properties of non-

trivalent positive ion except Boron. metals.

Boron (B) is metalloid in iiiA
group due to increase in

Group IV A(Carbon Family) :
B This Group include carbon (C),silicon (Si), Germanium (Ge), Tin (Sn) and Lead
(Pb).

®  Theirvalence shell contain four electrons.
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®  C,Siand Ge form covalent bond, whereas Sn and Pb exhibit variable Valence 2

and 4.
B Carbon is nonmetal, Silicon , Germanium are metalloids and Tin and Lead are
metals. \ /.
Group V A(Nitrogen Family) : Do youskriaw?
B This Group include Nitrogen (N), Phosphorus (P), < hd
Arsenic (As), Antimony (Sb) and Bismuth (Bi). Carbon a

. X . allotropic
®  Theirvalence shell contains five electrons. increase in

gro aue
®  Theyshow large variations in their properties as we go ﬂfo nd volume,
down the group. ition,of new shell

. o . place.
B Except Nitrogen all existin allotropic form.

Group VI A(Oxygen Family) :

B This Group include Oxygen(O) ,Sulphur(S),Selenium (Se), Tellurium (Te)
and Polonium (Po).

B Their valance shell contain six elements.

All of these elements exist in alletropic forms.

B Oxygen and sulphur are,‘honmetals, polonium is metal and all other are
metalloids.

Group VIl A(Halogen Eamily)\:
B This Group in€ludey Fluorine (F),Chlorine(Cl),Bromine(Br),lodine(l) and
Astatine(At).
®m  Theirvalenceshell contain seven electrons.
B Exceptarsénic(metal) all are nonmetals.

m  Flderine and chlorine are gases, bromine is liquid and iodine is solid at room
temperature.

Group\VIIT"A( Inert or Nobel gases):
®_\This Group include Helium(He), Neon(Ne), Argon(Ar), Krypton (Kr) Xenon(Xe)
and Radon(Rn).
®  Their valence shell contain eight electrons except Helium which contain two
electrons.
Group IB to VIII B( Transition Elements):
B These Groups are metals.

B Inchemical reactions they shows Variable valences.
B Theirvalence shells are incomplete.
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Test Yourself

(1) look at the given periodic table carefully and answer the following
questions

Periodic Table of the Elements

Ta
li. “"'"Jl

;i i. llm T :ve “L\IJ F':ua
1

@ |dentify and list dowf the selid, liquid and gases at room temperature from the given
perlodlc’robl

@ |dentifyand na he artificial elements from the periodic table gives above.
@ |dentify andlist down the radioactive elements.

& Idepti ali, alkaline , transition metals.

o g nd list down metalloids , lanthanide and actinide.
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3.1.3 Demarcation of periodic table in S, P d and f blocks:

I The periodictable has been divided into four blocks, S, P, d,andf based on electronic
confiauration.

45 ate 3d

-5 5 4d Sp

65—~ 4f 5d

75 5f 6d 7p ————
s-block d- f-block d-block | p-block

Fig 3.3

Nobel Gases:They are colorless, unreactive and diamagnetic,They are placed in zero
group. Their electronic configurationis ns’,np® and afe exceptionally stable.

Representative Elements Itincludes metalssand nenmetals. Some are diamagnetic
and some are paramagnetic and marked as S block and P block elements.

(I) S-Block Elements: In s blockéelements electrons occupy in ns orbital. The
elements of group IA and |IA gre s blegk elements. Their electronic configuration
variesns' to ns-.

() P-Block Elements: In p block elements electrons begin to fill np' to np°
.Elements of group IlA+0 VII'and zero group are also p block elements.

d-bLOCK Elements(Quter Transition Elements): The Elements exhibit common
oxidation state .in these elements electron fills in (n-1)d-orbital. d-block elements consist
of three series.

f-BLOCK Elements Inner Transition Elements): The elements in which inner f-orbital
filled, are calledsf block elements. They exhibit electronic configuration ns2(n? )dT,
(n-2)f W*“There are two series called Lanthanides and Actinides

LY PERIODICITY OF PROPERTIES:

The Periodicity means” Repetation of some thing affer fined interval”. The Periodicity of
properties means that elements are arranged in an Order where properties of elements
repeat after some period.
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3.2.1 Atomic Size and Atomic Radius:

Atoms are so small that it is impossible,to seg atoms even with a powerful optical
microscope. The size of a single atom therefore cannot be directly measured. however,
techniques have been developed which can maesure the distance between theeentres
of two bonded atoms of any elements. Half of this distance is considered@o be‘the
radius of the atom. Itis measured in Angstrom unit (A) TA =1 0%m

r=d/2
d

Fig 3.4 Atomic'tadius

In the periodic table, that atomic radius increases from top bottom within a group due to
increase in atomic number. This is be€duserefthe addition of an extra shell of electrons

in each periods, however, as the atomic number increases from left to right, the atomic
radius decrease. This gradul decrease‘in the radius is due to increase in the positive
charge in the nucleus. As the positive'nuclear charge increases, the negatively charged
electrons in the shells areé pulled closer to the nucleus. Thus, the size of the outermost
shell becomes graduallys/smaller. This effect is quite remarkable in the elements of

longer periods ingvhich™d” and “f” sub shells are involved. For example, the gradul
decrease in the size of kanthanides is significant and called Lanthanide Contraction.

Table 3.4 Atomic radii decreases in period

2nd Periods elements

*Li ‘Be °B

C N

HO)

F

10Ne

Atomic radii (pm)

152 113 88

77 75

73

71

69

Table 3.5 Atomic radii increases in group

Ist group elements| Atomic radii (pm)
*Li 152
"Na 186
K 227
‘Rb 248
v "Cs 265

»
>
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3.2.2 lonization Energy:

The ionization energy is amount of energy required to remove an electron from a gaseous
state and measured in joule/mole. The ionization energy depends upon atomic size and
nuclear charge. The higher ionization energy means removal of electron is more difficult
for example the ionization energy of hydrogen is 1312KJ/mole.

H(g) + Energy » H% e (ILE= +1312KJ/mol)

If we move from left to right in periods the value of ionization energy increases:lts
because of size of atoms reduces and electrons are held strongly by.the eléctrostatics
force of nucleus. Due to this elements on the left side have less ionization energy. Which is
shown in table 3.6.

Table 3.6 lonization energy increases in peried

Increase in ionization Energy of Elements in Periods of Periodic Table

>

Elements of Second SLi ‘Be °B C N 80 °F "Ne
periods
lonization Energy(kJ/mol | 520 899 801 1086+ 1402 | 1314 | 1681 | 2081

As we move down the group ionization enefgy decréases from top to bottom.
Due to additions of shells. Decrease infionization energy is shown in table 3.6.

These shells reduce the electrostatic force between electrons of valence shell and
nucleus.

Table 3% lasization Energy Decreases in group

Elements of lonization
first group energy (KJ/mol)
Li 520
"Na 496
K 419
‘Rb 403
Y| °Gs 377

372.3 Electron Affinity

The electron affinity is amount of energy released when an electron is added in the
outermost shell of a gaseous atom. It is also calculated in K J/mol. Affinity means
attraction, therefore electron affinity means tendency to accept electron to form anion
.Forexample electron affinity of fluorine is -328 KJ/mol.

F + e » F AH = -328 KJ/mol
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In a period electron affinity increases from left to right due to decrease of atomic size
because when size of atom increases the attraction between nucleus and incoming
electron increases and more energy released.

Table 3.8 Electron affinity increases in period

\ 4

Elements of Second SLi “Be B | °C ‘N | (O INF ""Ne
periods
Electron Affinity (kJ/mol -60 0 29 | -122| 0 =147 -328| O

Electron Affinity decreases in group

In a group electron affinity values decrease from Top to bottom, because the size of
atom increases.

Table 3.9 Electron Affinitydecreases in Groups

Elements of 17" |, Electron Affinity
group (KJ/mol)
’F -328
el -349
*Br -325
VA -295

Down the group attraction of incoming electron and Nucleus decreases and less
energy released.

Asthe size of iodine is higger than bromine its electron affinity is less than bromine.
The decrease of electron affinity is shown in table 3.9
3.2.4/5hielding Effect:

The shielding effect is defined as a reduction in the effective nuclear charge on the
electrencloud, due to a difference in the attractive forces on the electrons in atom.

The electrons present between the nucleus and valence shell of atom reduce the nuclear
charge of electron present in outermost shell. As a result valence electron experience
less nuclear charge than the actual charge. Therefore

“Electrons present in the inner shells Shield the force of attraction of nucleus felt by the
valence shell electrons is called Shielding effect.”

The Shielding effect increases down the group in periodic table and remain same in
period from left to right. For example shielding effect in potassium atom is more than
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Fig 3.5 Shielding effect in Potassium atom is more then Sodium atom

3.2.5 Electronegativity:

The ability of an atom to attract the shared pair of electrons towérds itselfin a molecule
is called electronegativity. The trend of electronegativity is samé as'ionization energy
and electron affinity. It increases from left to right in period due to increase in nuclear
charge which decrease the distance from nucleus to shared éléetron pair (table 3.10). It
increases the power to attract the shared pair of elecfrons:

Table 3.10 Electronegavitydf€reasessin periods

\ 4

Elements of Second °Li /“Be B |C |'N |%O | F
periods
Electronegativity 1.0 1.6 |20 |26 |3.0 |34 [4.0

In group electronegativity de¢reases because size of Atom increases and attraction for
shared electron pair decrg@ses” for'example in table 3.10 Electronegativity of halogens
are given.

Table3.11 Electronegativity decreases in group

Elements of 17" | Electronegativity
group
'F 4.0
cl 3.2
“Br 3.0
v 2.7

Test Yourself

What is trend of atomic radius in group?

|
| Why do bigger size atoms have more shielding effects?
| |

Which element have highest ionization energy and why?
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19th century is considered as milestone in Systematic arrangment of elements in Periodic
Table.

Dobereiner arranged element in Triads.
Newland put forward Law of Octaves.
Mendeleev Published Preiodic law with groups and Rows.

Moseley stated his law as “The physical and chemical properties of elementstare the periodic
function of their atomic numbers”

There are total eight groups and seven periods in modern periodic tdble.

Physical and Chemical properties change from left to right in a period. Elements of a period
show different properties because the electronic configuration €ontinuously changes within a
period.

The sub groups are divided on the basis of their similar properties as A and B and placed
together in periodic table.

The elements of sub group A are called Main or Répresentative Elements.

The elements of sub group B are called Transition\Elements. The group number indicate total
number of electrons in valence shell of the element:

The atomic size increases down a groupdbut decreases along the period.
lonization energy decreases down a groupibut increases along a period.
Electronegativity decreases down<asgroup but increases along a period.
Electron affinity decreases down a,group but increases along a period.

The Shielding effect increases downrthe group in periodic table and remain same in period

| secTior=af\MULTIPLE CHOICE QUESTIONS

Tick\Mark/(./) the correct answer
1. In 1869*Mandeleev put forward his periodic law about:

(a) Atomic Number (b). Chemical propertoes
(c) Physical properties (d). Atomic Mass
2. The periodic table divided into S, P d, and f block based on.

(a) Atomic Radius (b). Electronic Configuration

(c) lonization Energy (d). Electron Affinity
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3. 4th and 5th period in periodic table are known as:
(a) Short period (b). Long period
(c) Normal period (d). Very long period

4. Which one of the following decreases along the period?

(a) lonization Energy (b). Atomic Radius

(c) Electronegativity (d). Electron Affinity
5. The elements of VIIA group are known as:

(a) Lanthanides (b). Actinides

(c) Halogens (d). Nobel Gases

6. According to Mosely the chemical properties of elements are the periodic
function of their :

(a) Atomic Size (b). Atomic Mass
(c) Atomic Radius (d). Atomic Number

7. The shielding effect across the périod=

(a) Increases (b). Decrease
(c) Moderate (d). Same
8. The ability to attract’shared pair of electron is called:
(a) ElectronAffinity, (b). Electronegativity
(c) lonization Energy (d). Shielding Effect
9. In group,eléctren affinity values decreases from top to bottom because :
(a) Atemic size normal (b) Atomic size increases
(c) Atomic size decreases (d) Atomic size same

10.% All Transition Elements are :
(a) Gases (b) Metals
(c) Nonmetals (d) Metalloids
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| SECTION- B: SHORT QUESTIONS:

1. Distinguish between periods and groups.

2. Describe the trend of electronegativity within group and period with the help of
examples?

3. Explain the similarity of chemical and physical properties of elements’in the
same family.

4. Justify that periodicity of properties dependent upon number of protens in"an
atom?

5. Identify that which halogens exist as gases, liquid and solid?

6. Why Alkaline earth metals shows irregular melting and boiling point?

7. Why ionization energy, electron affinity and electronegativity exhibit same trend

in period and groups?

| secTion-c: DETAILED QUESTIONS:

1. Discuss in detail the long form of périodictable.
2. Determine the demarcation ofperiodictable in to s, p, d and f blocks.
3. Identify the electronic configuration of the following elements.
Na, Ca, F, Si
4, Determine the location of families on periodic table.
5. Discuss that Mendleveepériodic law provide a base for modern periodic table.

6. Explain how,shieldingreffect influence the periodic trends?




CHEMICAL BONDING

Time Allocation

Teaching periods
Assessment period
Weightage =4

Major Concepts

4.1 Why do atoms form chemical Bonds?
4.2 Formation of Chemical Bonds.
4.3 Types of Bonds.

4.4 Intermolecular Forces.
4.5 Nature of Bonding and Properties. N
STUDENTS LEARNING OUTCOMES (SLO'S)

Students will be able to:
@ Findthe number of valence electrons in an atom u Periodic Table.

@ Describe the importance of noble gas electro gdrations.
@ Statethe octetand dupletrules.

@ Explain how elements attain stability. @

@ Describe the ways in which bonds & ed.

@ Statetheimportance of noble gaselectranic configurations in the formation of ion.
an atom of a metallic element.

Describe the formation j m an atom of a non-metallic element.
Describe the chorac&‘ n ionic bond.
Recognize a compound asthaving ionic bonds.

ics of ionic compounds.

(CXOJONONONOXOXOJC,
3
g

DX ectron cross and dot structures for simple covalent molecules containing single,
and triple covalent bonds.

cribe the weak forces of interaction such as dipole-dipole interaction and hydrogen

eF

bonding.
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INTRODUCTION:

In the previous chapter, you have learnt about the matter. You are also familiar with the
fact that all the matters in this world are composed of atoms. The attractive force which
binds atoms together is called as a chemical bond or chemical forces. Few elements also
consist of un-bounded atoms. For instance, helium, neon, argon, xenon and krypton
present in the atmosphere consist of un-bounded atoms. The way in which yafious,atoms
are bonded together has a effect on the properties of substances.

In this chapter, we will explore the nature of various types of chemical banding:

8D WHY DO ATOMS FORM CHEMICAL BOND?

Why do atoms form chemical bonds? The essential answer issthat everyone in the world
desires to be stable in their life. Atoms are just like that, theyare also trying to become
more stable, so atom try to shares required number of electrons with each other to obtain
the electronic configurations of noble gases.

Electronic Configuration of Noble Gas

Noble gases have ns* np’ electronic configuration,inthe outermost shell and rarely form
chemical bonds. The noble gases are Helium (He), Neon (Ne), Argon (Ar), Krypton (Kr),
Xenon (Xe) and Radon (Rn). These elements.are sometimes called the inert gases. This is
because they do not participate in ¢chémical reactions. Outer shell of three noble gas
atoms are shown in figure 4.1

/

Hellum

Negn (28) Argon (2,8,8)

Krypton (2,8,18,8)

Xenon (2,8,18,18,8)
Figure: 4.1 Outer electronic configuration of the noble gases

Note thatithese elements have a completely filled outermost shell. Helium contains 2
electrons and other noble gases contain 8 electrons in the valence shell. Because of these
electronic configurations of noble gases are stable and not active. Atoms to acquire two
electrons in the valence shell is called duplet rule, whereas atoms to acquire eight
electrons in the valence shell is called the octet rule. In 1916 a chemist G.N. Lewis used
this fact, why atoms undergo chemical reactions. He called his explanation as octet rule.
An octet means a set of eight.
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What are valence electrons?

Electrons present in the outermost shell of any atom play an important role in determining
the chemical properties of the atom, including its ability to form chemical bonds. These
electrons in the outermost shell of an atom are called as valence electrons or outer
electrons. Finding of valence electron or the electron configuration consider an example
of Boron (B), it has electronic number five. The electronic configuration looks like this: "l s’
2s%, 2p'since there are three electrons in the second shell (2s’and 2p'), we cangayboron
has three valence electrons. The valence electrons which are involved,in chemical
bonding are termed as bonding electrons.

In the chapter 3, you have learned that the group number indicates thethumbaer of valence
electrons in an atom. For example, sodium belongs to group |, so it contains one electron
in its valence shell. Similarly, phosphorus belongs to group VA, s@'it contains five electrons
inthe valence shell.

Test Yourself \‘
Why an atom form chemical bond? O
When atoms are considered to be unstabl@

| |

|

B Whydoesn't helium atom tend to gai t

B Where are valence electrons locat %y are they important?

B Whatis meant by bonding electr.

B Write the electronic configuration of'Ne (atomic No. 10),Carbon
(atomic No. 6) and sulphur (a ieNo. 16).

®  Why, noble gases dofnop react with other element to form

compounds
®  Find the number ofv ce electrons in the following atoms.

(a) Chlerine (b) Sodium
(c) %um (d) Potassium
WY FORMATION OF CHEMICAL BOND

Chemieal.bonding is the combining of atoms to form new substances. An interaction that
holds, two atoms together is called a chemical bond. Atoms can lose, gain or share
valenceelectrons to form chemical bonds.

2B TYPES OF CHEMICAL BONDS

There are three types of bonds depending on the tendency of an atom to lose or gain or
share electrons.

1. lonic Bond
2. Covalent Bond
3. Co-ordinate covalent bond or dative covalent
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4.3.1 lonic Bonds

In the formation of ionic bond, an atom loses electrons and changes into positive ion
(cation). Whereas another atom gains this electron and changes into negative ion
(anion). These cations and anions have opposite charges. They attract one another by
electrostatic force of attraction. The force of attraction that holds the oppositely.charged
ions together are called as ionic bond or electrovalent bond.

Generally, ionic bond is formed between the atoms of two different groups, metal and
non-metal. Compounds that contain ionic bonds are called ionic compunds. Such as
sodium chloride, potassium chloride, magnesium fluoride etc.

Formation of ionic bond is explained in following examples.

Example 1:

The Reaction between Sodium and Chlorine

Sodium atom is a metal of IA group of the periodic table and has only one electron in the
outer most shell. The electron arrangement of sodium atém is 2, 8, 1. By losing one
electron from the outer most shell, sodium fornis cationtNa”). Whereas chlorine atom is
non-metal of VIIA group and has seven electrens in its outermost shell. The electron
arrangement of chlorine atom is 2, 8, 7.[Since\chlorine atom has seven electrons in its
outermost shell, it needs one electron tesxcomplete octet. By gaining one electron, chlorine
atom now has eight electrons in its odtermaost shell and a chloride ion is formed (CI').

Na “ Na' +e
2,8, 1 2,8
Cl+e — CI
2,8,7 2,8,8

(Sodium chloride)

Both these atoms are now oppositely charged ions. Therefore two charged ions are
attracted to @dch other by electrostatic force of attraction. Thus Na* and Cl ions are joint
by ioni€ bond and form sodium chloride. The formation of ionic bonds by a 'dot and cross'
diagramiis shown in figure 4.2.

Sodium atom Chlorine atom Sodium ion Chlorine ion
2,8,1 2,8,7 2,8 2,8,8

Fig 4.3 Formation of ionic bond in Sodium chloride
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Example 2:

The Reaction between Magnesium and Oxygen

Consider another example of ionic bond formation is the reaction between magnesium
and oxygen forming magnesium oxide. Magnesium is in group-llof the periodic table and
has only two electrons to share and oxygen is in group VIA and has six electronsdn its
outermost shell. By losing two electrons from the outermost shell, magnesium becomes
Mg®* and it is left with 8 electrons in the second shell. By gaining two electrors, oxygen
atom now also has eight electrons in its outermost shell and becomes Q7.Both these
atoms are now changed into oppositely charged ions. The attraction between the
oppositely charged ions forms the ionic bond between magnesium”and, oxygen. The
formula of magnesium oxide is MgO. The formation of ionic bonds'by a 'dot and cross'
diagram is shown in figure 4.3.

Magnesium atom Oxygen atom Magnesium ion  Oxygen ion
2,8,2 2,6 2,8 2,8
Fig 4.3 Formationgfjionic'bénd in Magnesium oxide

The ionic bond between magnesium and oxygen is stronger than the ionic bond between
sodium and Chlorine becausesof the'greater charge on the ions. Magnesium oxide has a
higher melting point due tothe presence of the stronger bond.

Ay
~

; Do You Know?

4

A\

T i metals (IA group elements) lose a single electron to form a

alent cation.

alkaline earth metals (IIA group elements) lose two electrons to form
valent cation (M™).

Aluminum, a member of the IlIA family, loses three electrons and form
tri valent cation (M*").

L ¢

The halogens (VIIA group elements) have seven valence electrons. All the
halogens gain one electron to complete their valence energy level. And all
of them form an anion with a single negative charge.

® The VIAelements gain two electrons and form di valent anions (eg O*, S%)

® TheVAelements gain three electrons and form tri valent anions (eg N*, P*)
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4.3.2 Covalent Bond

In this type of bond, electrons are not gained or lost by atoms. A covalent bond is formed
by mutual sharing of electrons between two atoms. This type of bonding occurs between
two atoms of the same element or atoms of different elements. This bonding occurs
primarily between nonmetals; however, it can also be observed between metals@and non-
metals.

ANy
Consider the formation of covalent bond “ - N
Do You Know?

between two hydrogen atoms. _

Hydrogen belongs to group IA and has
one electron in their valence shell. When
two hydrogen atoms share their valence
electrons, both atoms achieve the
electronic configuration of noble gas
and satisfy the duplet rule.

a sub-orbital, it
ctron. When the
maximum of two

A covalent bond is generally represented
by a short straight line (-) between two
bonded atoms. Figure 4.4 shows the
formation of a covalent bond by a 'dot'
and 'cross' diagram.

pair is composed of two electrons that

a tinabond.
Types of Covalent Bond ) Enenanen

As we know that the covalent bond isformed by mutual sharing of electrons between two
atoms. The electrons of atems'that pair up to form a chemical bond are called bond pair
electrons. Dependingsupon the number of bond pair, a covalent bond is further
classified into three types.

» Single Covalent Bond
> DoubleCovalent Bond
» Triple€Covalent Bond

+ —>

Fig 4.4 The formation of a hydrogen molecule

Single Covalent Bond (-)

A covalent bond which is formed by the mutual sharing of one bond pair is called a single
covalent bond and it is represented by a single short straight line. The formations of H-H,
H-Cl, CH are few examples of this type of bonding. Below figure shows the formation of
chlorine molecule by a dot and cross diagram.
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Formation of Chlorine Molecule

A chlorine atom belongs to group VIIA and it has seven outer electrons. It needs one more
electron to achieve a stable octet electronic configuration. When two chlorine atoms
share their valence electrons, both atoms achieve the electronic configuration of noble
gas. The single bond in chlorine molecule is represented by a dot and cross diagram as
showninfigure 4.5.

Fig 4.5 Formation of single covalent bond in nitrogen melecule

Some other examples of formation of single covalent bend*inrhydrogen chloride and
methane can be represented as follows:

H. +CI* > H.*Cl  orHCl
H H
oX |

H ZXc % H H— C —H
Xo |
H H

Fig 4.6 Formation offsingle covalent bond in hydrogen chloride and methane
Double CovaleptBond (=)

A covalent bondwhich is formed by the mutual sharing of two bond pairs called a double
covalentbond and it is represented by two short straight lines. The examples of molecules
having double'bonds are oxygen (O,) and ethene (C,H,).

Fofmation of Oxygen Molecule

Oxygen atom belongs to group VIA of the periodic table and it has 6 valence electrons in
its outer shell. It needs two more electrons to achieve a stable octet electronic
configuration. Each oxygen atom will share two of its outer electrons with another oxygen
atom to form an oxygen molecule (O,).Thus, two pair of electrons are shared between
the two oxygen atoms to form a double covalent bond. The double covalent bond in an
oxygen molecule is represented by a dot and cross diagram as shown in figure 4.7
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Fig 4.7 Formation of double covalent bond in oxygen molecule

The structural formula of an oxygen molecule is written

O=

Another example of double covalent bond in ethene moleculeican be represented as

H H H H
: e

o* N
Cc.:C C=C
. ) ~ \
- Ho ' H H
Triple Covalent Bond

A covalent bond which is formed by the mutual sharing of three bond pairs is called a triple
covalent bond and it is represénted by three short straight line(N = N). For example,
nitrogen (N,) and ethynée (GH,).

Formatian gf\Nitrogen Molecule

Nitrogeh is\a non-metal. Each nitrogen atom has five electrons in its outer shells. Two
nitragen, atoms will share three electrons to form three covalent bonds which is called
triple cevalent bond and formed a nitrogen molecules (N,). The triple bond in nitrogen
molecule is represented by dot and cross diagram is shown in figure 4.11

(@)~

Fig 4.8 Formation of triple covalent bond in nitrogen molecule
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The structural formula of a nitrogen molecule is:

N=

Another example of triple covalent bond in ethyne molecule can be represented”as
follows:

H: C::C :H H C=CH

Thus, we can simply define three types of covalent bond as:

> Mutual sharing of two electrons between two atoms form a single covalent bond.
> Mutual sharing of four electrons between two atoms form a deublecovalent bond.

» Mutual sharing of six electrons between two atoms formia triple covalent bond.

H-H 0=0 N=N
Single bond Double bond Triple bond

4.3.3 Polar and Non-polar Covdlent,Bond
Covalent bonds are formed betweentwao simildr and dissimilar atoms.
Forexample, H—H,O0=0,N=N, H-Cl

Non-polar Covalent Bond

The covalent bond formed betwéen identical atoms is called non-polar covalent bond.
Both the identical atoms“exert some force on the shared electron pairs. Non polar
covalent bond in hydrogen molecule is shown below:

H+ H—— HxH

In the above example, each H atom has an equal electro negativity value of 2.1, therefore
the covalent bond between them is considered non-polar.

t'means non-polar covalent bonds are formed when the electro negativities of the two
atoms are equal.

Polar Covalent Bond

On the other hand, when different atoms share electron pair, both the atoms exert
unequal forces on the shared electron pair. Such a covalent bond is called a polar covalent
bond. Forexample, bond in HCI, H,O, NH,are polar covalent bonds.
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In the formation of polar covalent bond, one of the atoms will attract the shared electron
pair more strongly than the other one. This atom will be called more electronegative
atom. So, the more electronegative atom partially draws electron towards itself, this make
it partially negatively charged and another atom partially positively charged.

For example, in Hydrogen chloride, Cl is more electronegative than the hydrogen. This
causes the Cl atom to acquire a slight negative charge, and H atom a _slight positive
charge due to electronegative difference. Thus, the bond between hydrogen andehlorine
is called a polar covalent bond.

H +.Cl. — HCI
OOO ° ° 00 °

A7
O

Electronegativity is a measure of the
ndency of an atom to attract a
bonding pair of electrons.

The compounds which have polar covalent bonds

are called polar compounds. Do You Know?

Electronegative values determine whether q
chemical bond will be ionic or covalent_in
nature. When the difference between
electronegative values of two bonded.atoms is
more than 1.7, the bond will be purelyohic or ~ Fluorine (the most electronegative
electrovalent, whereas the différence,is less element) is assigned a value of4.0,
than 1.7, the bond will beg¢covalent. If the and values range down to cesium
electronegative difference«ef . bonded atoms is and francium which are the
zero, the bond will begpure covalent or non-  leastelectronegative at0.7.

polar.

4.3.4 Coordirate,Covalent Bond or Dative Covalent Bond

In the topic we have learned each atom contributes one electron to form a covalent bond.
However, covalentbond can be formed between two atoms even when only one of the
atoms€ontributes both electrons constituting the covalent bond. Such a bond is called as
a coerdinate covalent bond or dative bond. Thus, we can define a coordinate covalent
bond ds:

T heitype of bond in which bond pair of electrons is contributed by one atom only, is called
coerdinate covalent or dative covalent bond.

Concept of donor and acceptor

The atom that donates the electron pair is called the donor and the other atom which
accepts the electron pair is called acceptor. A coordinate covalent bond is represented by
an arrow (—) pointing towards the atom which accepts the electron pair. A few examples
of formation of & coordinate covalent bond are given as under:
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Reaction between Ammonia and Hydrogen Chloride

The reaction between ammonia and hydrogen chloride involves the formation of a
dative bond between N atom in NH, containing lone pairs and H" ion from HCI.
When ammonia reacts with hydrogen ions (H") in an aqueous solution of an acid, the
hydrogen ion is attracted to the lone pair and a coordinate covalent bond is formed.

H RO
H:N¢eH + HCIl —» |[H-N-H| €k
Lo/n::a(i)r Iil

Fig 4.9 Reaction between Ammonia and Hydrogen Chloride

When hydrogen chloride dissolves in water, hydrogen ion is attracted to the lone pair of
electrons which is available on oxygen and hydronium ionjis formed as shownbelow:

05 N IZ' *
HQH +H —> HQH on H,O"

Once a bond is formed, it is impossible'to tell any difference between the dative covalent
and ordinary covalent bonds. Theré is'no difference between them in reality. The only
difference between the two is a mode of formation. Due to their covalent nature of bond
formation, the properties of these compounds are similar to those of covalent
compounds.

Metallic Bond

Metallic bonds are,formedby the attraction between metal ions and delocalized or
"mobile" electrons as'shown in figure 4.10

@G@@@@

@@@@@@
@@@@@@

Delocclllsed electrons Metal ions

Fig 4.10 Diagramatic representation of metallic bonding




Fundamentals of Chemistry

> Metal atoms loose the outer shell electrons and become positively charged ions
and occupy a fixed position in a lattice.

> The outer shell electrons are free to move between the metal ions so are called
delocalized and move freely

» Thus the metal lattice structure shows positively charged ions surrounded by a
delocalized outer electron.

Test Yourself

B Magnesium is present in which group? How many electrons
are in the outer shell of a magnesium atom?

B Whatis the charge of a magnesium ion and what is its ?

B Why Fluorideionis not considered as Neon atom

B  Does anionic bond have a dipole?

B Whydoesn't helium atom tend to gain eled

B Describe the formation of anions fo ng non-metals

using dot cross structure.
(a) Sulphur(atomic No.16) ygen (atomic No.8)

B Where are valence electr d, and why are they
important?

B Why, noble gases do not react with other element to form
compounds?
B Write the formati

using dot cross 'str
(b) K (atomiclNo.
<«

23 INTERMOLECULAR FORCES

As we'already discussed that some forces which hold the atoms together in a substance
are called €hemical bonds. Moreover, along with these strong bonding forces, weak
forcesware also created in between the molecules. These are called intermolecular forces.
Thus;, Intermolecular forces are defined as the set of all the forces that occur between two
neighboring molecules. The bonding and intermolecular forces of hydrochloric acid are
shown below:

cations for the following metals atoms

) ‘ (b) Al (atomic No.13)

Intramolecular force Intermolecular force
(strong) (weak)

™

=H eccedeee
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These intermolecular forces are weaker than ionic and covalent ./

|
bond. The interaction between intermolecular forces may ' ' Do You Know?
be used to describe how molecules interact with each other. =~
Intra-molecular forces

The strength or weakness of intermolecular forces
forces between a

determines the states of matter of a substance (e.g., solid,

liquid, gas) and some of the chemical properties (e.g., ithin q single 2

melting point, structure). Theee (orees @ 4

There are several types of intermolecular forces, but we will than interm lanforces

discuss two of them. as between H .
PN

4.4.1 Dipole-Dipole Interaction

Dipole-Dipole interactions result when the two dipolar moleculesfinteractwith each other.
When partially negative portion of one of the polar molecules is attracted to the partially
positive portion of the second polar molecule, the electrostatic attraction is created
between two molecules. These attractive forces are called'Dipole-Dipole interactions and
represented as below:

|||||||||||||||||||||||||||||||||

Dipole - Dipole Interactions

In the diagram, "3" (read ds "délta’)’means "slightly".

Example Dipole-Dipdle Interaction

Dipole-dipole interaction can be seen in hydrogen chloride. Chlorine atoms are much
more electrosnegatives than hydrogen atoms. A partial negative charge is created on
Chlorine dnd in'turn a partial positive charge on hydrogen due to electronegative
differencen

> &
Wheén two molecules of hydrogen chloride come close to each other, the slightly negative

end of one molecule is attracted to the slightly positive end of another molecule. These
attractive forces are simply called dipole-dipole interaction as represented below:

o & o &
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4.4.2 Hydrogen Bonding

Hydrogen bond is a type of dipole dipole interaction. When hydrogen forms polar
covalent with more electronegative atom like Nitrogen (N), Oxygen (O), Fluorine (F),
Chlorine (Cl), Sulphur (S), then hydrogen gets partially positive charge and._other
electronegative atom get partially negative charge. The interaction between partially
positive charged hydrogen atom of one molecule with electronegative atem of other
molecule is called Hydrogen bond.

In molecules containing N-H, O-H or F-H bonds, the large difference in‘electronegativity
between the H atom and the N, O or F atom leads to a highly polar cevalent bond.

Because of the difference in electronegativity, the H atom bearsia partial positive charge
andthe N, O or F atom bears a partial negative charge. (8" and 8_shew slight charges).

o & o 9 o &
The high partial positive charge on H atom enables to attract highly electronegative (N,
O, or F) atom of the other molecule.

Example of Hydrogen Bopding

Consider the example of hydrogen fluoride. The fluorine atom is more electronegative.
They tend to pull on the shared pair of electrons, creating a partial negative charge on
itself and a partial positive charge on the hydrogen. The partial positive charge bearing
hydrogen, then forms a,bond.with the electronegative atom of a neighboring molecule,
while its electronegative ‘element forms another bond with the positive hydrogen of
another neighboring ‘molecule. Therefore, several molecules combine by hydrogen
bonding thus:

H—F--H—F-H—F--

Hydrogen bonding

These intermolecular forces are extremely important in determining the properties of
water, biological molecules, such as proteins, DNA. Synthetic material such as glue,
paints and dyes are developed due to hydrogen bonding. Synthetic resins bind two
surfaces together by hydrogen bonding or dipole-dipole interaction. Moreover, hydrogen
bonding affects the physical properties of the molecules like melting and boiling point,
density, solubility etc.
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Test Yourself

B Why coordinate covalent bond is always a polar bond?

B Write down cross structure of CCl,
®  Why does not a hydrogen atom form more than one covalent
bond?
B Represent the formation of anions by the following nonmetals
using electron 'dot' and 'cross' structure.
(@ N (b)Br ()P (
®  Whyadipole does occurin a molecule? Po R

2N NATURE OF BONDING AND PROPERTIES

As discussed earlier the losing or gaining of electrons leads:to.ionic bonding, while the
sharing of electrons leads to covalent bonding. The préperties of the compounds depend
upon the nature of bonds existing between them. Letus now discuss the effect of nature of
bonding on the properties of compounds.

4.5.1 lonic Compounds

Compounds having ionic bonds are called
ionic compounds. The properties of ignic
compounds relate to how strongly the
positive and negative ions attracteeach
other in an ionic bond. Mast of the ionic
compounds are in a solid or crystal form
with strong electrostati€ forces. Figure 4.22
shows the arrangement of Na* and Cl'ions
in NaCl. In crystalistructure of sodium

NaCl
chloride each Na¥ ion'is surrounded by six
Cl- ions.¢{Similarly, each CI- ions is Figure 4.22 arrangement of
surrounded by sixNa+ ions. ions in Solid crystal of NaCl

The ionie.compounds exhibit the following properties:
i lenic compounds form crystals.
ii). “lonic compounds tend to be hard and brittle

iif) The large attracting forces result in a very stable structure. Therefore a lot of
energy will be required to break these forces. So ionic compounds have high
melting points. For example, melting point of NaCl is 801°C and boiling point
1413°C.

iv) Aqueous solutions of ionic compounds also conduct electricity. This is because
when an ionic compound dissolves in water, the ions are free to move in
aqueous solution.
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v) lonic compounds usually dissolve in polar solvent like water and are insoluble in
non-polar solvents like oil, petrol, kerosene oil etc.

4.5.2 Covalent Compounds

As we know that covalent compounds are formed by mutual sharing of electrons between
atoms. As the bonding force of covalent bonds are generally weak as compéred to ionic
bond. The covalent compounds have following properties:

i) Covalent compounds can exist as crystals, examples include sugar €rystals and
diamond.

ii) The melting and boiling points of most covalent compeunds are usually low.

iii) They are bad conductors of electricity.

iv) They are insoluble in water, but soluble in nen-polar solvents like oil, petrol,
kerosene, etc.

4.5.3 Polar and Non-polar Compougds

Polar and non polar both compounds differ.inproperties.
i) Nonpolar covalent compounds @re generally insoluble in water while polar
covalent compounds are solubleiinwater.

ii) Non-polar covalent compeunds do not conduct electricity in the solid, molten or
aqueous solution, but'polar€ovalent compounds usually conduct electricity
due to the formation of ions with water.

iii) Non-polar covalent cempounds are soluble in non-polar solvent like petrol,
benzene et¢. While polar covalent compounds insoluble in non-polar solvent.

iv) Few examplés ofpolaf covalent compounds are H,SO,, H,O, HCI, HF, HBr, HI

v) Few examplesiof non-polar covalent compounds are CO,, CH,, C,H,.

4.5.4 Metal

Ny

. . . - ‘ -
Following “arey the different properties of Do You Know?
metals'such as: =
@, _“Metals are usually malleable and Malleable mean that metals can be
ductile. hammered into different shapes and
®  They are conductor of electricity rolled into sheet.
and heat due to the presence of Ductile is the property through which
delocalized electrons (mobile metal can be drawn into wires.
electrons).

> Melting and boiling points of metal are usually high as the atoms in metals are
packed tightly.

> Metals have high densities.
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Test Yourself

B What do you understand about intermolecular forces between
two molecules?

B Why metals are good conductor of heat?

Society, Technology and Science
Uses of different synthetic adhesives like glue and epoxy resins

Synthetic adhesives like epoxy resins and glues are the substance that'stickto the surface
of the other objects. The material like plastic, wood, metal, ceramieglass and rubber etc
which glue is applied are called substrate. Epoxy adhesive is more expénsive as compared
to resin glue. Both are synthetic adhesives and require mixing before use, but epoxy
hardens much faster than resin glue. We can use adhesive anytime to reattach the broken
objects. For example, Poly vinyl acetate is a common/white glue. Itis used in book binding.
Polyurethane glue is a flexible adhesive. It is usedsin fixing of soles to the bodies of shoes
and wood working. Natural rubber bond to substrate'on contact. Itis used in self-adhesive
envelopes. Conductive adhesive is commonly used.in electronics to repair equipment. A
mino resins are water soluble adhesive, they are used in bonding of layers in plywood.
Epoxy glue contain epoxy. Its form strong bonds with glass, plastics, plywood, laminated
boards and ceramic. Another use for epoxy resin is the decorative flooring applications.
Commonly, epoxy resins are used where water resistance is required. Bridges, dams,
power stations are also coated with epoxy resins.

Explain how Aircrafts, cafrs, trucks and boats parts are partially held together with epoxy
adhesive (Analyzing)

The excellent adhesive properties of epoxy resins are due to the attractive forces
between the epexy resin and the surface of the substrate. One of the most
common usés of, epoxy resin is for adhesive purposes. For that purpose, epoxy
resin is usediin the construction of vehicles, trucks, boats and aircrafts. Its drying
time is,6-30uninutes hardly.
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Every atom tries to achieve a noble gas configuration.
Only outer most valence electrons are involved in bonding.
lonic bonding involves transfer of electrons.

Metal reacts with non metal to form an ionic compound.

Atoms which loose electron(s) form positive ions. Atoms which gain electron(s)
form negative ion.

In anion, the number of electrons is different from thelAumberof protons.

lonic bonding is commonly formed between elements of group IA or Il A and
groups VI AorVIIA.

Covalent bonding involves sharing of electronsiand form molecules.

The sharing of three pairs of electrons between two atoms is called a triple bond.
Metal tends to lose valence electrons te form positively charged ions (cations).

Non metals usually gain electrens to.form negatively charged ions (anions)

Common covalent moleculesigre water H,O, Methane CH,, Ammonia NH,and
carbon dioxide CO,

A co-ordinate bond.also called a dative covalent bond.

A covalent bond can be polar or non-polar. But coordinate bond is only polar in
which both electrons gome from the same atom.

The sharing ‘of two pairs of electrons between two atoms is called a double
covalent bond.

A hydrogen bond is a partially electrostatic attraction between a hydrogen (H)
whieh is,bound to a more electronegative atom such as nitrogen (N), oxygen (O),
or fluorine (F), and another adjacent atom bearing a lone pair of electrons

When slightly negative end of polar molecule is weakly attracted to the slightly
positive end of another molecule then such attracting forces are called dipole-
dipole interactions.




Fundamentals of Chemistry

SECTION- A: MULTIPLE CHOICE QUESTIONS

Tick Mark () the correct answer

1.

2.

An example of ionic compound is:

(a)H, (b)CH, ()N, (d)NaCl
Interaction between highly electron deficient hydrogen and highly electronegative
atom s called

(a) covalent bond (b) ionic bond
(c) hydrogen bond (d) metallic bond
Two fluorine atoms share one electron each in their outermost shéll to achieve

electronic configuration of:

(a) Xe (b) Ar

(c) Kr (d)Ne

Number of electrons lost by atoms of group'llIA equals:

(a)1 (b) 2

()3 (d)4

Atom which loses two electrons from its'outer shell to form ion is called:
(a) oxygen (b) potassium

(c) magnesium (d)earbon

In NaCl crystal lattice @ach Na" ion is surrounded by:

(a) 6 Clions (b) 6 Na" ions

(c)8Clions (d) 12Clions

At roomtemperature most of ionic compounds are:

(a) amorphous solids (b) crystalline solids

(c)liguids (d) gases

Tendency of atoms to acquire eight electrons in their valence shell is:
(a) octetrule (b) dupletrule

(c) triplet rule (d) none of above

When one atom forms cation by losing electron and other forms anion by accepting
that electron then bond form between them is:
(a) Covalent bond (b) lonic bond

(c) coordinate covalent bond (d) hydrogen bond
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10. Nobel gases are stable because they contain:
(a) 4 electrons in valence shell (b) 6 electrons in valence shell
(c) 8 electrons in valence shell (d) 10 electrons in valence shell
11.Bond which involve 3 shared electron pairsisa:
(a) double covalent bond (b) single covalent bond
(b) triple covalent bond (d) none of above

12. A non-metal atom form anion by

(a) loses-of electrons (b) gain of electrons
(c) loses-of protons (d) gain of protons
13. When two identical atoms share electron pairs and exertforce onreach other than
bond formis:
(a) non-polar covalent bond (b) polar covalent bond
(c) double covalent bond (d) coordinate covalent bond

14. Synthetic resins are used on places where:
(a) electric resistanceisrequired  (b)watenresistance is required
(c) adhesion is required (d) friction is required
15. Oxygen belongs to group VIA se number of electrons in its valence shell are:

(a)3 (b)4 (NS (d)6
16. Electron pairs which are not shared by atoms are called:
(a) electron pairs (b)Tone pairs
(c) bond pairs (d) shared pairs
17. Strength of intérmolecular forces from ionic or covalent bond is:
(a) Weaker (b) stronger
(c) equal (d) none of above

18. lonic crystals have:
(@) high/melting points (b) moderate melting points
(C)low melting points (d) none of above

1'9. Bond formed by mutual sharing of electron is:
(a) ionic bond (b) coordinate covalent bond
(c) covalent bond (d) metallic bond

20. Which of the following diagram shows atoms are bonded with same electro

negativity?
(a) A——B (b) A——B
() As B (d A—+-——B
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| SECTION- B: SHORT QUESTIONS:

1. Draw dot and cross diagrams to show how different types of chemical bonds are
formed when fluorine reacts with
(a) Hydrogen (b) potassium
What is meant by octet and duplet rule?
Canyou draw an ion which is formed by the atom losing three electrons?
How oxygen forms an anion?
What is the differentiate between lone pair and bond pair?
Explain why table salt has a very high melting point.
How is electronegative value determined the formation of chemical bond?
Why is to easy for magnesium atom to lose two electrons?.
Atoms of metallic elements can form ionic bond, but they'afe not very good to
form covalent bonds. Why?
10. How does an ion differ from an atom?
11. Describe dipole-dipole forces.
12. Write uses of adhesive material.
13. Why Intermolecularforces are weaker than intera molecular forces?
14. Write characteristics of metallic bond.

WONOUAWDN

15. Covalent bonds are strong and hard to'break but why most of the covalent
compounds have low melting@and boiling points.

16. Write down the characteristics of ienic compounds.

17. Why ionic compounds aressolid?

18. How is hydrogen bonding affecting the physical properties of compounds?

19. Complete the chart:

11 11 12

2,8, 11 1

12
13
14
15
16
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| SECTION- C: DETAILED QUESTIONS:

1.
2.
3

0o NOw

Define ionic bond. Discuss the formation of sodium chloride (NaCl).
Explain element attain stability?
Describe the formation of a covalent bond between two nonmetallic atoms.
Explain single, double and triple covalent bond with examples.
How are electrons arranged in molecular compound? Draw electron dotand
cross structures for the following atoms.

(a) H,O (b)N,  (c)CH, (d) C,H, (&€l (HH,
Define metallic bond. How are metallic bonds are formed?
What is coordinate covalent bond? Explain with two examples.
What do you understand about ionic character of covalefrtbond?
Differentiate the properties of polar and non-polar compeunds.
Explain the importance of glues and epoxy resins in our society.
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Time Allocation

Teaching periods
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Major Concepts V

5.1 Gaseous State 5.2 Laws Related to Gases

5.3 Liquid State 5.4 Solid State ?\

5.5 Types of Solids 5.6 Allotropy

5.7 Plasma State 5.8 Bose Einstein Condensate

STUDENTS LEARNING OUT COMES (SLO'S)

Students will be able to:
@ Understand effect on the pressure of gas by chcm volume and temperature.

@ Compare the physical states of matter with of intermolecular forces present
between them.

@ Accountfor pressure volume change using Boyle's Law.

@ Account fortemperature volume es’in a gas using Charles's Law.

@ Summarize the properties of liquids like @vaporation, vapor pressure and boiling point.

@ Explain the effect of temperature .and external pressure on vapor pressure and boiling
point.

@ Describe physical p&ies solids (boiling and melting points).

@ Differentiate between amorphous and crystalline solids.

@ Explainthea pieforms of solids.
@ Define @ with help of examples.

© e
AN

stein Condensate with help of example.




Introduction:

Physical States of Matter

As we know that matter is physical material of universe. It is defined as anything which has
mass and occupy space. These states differ in some observable properties. A gas has no

fixed volume or shape it can easily be compressed
fixed shape but has fixed volume it cannot be com
shape and volume, it cannot be compressed easily.

and expanded. A liquid stateshas no
pressed easily. A solid has‘a, definite
In addition to the aboye three states,

there are two more states of matter named as plasma state and Bgse Einstein
condensate. The different physical states of matter are due to arrangementof molecules

and intermolecular forces.
Gaseous State:

The gaseous state molecules are lying away from

one another, this assumption was proposed by GAS

Boltzmann, Maxwell, Kelvin.They explain the
behavior of gases according to their kinetig
molecular theory. Gaseous state shows following
characteristics
©® The molecules in gases are widelyseparated
The molecules have negligible volume.

h
e e

{ notrigid
"W no fixed shape
no fixed volume |~ a

from each other. Fig 5.1

®
@ The gas molecules are in‘constantrandom motion.
L 4

The gas molecules maves in'straight line until they collide with each other or wall

of container.

@ On collision moélecules'do not lose energy because they are elastic in nature.

L 2

SH N PROQPERTIES OF GASES

Pressure Produced when molecules collide with the wall of container.
There are attractive and repulsive forces between molecules.

The kinetic molecular theory explains the behavior of gases such as Diffusion, Effusion,
Pressure,\compressibility, Mobility and Density which are defined below:

5M. 1 Diffusion:

The Diffusion is defined as spontaneous mixing
of molecules by random motion and collision
to form a homogenous mixture. Gases are
rapidly diffusible and depend upon the
molecular mass of the gases. Lighter gases

ol

diffuse rapidly than heavier gases.as H, diffuses
fourtimes more than O,

Before Diffusion After Diffusion
Fig 5.2 Gharam’s Law of diffusion
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Diffusion is movement of particles from an area of high concentration to one of low
concentration. The rate of this movement depends upon temperature, viscosity of the
medium and the size mass of the particles. Diffusion results in the gradual mixing of
materials, and eventually it forms a homogeneous mixture.
For Examples:

©  You can smell perfume because it diffuses into the air and makes its way ifite your.

nose.
#® Smoke diffuses into the air.
& Flowersmell orgarbage stink or body odor.

5.1.2 Effusion:

The Effusion is escaping of gas molecules through a tiny hole iato @ space with lesser
pressure. Effusion depends upon molecular masses of gases . Lightergases effuses rapidly
than heavier gases. For process of effusion the diameter ofihole'must be smaller than the

molecule's mean free path.
Y

Do you know?

For Examples:

© Leakage of airthrough tyre pin holes

@ Leakage of helium through gasiballéons.
Mean free path is the average
distance that a gas particle
travels between successive
collisions with other gas
particles.

Mean free path

N
P

' o~
5.1.3 PregSsutre Do you know?

The force‘exertéd by gaseous particles per unit
area iscalled gas pressure. It can be expressed Pressure exerted by the

mathematically as. atmosphere at the sea level. It is

Pressure = Force/AreaorP = F/A = N/m’ defined as the pressure exerted by

The S.I unit of force is Newton (N) and unit of a mercury column of 760 mm

area is m’, hence pressure has S.1 unit of Nm™. It~ heightatseallevel.
is also known as Pascal (Pa). 1 Pascal = INm™. latm =760mm of Hg = 760 torr
latom = 101325 pascal

The molecules of gases are in continuous motion,




Physical States of Matter

But the pressure is developed by the collisions of
molecules of gas with the walls of container.
Barometer is used to measure the atmospheric
pressure and manometer is used to measure the
pressure and in the laboratory.

Less compression
Less pressure on walls
of container

The capacity of something to be flattened“or T
reduced in size by pressure is called compressibility.

5.1.4 Compressibility

More compression
More pressure on walls
[ ] of container

The gases are highly compressible duestoslarger
spaces between their molecules. When gases are N
compressed, the molecules come closer to one - v
another and occupy less volufme as eompared to | / o L.\\. Ny
the vol f d'state, -~ o

e volume of uncompressed sta 17 \.\/. TN
5.1.5 Mobility: Fig 5.5

The ability to moeyve freely is known as mobility. As the gas molecules are in
continuous motion .they can move fast due to high kinetic energy. The molecules
move freely in, the empty space .This mobility is responsible to produce a
homogenous mixture of gases.

5.176 Density:
X‘H)e Density is degree of compactness or Density of Gases
seness of a molecules. Gases have low

ensity because of light mass and more volume
occupied by the gas molecules. Gas density is
expressed in grams per dm’. Gases are less
denser than liquid. The density of gases can be
increased by cooling.

Warm air molecule Cold air molecule

Fig 5.6
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Table 5.1 Density Different gases

Chemical formula

Oxygen

Chlorine Cl,
Carbon dioxide CO,
Hydrogen H,

Nitrogen N, l %1.232
Helium He \t 0.176
Test Yourself

©®  Why gases diffuses rapidly, Exp
©  Why density of gases incre on ing?
@ Explain that Effusion de;eids on'mean free path.

WY | AWS RELA ASES

I The properties of gases are governed by the following laws.

5.2.1 Boyle'

In 1662 Rébert Boyle proposed gaseous law about the relationship between volume and
pressure as/at constant temperature, Boyles law states that “The volume of a given

\ sinversely proportional to its pressure, at constant temperature “

ma
%ematical Representation of Boyle's Law:

According to Boyle's law the volume (V) of a given mass of a gas decreases with the
increase of pressure (P) at constant temperature.

Ve 1/P Or V=K/P where K= isthe constant

PV = K
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The product of pressure and volume of a gas at constant temperature is always constant
where K 'is same as amount of given gas. Therefore product of pressure and volume of a
fixed mass of a gas is constant at a constant temperature.

If P.V,=K Then P,V,=K
Where P,= initial pressure P,= final pressure
V,= initial volume V,= final volume

As the both equations have same constant therefore their variable arealso equal to each
other so PV, =PV,

This equation establish a relationship between pressure and, volume. the relationship
between volume and pressure can be well defined

from following figure (5.7). Where given mass of a {;h 5.2 Boyl's Relationship between
gas at constant temperature shows increasein pressure and volume

volume by decrease in pressure. On the” other 5 v "

(Change in (Change in (Constant

hand increase in pressure decreases volume. But
the product of pressure and is constant=in both

cases. (Table 5.2) pressure) Volume) pressure)
1.0 X 4 = 4
Boyle's law 20 X 2 = 4
g Pressure Pressure
3
3
Temperature
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Examples 5.1
The pressure of a sample gas is 3 atm and the volume is 5 liters. If
the pressure is reduced to 2 atm, what will be the new volume?

Data: Q
V1 =5liter
P1 =3atm
P> =2atm

Vo =72
Solution :
PWVi= PV
S P @
P

2

Vs

7, oL \ u:me will be 7.5 liters.
2 he volume is increased by decreasing the
‘ 2 =7.5 /QDessure.

agas is enclosed in a container undera pressure of

65 . If the volume is reduced to 350 cm®, what will be
ethen?
Data:
=700cm’
P, = 650mm
> V, = 350cm’
P,=2?
Solution : PV, =PV,
P, = PV
V2
By putting the values P, = 650x700/350 = 1300 mm of Hg

Thus pressure is increased by decreasing volume.
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N
5.2.2 Charles's Law -"-
U ?
In 1787 French scientist J.Charles proposed his — Do you know:
law to explain the relationship between volume
and temperature keeping the pressure Absolute Temperature Sc
constant. He states that “the volume of a given
mass of a gas is directly proportional to the Lord Kelvin introd absolute
absolute temperature if the pressure is kept temperature scale or'Kélvin'scale.it
constant”. starts from zero h is equal
to -273°C). temperature at

Mathematical Representation of

which an id
Charles's Law:

@ s would have zero

own as absolute

According to Charles law if temperature of a gas is elsius and kelvin scales

have equal degree range therefore

increased, its volume will also increase.

Mathematically it is represented as en zero kelvin is equal to -273

VoT }e sius, and 273 kelvin is equal to

ero Celsius.
Or

vV =KT Conversion of kelvin temperature
and Celsius temperature are vice

Vo

T versa as follows:

Where K is proportionality constants Then when
prop % (MK=(T)C+ 273

temperature increases the volumealso increases.

For example, that if,yeusdouble the temperature  (T)C = (T)K-273
from 300 K to 600K, atsconstant pressure, the
volume of a fixed mass'ef the gas will become double (Fig 5.8).

Pressure * Temperature Pressure * Temperature

constant constant

Fig 5.8
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Imagine you have a gas at a certain temperature (T:) and volume (V). If you change the
temperature (T1) to a new value (T2), the volume (V1) changes to a new value (V2). We can
use Charles's law to describe both sets of conditions:

— = K ’

T \}
! Always convert te '4@ ur

Vi scale from °C to K while

T, solving a probl%

The constant, k, is the same in both cases, therefore

Vi_ Vv

T, T

h 4
Examples 5.3 ‘ ’
A 600 ml sample of gcl rom 27 °C to 77 °C at constant

e
e’

pressure. What is thefinc
Data: %
%2 K=300K
= =77
I

73K =350K
Solution:
By using'the equation
>o T T
v = VT

By putting the values in equation

600 x350
2 300
V, = 700 ml

The Volume will become 700 ml, which shows increase in volume with
raising the temperature.



Physical States of Matter

Examples 5.4

A sample of Hydrogen gas has a volume of 350 cm® at 40°C. If gas
is allowed to expand up to 700 cm’ at constant pressure. Fi ut
its final temperature?

Data:
T, =40 C=40+273K=313K
Vi= 350 cm?’ ?N
Va= 700 cm’ O

T.=7?
Solution:

By using the Charle’s law equation

By putting the val @
& _ 700 x313

350

T, = 626 K
T&) jon in volume is due to increase in temperature.

‘ Test Yourself

bIes are kept constant in Boyle's law?
gos is allowed to expand, what will be the effect on its temperature?
tis absolute zero?
an you reduce temperature of a gas by increasing its volume?

LIQUID STATE

The liquid state is the intermediate between gaseous and solid states. According to their
kinetic molecular theory liquid state shows following chractarstics.

® The molecules of a liquid are randomly arranged like gases.

@ The molecules of liquids have less kinetic energy than gases.
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The molecules of liquids are fairly free to move.
The Liquids has no definite shape but assumes the shape of container.
The Boiling point of liquids depends on the external atmospheric pressure.

L 2R 2R 2 4

The Liquids are denser and not compressible like gasses.

Not rigid
No fixed shape

— I =
~_ @@
<

Fixed volume N Liquid pdrticles arevery close together,

v so do, they not compress easily.

Fig 5.9 Fig 5.10

Properties of Liquids:

5.3.1 Evaporation

The process by which a liquid changes'to a gas/phase
is called evaporation. Evaporation is endothermic
reaction in which heat is absorbéd:

For example clothes drfy under the sun due to
evaporation in this procéss watewris converted from liquid
state into vapours by acquiring from

Fig 5.11

Water (liquid) » vapour (gas)
The molecules ofliquids are in continuous motion they collide with each other but all the
moleculés, do, net have same kinetic energy. Majority molecules have average kinetic
energy-and.few have more than average kinetic energy. The molecules haveing more
than“average kinetic energy overcome the attractive forces among the molecules and
eseape from the surface evaporation. It is directly proportional to temperature and
inerease with the increase in temperature.

The evaporation is also considered as cooling process because when high kinetic energy
molecules escape in the air in the form of vapour. the temperature of remaining
molecules falls down. To compensate this deficiency of energy molecules absorb energy

from the surrounding, due to which temperature of surrounding decreases and feel cold
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Factors Affecting Evaporation:

I.  Surface Area: The evaporation is a surface based process. Greater the surface
area greater is evaporation. For example water left in bowl evaporate slowly than
water left in a large tub. A saucer is used to cool the tea quickly than tea cup.

ii. Temperature: The rate of evaporation increases with the increase in temperature.
Because temperature increases the kinetic molecular energy whichdovercome the
intermolecular forces and makes evaporation rapidly. For example clothes dry quickly
in a sunny day than a cloudy day.

iii. Intermolecular Forces: The rate of evaporation increases with less’ intermolecular
forces .If intermolecular forces are stronger evaporation ‘is.lesser. For example
perfume have lesser intermolecular forces than wateritherefore they it evaporates
quickly.

5.3.2 Vapour pressure

The pressure exerted by vapours in equilibrium with”its pure liquid at a particular
temperature is called Vapour Pressure. The.equilibrium is a state when rate of evaporation
is equal to rate of condensation but in oppasite directions.

Condensdtion
> Vapours

Liquid

Vaporize
Vapour pressure takes place in a closed system because in open system or open surface
liquid molecule evaporates and mix=up with air.

Vaporization Vaporization Condensation  Vaporization Condensation
rate rate rate - rate

Evaporated molecules start gathering over the liquid surface. Initially the vapour
condense slowly to return to liquid .After sometimes condensation process increases and
a stage reaches when the rate of evaporation become equal to rate of condensation. At
that stage the number of molecules evaporate will be equal to the number of molecules
condensate (coming back) to liquid . At this point where pressure exerted by the vapour is
called vapour pressure. The unit of pressure is expressed in mm of Hg, atmosphere, torr or
newton.
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Factors Affecting Vapour Pressure:

[. Nature of Liquid: The vapour pressure depends upon the nature of liquids .Polar liquids
have low vapour pressure than nonpolar liquids at the same temperature. It is because
of strong intermolecular forces of molecules and high boiling point in the polar liquids.
For example water (polar liquid) has less vapour pressure than alcohol (non {polar
liquid).

ii. Size of Molecules: The vapour pressure is more in small size molecules because small
sized molecules evaporate easily and exert more vapour pressure. \Forrexample
hexane (C,H,,) has a small size molecule as compared to decane (C, H,,), due to this
hexane evaporate rapidly and exert more pressure.

iii. Temperature: The vapour pressure increases with raise in temperature. The average
kinetic energy of molecules increases with temperature which/causes increase in
vapour pressure. For example vapour pressure of water at 0° is 4.58 mm Hg while at
100°Citincreases up to 760mm Hg.

5.3.3 Boiling Point
The temperature at which vapour pressure of a liguid’become equal to atmospheric
pressure is called boiling point of the liquid. When the liquid is heated, bubbles begin to
form throughout its volume. The bubbles contain vapour pressure which being lighter
than the liquid rise to surface and burst.“Thé vapour pressure in bubble is equal to
atmospheric pressure. All bubbles ¢ontaining vapours will rise to the surface of the liquid
and burst into air. It appears that.water is boiling. The boiling point varies with the
atmospheric pressure.

Factors Affecting Boiling’Point:

I.  Atmospheric Pressure; The boiling point is directly proportional to atmospheric
pressure. Boiling point can be increased by increasing atmospheric pressure. For

example wortking of,pressure cooker.

Table 5.4 Boiling Points of
ii. Nature®t Liquid: The boiling point depends Some Commo?‘ Liquids

upontheynature of liquid as polar liquids Boiling (*C)
have=high boiling point than nonpolar

liquids, because polar liquids have stronger | EBEiyleicy Sl
intermolecular forces than nonpolar liquids. 2 EEuidlsciol 7
Boiling points of few liquids are given in 3 B0 Ly
table 5.4 4 n-octane 126
. 5  Acetic acid 118
iii. Intermolecular forces: The intermolecular
. ) 6  Mercury 356
forces play very important role in the
. . - . 7 Sulphuric Acid 330
boiling points of liquids. Substances having
8  Bromine 58.8

stronger intermolecular forces have high
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boiling points, because such liquids attain a level of vapour pressure equal to external
pressure at high temperature.

5.3.4 Freezing Point:

The temperature at which the vapour pressure of a liquid state becomes equal totthe
vapour pressure of its solid state is known as Freezing Point of a liquid. At this temperature
liquid and solid coexist in dynamic equilibrium.

Factors Affecting Freezing Point:
Table 5.5 Freezing Roints of

] Some Common/ Liquids
temperature and intermolecular forces
Molecules with stronger intermolecular forces are- Freezing point™C

pulled together to form a solid at high Benen 5.12

The freezing point depends uponn the

pa—

temperaature. Due to this they show high freezing_ 2 Me alcohol -114
point. Molecules with lower intermolecular forces 3 “Water 0.0
solidify on more lower temperature. 4/ Acetic acid 16.6
5  Mercury -38.83
Freezing points of few liquids are.given Jin 6 Sulphuric Acid 103
table(5.5) 7  Bromine -7.2

5.3.5 Diffusion:

The diffusion is spreading eut of the liquid molecules throughout the vessel. The liquids
diffuse less rapidly than gasees:

As the molecule ofdiquidaré in cluster and bounded with strong intermolecular binding
forces. The liquid molecules are in continuous motion. They move from high
concentration to low concentration and mix up with molecules of others liquids from
homogenoussmixture.

For example when few drops of

ink_are,drépped in water filled SR p— -
flask, the molecules move ’\
around and after a while spread - FET v

in whole of flask, thus diffusion
takes place as shown in figure

Y
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Factors Affecting Diffusion:
i. Inter molecular forces : liquids have weaker intermolecular forces than solid due to

this diffuses faster than solid bt less rapidly than gases.

ii. Size of Molecules: Diffusion depends upon size of molecules small size of molecules
diffuses rapidly than bigger one. For example diffusion is slow in water than alcohel.

iii. Shape of molecules: Molecules with irregular shape diffuses slowly while regular
shaped molecules diffuses faster because they can easily slip over and move faster.

iv. Temperature: Diffusion increases by increasing temperature because, at high
temperature intermolecular forces becomes weak due to high kinetic energy of the
molecules.

5.3.6 Mobility:

The mobility is ability to move freely. The molecules in ailigtiidsmove freely, due to free
movement they can adjust their shape in a container Due'to this reason liquids can flow.

Factors Affecting Mobility:
[.  Temperature: Mobility increases by increasing the temperature. When temperature
increases in a liquid movement of moleculées increases accordingly.

ii. Inter molecular forces: Mobility increases by decrease in intermolecular forces. The
liquids which have strongfintermolecular forces show less mobility of molecules.
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5.3.7 Density:

The Density of liquid is defined as mass per unit volume. Liquids are denser than gases
due to closely packed molecules and negligible intermolecular spaces. As the closely
packed molecules of liquids have strong intermolecular forces they cannot expand.freely
and shows definite volume which makes liquids denser than gases.

Mathematically it can be expressedas D = —

Factors Affecting Density:

I.  Temperature: liquids are less affected by the temperature ‘as by increasing
temperature liquids increase their volume which decrease density=Different densities of
water at different temperature is given in Table 5.6

Table 5.6 Densities of water at different temperature

0 / 0.99984
30 o N\ 099565
60, € /™ 098320
S0 NS 096535

ii. Pressure : liquids are slightly affected by pressure .Increase in pressure on liquids
increases the density, but liquids are not readily compress due to this density change is
negligible.

Tes:é\urself

Whyi ase in temperature causes increase in the process of evaporation?
e of diffusion in liquids is less than gases? Prove with the help of

L 2 4

% equilibrium state involved in vapour pressure of liquids in close system?
\ xplain how evaporation caused a cooling effect?

% How boiling point of a substance is affected by atmospheric pressure?

{ 4
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SRy SOLID STATE

Solids have fixed shape and volume. The molecules in solids are extremely closer to each

other, without leaving space between them. According to kinetic molecular theory solid
state shows following chractestics.

© The molecules in solids are closely packed due to stronger forces of attraction.
@ The molecules are unable to move freely as they have little space betweenthem:
® The molecules can vibrates and rotate in their fixed position.

@ Solids have definite shape and definite volume.

@ Pure solids have sharp melting point.

-

o

@ rigid
@ fixed'shape

@ fixed volume
Fig 5.14

Properties’of 'Solid
5.4.1 Melting Point:

Thetemperature at which a solid starts melting and coexist in equilibrium with liquid state
is“called melting point. when temperature is raised the kinetic energy of molecules
increases. When continuous heat is supplied to solid, molecules leave their fixed position
and’become mobile, at this stage solid starts melting.

The melting points of different solids are given in table 5.7
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Table 5.7 Melting points of solids

Melting point

°’C
1 Sugar 185 Q
2 Chocolate 36 Q‘
3 Mercury -38.83

4 Sodium chloride | 801
5 Water 0 %
5.4.2 Rigidity:

The molecular arrangement of solids is close due to this solids are not mobile.
They exhibit vibration at fixed positions. T @ > solids are rigid in their structure.

5.4.3 Density: @
The solids are typically denser 1&& d or a gas. Molecules in solid are more tightly
e gre

packed together because of t r intermolecular forces. Due to this reason solids

have highest densities amon states of matter. Some densities are shown in table
5.8.

Table 5.8 Densities of solids

Q 1 Aluminum 2.70

% 2 lIron 7.86
\ 3 Gold 19.3
% 4 Sodium chloride 2.16
5 Sugar 1.59
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CEY TYPES OF SOLIDS

The solids are classified on the basis of
arrangement of molecules. There are two types of
solids which are as follows.

i. Crystalline solids

ii. Amorphous solids Crystalline A o

. Fig 5.15
5.5.1 Crystalline Solids:
The solids in which molecules are arranged in definite three dime al geomatrical

pattern are called crystalline solids. The arranged molecules jin, solids/are bounded
re

biplane surface called faces which intersect each other at a pa ngle. The melting
point of crystals are sharp. Sodium chloride and diamo mon examples of
crystalline solids.

R O e

L

a

Fig 5.17 Diamond

Fig 5.16 sodiim
5.5.2 Amorphou&s:

The solids in which molecules are not arranged in geometrical pattern are called

amorphous sol do not have sharp melting point. Plastic ,rubber and glass are
examples o us solids.
L e
. . Ly Glass i’
% us SiO, S
ass) ‘{: 'r-: '
n‘ E)'Et..‘:
P i 1
2 ."t:'.‘.:. . -

X}. 'J ; .::';:“ \

Fig 5.18
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5.5.3 Difference between Amorphous and Crystalline Solids

Amorphous Solids Crystalline Solids

They don't have definite geometrical shape. They have characteristic geometrical shape.
Amorphous solids do not have particular
melting point. They melt over a wide range They have sharp melting poin

of temperatures.

P -
»
Amorphous solids are isotropic. Crystalline solids pic.

P o

Amorphous solids are unsymmetrical. Crystol[e soli e symmetrical.

Amorphous solids do not break at fixed cleavage m solids break along particular
planes. y d on at fixed cleavage planes.

5.6 Allotropy

The existence of an element in smore than one crystalline forms is known as allotropy.
These forms of the element are called allotropes or allotropic forms. This happens when
the atoms of the elementsare bonded together in a different way. Different bonding
arrangements betweendatoms result in different structures with different chemical and
physical properties. Only’some elements like sulphur, phosphorus, carbon and tin are
elements which showuallotropy.

For example, the allotropes of carbon include:

\/ Sk,

iamond, where the carbon atoms are . .I-u_{\. e
bonded together in a f d S
onded together in a four-cornere N2

% lattice arrangement. -

Fig 5.19 Allotropy of Diamond
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»  Graphite, where the carbon atoms are
bonded together in sheets of a six-sided

lattice.
I 1l I
- "'ﬁﬁpf':“w-%-" b
»  Graphene, single sheets of graphite. mcfﬂncfﬁvnﬁﬁ
i i€
Hchﬁfcﬁtﬁcﬁ,
i

>  Fullerenes, where the carbon atom
are bonded together in spheres

cylinders or egg-shaped formatio ‘g'/' B
AL Fig 5.22 Allotropy of Fullerenes

5.7 Plasma State

English scientist William Groekes identify the fourth states of matter known as Plasma. It
was discovered by addingienergy to a gas. As a result some electrons left their atoms and
formed positive and negative ions by ionization. In plasma these charged particles react
strongly to electric and magnetic fields. If plasma loses heat, the ions will re-form into a
gas, emittingsthe emergy which had caused them to ionize.
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It means that plasma is distinct state of matter containing a significant number of
electrically charged particles which affect its electrical properties and behavior.

Some examples of daily life are as follow:

The lightning makes plasma naturally.

The Artificial (man-made) uses of plasma include
fluorescent light bulbs, Neon signs.

The use of plasma display of television or computer
screens.

The plasma lamps and globes are popular in children's
toys and room decoration.

Scientists are experimenting with plasma to make'a new
kind of nuclear power, called fusion, which will beimuch

better and safer than ordinary nuclear power with less _
radioactive waste. Fig 5.25

5.8 Bose Einstein Condehsate (BEC)

Two scientists Satyendra Bese.and Albert Einstein discovered another state of matter in
1920 but they did not hiave the equipment and facilities to make it happens at that time.
Afterward in 19954wofother scientists Eric Cornell and Carl Weiman also proposed
another state of matter known as Bose-Einstein Condensate (BEC)

They discovered that as plasma are super-hot and super excited atoms. The atoms in a
Bose-Einstein‘condensate (BEC) are totally opposite. They are super unexcited and super

cold gtoms: -y

Let's'explain condensation first. Condensation happens when
several'gas molecules come together and form a liquid. It all
happens because of aloss of energy. Gases are really excited

Do you know?

Absolute Zero is a
or energetic atoms. When they lose energy, they slow down

and begin to gather. They can gather into one drop.

temperature where all
the atomic activities
For example, when you boil water. Water vapour in the form ~ stop theoretically.

of steam condenses on the lid of pot. Vapour cool and

become a liquid again. You would then have a condensate.
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The BEC happens at super low temperatures. When we get a temperature near absolute
zero, all molecular motion stops due to depletion of energy, and atoms begin to clump.
The result of this clumping is the BEC. In common we can not see this state in observable
nature, because it is very difficult to reach at very low temperature under normal

conditions.
Ny
@ Do you know? Q '
Sublimation O E




¢

Physical States of Matter

The states of matter are solid, liquid, gas, plasma, and BE condensate.

The kinetic particle theory states that all matter is made up of tiny particles that are in
constant random motion.

Solids have fixed shapes and volumes. They cannot be compressed.

Liquids do not have fixed shapes. They have fixed volumes and*eannot be com-
pressed easily.

Gases do not have fixed shapes or volumes. They can be compressed.
Boyle's law states that volume of a given mass of a gasds inversely proportional to the
pressure at constant temperature.

Charles law states that volume of a gas is directly proportional to the absolute
temperature at a constant pressure.

Diffusion is mixing up of a gas throughout @ space or other gases. Gases diffuse very
rapidly.
Effusion is escaping of a gas molegulethrough a fine hole into an evacuated space.

The pressure exerted by vapeuts4n equilibrium with its pure liquid at a particular
temperature is called VapourPRressure.

The temperature at which vapour pressure of a liquid become equal to atmospheric
pressure is called boiling pointof liquid

The Density of liquidddepends upon mass per unit volume. Affected by temperature
and pressure;

The temperature at which a solid starts melting and coexist in equilibrium with liquid
state is called melting point.

Freezing point of a liquid is that temperature at which vapour pressure of a liquid
state is equal to the vapour pressure of a solid state.

Selids’are rigid and denser than liquid and classified as amorphous and crystalline.
Amorphous solids are shapeless and do not have sharp melting point.

Crystalline solids have definite three dimensional pattern of arrangement of mole-
cules.They have sharp melting point.

The solids exist in different physical forms are known as allotropy.
Plasma are super-hot and super excited atoms.

The atoms in a Bose-Einstein condensate (BEC) are super unexcited and super cold

atoms.
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I SECTION- A: MULTIPLE CHOICE QUESTIONS

Tick Mark () the correct answer

1. Which of the following gas diffuses fastest?
(a) Hydrogen (b) Chlorine
(c) Fluorine (d) Helium

. The vapour pressure of a liquid increases with the:
(a) increase of pressure
(b) increase of temperature

N

(c) increase of intermolecular forces
(d) increase the polarity of molecules
3. The freezing point depends upon:

(a) Nature of liquid (b) Pressure
(c) Temperature (d) Volume
4. One atmospheric pressure is equal to:
(a) 10325 Pascal (b). 106075 Pascal
(c) 10523 Pascal (d) 1QJ825 Pascal
5. Which of the following does nat affect the boiling point :
(a) Intermolecular forces (b) External pressure
(c) Initial temperature of liguid ||  (d) Nature of liquid
6. The mobility of liquids'is lessef than:
(a) Solids (b) Gases
(c) Plasma (d) Bose Einstein Condensate
7. Which of thetolléwing have sharp melting point in solids :
(a) Plastic (b) Rubber
(c) Glass (d) Diamond
8. Which ofithe following are lightest form of matter:
(a) Solid (b) Liquid
(c) ' Gases (d) Plasma
9. The liquid molecules leave the surface of liquid in evaporation process because :
(a) Energy is low (b) Energy is moderate
(c) Energy is high (d) None of these
10.The density of gases increases when its :
(a) Pressure increased (b) Temperature increased
(c) Volume increased (d) None of these
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| SECTION- B: SHORT QUESTIONS:

1.
2.
3.
4.

5.
6.

7.

Define the allotropy with examples?

What is Effusion, explain with the examples?

Define the following?

Boiling Point, Melting Point, Freezing Point

What is density, how the density of liquid is affected by temperatire and
pressure?

Explain plasma with the daily life examples?

Justify that atoms of Bose Einstein condensate are supef unexcited and super
cooled?

How kinetic molecular theory differentiates states®f matter?

I SECTION- C: DETAILED QUESTIONS:

1.

oM

6.
7.

Discuss the property of evaporation in liquids?fWhieh factors affects the
evaporation process?

Describe the Boyl's law with example?

Differentiate between amorphousand €rystalline Solids?

Define and explain the Charlestlaw,of gases?

Describe the process of diffUsion in liquids? State the factors which influence
it?

How boiling point is affected\by different factors?

Define vapour pressurerand justify that it is visible in a close system only?

| SECTION- D: NUMERTCALS

1.

Convert the fellowing units :

A)100°Cto K (b) 150°C to K

(e) 780K to °C  (d) 170 Kto °C
itisydesired to increase the volume of a fixed amount of gas from 90.5 to 120
cm’ while holding the pressure constant. What would be the final temperature
ifigitial temperature is 33°C.
A 78ml sample of gas is heated from 35°C to 80°C at constant pressure.
What is the final volume?
A gas occupies a volume of 40.0 dm’ at standard temperature (0°C) and
pressure (1 atm), when pressure is increases up to 3 atm unchanged
temperature what would be the new volume?
The 800 cm’ of a gas is enclosed in a container under a pressure of 750
mm. If the volume is reduced to 250 cm?®, what will be the pressure?
The pressure of a sample gas is 8 atm and the volume is 15 liters. If the
pressure is reduced to 6 atm, what is the volume?
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Introduction

A solution is the homogenous mixture of solute and solvent. Solutions are everywhere
around us. Many substances around us is a solution like a glass of milk, drugs and
medicines, blood, alloy, kerosene oil, tap water, cooking utensils and surgical tools«Ihese
all are the example of a solution. The nutrient absorbed by plants from the soil4ds also'the
example of the solution. The foods we eat come into contact enzymes with/the help/of a
solution. The majority of chemical reactions occur in solutions. All these are,possible with
the presence and support of the solution.

In this chapter, we will study about solutions, types of solution and\comparison of
solutions, suspension and colloids in detail.

m Solution, Aqueous Solution, Solute aAd Solvent
6.1.1 Solution

A solution is a homogeneous mixture of two or more substances to form a single phase. A
solution exists in all three states of matter”An, example of solid solution is brass (Zinc
dissolved in copper), the liquid solution is 'sugar into water and gaseous solution is air we
breathe. Airis made up of gases oxygén, nitrogen, carbon dioxide etc.

6.1.2 Aqueous Solution
An aqueous solution is fermed by dissolving a substance in water. The word aqueous is
derived from the Latinword called aqua meaning water. Sugar, salt, and acid in water are
the examples of agueousselution. In agueous solution, water (H,O) is present in greater
amount and termed as'solvent.

Solution

Solute + Solvent —— > Solution

Figure 6.1 Prepsestion of Solution
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6.1.3 Solute

The component of solution which is always present in smaller amount is called the solute.
A solute is dissolved in a solvent to make a solution. An everyday example of a solute is
sugar in water. Sugar is the solute and water is solvent. In a solution more than two solate
may be present. For example, in a soft drink, sugar, salt and carbon dioxide are soluteland
water is a solvent. Consider another example, air is a solution of several gases like
nitrogen, carbon dioxide, oxygen and inert gases. In this solution carbon dioxidejoxygen
and inert gases are solute and nitrogen is solvent.

6.1.4 Solvent

The component of the solution which is present in larger amountis called'solvent. Solvent
are generally liquid, but can also be gas or liquid or solid.. The ‘component of solution
which can dissolve solute is called solvent. Water is the most common solvent because it
can dissolve most of the solute. Itis also called as the universal solvent.

Test Yourself
O

Why solutions are important for us?
Why solution called mixture?
How is solution formed? &

What is aqueous soluti

Write any two exa lute and solvent.

Air is solution eral'gases like nitrogen, carbon

dioxide,zﬁ:nd ert gases, why nitrogen is called

solvent?

Saturated, Unsaturated, Supersaturated Solutions and
Dilution of the Solution

6.2\ Sgaturated solution

(Takessome water in a beaker and add sugar in a small amount. The sugar dissolved very
easily in the water at a certain temperature. If the adding of sugar continues, it is found
that a limit is reached when the water cannot dissolve any more sugar and settling down
and no more solute can dissolve in it. Such a solution is said to be saturated solution. Thus
we can define a saturated solution as follows:

A solution which cannot dissolve more solute in it at a particular temperature is called a
saturated solution.
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6.2.2 Unsaturated solution

A solution which contains lesser amount of solute than is required to saturate it at a
particular temperature, is called unsaturated solution. Salt dissolved in water is the
example of unsaturated solution if the solution has ability to dissolve more solute to
become a saturated solution.

6.2.3 Supersaturated solution

When we heat the saturated solution, it develops further capacity to disselve mere amount
of sugar (solute). This solution contains greater amount of solute than'that present in a
saturated solution and the solution become more concentrated. Now solution is called
super saturated.

Thus, we can define a supersaturated solution as:

A solution that can dissolve more solute than it contained in the saturated solution after
heating is called a Supersaturated solution.

For better understanding of saturated, unsaturated and supersaturated solution, a brief
comparison of their differences is given in table.6. 1

Table 6.1
The difference between Sdturated,"Unsaturated and Supersaturated solution

Saturated Unsaturated Supersaturated

In saturated soldti I}u‘unsaturated solution more In super saturated solution
maximum a nt amount of solute that can be more amount of solute has
solute that can be disselved dissolved at particular been dissolved than its

at porticulart%erature. temperature. maximum capacity.
The so n has high The solution has low The solution has more
con @ ion than concentration than saturated concentration than
un&\ ted solution. solution. saturated solution.
L .,

—)

e is no formation of There is also no precipitation There is formation of
\upitation at the bottom at the bottom of container. precipitation at the bottom
f container. of container.

A solution having 20.9 A solution having amount of A solution having more
gram of sodium sulphate salt less than 20.9 gram per amount than 20.9 gram of
per 100cm’ of water at 100cm’ of water at 20°C is the salt per 100cm’ of water at
20°C is the example of example of unsaturated 20°C is the example of
saturated solutions. solution. supersaturated solution.
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6.2.4 Dilution of solution

We already know about two basic terms dilute and concentrated solutions and both are
depending on the relative amount of solute present in it. Dilute solution contains a
relatively small amount of a solute in a large amount of solvent like adding more water.to
a solution.

Whereas, concentrated solution contains a relatively large amount of solute in a/small
amount of solvent.

Dilution of a solution is necessary process in the laboratory, as stock solution- (more
concentrated) are often purchased and stored in laboratory #when, the desired
concentration of solution is required can be prepared by diluting the stock solution by
given formula.

Preparing dilute solution

In a laboratory, we can make a dilute solution from a cenceéntrated solution by using
formulas: :

Concentrated Solution = Dilute Solution
MV, =MV,
Where, M, = Molarity of concentrated solutioh
V, = Volume of Concentrated solution

M, = Molarity of dilute solution

V, = Volume of diluté solution

6.2 Dilute solution

Example 6.1
How do you prepate 100ml"of 0.40M MgSO, from a stock solution of 2.0M MgSO,?
Solution:
Data M gSo,
M MgSO,
Oml

Concentrated Solution = Dilute Solution
M, V, =M,V,

2xV, = 0.40x100

_0.4x100

1

2
=20 cr
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Transfer 20cm® of 2 M MgSO, to a 100cm® measuring flask and dilute it by adding
water up to the marks. It is 0.40M solution of MgSO,

Example 6.2
How would you prepare 500 cm® of 0.20 M NaOH (aq) from a stock solution®f 1.5 M
NaOH?
Solution <
M1=1.5M NaOH
M2 = 0.2M NaOH
V. = 500cm
V1 =?
Concentrated Solign = Dilute So

MV, =M.V,

1.5V, q 500
20 x 500
L
,O) =66.67cr?

Take 66.67 cm® of concentrated NaOH"and placed in a measuring flask and dilute it
by adding water up to the mark. It will become 0.2M solution of NaOH.

Test Yourself V

® Consider two beakers A and B. Each one having 20ml of
water. AddW 0 g of sodium thiosulphate in beaker A and
20 g indbe B and stir carefully. Answer the following
questien

ker's solution is saturated?

an be supersaturated solution prepared from
ove experiment?

Compare the term saturated and unsaturated solution.
B Which beaker’s solution is unsaturated solution?
® How is unsaturated solution prepared?

® 10M HNO,; solution is available in laboratory. How would
you prepare 500 cm’ of 0.1M solution?
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TYPES OF SOLUTION

As we know that there are three states of matter, i.e. solid, liquid and gas. A solute as well
as solvent can exist in any one of the three states of matter. By the combination of these
three states different types of solutions are formed, which are given in table 6.2

Table 6.2 Types of Solution with Examples

Sr. | State of State of State of Example of Solutiq~

No | Solute Solvent solution ’&

1. Gas Gas Gas Air, mixture of hydrogen and
helium in waterballoon, oxygen i
air

2. Gas Liquid Liquid Carbonated'drinks
(carbon dioxide dissolved in watg

3. Gas Solid Solid Hydrogen gas in palladium, nitrog
in titanium, smoke

4. Liquid Gas Gas Fog(water vapour in air)liquid air
pollutants

5. Liquid Liguid Liquid Alcohol dissolvesin water, oil in
ether.

6. Liquid Solid Solid Amalgam, butter, cheese

7. Solid Gas Gas Smoke (arbon particles in ajr

8. Solid Liquid Liquid Saltin water, Sugar in water

9. Solid Solid Solid Brass an alloy (Zinc dissolved in
copper), Bronze (tin dissolved in
copper)

=
~

en
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X3 CONCENTRATION UNITS

We already discussed in section 6.2.4 that concentration is the amount of solute present
in a given amount of solvent or solution. It is also the ratio of amount of solute to the
amount of solution or ratio of amount of solute to the amount of solvent.

We can express the concentration in terms of grams of solute per dm*(g / dm?)6fsolution.
Mass of solute in gram Con

Concentrationin g / dm’ = ¢ >
& volume of solution in dm’ Do yot Know

) )
1 dm
cm’
11=1000ml

- 3 3
1dm*=1000cm

There are many ways of expressing the concentration of the solution. In this class we will
discuss only two main concentration units.

6.4.1 Percentage

Itis a unit of concentration. It refersto the percentage of solute presentin a solution. It can
be expressed in four different ways:

(i) Mass by mass pércent (%om/m)
Itis the mass of soldtein gram dissolve in 100 gram of solution.

For example, 5% m/m sugar solution means that 5 grams of sugar dissolved in 95 grams
of water to make M0 grams of solution.

. M f solut
Percent solutlor(E )%= ass of solute (g) x100
m (Mass of Solute + masss of solvent (g))

or

Mass of solute (g) x100

N Mass of Solution (g)

(ii) Mass by volume percent (%om/v)
Itis the mass of the solute in grams dissolved per 100cm’ of the solution.

For example, 5%m/v sugar solution means that 5 grams of sugar in 100cm?® of the
solution.
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(iii) Volume by mass percent (%v/m)

Itis the volume of solute in cm”® dissolved in100 gram of the solution.

For example, 5%(v/m) solution means 5cm® of alcohol is dissolved in (unknown) volume of
water so that mass of solution become 100g.

Volume of Solute (cm’
(m ) 100

Percent of solutior-l\i =
m Mass of Solution (g)

(iv) Volume by volume percent (%v/v)
The volume of solute in cm®is dissolved per 100cm’ of the solutiont

For example, 5%(v/v) solution means that 5cm?® of alcohollis dissolved in 95 cm’® of the
water to make 100 cm?® of the solution.

Volumé of Selute” (cm’ )

Percent of solutior%r,/ = x100

Volume'of Solution (cm’)

Example 6.3 (Percent by Mass)

Calculate the percentage conceftration (m/m) of the solution obtained by dissolving 15g
saltin 110g water.

Solution

Massofsalt=15g

Mass of water =4] 10°g

Mass % of salt =2

Total mass'ef selution = 15gsalt+ 110gwater=125g

Percent by mass would be calculated as:

Percent (mass/mass) Mass of solute (g)

x1
Mass of Solution (g) 00

=15/125x100 =12%

Thus the concentration of a solution is 12% by mass.
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Example 6.4 (Percent by Volume)

Calculate the volume/volume percent of solution obtained by mixing 25cm? of ethanol in
water to produce 150cm?® of the solution.

Solution
Volume of solute = 25cm?®
Volume of solution = 150cm?

Volume/volume percent =?

Volume of Solute (cm’)

Percent of solutio% = x 100

Volume of Solution (cm’)

_ 25
—ﬁx100

=16.7%
Thus the concentration of a solution is 16.7 %%y velume

6.4.2 Molarity

Molarity is defined as the number6f moles'of solute dissolved in one dm® of the solution.
Morality is the concentration unit inwhich the amount of solute is expressed in gram and
the amount of solution is expressed in dm®. Itis denoted by “M” and its unit is mol/dm®.

Molérity (M) = Number of moles of solute

volume of solution in dm’

mass of solute

Number of moles of solute=

molar mass of the solute (gmol '}

Volume of solution (cm”
e (
1000

Volume of solution in d

Mass of solute (g) 1000

Molarity =

Molar mass of the solute (gmol') ~ Volume of Solution (cm’)

Preparation of Molar Solution

One mole (molar mass) of a solute is dissolved in a sufficient amount of water so that the
total volume is 1dm?®. The solution is said to be one molar solution.

Forexample, prepare 1.0 M solute of NaClin 1 dm®.
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Following steps may be considered:

1. Weigh out58.5 grams of NaCl Molar mass of NaCl = 23 + 35.5
= 58.5g/mol

2. Putthe NaClinto a volumetric flask

3. Addwaterto dissolve the salt and prepare 1dm? solution.

You have prepared 1M NaCl solution by dissolving 58.5 grams of NaCl in sufficient water
to make the volume 1dm?®.

Similarly, to make a 0.1M solution, you could dissolve 5.85g of NaCl infT dméofwater.

Problems based on Molarity of a solution
Example 6.5
20 gram of saltis dissolved in 500cm’ of a solutién. Galctfate the molarity of that solution.

Data:
Mass.of selute = 20g
Molar mdass'of NaCl = 23 + 35.5

= 58.5g/mol
Volume of solution = 500cm’.
Molarity (M) = ?

N

Formul

Mass of solute 1000

Molarity = x
Q Molar mass - of solute (& volume of solution (cn’)
ution:

q 20g 1000
= X
MOIarlty 58.5g/mol 500

Molarity = 0.683 mole / din

2
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Example 6.6

What is the mass of oxalic acid present in 100 cm® of 2 molar solution?

Data:

Molarity = 2 mol/dm’

Volumeincm® =100

Molar mass of oxalic acid (C,H,O,) =(12x2)+(2x 1)+ (16x4)
=24+2+64 =90g/mol

Mass of solute = ?

Formula
Solution: ’
_Mase 1000
e
2X90X100
( ss'of solute 7000 =18gm
Example 6.7

A sample of sulphurie agid has the molarity 20M. How many cm? of solution should
you use to preparé 500 cm® of 0.5M H,SO,?

Solution:

M, = Molarity of given H,SO, = 20M

M, = "Molarity of required H,SO, = 0.5M
Vg=..Volume required in H,SO, on = 500 cm’

V4, ="olume of concentrated solution needs to be diluted =?

MV, =MV,
_MVs _0.5x500

Vi ™ 20

V,=125cm’

12.5cm’ of 20M is used to make 500cm® aqueous solution to form 0.5M H,SO,.
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Test Yourself

B Define concentration

® Brass contains 20% zinc and 80% copper. |dentify state of
solute and solvent in this solution? Also write the type of
solution.

B Write the difference between diluted and concentrated
solution. <

® Which one of the solution is more diluted; 2M or 3M?

® A solution of NaOH has concentration 1.2M, calculate
mass of NaOH in g/dm? in this solution.

B Determine the percentage concentration of olution
obtained by dissolving 10g sugarin 140g wate

B A student asked to prepare 10%(m/m) solutio gar. How
much solvent will be required to prepa;i th ion?

) soLuBILITY

Solubility is defined as thesmaximum quantity of solute that can be dissolved in 100 grams
of solvent to prepare saturated sélution at a particular temperature.

Different substances have different capability to dissolve in the same solvent at a
particular températtreyFor example, the solubility of sodium chloride in 100g of water at
100°C is 39¢12g, whereas, the solubility of silver chloride in 100g of water at 100°C is
0.002g. «T'his, shows that sodium chloride is much more soluble in water than silver
chloride.
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General Principles of Solubility

1. The general, principle of solubility is “Like dissolves like”. Its mean that two
substances with similar intermolecular forces are likely to be soluble in one
another. It has been observed that:

» lonic and polar solute dissolved in polar solvents. For example, Na,CO.,
sugar and alcohol are polar and dissolved in water because/water is also
polar.

> Nonpolar solute dissolved in non-polar solvents. Suchr@s,oil and paints are
non-polar, they are dissolved in ether as both are non-polar. Similarly,
waxes and fats dissolve in benzene and not in water.

» Nonpolar compounds are not soluble in polar solvents (water). For
example, oil, petrol, benzene are non-polar, they are not dissolved in water
because water is polar.

2. Solute-solvent interaction

N

Temperatures o

& Do you know?

—
=
-

When solute-solute or solvent-
solvent interactions are much
more than solute-solvent
interaction, a solution will not
form.

6.5.1Solubility, and Solute-Solvent Interaction

In orderto disselve the solute into solvent, the following conditions must be fulfilled.
» W Solute-Solute bonding should be broken.
+ Solvent-Solvent bonding should be broken to provide space for solute particles.

* Solute-Solvent attraction should be maximized.

The process of solution formation depends upon the relative strength of attractive forces
between solute-solute, solvent-solvent and solute-solvent. A solute will dissolve in a
solvent if the solute-solvent forces of attraction are greater enough to overcome the
solute-solute and solvent-solvent forces of attraction. A solute will not dissolve if the
solute-solvent forces of attraction are weaker than individual solute and solvent
intermolecular attractions.
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As we know that sodium chloride is an ionic compound. When sodium chloride (NaCl) is
placed in water, it dissolves quickly. The negative end of water molecules is attracted to
sodium ions and the positive end of water molecules is attracted to chlorine ions. In this
case, solute-solvent attractions are more in comparison with solute-solute interaction,
therefore solution of sodium chloride is formed. These attractive forces of watet are
stronger enough to overcome the attraction between Na* and Cl ions in NaCl. Figute 6:2
shows the attraction of Na” and Cl ions with water molecules.

N Dot N et N ot Nz *

[N o I o i e M2

(cr Y cr Y o % e @@6 o o
I‘dn‘H__Na’ﬂNa'HNa' :

Y cr Yo Q%:) o o a% 5
Na Do Na™ o M oot M’ e £ B‘(&Dﬁ‘

cr Y cr Y cr
TN o Nis* o N o r*
cr o)y a
I o e Jomen P e I r*
= g ) @i
Na* ‘Na*

Na*

Sodium Chloride Crystal >

Sodium Chloride Dissolved in Water
Figuré 6.2{ntefaction of sodium chloride and water
Now it is concluded that ifithere is more attraction between solute-solvent attractions in
comparison with solute-solute interaction, then the solution will be formed. If Solute-
solute interaction,is’greater than solute-solvent attraction, then solute will not dissolve in
solvent.

6.5.2 Effeer’of Temperature on Solubility

SolGbkility is directly proportional to the temperature in solid & liquid. Solubility is increased
by increasing the temperature because hot water molecules have greater kinetic energy
and collide with solid solute more vigorously. For example, a greater amount of sugar will
dissolve in warm water than in cold water. The solubility of potassium chloride is 34.7g to
100g of water at 20°C. It will become 56.7gm/cm?’at 100 °C.

For all gases, the solubility decreases as the temperature of the solution increases.
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Test Yourself

® Explain the general principle for solubility, “like dissolves
like”?

® Why solute dissolve in solvent?

® Why benzene does not dissolve in water?

Suppose solute-solute forces are weaker than those of
solute-solvent forces. Will solution be formed? <

® What is the main reason that solute did not disso

water? L
o

X3 COMPARISON OF SOLUTION, SUSPENSION
AND COLLOIDS

When a solute (sugar or table salt) issplaced/in water, after some time sugar or salt
completely dissolve in water and we‘eannot even see the particles of sugar or salt. Now if
you repeat the same practice withisand ef clay, would you get same results? The solution
of sugar in water is a clear solution, whereas sand or clay in water is not a clear solution.
After some time, sand orclay séttles at the bottom and we can see the particles of sand
clearly. Now comparefthese two solutions with milk. Milk is not a clear solution but
particles do not settle atythé bottom with time. So we can say that particles remain
dispersed in solution, but the size is big enough that does not allow the clear appearance
of the solution.

On the basiséparticles size and their characteristics, mixtures can be classified as true
solutien, colloid'and suspension.

6.6. N, Sélution

A solution is a homogeneous mixture of two or more than two components. When we
dissolve sugar in water, after some time sugar completely dissolve in water and we cannot
éven see the particles of sugar. Sugar is dissolved into the water and a drop of ink mixed in
water are the examples of the true solution. The solute particles in true solutions are very

tiny so that we cannot see them with naked eyes.




Fundamentals of Chemistry

6.6.2 Colloid

In a colloid, the particles are larger than those present in a true solution, but smaller than
the particles that make up a suspension. Therefore, they will not settle to the bottom of the
container and remain dispersed in the medium. The dispersed particles of collgids
cannot be separated by filtration, but they scatter the beam of light. This phenomenen is
called the Tyndall effect. These solutions are also called false solutions. Milk, butter, jelly
blood are the example of colloidal solution. Few other examples of colloid are fog; smoke
and dust particles which are suspended in the air and the beam of light can’be easily
scattered. v

f ¢
Do You'Know?

The scattefing of visible
Colloidal particles is
d Tyndall effect. This
enomenon was
discovered by Physicist John
Tyndall in the 19th century.

ey

Flash light

Solution Mixture of water
and milk
Figure: 6.3 Tyndall effect by colloids

676.3 Suspension

A suspension is a heterogeneous mixture of solute and solvent in which solute particles do
not dissolve. A suspension contains large particles suspended in a liquid. The particles will
eventually, slowly settle to the bottom in the absence of agitation. For examples mud in
water, chalk in water, paints. The solute particles are big enough to be seen with naked
eyes and they can scatter light like colloids.
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Table 6.3 shows the comparison of the characteristics of solution, suspension and colloid.

Table 6.3 Comparison of the characteristics of solution, Suspension and Colloid.

Solution Suspension Colloid
Particle size less than 1 nRarticle size greater than| Particle size 1 to 100 nm
1000 nm
Homogeneous (particles | Heterogeneous (particles) Homogeneousnd
dissolveuniformly) settle down after heterogeneous
sometimes)
(Particles do not settle down
for a long time)
Particlescannotbe Particles are big enough | Colloidal particlesannotbe
distinctly seerwith the but can be seen with | Seenwith the naked eyédut
naked eye naked eyes can.be seen througtltra
microscope
Clear, transparent and Cloudy, but uniform and | Cloudy, heterogeneous, at
homogeneous homogeneous least two substances visible
Transparent but often Translucent and often Oftenopaque, butcan be
colored opaque butwcan be transparent
transparent
Cannot be separated Cannot be separated Can be separated easily
Do not scatter light Scatter light, but are not | Scatter light (Tyndall effect)
transparent
Particles campass Particlespassthrough Particlesdo not pasghrough
through filtef paper filter paper filter paper

Test Yourself
® Ho

a eolloid different from a solution?
* Wi o

is colloidal solution. Give reason?
\N y paints should be stir thoroughly before using?
rite two examples of suspension.

Differentiate between suspension and colloid.

is colloidal solution, Starch solution or Glucose solution?

Justify that milk is a colloidal solution.

Why sugar solution scatters the light?

Define false solution.
Why does the colloidal show tyndall effect?

L 2K 2R R AR
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Society, Technology and Science

Relate Solution to Different Products in the Community

Solutions have great importance and influenced in our daily life. As we look in our
surrounding, such as air, soft drinks, beverages, medicines, butter, tooth pastes, natural

gas and even water are solutions. When we stir sugar in a cup of tea, we are making,a

solution. Most of chemical reactions take place in the bodies of living organisfa oceur,in
presence of water as a solvents. The food assimilation process in our bodies(also oceurs in

solution. Brass and steel are also solution. These solutions are widely.usedfor making
cooking utensils, surgical instruments, cutlery, and many other objects. Silver and tin

amalgams are widely used to make dental filling. The majority ofschemical’processes are
reactions that occur in solution. Gaseous solutions are also used in€hemical industries for

the preparation of urea, ammonia gas, nitric acid, rubber, vegetable'6il etc.

v vV vV v ¥

A solution is a homogeneous mixture oftwe,0r more substances.

The substance which is dissolved is.called solute.

The substance in which the solute isdissolved is called a solvent.

The solution is single phaseshomogeneous mixture of solute and solvent.

Component of solutionswhich is present in small quantity and it can be dissolved in
solvent s called “solute™

Component of solution which is present in large quantity and it can dissolve solute is
called “solvent?,

The aqueous solution is a type of solution, in which water used as a solvent.

In unsaturated®solution the amount of solute is less than its original capacity to
dissolye:

Inig saturated solution maximum amount of solute dissolves in solvent according to
theireapacity.

In supersaturated solution the capacity to dissolve the solute is increased by
increasing the temperature.

A solution has nine types based on the nature of solute and solvent. A solute may be
solid, liquid and gas. If the solution is in liquid so it is considered a true solution.

A dilute solution has a small amount of solute in a large amount of solvent.

A concentrated solution has a large amount of solute in small amount of solvent.
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We can dilute the solution by the formula. M\V,=M,V,.
The proportion of solute in a solution is called concentration.

Molarity is defined as the number of moles dissolved in a dm® of the solution. Those
solutions whose concentration is expressed in molarity are called molar solutién:

Percent solution is based on mass and volume of the components ofssolute and
solvent.

The quantity of solute and solvent may be increase or decreasé'according to the
percentage of the solution. Percent solution has four types

Solubility is defined as the amount of solute dissolved in 100g of solvent. The main
factors which effect the solubility are temperature, pressure andsnature of solute and
solvent.

Nature of solute and solvent obey the principle of “ like dissolves like”.

A heterogeneous mixture containing undisselved particles large enough to be seen
with naked eyes is called suspension.

In colloidal solutions, solute particlés are larger than those present in the true
solution but not large enough to be seen by naked eyes. They are also called false
solution.
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I SECTION- A: MULTIPLE CHOICE QUESTIONS

Tick Mark () the correct answer

1.

An alloy is the homogeneous mixture of:

(a) two solid (b) two liquid

(c) two gases (d) solid and liquid

A saturated solution of KCl on heating becomes:

(a) unsaturated (b) supersaturated

(c) diluted (d) all of these

If we dissolve sand into the water, then the mixtureis said to be:
(a) solution (b) suspension

(c) colloids (d) concentrated solution
Solubility is usually expressed in grams.of the solute dissolved in gram of
a solvent

(a) TOgrams (b). 100 grams

(b) 500 grams (d) 1000 grams

Example of heterogénegus mixture is:

(a) sugarand water (b) sand and water

(c) saltand water (d) ink and water

2 molesof sadium chloride (NaCl) is equal to:
(a) 23 grams (b) 135 grams
(e) 158 grams (d) 117 grams

Melarity of a solution which is prepared by dissolving 40g sodium chloride in
500cm’of solution is:

(a) 1.4M (b) 1.5M

(c)1.33M (d) 1.33M

10% (w/w) sugar solution mean that 10 grams of solute dissolved in:
(a) 90g of water (b) 95g of water

(c) 100g of water (d) 105g of water
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9. An example of true solution is:
(a) solution of starch (b) solution of soap
(c) inkinwater (d) tooth paste
10. Which solution contain more water:
(@) 1.0M (b) 0.75M
(c) 0.5M (d) 0.25M
11. When a saturated solution is diluted, it change into:
(a) saturated solution (b) unsaturated solution
(c) concentrated solution (d) supersaturated solution
12. Butter is example of solution:
(a) gas-liquid (b) solid-liquid
(c) liquid-solid (d) gas-solid
13. A solution that contain solid solute into liquid solvent is called:
(a) solidsingas (b)sliquidsin'solids
(c) solidsinsolids (d)usolids in liquid
14. What is the particle size in suspension?
(@) 10°nm (B) 10°nm
(c) lessthan 10°nm (d) greaterthan 10°nm
15. Write the example of each type of solution.

Soli x ' Liquid
A\ : Gas
N\ =

—

\, Liquid Solid

} Liquid Gas
Liquid Liquid
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I Section B: Short Questions

N o~ WN -~

10.
11.
12.

13.

Explain the solute-solvent interaction to prepare sodium chloride solution.
Differentiate between the saturated and unsaturated solution?

Define solution and explain the major components of solution?

What do you mean by mass/volume percent ?

Define with example one molar solution.

Why does colloidal show Tyndall effect?

Define the terms

i Dilution ii. Concentration iii. Solubility ) iv. Molarity
Polar and ionic solutes dissolve in polar solvent only. Why?

Why does Polar solute not dissolve in nonpolar selvent?

How are solutions beneficial for community?

Why salt dissolves in water?

Air is a solution containing oxygen, ‘earbon dioxide, nitrogen and other
gases. Which one of the gasis calledsolvent and why?

Why gasoline does not disolveiin water?

I Section C: Detailed\Questions

N

oY @

Describe how to prepare dilute solution from concentrated solution.

Definethe term solubility. How does nature of solute and solvent determine
théextent of dissolution?

Why.the solubility of a saltincreases with the increase in temperature?
Explain the attraction of Na* and Cl ions for water molecule.

Explain the solubility with reference to “like dissolve like” principle.

What is the difference between solution, colloids and suspension?
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I Section D: Numerical

1.

What is the molarity of the solution prepared by dissolving 1.25 g of HCI
gas into enough water to make 30 cm® of solution?

A solution of potassium chloride was prepared by dissolving 2.5 g of
potassium chloride (KCI) in water and making the volume up’to/100/&m°.
Find the concentration of solution in mol/dm?®.

A flask contains 0.25 M NaOH solution. What mass_of NaOH is present
per dm’ of solution?

What volume of 0.5M acid is needed to neutralizé 200mi'of 4M base?

A mineral water bottle contains 28 mg of calcium i 100 cm® of solution.
What is the concentration in g/dm?®?

A solution of 20cm® of alcohol is dissélved.im80cm® of water. Calculate the
concentration (v/v) of this solution.

How much sodium hydroxide (NaOH) is required to prepare 400 cm® of
0.3M solution?
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Time Allocation

Teaching periods =12
Assessment period =
1 Weightage =
Major Concepts
N

7.1 Oxidation- and Reduction

7.2 Electrochemical Cells
7.3 Corrosion and its Prevention
7.4 Alloy Formation Pa\

STUDENTS LEARNING OUT COMES (SL?") \<)

Students will be able to: {
@ Define oxidation and reduction in terms of loss orga gen or hydrogen. .
Explain oxidation and reduction in terms of Io of electrons.

Describe the nature of electrochemical

Sketch an electrolytic cell, label the d the anode.

Identify the direction of movement of cations and anions towards respective electrodes. .

®©@ @ @ ©

List the possible uses of an électrolytic cell.

Sketch a Danniell cell, g cathode, the anode, and the direction of flow of the
electrons.

(O]
Distinguish between electrolytic and Galvanic cells.

@ Déefine corros

iron as an example of corrosion.

> methods used to prevent corrosion.

® in electroplating of metals on steel (using examples of zinc, Tin and chromium

%cribe how a battery produces electrical energy.
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INTRODUCTION:

In our daily life we use digital watches, calculators, cars and mobile phones. powered by
batteries or dry cells.

Extraction of metals like aluminum, copper and electro plating of metals are, few
applications of electrochemistry. It can be defined as the branch chemistry which deals
with electro chemical reactions, electrolyte and electrochemical céells l'is “ealled
electrochemistry.

“or” It deals with the conversion of electrical energy into chemical energy"and chemical
energy into electrical energy.

/AN OXIDATION AND REDUCTION REACTAONS:=

The chemical reactions in which chemical energy changes into_.électrical energy or Vice
Versa are called electrochemical reactions.

Oxidation may involve introduction of oxygen of removal of Hydrogen from a chemical
substance.
Example:

C+ 0, — CO, (burning.efcoal)
2CH,; + 250, —» 16 CO,+ I8 H,O (combustion of octane)

N,H,+ O, — N,+2H,0 (removal of Hydrogen from Hydrazine)

Similarly, reduction may involve addition of Hydrogen or removal of oxygen from a
chemical substance,
Example:

CuO+C — > Cu+CO (reduction of copper oxide)
CH, = CHy* HY ——o5g—> CH,—CH,  (Reduction of ethene)

Fe,O5+ 2Al ——» AlLO; + 2Fe + Heat (Reduction of Iron oxide)

Oxidation¥and reduction reactions are electrochemical reactions. In electrochemistry
exidation and reduction reactions involve transfer of electrons.

The electrochemical reaction in which atom molecule or ion loses electron and its
oxidation numberincreases is called oxidation reaction.

Example: Cu ——Cu "+ 2¢ (Oxidation)

The electrochemical reaction in which atoms, molecule or ion accepts electron and its
oxidation number decreases is called reduction reaction.

Example: S+2¢e — S* (Reduction reaction)’

Oxidation and reduction reactions can be summarized as
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Table 7.1
Oxidation Reduction
Addition of oxygen Addition of Hydrogen
Removal of Hydrogen Removal of oxygen

Loss of electron by a substance Gain of electrons by a substance

Increase in oxidation number of  Decrease in oxidation number of a
a substance substance

Oxidizing and Reducing Agents:-
Oxidation occurs due to oxidizing agent and reducing agent is responsible for reduction.
Oxidizing agents are substances that accept electrons. Similatly) redueing agent are

substances which loses electrons.
Ny

] Do You Know?

»

ble.of redox reaction.

Photosynthesis is an exa

ces

6CO, + 6& ight ———» C,H,,0, + 60,

Photosynthesis prod glucose.

der goes oxidation by losing electrons and

Water (H,O)

for en ions. Carbon dioxide (CO,) accept
eléctrons'and hydrogen ions to form glucose (C,H,,0O,)
'&/ y g g 6 126
Example: Zn+Cl, —=— ZnCl,

Zinc undergoes oxidation by losing electrons and it act as reducing agent while chlorine
undergoes reduction by accepting electrons and act as oxidizing agent. A table of
oxidizing agents andreducing agents is given below.

Table 7.2
Oxidizing Agent Reducing Agent
H2S04, HNO3, KMnOa, K2Cr207, Clz, Bry, I etc. Alkalimetals, Al, S, ZnNaH, KH etc
Test Yourself
| Identify the oxidizing and reducing agents from the following.
1.Al 2.Na 3.HS 4.HSO, 5 KMnO, 6.Zn
| Identify the oxidizing and reducing agents for the following reaction.

H,+Cl, —— 2HCl
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3 ELECTROCHEMICAL CELLS:

The device which convert chemical energy into electrical energy or vise versa using redox
reaction are called electrochemical cells.

The electrochemical reactions are carried out in electrochemical cells. It consists of two
electrodes at which redox reaction occurs. The electrode at which oxidation takes'place is
called Anode and electrode at which reduction occurs is called Cathode'\J hereactions
occurs at each electrode is called half cell reaction. The overall céllwreaction is the
combination of two half cell reactions. Each electrode is in contact with battery and
electrolyte is present in cell. Electrochemical cells are of two types.

(1) Electrolytic Cells (2) Galvanic Cells or Voltaic Cells

7.2.1 Concepts of Electrolyte:

An electrolyte consists of free moving ions and ‘condugt electricity. Acids, bases and salts
in molten or in aqueous solution form are electrolytes. Some strong and weak electrolytes
are shown below intable 7.3.

Table 7.3

Strong Electrolyie Weak Electrolyte

HCl, HNg Hi, HSa HS, HCQ, CHCOOH
7
Bases KO&NaW)H

»
NaCL Cu$O Pbl, KHCAgCI

NH,OH, C&OH}, Mg(OH3}

The substances which are unable to conduct electricity in molten state or in aqueous
solutionform are called non electrolytes.

Example: Benzene, Glucose, Sucrose and Urea etc are non- electrolytes.

e

Test Yourself

©

Define electrolyte?
What are strong electrolytes?

What are non-electrolytes?

Identify strong and weak electrolytes from the following

1. HCl,, 2. Kl 3. NaOH 4. H,S..,, 5. CH,COOH,,, 6. NH,OH

(aq)? (aq)r (aq)

(aq)r

(aq)? (aq)r




Electrochemistry

7.2.2 Electrolytic cells and Electrolysis:-

The electrolysis involves redox reactions and
carried out in electrolytic cell. In electrolysis
current passes through an electrolyte, due to
this migration of positive and negative ions
towards cathode and anode takes place. As a
result ions are discharged at their respective
electrodes.

The type of cell which uses electricity for a non
spontaneous reaction to occur is called
electrolytic cell.

An electrolytic cell consists of electrolyte in a
vessel, electrodes and a battery.

The sketch of an electrolytic cell is shown in
figure 7.3.

Fig 7.3 Electrolysis in electrolytic cell

The figure shows that electrons from battery enter through cathode at which positive ions
are reduced by accepting electrons. At anodé negative ions loses electrons and
undergoes oxidation. It means at cathode reduction occurs and oxidation takes place at

anode.
At Cathode M+e— M (Reduction = Gain of electron)
At Anode X7 =— X+e (Oxidation = loss of electron)

Test Yourself
i. Sk lectrolytic cell for
eleet is of molten potassium
e
%\dentify cathode and anode,

oxidation, reduction reaction,
movement of electron from the
following sketch of electrolytic
cell.
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Applications of Electrolytic cells:-
Important uses of electrolytic cell are given below.

l. It is used to prepare sodium metal from molten sodium chloride using the down's
cell.

ii. Itis used to prepare caustic soda (NaOH) from aqueous sodiumsehloride by
Nelson's cell. Itis also used to obtain chlorine gas.

iii.  Itisused to extract aluminum metal.
iv.  Itisusedin electro refining of copper.
V. Electrolytic cell are used for electro plating of metals.
7.2.3 Faraday's law of Electrolysis:-
Michel Faraday was a British chemist who greatly contributed in the field of

electrochemistry. He observed the quantitativesrelationship between current and the
amount of substance collected at electrodes.

He conducted several experiments regarding electrolysis and put forward two laws of
electrolysis based on his observation.

Faraday's First law of Elegtrolysis:-

It states that amount of any substance that is deposited or liberated at an electrode during
electrolysis is directly propertional to the quantity of electricity passed through the
electrolyte.

Woc Axt

or W = ZAt
In this equation W = weight of the substance deposited or liberated at electrode.

A = Current in Ampere
t = Time in second

Ampere (A) xtime(t)= Coulomb (C)
IfA=1Amp,t=1Sec then W= Z (Electrochemical equivalent)

Electrochemical equivalent is the weight of the substance collected at the electrodes
when one coulomb of electric charge is passed through the electrolyte.

Faraday's Second law of Electrolysis:-

The amount of different substances deposited or liberated due to passage of same
quantity of current through different electrolytes are proportional to their chemical
equivalent masses.
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For an element

Atomic weight

Equivalent mass =
valency

27
Example: Chemical equivalent of Al = 3 9g

108
Chemical equivalent of Ag =] = 108g

Quantity of charge which deposits or liberates 1 gm equivalent weightwof stibstance is
called 1 Faraday (F).

1 F =96500 Coulombs

Example:

Take three electrolytic solution of silver nitrate, copper sulphate and aluminum nitrate in
three electrolytic cells and same quantity of current (26,500 coulombs) is passed through
them. As a result 108 gm of silver, 31.75 gm of copper and 9 gm of aluminum are
collected at their respective electrodes.

Batteries:-

We use lot of electrical devices having batteriés as a source of electricity. A battery consists
of group of galvanic cells connected in aseriess

Examples of batteries include dry.cell, lead storage battery, mercury battery etc.

Batteries are classified as_primary|(non rechargeable) and secondary (rechargeable)
batteries.

Scientist are working for enhancing high energy, safety, cycleability of batteries for mobile
phones, transportation, computer technology etc.

Dry Cell:-

Itis also knewn as Leclanche cell.

Insulator

Graphite rod

It is @stypesof primary cell which produce (Cathode)
electricity using redox reaction between their

chemical substances placed in it. It uses zinc Mn O,and carbon
as anode, magnese dioxide as cathode and black paste

aqueous ammonium chloride (NH,CI) or
zinc chloride (ZnCl,) as electrolyte. The cell
diagramis givenin Fig 7.6.

o NH,CI and ZnCl,
paste (electrolyte)

Zinc metal can
A copper cap is fixed on the top of the carbon (Anode)

rod for conduction of electricity. Fig 7.6 Dry cell
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Zinc and graphite are then connected by a metal wire as a result following chemical
reactions take place

Reaction at Anode In ——————»7n"*+2¢

ReactionatCathode ~ 2NHj +2MnO, + 267 ——————— Mn,0, + 2NH, +H,0

It produces a potential of 1.5 volt.

Lead Storage Battery:-

A battery is a device which produces electricity through electro chemicaleactions. Lead
storage battery is an example of secondary cell in which cheémical\ changes can be
reversed. It has several voltaic cells connected in series .1t contain lead’plates which serve
as anode and lead oxide (PbO,) which acts as cathode. These€lectrodes are immersed in
electrolytic solution of dilute sulphuric acid (H,50,). Chemical*€¢hanges during charging
and discharging processes can be shown as

Discharge
Anode
=h Cathode
' a2
Dilute A | ]
sulphuric acid \ %+ | I ]
Lead — Lead oxide

Lead Storage Battery
Fig: 7.7 Lead storage battery
Alloy Formation:-

Alloy is the mixture of metal with metal or metal with non metal. There are about 7000
alloyswhich'are used for different purposes in the world.

Example:"Brass is an alloy of Copper (Cu) and Zinc (Zn). Steel is a alloy of iron and
carbon.

Alloy can be prepared by mixing elements in different proportions. In alloy it become
difficult for layers of metal atoms to slide over each other. So alloy is harder and stronger

than pure metal. 0000 0000 Q000

OOOO+ 0000 _ 0000

0000 Q000 0000

0000 0000 0000
Metal Metal / Non-metal Alloy

Fig 7.8 Alloy formation




Electrochemistry

Some important alloys are summarized below

Name of Alloy
Bell metal

Brass

Bronze
Monel

Duralumin

Solder
Alnico
Amalgam
Cupronickel
Pewter
Sterling silver

White gold
(18 carat)

Table 7.5
Components applications
Cu-Sn Casting of bell ( N
Cu-2n Door nobs and hand rails due to antibacterial
nature, Hose nozzles, Stamping dies.
Cu-2Zn-Sn Coins, medals, tools, etc. V‘
Ni—Cu—Fe Corrosion resistant containers
Al—-Cu—Mg —Ni Boat, Air craft etc A.V
Sn—Pb—Cu-Sb Joining electrical components into circuits.
Fe~Al-Ni-Co Magnets usediirlousbeakers
Hg—Ag—Cu—Zn Dental filling
Cu—Ni—Mn Coins "

Sn—Cu—Pb- Sb - Bbrnaments

Ag-Cu « Cutlery set, Medical tools

lewelry

Au-Pb-Ag-Cu

Yellow gold (22K) Alloy contains 91.67% gold with Ag, Cu, Zinc as
other component.

Red gold (18K) contains 75% gold with Cu as other component.
White gold (18K) contains 75% gold with Cu, Ag as other component.
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YR Corrosion and its Prevention:

Metals react with oxygen in presence of moisture and can form harmful metal oxide.
These metal oxide layers are porous and expose metal for further reaction with oxygen to
form harmful metal oxide. Itis called Corrosion of metal.

7.3.1 Rusting of Iron

Corrosion of iron is an electro chemical process. Iron under goes redoxfreaction in
presence of air or water to form iron (Ill) oxide (Fe,O,. nH,O) called rustingsef iron. Rusted
surface of iron provide no protection to underlying iron and eventually. convert whole iron
into reddish brown rust. Rusting occurs at different places of imetall surface. A metal
surface area of less moisture act as anode and oxidizes iron in'this.region .

#2 -
Fe, — 1> Fe%q + 2e

Metal surface with high moisture contents act as‘eathede and reduces atmospheric
oxygento OH ions.

O, + 2H,0% 4e “=—> 40H"
The Fe? ionsfurther reacts with oxygen toform rust iron (Il1) oxide(Fe,O; . nH,0O)
Prevention from corrosion:
All metals can be prevented from cerrosion by following methods.
1- Alloying:
Formation of alloy prevents metal from corrosion by reducing its ability of oxidation.

Example: Iron (Fe) can be'changed into stainless steel by mixing with chromium (Cr)
and Nickle (Ni). Thus iron (Fe) is prevented from corrosion.

2- Metallieoating (Electroplating)

All metals can be protected from corrosion by coating its surface with other metal like tin
(Sn) orzing(Zn). The coating of metal at the surface of other metal by electrolytic process
is called electroplating. Metals like iron can be electroplated with chromium (Cr), Nickle
(Ni) and silver (Ag).

3- Cathodic Protection:

It is applied to protect underground pipes tanks, oil rigs etc from corrosion by making
these materials as cathode. The active metal like magnesium (Mg) or aluminum (Al) is
used as Anode and connected with iron (Fe). These active metals itself oxidizes and
prevent other metal from corrosion.




Electrochemistry

Fig: 7.5
4- Coating with paint:

A metal is commonly coated with paint to protect j ' rrosion. Paint prevents the
reaction of metal with oxygen moisture and other nful chemical agents.

Test Yourself

| What is corrosion of metal?
| Name the methods which aré use protect metal from corrosion.

| How cathodic protectio etal from corrosion?

7.3.2 Electroplating

The process of deposi
called electroplati

Tin Plating:
Steel spoon™ ce e tin plated by using

GC|d|f|ed imsulphate as electrolyte. Tin (Sn) '
meta sed ‘as anode and steel spoon is |_j_‘ % -
usecot ode. When current passes
r ectrolyte tin ions (Sn*?) deposits at  *™* ™
athode as tin (Sn) metal. Tin (Sn) electrode
is then changes into tin ion (Sn*").

de: Steel Spoon

Electrolyte :
A solution of adidified tin Sulphate

SnSO.e, Sn™ + SO, Fig 7.6 Tin plating of steel spoon

Sn ,» Sn'"+2e (Anode reaction)

Sn*" + 2e ——» Sn (Cathode reaction)
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Zinc Plating:

The process in which zinc is electrolytically coated at the surface of other base metal is
called galvanizing. Potassium zinc cyanide is used as electrolyte to produce zinc
ions(Zn™?). Zinc (Zn) metal serves as anode and steel object is used as cathodesPuring
electrolysis Zn"" deposits at cathode and Zinc (Zn) anode is then changes infe,zinc ion

Zn2+

Following reactions occur during zinc electroplating.

Zn —> Zn*+2e (Reaction@at anode)
Zn"? 4+ 2e- — > Zn (Reaction at cathode)

Electroplating of Silver:

In this process silver (Ag) is coated electrolytically at theé surface’of steel or other metal. It
is called silver plating. In this process aqueous solution ofsilver chloride (AgCl) is used as
electrolyte to produce silver (Ag”) ions. Silver (Ag) metal'is used as anode and steel object
like spoon used as cathode. Silver (Ag") ions\are reduced at cathode by accepting
electron. Silver anode loses electron and oxidized to silver (Ag”) ion.

Following chemical changes takes place,

AgCl — Ag.+Ch (Reaction at cathode)

At cathode
Ag'+e —# >, Ag
Atanode

Ag —=>» Ag'+e

Chromium“Plating:

Theproeess, in which chromium (Cr) is coated electrolytically at the surface of other base
metal is, called chromium plating. Acidified chromium sulphate Cr,(SO,), is taken as
electrolyte to produce chromium (Cr*’) ion. Chromium metal serves as anode and other
metal object is used as cathode.

Following chemical changes take place in chromium plating.

Cr, (SO4)3(aq) S 2C"3+<aq) + 35042_(0@

—

Reaction at anode:

Cr s Cr3+ + 3e
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Reaction at Cathode:
CP" + 3e - Cr

—

Chromium plated objects are used in Auto parts industries.

Society, Technology and Science:

Iron is reactive metal. It can react with food items and can spoil food. \
t with

Tin is non toxic, less reactive and resistant to corrosion. Tin can no
organic acids or salt present in food so tin plated cans are used fo erages and
for storing foods.

Silver is lustrous white metal. Many metal objects are silve enhance its
beauty and strength against corrosion.

Thin layer of silver on metal surface form durable la ick coating of silver on
metal surface is soft and gradually turns bl to formation of silver
sulphide(Ag,S).

N\
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Concept Map

Electro Chemistry
Deals with

v

Electro Chemical Cells

v

Electrolytic cell

v

voltaic (Galvanic) cell

. it convert electrical energy
into chemical energy

For Example

. Down cell

. Castner-Kellner cell

. it convert chemical energy
into electrical energy

For Example

. Daniell cell

. Batteries

Electro Chemical cell contain €lectrodes

v

Anod

v

Cathode

v

. Reduction reaction
occurs at cathode

. Positive ions move
towards cathode

S

v

Electro chemical Reactions tro

!

vise versa.

. These reactions convert electri
energy into chemical energ

. itinvolve redo;

Reaction

. It consists of ions and
conduct electricity

For Example

Agueous solutions of

Acids, bases or salts

are electrolytes.

Reduction Reaction

his reaction oxidation
number of an element
increases by loosing
electron.

. introduction of oxygen

or removal of hydrogen
is also known as oxidation
reaction.

. In this reaction oxidation

. introduction of Hydrogen

number of an element
decreases by accepting
electron.

or removal of oxygen is
also known as reduction
reaction.
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Oxidation is the loss of electron by chemical substance.

Reduction is the gain of electron by chemical substance. 20

An electrolyte consists of free moving ions and conduct electricity.
An electrode is an electrical conductor. v
The electrode at which oxidation occurs is called anode. O

The electrode at which reduction occurs is called cathode.

Electrolysis is a process of migration of ions towards cathode a node when current
passes through en electrolyte.

Oxidizing agent helps in oxidation by accepting elé
Reducing agent helps in reduction by losing ele
A galvanic cell converts chemical energyi s@ i
An electrolytic cell uses eIectricaIK rive a non spontaneous reaction.

Corrosion of iron is called rusting.

Corrosion of metal can be pr by alloying, paint or electroplating metal by zinc,
tin, silver, chromium etc

B Anadlloyisa mixtur&t ith metal or metal with non metal.
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I SECTION- A: MULTIPLE CHOICE QUESTIONS

Tick Mark () the correct answer
1.

Alloy of Cu - Snis called

(a) Brass (b) Bronze

(c) Monel (d) Bell metal
Which one is Alloy.

(a) Graphite (b) Mercury
(c) Steel (d) Water
Value of 1 Farady is equal to .
(a)9.65 C (b) 9650~C
(c) 96500 C (d)965 C
Which one is non electrolyte.

(a) Aqueous HCI (b) Aqueous NaCl
(c) Molten KCI (d) Urea
Which one is oxidizing agent.

(a)Al (b) H,S

(c)Cl, (d) NaH
Which one'is réduging agent.

(a)H,SO, (b) HNO,

(c) Al (d) 1,

Which ‘ene forms weak electrolyte solution with water
(@) HCI (b) KOH

(e) NaCl (d) CH,COOH
In Daniel cell is used as cathode.
(a)Zn (b) Cu

(c)Sn (d) Pb

1g equivalent weight of Al is equal to

(@)9g (b)27g
(c)54g (d1g
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Which one is correct statement.
(a) Oxidation occurs at cathode.
(b) Reduction occurs atanode

(c) Reduction occurs at cathode
(d) lons lose electrons at cathode.

| SECTION- B: SHORT QUESTIONS:

o A~ W N —

Define oxidation, reduction reactions with examples.
Why ionic compounds conduct electricity in molten or in aqueous solutiensonly?
What is electrolytic cell? Explain with diagram.
Define oxidizing and reducing agent with examples.
Examine the following chemical equations and identify.

(i) Oxidizing agent (ii) Reducing agent

(iif) Substance undergoes oxidation

(iv) Substance undergoes reduction

1. Zn+Cl, —> ZnCl,

2. Br,+H,S —> 2HBr+'S

3. 2Ca+0, —» 2Ca@

4. 2Li+S — Li,S

Identify the Alloy.

Components Alloy

Cu-Zn

Cu—Al—Mg—Ni

Cu—Zn-Sn

I SECTIONYCWDETAILED QUESTIONS:

WD

5.

Describe the dry cell with diagram.

What is battery? How lead storage battery works?
Explain process of electrolysis in electrolytic cell.
What is Alloy? Explain its classification with examples.
What s rusting? How it can be prevented.

6. Whatiis electroplating? How steel object can be electroplated with Tin, Zinc and Silver?

7

State and explain Faraday first and second law of electrolysis.



Major Concepts

CHEMICAL REACTIVITY

Time Allocation

Teaching periods =12
Assessment period =2
Weightage =

8.1 Metals O‘
8.2 Non-Metals O‘

STUDENTS LEARNING OUT COMES (SLQt~

L 2R R 2R JEE 2 2N N 2

L 2R 2N 2

Students will be able to:
Classifying the type of elements into metals, hon-me nd metalloids.

Draw flow chart diagram of classification of m @ bn-metals and metalloids.

Show how cations and anions are relate terms metals and non-metals.
Identify elements as an alkali meta&l ne earth metal.
u

Analyze why alkali metals are not found in'the free state in nature.

Explain the differences in iofization energies of alkali and alkaline earth metals. .

Describe the position o) in Periodic Table, its simple properties and uses. .
Describe the position of calcium and magnesium in Periodic Table, their simple properties
and uses.

Differentiate eentsoft and hard metals (Iron and Sodium).

rtness of noble metal.

mmercial value silver, Gold and Platinum.

CO

x' e some important reactions of halogens.
some elements, which are found in uncombined state in nature.




Introduction

Chemical Reactivity

Medicines, plastics, glass, detergents etc are the products of chemical reactivity.

The property of substance to undergo chemical reaction with any material is called

chemical reactivity.

Reactivity of metals depends upon its tendency to lose electron and that of non‘meétals
depends upon its tendency to accept electron.

Matter which undergoes chemical reactivity may be element, compound ormixture.

An element is always composed of like atoms. Elements are further divided into metals,

non-metals and metalloids.

Metals

"% Tend to lose electrons in

reactions
¢ Good conductors of heat

and electricity
%+ Ductile
< Lustrous
+» Strong
< Malleable
% Sonorous
<+ Oxides are basic in natdre

e.g. (Li,O,Na,0,,KO4MgO).

°
"o

RS
o

K2
o

Table 8.1
Non-Metals

Tend to gain electrensiin
reactions with metals.
Poor-conduectors,of heat
and electricity

Not ductile

Often have dull
dppearance

Oxides are acidic in nature

(CO,, SO;, NO,).

Metalloids

< Intermediate properties of
metals and non-metals

¢ Boron (B), Silicon (Si),
Germanium (Ge), Arsenic
(As), Antimony (Sb),
Tellurium (Te),
Polonium (Po) and
Astatine (At) are
metalloids.

+» Oxides may be acidic
(B,O,, SiO,) or amphoteric
(AS,0,).

Ny

o
Do you know?

Most abundant elements found in air are

(1) nitrogen (2) Oxygen (3) Argon

Most abundant elements found in earth’s

crust are

(1) Oxygen (2) Silicon (3) Aluminum

Most abundant elements found in Universe

are

(1) Hydrogen (2) Helium (3) Oxygen
Most abundant elements found in Human

Body are

(1) Oxygen (2) Carbon (3) Hydrogen
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m METAL Table 8.2

Li Be

The element which readily loses electron
and easily form cation is termed as metal.

A metal structure consists of metal ions =~ Na Mg Al (
joined by metallic bonds. All B group K Ca Ea ‘O)
elements are metals and known as N
Transition Metals. Rb Sr In S& (
Some elements of A group are also  Cs Ba Tl ‘,-{V‘ Bi

\ 2
metals. Fr Ra “‘ )

Elements of group |A are called Alkali metals.
Elements of group |IA are called Alkaline earth metals.
Metals of A - Group family are shown in table 8.2

Ny

o
Do you knew?
= <’
® Beryllium (Be) is a light strong and highly toxic
m Il grain of 0. 2§ mg can kill a rat.
L

L 4 t useable metal is iron (Fe).

bundant metal is aluminum (Al).

) 2 ost reactive metal is cesium (Cs).

O The lightest metal is lithium (Li).

© The heaviest metal is osmium (Os).

® Most malleable, ductile metals are gold(Au)
and silver (Ag).

8.1.1 Eleetropositive Character (Cation formation)

Metalssare highly electro positive, due to this property they easily lose their valance shell
electrons, When an atom or a molecule loses electron then it changes into positively
hargedion known as Cation.

Al —————> AP +3e’

Electro positive character of metals increases down the group with increasing atomic size.
Alkali metals have large atomic size and low ionization potential values. The nucleus force
on valence shell is very weak so they can lose their valence electron easily. Hence they are
highly reactive, highly electro positive, powerful reducing agents and cannot exist free in
nature.
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The valence shell electronic configuration of alkali metals is ns'.

Alkali earth metals lose one electron and form monovalent cation.

Example Li*, Na*, Rb", Cs*

. . . . . 2
The valence shell electronic configuration of alkaline earth metals is ns”.

-

Do you know?

Alkali and Alkaline earth metals can be identiﬁem flame test.

—

Lithium Li
Sodium Na
Potassium K
Rubidium Rb 7N
Cesium G \J
Beryllium !@ :
Magnesium !’\ W
Calcium e, ‘Ca

Ba

Strontj\(/ ‘ Sr
Boflurm

A 4

Test Yourself
Sal is found in liquid state?
e the alkaline earth metals from the
wing elements.
\ Bi, Br, Ba, B, Se, Si, Sb, Sr
% Write few properties of metals.
| |

Write some properties of non-metals.

Bright Criiison (Bright Red)

‘&Golden Yellow

Violet

Lilac (Dark Red)
Bright Blue

White
Bright White
Brick Red
Crimson Red

Green
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lonization Energy of Alkali and Alkaline Earth Metal

The removal of electron from an element requires energy which is known as

lonization Energy Atom + Energy—» Cation + e
Table 8.3
lonization Potential Valence is Kj/mole
& 1-A II-A A
q 9
z Li = 520 Be = 899 =3
< <
=y Na = 495 Mg =738 s
o K =419 Ca = 520 g
b Rb = 403 Sr = 549 5
v Cs =376 Ba = 309 v

lonization energies values decreases withdncreasing atomic size and vice versa.

The Alkali metals and Alkaline earthfmetals show increasing trend of reactivity down the
group because their atomic size increases down the group.

Since Alkali metals have low lénization Energy values than Alkaline earth metals, so Alkali
metals are highly reactivegthan/Alkaline earth metals.

Alkali Metals and Alkaline,earth metals have low values of lonization Energies due to
which they easily fese their valence electron and form Cation. Thus they are highly

reactive.
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8.1.2 Comparison of reactivity of Alkali and Alkaline Earth Metals:

I The general comparison of reactivities of |A and I|A group elements is shown bleow:

Alkali Metals (l1A) Alkaline Earth Metals (l1A)

They are highly reactive than (lIA) group  They are less reactive tha )
elements due to low ionization energy. elements due to high ioni rgy.

\2+
M™)

They form monovalent cation(M") They form divalent
They immediately tarnish in air and form They react withioxyg n on heating.
metal oxide. K + O, — KO, 2 , = 2MgO
They react violently with halogens The reoMly with halogens
2Na + Cl, — 2NaCl Ca + Cl, — CaCl,

e

ct with water less vigorously
rm alkaline solution

solution + H,O - MgO+ H,
2K + 2H,0 — 2KOH + H, . gO + H,0 — Mg(OH),

Their oxides and hydroxides are * Their oxides and hydroxides are less
basic than those of IIA group.€leme basic than those of |A group elememts.

They ¢ re Gt i |\ orbés. They form metal carbides on heating.
p 4

They react with water vigorously at room
temperature and form strong alkaline

Ca + 2C — CaC,

Position of Alkali metals and’Alkaline earth metals in periodic table is also useful to explain

their reactivity, Detailedidiscussion about reactivity of sodium, magnesium and calcium is
given below:




Chemical Reactivity

Position, Properties & Uses of Some Metals
Sodium (Na)

Position:

It is sixth most abundant element and constitutes 2.87% of earth's crust. It belongs 16 |A
group, 3" period of periodic table.

Properties:

Sodium is silvery white alkali metal. It melts at 97.8°C and boils at 881.4°C."\Itis'seft and
can be cut with Knife due to weak metallic bonding between their atoms. ltviolently reacts
with H,O water and form Sodium Hydroxide and Hydrogen gas, so it'is kept in Kerosene
oil to prevent its reaction with moisture.

2Na + 2H,0 — 2NaOH + H,
Sodium metal has shining surface but its appearancetbecomes dull due to action of air.
2Na+ 0, — Nay0,
Sodium reacts with halogens to form sodium halide.

2Na + Bry/— 2NaBr

Sodium reacts with sulphuric acid toform H, gas

2Na. + Hz SO4 — Na2 SO4 + H2
Uses:

Itis an excellent heat transterfluidso its used as coolent in nuclear reactors.

Itis used in Detergent preparation.

Itis used as Street lights and gives yellow colour.

Itis used as Reducing agent in the extraction of Calcium, Zirconium and Titanium.

Some commoen ecompounds of Sodium and their uses are mentioned below: -

Table 8.4
7~ >
w&h Na,COs Used as water softener
K4
Baking Soda NaHCO; Used in Baking Powder, Health Salt, Beverages
Table Salt NaCl Food ltems

Sodium Nitrate NaNO, Used as fertilizer and in Dynamite
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Magnesium (Mg)
Position:

It is 8" most abundant element found in earth's crust. Magnesium belongs to II-A group
and 3" period of periodic table.

Properties:

Itis a grey-white metal. Its name is derived from Magnesia, a districtin Greeee. It melts at
650°C and boils at 1090°C. Magnesium reacts violently with water and releasesHydrogen
gas Mg+ 2H,0 — Mg(OH), + H,

Magnesium fire cannot be extinguished with water because H,'gas is'highly flammable
and intensifies the fire. Magnesium fire can be extinguished by using'dry sand.

Uses:

Itis used in flares and photographic flash bulbs becdusesitburns to produce brilliant white
light. Magnesium hydroxide are used as an Antaeid.\lt is used for manufacturing of
Mobile Phones, Laptop and Tablet Computers because of light weight and electrical
properties.

The use of Magnesium reduces the weightiof vehicle by replacing steel components of a
vehicle.

Magnesium alloys are used in aviation industry, space crafts and missile because they are
light weight and remain stable @t hightemperature.

Magnesium can be charged into intricate (twisters, knotty) shapes, so it is used in tenis
rackets and handles of‘archery bows.

gnesium is used in cathodic Sacrificial Anode
ection (CP) Mg — Mg~ + 2e’

Wagnesium is easily oxidized as
compared to iron so magnesium is used
as anode and underground metallic
pipelines become cathode to protect
from corrosion.

Following reaction take place
Mg -Mg "+ 2e (Oxidation) (At Anode)
O, + 4H" + 4e- — 2H,0 (Reduction) (At Cathode)
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Calcium (ca)

Position:

Itis 5" abundant metal in earth's crust. It belongs to IIA group and 4" period.
Properties:

Itis silvery white soft metal. It melts at 851°C and boils at 1484°C.

Uses:

Calcium is essential for healthy teeth and bones.

Calcium forms useful compounds which are mentioned below:

Table 8.5

Slaked lime Ca (OH)2 As soil conditioner, used in water treatment to

el industry to remove impurities
ron ore

Gypsum 2CaSO.H It is used as component in construction of
uildings.

It is used medically in plaster for setting

broken bones.

Calcium hypochlori’(e‘&:|2 It is used for sterilization of water in

swimming pool.

Calcium t CaWO, It is used in Luminous paints.

Limqitonh CaCOs As source of CO,, In Cement industry.
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Do you know?

“Calcium Light”

When a popular personality becomes th
public attention then it is said to be i
Limelight. Previously musical halls,
were lit by chemical called lime

Hydrogen flame. As a result (@ i
produced also known as i ght.

This light increases the visi of audience to
enjoy the perform Actor on stage.

O\

Test Yourself —
B Write uses of baking soda&wsodium

nitrate.

B Enlist the uses of m
B Write uses of Slaked lim
tungstate. / /

Gypsum and calcium

Soft and Hard Metals

Metals mayabe soft or hard. The hardness of metal is the resistance of metal to be
scratched. Itis measured in moh scale.

The metalswhich are scratched easily are called soft metals.
Alkali metals like; Sodium(Na), Potassium (K) and Rubidium (Rb) are soft metals.
Metals which show strong resistance towards scratching are called hard metals.

Nickle (Ni), Iron (Fe), Tungsten(W) are hard metals.

soft and hard metals can be differentiated with reference to sodium (Na) and iron (Fe) as
follows.
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Table 8.6
T
It is a soft metal of group IA It is a hard metal VIIIB N
It has large atomic size It has smaller ionic radii C
It has low value (0.5) on moh scale It has high value (4.5) on moh
It has weak metallic bonding so it is a It has strong metallic bondi is
soft metal hard metal.

It can be cut easily with knife. It is hammered to form she t&and

wires. N
It is light due to its low density It is heavier meta r@ o its high density
(0.971 g/cm?®). (7.87 g/cm3)'
It has low melting and boiling point It has hig ing and boiling point
values (melting point = 98°C, value point = 1535°C,
boiling point = 890°C) boiling point = 2450°C)

Test Yourself
A4

Define Soft metals with exampl

Define hard metals with ex

Write melting point, boiling point, density and

moh values of sodiuma

YL

@ Do you know?
) S

N—Lardness of metals and other material is measured by Moh scale. It is

vised by Frederich Mohs in 1812. It is based on scratch resistance of
different metals and other materials. Hardness of plastic, Lead pencil
is 1, and that of Diamond is 10 on Moh scale.

Values of Hardness of few metals on Moh scale

Li Na K Rb Cs Ni Fe w

0.8 0.5 0.4 0.3 0.2 4 4.5 7.5

8.1.3 Inertness of Noble Metal

Noble metals include Gold (Au), Silver (Ag), Platinum (Pt), Iridium (Ir), Osmium (Os),
Rhodium (Rh), Ruthenium (Ru), Palladium (Pd).
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Nobel metals are less electro positive so they are difficult to oxidize. Therefore they show
no reaction with atmospheric gases and resist corrosion. This helps noble metals to

maintain their appearance so noble metals like Ag, Au, Pt are used to make ornaments.
Ay

f Do you know?

—-—

= A4
Two pieces of pure u metals
permanently stuck et in space
because there is no in space and

hence no oxidatiofwreaction occurs. The
oxidized laye @ etals serves as a
barrier a nt adherence of metals.

Commercial Value of Silver (Ag), Gold (Au), Platinum (Pt)

SILVER (Ag): - It is widely used in society. It is uséd inyJewelry, decorative items and Silver
tableware because it does not tarnish and maintain its silvery shiny appearance. It is used
to make mirror because it is best reflector of wisible light. Silver forms compounds of
significant importance.

Silver Nitrate (AgNQO,) or Lunar causti€ is used in detection of Halogen. Light sensitive
material AgBr and Agl are used.ih Photographic films.

GOLD (Au): - Gold has impettahce in our society. It is used in Jewellery because it has
very high luster, yellow€oleur and tarnish resistance.

Gold is used in Eléctrenic €omponents because it is highly efficient conductor of current
and cannot cogrode.

Gold is used,in’connecting wires, connection strips, switches and relay contacts to make
electronic “devices highly reliable. Therefore, Gold is used in cellphones, global
positioning systems, Calculators etc. Gold is used in Laptop Computers for rapid and
aeeurdate transmission of digital information. It is used in dentistry because it is chemically
inert, non-allergic and easy for dentist to work. Gold coated polyester films are used in
space vehicles to reflect infrared radiation and stabilize the temperature of space vehicle.
The helmet of Astronaut is coated with thin film of gold which reflect intense Solar
radiation and protect eyes, skin of astronaut. Glass surface coated with gold will reflect
solar radiations outward and keep the Buildings cool in summer. It also reflects internal
heatinward and keeps the Building warm in winter.

Gold symbolizes purity, beauty and stability so it is used in making medals, trophies
awards etc.
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PLATINUM (Pt): - Itis a silvery white corrosion resistance metal. It is paramagnetic

transition metal.

Itis used in chemical reactions as catalyst.

Reaction: -

It is used as catalytic converter in vehicles. It helps the complete combustion of
Hydrocarbons and reduces the emission of air pollutants.Price of precious metaliis fixed
according to its weight. Its density is more than Gold. Soitis more expensive thanGold.

Test Yourself

Write names and symbols of few noble metals?

Why helmets of astronauts are coated with thin fil
of gold?

Why glass surface are coated with gold?
Why gold is used in jewelry?

Why platinum is used as catoly’r@ in
vehicles? x

Do you know?

iquid Metal

»  Mercury is the only metal found in liquid state. It belongs to
sixth period and Il B group of modern periodic table.

It has lowest melting point among all metals

It forms alloys with other metals which are known as
amalgam.

Forexample, tin amalgam is an alloy of tin and mercury.
Its alloy with silver and tin is used as dental filling.
Mercury is used in thermometer and barometer.

Gaseous mercury is used in street light and fluorescence

lamps.
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NON - METALS:

Non-metals are the elements which have greater tendency to accept electron.
Non-metals are placed at upper right portion of periodic table as shown in table 8.7.

Table 8.7
Non-Metal of Periodic Table

r~o

1A IVA VA VIA mY VIIIA
1 \ , 2
H 4 He
Hydrogen Helium

1.00797 N 4.0026
6 7 T' 9 10
C N O F Ne
Carbon Nitrogen O Fluorine Neon
12.01115 14.067 47 "\15:9094 18.9094 20.180
15 16 17 18
\J S Cl Ar
Phesp Sulphur Chlorine Argon
. 97 32.064 35.453 39.948
. h 2 34 35 36
Se Br Kr
Selenium Bromine Kryptos

Yy 4 Yy 4 78.98 79.904 53.80

,\ D4 53 54

<4 I Xe
x lodine Xenon
N\ 126.9044 131.30

S 86

Rn
é Radon
A (222)
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Non-metals are non malleable; non ductile, dull in appearance, non-sonorous, poor or
nonconductors of heat and electricity.

Most of the non-metals are gases
For example: H, N, O, F, Cl and VIIIA group non-metals are gases.
Bromine (Br) is the only non-metal found in liquid state.

Some non metals like S, P Se, | are solids.

Test Yourself

B Describe the properties of non-metals.

B Identify the VIIIA group elements from the
following A

N, Na, Ni, Ne, Ar, At, He.

B Write names and symbols of Non metals of
group elements.

B Which group contain non metals in lo}
o L Q)

L
~ P

Do you know?
Fluorine gas is a yellow color non-
metal.

Chlorine gas is a green non-metal.

lodine is a lustrous purple color non-
metal.

Diamond is hardest non-metal.
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8.2.1 Electronegative Characteristics:
A Non-metal has property to accept electron easily and form Anion. It is called
electronegative character.
x+e— X
Negative ions move towards anode during electrolysis so they are termed as anigns. The

number of negative charges on anion shows the excess number of electrons’as compared
to number of protons.

Electronegative character increases across the period because Atomic size decreases and
nuclear charge density increases. It decreases down the group due€ te,increasing Atomic
size.

Halogens accept electrons easily due to their high electronegativeicharacter.
Cl+ e —CI

Non-metals form acidic oxides which react with water vapers of atmosphere and cause
acid rain.

SO, + H,O — H,SO; Sulphurous Acid
SO; + H,O — H2SO04Sulphuric Acid

CO; + HO#=s HsCO4 Carbonic Acid

Do you know?

. 4 \ v
1. Silver iodid
Artificial Rain [.;:;errtliocllei
Dr. Vincent J. Schaefer i cessfully created artificial =¥, . reaeh e

q q e o0 targeted
clouds in a chilled ch Uy, D couw
Ar‘l‘lfIC.IG| Ro!n can gkec rodgh cloud seeFImg. In‘thls process 2 Sk et
chemicals like lo (Agl) or Dry ice (Solid CO,) are ocids in the 1

: *'3, Now too heavy t

spread over clouds. As a result a super cooled water molecule f°'m°“°”| I st elied
. 5 - ice crystals X

condenses idly around these chemicals and forms ice Y the ice crystals

then fell, often

crystals. ese ice crystals grow big and become too et o Gl
he% ey felldownward and change into rain. way down to
orm rain.

882=2-Comparison of Reactivity of the Halogen

‘Hologen belongs to VII-A group and consists of Fluorine (F), Chlorine (Cl), Bromine (Br),

dine (I) and Astatine (At). Halogens exist in Molecular form. The reactivity of halogens
decreases down the group because atomic size increases and electro negativity decreases
down the group.

1. Halogens act as oxidizing agent, because they easily accept electron.

2Na + Cl, — 2NaCl
2K + 1, — 2Kl
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Power of Halogens as oxidizing agent decreases in the following order
F, >Cl, >Br, >1,
It means Fluorine can displace other Halogens due to its highest oxidizing power.
2. More reactive Halogen can displace less reactive Halogen form a solution of itsssalt:

Example

2KI+Cl, —» 2KCl +1,

Chlorine is more reactive Halogen than lodine so Chlorine displaces lodine. The mixture
turns reddish brown due to liberation of lodine.

3.
2KCl + F, —» 2KF + Gl,

2KBr + F, = 2ZKF +\BT1;,
4. Reaction of Hydrogen with Halogen form Halogen acid:

(XZ =F21C|2’ Br2| |2)
H2 +Z322HX (X = HF, Hel, HBr, HI)

The Acidic strength of Halogen Aciddeereases in the following order

HI'> HBr > HCI > HF

HI is very strong acid because K easily breaks up and forms H" lon in water due to weak
Covalent Bonding.

HF iz vzryweak uzid becauseit has strong Covalent Bonding so it does not break up easily
to form H" lon in water. H" lons reacts with water molecule to forms Hydronium (H,0")

lon.
|

@
Do you know?

Enamel is the outer layer of our teeth it is mainly
composed of calcium carbonate (CaCO,) and
hydroxy apatite [Ca,(PO,),] . Ca(OH),. Fluoride (F
) ions of toothpaste replaces hydroxide (OH") ions
of hydroxy apatite and form flouro apatite. This
replacement makes it more resistant against
tooth decay.
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Skills:

Qualitative analysis of
Cations like Zn*?, Mg*?, NH; "', Ca** and Ba™* can be identified
by following test.

EXPERIMENT
Table 8.8
Test for Zn?*
Experiment Observation Result
Salt Solution + NH,OH solution. White ppt Zn**may be present
White ppt + excess NH4OH or White ppt is dissolved and Zn*" ion is present
NaOH solution. form clear solution
Test for Mg?*
Experiment Observation Result
Salt Solution + NaOH or NH4OH solution. White ppt Mg®* ion may be

White ppt + NaOH/ NH,OH solution. White'ppt insoluble in excess ~ Mg2*is present
of NaOH or NH,OH

Test for NH}

Experiment Observation Result
Portion of Aqueous solution,of salt™=» Pungent of NH3 Gas release NH lon is present
NaOH solution warm

Test for Ca?* & Ba**

Experiment Observation Result
Heat Nichrome wire until flame is no Apple Green colour flame Ba** is present
longer coloured. 2

Dip the loop of wire Brick Red colour flame Ca is present
into, water and then in unknown salt.
Heat the wire on flame.
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Qualitative analysis of ~
Anions like CO;, CI, |, SO; and NO, can be identified

by following test.

Test for CO5~

Experiment Observation Result
Sample of Solid + Dilute Mineral Bubbles comes out which turns Co3is present
Acid lime water milky
Test for C1I”
Experiment Observation Result
Few ml of salt solution + dilute White ppt CI' may be present
HNO; + AgNO3
White ppt +NH,OH solution White ppt soluble in NH,OH CI™ lon is present
Test for I~
Experiment Observation Result
Few ml of salt solution + few drops Yellow ppt [™ ion may be present
of dilute HNO3 + few drops of
AgNQO;
Yellow ppt + NH,OH solution Yellow ppt insoluble in excess [™ ion is present
NH.,OH
Test for SO5~
Experiment Observation Result
Few ml of Sample # dilute HCI + White ppt SO2™ lon may be present

few drops of BaCl,
or

Few dropsiof Sample of dilute HCI +
few drops of lead nitrate Pb (NO3),

soultion
White,ppt + dilute HCI White ppt inSﬁEJIHe in excess S(ﬁ lon is present
Test for NO;
Experiment Observation Result
Reddish Brown vapours evolve NO3 lon is present

Small amount of salt + few drops of
dilute H2SOy4 solution
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Concept Map

Chemical Reactivity

(Chemical interaction between
chemical substances)

l

Involve matter which may be
|
v . y
Non-metal Metal ids
( Mgio

. Easily accept electron . Easily loses eleg @ & . Elements having
and form negative ion form cation intermediate character of
(electro negative (electropos @ aracter). metals and non-metals.
character). A, | elements . Can form acidic or
. Halogens are non- arethig ctro positive amphoteric oxides.
metals. orm basic oxides and act

s ucing agents.

. Halogens act as
oxidizing agents. .'Nobel metals are less

Elements of gr m 'electropositive so they are

rrosion resistant an
are non-metals. C? .os ° es'st'o tand
difficult to oxidize.

. Metals resistance against
scratching is called
hardness

. Hardness is measured in
moh scale.

. Alkali metals are soft
metals.

. Metals like iron (Fe),
nickle (Ni), tungsten (W)
are hard metals.




Chemical Reactivity

SUMMARY

Metals have greater tendency to lose electron.

Non-metals have greater tendency to accept electron.

Oxides of metals are basic because they produce basic solution with water.
Oxides of Non-metals are Acidic because they form Acidic solution with water,
lonization Energy decreases and Electro positivity increases down the group.
Group I-A elements are called Alkali Metals.

Group lI-A elements are called Alkaline earth metals.

Metals of Group I-A, II-A are powerful reducing agents.

Noble metals like Platinum, Silver, Gold etc are difficult to oxidize:

VII-A group elements are Non-metals and act as oxidizing agents’

VII-A group elements are known as Halogens.

Halogen reacts with metals and form salt.

Elements of group VIIIA are non-metals and€onsistefgases.

L 2R 2 R R N R R 2R 2N BN R R BN 2

Metalloids are elements which have properties intermediate between metals and
Non-Metal elements.

Forexample B, Si, Ge, As, Sb, Te.dre metalloids.

Exercise Questions

SECTION- A: MULTIPLENCH@ICE QUESTIONS
Tick Mark () the correct answer

1. Which one metal belongs to Alkaline earth metal?

(a)“B (b) Bi (c) Br (d) Ba
2. Which ene'is Barium

(a) Bi (b) Be (c) Ba (d) Br
3...Chlerine can be displaced by .

(a) F (b) Br (c) | (d) At
43, Which one is strong acid?

(a) HF (b) HCI (c) HBr (d) HI
5. Which Halogen exists in liquid state?

(a) F, (b Cl, (c) Br, (d) 1,
6. Non-metals of group are gases

(a) VI-A (b) VII-A (c) VII-A (d) VII-B
7. Which oneis Metalloid?
(a) Br (b) Se (c) S (d) Sr




Chemical Reactivity

8. Which one of the following act as oxidizing agent ?

(a) Be (b) Mg (c) Na (d) Cl
9. Which gas can turn lime water milky?
(@) O, (b) NO, (c) CO, (d) N,

10. Which compound is known as lunar caustic?
(a) KNO, (b) AgNO, (c) NaOH (d) NaNO,

| SECTION-B: SHORT QUESTIONS:
1. Identify the elements as Metals, Non-metals and Metalloids fram the following
elements:-

C, Ca, Sb, S, Sr, Si, K, P Ba, Ge P

2. What are Alkali metals? Write names andisymbols of alkali metals?

3. What are Alkaline Earth Metals? Write names and symbols of Alkaline earth
metals?

4. What are Halogens? Write names‘and symbols of Halogens?

5. Write names and symbols6fany three metalloids.

6. Define following with examples?- 1. Cation 2. Anion
7. Explain why alkali métals do not exists free in nature?

8. Explain inertnessiofnéblemetals.

9. Write names andisymbols of some noble metals

SECTION4C:/DETAILED QUESTIONS:

I 10. Explain electronegative character of non-metals.
1. Explain importance of Silver.
Explain importance of Gold.
Explain the experimentto test CI' and | lons.
Explain Electropositive character of metals.
Explain the position of Magnesium in periodic table and its importance.

Explain the position of Sodium in periodic table and its importance.

N O gR Lo I

Arrange the following Halogen Acids in increasing order of their Acidic
strength: HBr, HCI, HI, HF

8. Explain Electronegative character of non-metals.
9. Differentiate between sodium and iron as soft and hard metal.
10. Discuss the reactivity of Halogens.
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