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PREFACE -

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

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

view and in

ovt of Pakistan,
Assessment and
the topics have been

The recent book of Chemistry for Class—IX has been writte
accordance with the revised curriculum prepared by Ministry of Edg
Islamabad reviewed by independent team of Directorate of gCurr
Research, Jamshoro sindh. Keeping in view the importance o istgy,
revised and re-written according to the need of the time.

This book consists of 8 chapters which have
to meet the requirement of the curriculum. S
applied aspect including the impact of Chem

oroughly revised and re-written
hasis has also been paid to the
ry off daily life. Attention has also been

focused on the different branches of C istry: Being a part of modern world, the
aspects and problems of country are ssed.
Among the new editions miroductory paragraphs, information boxes,

(0]

summaries and a variety of exte ises which | think will not only develop the interest

but also add a lot to the utility gf th

The Sind Textbook
this book inspite of its§imitat
room for improv
suitable presentati
deficiencies_andyo
to be kind e
their su i

OK.

taken great pains and incurred expenditure in publishing
s. A textbook is indeed not the last word and there is always
WHile the authors have tried their level best to make the most
in terms of concept and treatment, there may still have some
ions. Learned teachers and worthy students are, therefore, requested
to point out the short comings of the text or diagrams and to communicate
s and objections for the improvement of the next edition of this book.

he end, | am thankful to Association for Academic Quality (AFAQ), our learned
a 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
CHEMISTRY Tl

T

eaching periods =12
Assessment period = 3
Weightage =

Major concepts

1.1 Historical background of chemistry

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

Students will be able to:
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o
Know the historical background of chemistry.

Explain the contribution of Muslim scientists iMithe dgvelopment of chemistry.

Define chemistry and its importance in

Differentiate between main bra
Distinguish between matter

Identify and explain different bran !l emistry with the help of examples.

Define ions, molecular igns, units and free radicals.

Define atomic number, dtomicinass and atomic mass unit.
compound and mixture.

based on C-12.

<
| and molecular formula.

icm

betWween molecule and molecular ions.

tween ions and free radicals.

e chemical species from the given examples.

gram atomic mass, gram molecular mass, and gram formula mass to mole.
escribe that how Avogadro's number is related to mole of any substance.

Identify 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.
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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 matter w
have mass and occupy space. Even from the table salt we use in cooking tos€lee
chemical interaction of our human brain show the differences of substance bef

the composition, structure, properties and interaction of matter.

The matter is undergoing changes continuously in nature as rusting ofiron, oration
of spirit and burning of coal are examples of reaction in which neWysubstance are
formed and energy is absorbed or released. All of these things.areNdiffefent due to the

presence of different substances. Which are different b @ s of composition,
properties, interaction , structure of matter.
The chemists use chemistry to explain occurrence ription of things. They
investigate material, their interactions and propose, theories to illuminate our
understanding from a particle to galaxies.

NCD‘

I BB HiSTORICAL BACKGRO CHEMISTRY:

Table 1.1 Time ofogy of Chemistry

Fferloé Name of Scientis. < Contribution/invention Or|.g|n.of
/Timeline scientist

384 - 322 i Proposed idea of a substance as a Greek
B.C combination of matter and form.
Described theory of the Four

Elements, i.e. fire, water,earth, air

347 - 428 : 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.

Democritus

Al kR Jabir Ibne-Hayan 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 \EGr

973-1048 A.D IN\E:ERRN

980-1037 A.D [[JiENTle

1627-1691 Robert Boyle
A.D

1728-1799 J. Black
A.D

1733-1804" NN
A.D

1742-1786 Scheele
A.D

1731-1810 Cavendish
A.D

1743-1794 Lavois
A.D

1766-1844
A.D
1778-1850
A.D

Avogadro

1776-1856
A.D

Prepared ethyl alcohol by Muslim
fermentation process.

Determined densities of different Musli

substances.

Contributed in medicines, Q
philosophy and astronomy.

Put forward idea of chemistgy as lish
systematic investigation of ndtyures
Discovered the gaseous lay.

Discovered carbo Scottish

Discovered Xo phur dioxideEnglish
and hydrogenychloride.

Disgovere lorine German

Q covered hydrogen British
ierl v

Discovered that oxygen is one fifthFrench
of air

Proposed atomic theory of matter English

Discovered that water is composedFrench
of two parts hydrogen and one

part oxygen by volume.

Discovered several chemical and
physical properties of air arnl

other gases,

Proposed Avogadro’s lawthat ltalian
equal volumes of gases under

constant temperature and pressure
contain equal number of

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

1741-1820 Petit Determined the classical Fren

.D expression for the molar specific
[heat capacity] of certain chemical O
elements.
sl ) Berzellius Introduced symbols, formygla an@=Swedish
A.D chemical equation to make Study
more systematic
epralels - Mendeleve Discovered peg d@ngemen’r Russian
A.D of elements

1859-1927 Vs LTIV Proposed \ase theoryand  Swedish
A. iorm iation
Cohigillted to the study of British

magnetism and
Q ectrochemistry.
1856-1940 MR, Tt Discovered the electron by British
A.D experiments.

M.Faraday

1885-1962" [\ R3S Proposed a theory for the British
A.D . hydrogen atom based on quantur
theory
Rutherford Postulated the nuclear structure of Scottish
the atom.

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

el o e Schrodinger Proposed Quantum mechanical  Australian
A.D model of atom
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els B ve De Broglie Proposed hypothesis about wave French
A.D particle duality nature of electron.

Pl Stendra Nath Bose Proposed fourth state of matter  Indian
AD

P40kl Elbert Eienstein - Proposed fourth state of matter  Ge
A.D

Eric Cornell Synthesized the first Bose Einstei Am@
Condensate.

Carl weiman Produced first bose Einstein American
Condensate

1.1.1 Definition of Chemistry:
Chemistry is the branch of science which deals with t opgrties, composition and
é-‘ :

structure of matter. Chemistry also deals with the cha dinthe matter.

1.1.2 Importance of Chemistry in gily

Our planet earth has only life in the all plane iverse, due to existence of water
(H,0). The water is basic need of huma impals and plants. The chemical reactions
take place in human, animals an ts.\Disorder in these reactions may cause
different diseases. Which may be e with the help of chemistry.

voidable fact.
tion of food are purely chamical processes.
d washing of our homes are dependable on

The role of chemistry in daily
Cooking, eating a
Construction, cl

chemistry.
The produ f fertilizers, glass, plastic synthetic fiber, polymer, ceramics,
petrol cts, soaps, and detergents are based on chemistry.

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

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

Test Yourself

B |dentify and list down the chemistry related productsin your home?

B How you can relate living things with chemistry?
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Do You Know?
L Teb
U

Sodium nitrite
Sodium sulphite
Sodium citrate

Food

SR Sodium chloride
reservativi

in Industry

Medical uses

Ammonium sulphate

“Plaster of Paris” um chloride

(Calcium sulpha

BRANCHES OF C

As we know that chemistry is s
scope Chemistry is divided irfito folléwing main branches:

1.2.1 Physical Ch y

Physical chemistry is the brarth of chemistry which deals with relationship between composition
of matter with the changes in them. It also deals with the laws and
he combination of atoms and molecules in chemical reactions.

Ammonium nitrate

anity everywhere in our environment. Due to its wide

principles go

1.2.2 ic Chemistry

istry is the branch of chemistry which deals with hydrocarbons and their derivatives.
chemistry is the study of structure, properties, composition, reactions, and preparation of
ntaining compounds, which include hydrocarbons except oxides, carbonates,
onates 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
compounds except hydrocarbons. These compounds are generally obtained from nonliving
things. It is applicable in all areas of chemical industry. Such as glass, cement, ceramics and
metallurgy.




Fundamentals of Chemis

1.2.4 Biochemistry

Biochemistry is the branch of Chemistry which deals with the compounds of living organisms
(plants and animals) 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 foag]t
tells that how disorder or deficiency of these biomolecules causes diseases. This branch is
medicine, agriculture and food science.

1.2.5 Industrial Chemistry
The branch of Chemistry which deals with the study of chemical prc&seii inthe

chemical industries for the manufacture of synthetic products like grtilizers, glass,
cement and medicines is called as industrial chemistry.

1.2.6 Nuclear Chemistry

Nuclear chemistry is the branch of Chemistry which deal€ wigh tRé radioactivity, nuclear
processes and properties of radioactive substances. Ra ve elements are widely
used in medicine as diagnostic tools and as a means xtment, especially for cancer,
preservation of food and generation of electric hrough nuclear power reactors.

1.2.7 Environmental Chemistry
It is the branch of Chemistry which de
materials and their effect on the enyi
pollution, health hazards are the i

1.2.8 Analytical Chem
Analytical chemistry is thelbrangh of chemistry which deals with separation and
analysis of kind, quality antity of various components in given substance. It
ctrophoresis and spectroscopy.

e study of the interaction of chemical
nt of animals and plants. Personal hygiene,
reas of environmental chemistry.

0 Quantum Chemistry

The branch of Chemistry which deals with application, mechanics and experiments of
physical models in chemical system. Itis 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 quantity
of compounds studied?

®  What happens due to deficiency of biomolecules?

® ldentify and list down examples of green chemistry in our .
environment?

m Differentiate among Medicinal chemistry and Biochemi

| EB) sasic DEFINITIONS
1.3.1 Matter \ Gtes of Matter

. . . More energetic
Matter is all around us i.e. The air we are s
breathing, book we are reading and the s More energetic _ T
we touch and see. Matter is simply defined as re Sneraete e/\ . E
anything that has mass and occupies s I E/\ ¢ E'
found in three common states solidgliqli@ and ,ﬁﬁ' g
. . - . " Y
gas. The plasma is al.so consid urth w
state of matter. The differeqistates, of matter —_. -
are due to difference ofgen increasing  Fig 1.1 States of matter from solid to
order. liquid, liquid to gases and gases to
plasma due to increase in energy levels
o ¥ou Know? of the particles.
Matter
Substance f:g;'r%"b“lg Mixture of
Definite composition|«€ Substance
(homogeneous) Variable composition

| |
v v v v

Chemically Homogeneous mixture | [Heterogeneous mixture
Element Compound 109 9 .
! separable p
omron s, [ R | Gt | | (oo || Koo
woxo n ysilvgr) 2 lronAl Sl .T.je* c)lne, (Example: air, tap water) (Example: soup,
ygen, UinalIr ) Sl 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.
Now it is discovered that atoms are made up of
three particles: protons, neutrons and
electrons. Atoms are composed of even smaller
particle as shown in figure 1.2. Where
neutron and proton are situated in nucleus

and electrons are revolving around the Fig 1.2 Pafcles §f atom
nucleus

1.3.3 Molecules

A molecule is the smallest particle in a chemical el or fompound that has the
chemical properties of that element or Compound. e&e re made up of atoms that
are held together by chemical bonds. These bo as a result of the Sharing or
exchange of electrons among atoms. Moleculés are Mono, di and poly atomic molecules.
Examples of mono,di and Poly atomic molecules arejas follows.

Diatomic molecules

Name nitrogen| oxygen | chlorine| broming  iodine

Molecular
formula N, O, cl, Br, 1,

Polyatomic molecules

Name ozone phosphorus sulphur

Molecular
formula O, P, Se
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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 chemica
properties. Examples of pure substances include tin, sulfur, diamond, water, pure s
(sucrose), table salt (sodium chloride) and baking soda (sodium bicar
Substances are elements and compounds.

. ﬁ}ﬂ‘\ '-7"“: &

Salt Diamond
Fig 1.3 Examples of pure s

1.3.5 Element

, Do you know?
An Element is a substance made up of safe y

type of atoms, Having same atomic number etal: solid material wfhich is typically

. hard, shiny, malleable, fusible, and
jid cannot be d.ecomposed. Into ‘ ductile, with good electrical and thermal
substances by ordinary chemi ed€tion.  conductivity (e.g. iron, gold, silver,
Elements occur in nature in fre ined aluminium, and alloys such as steel).
form in solid, Liquid and gas ates. Till now  Nonmetal: is an element that doesn't

118 elements have been discovigfed. Majority of have the characteristics of metal
including: ability to conduct heat or

electricity, luster, or flexibility. An example
re liqyid as mercury and  of a nonmetal element is carbon.

s dte gases as hydrogen,

elements are solids a gold, zinc etc.
Very few elements
bromine. Few e

Metalloid: an element (e.g. arsenic,
ements aredividedinto  antimony, or tin) whose properties are
tals*and metalloids on the basis  intermediate between those of metals
and non-metals i.e. semi conductor.

ow to write Symbol?
| is an abbreviation to represent the name of elements. A symbol is taken from the

name of elements from English, Latin, Greek and German languages.
» Symbols are usually one ortwo letter long.
> Every symbol starts with capital letter as carbon with C or sulphuras S.
> If symbolis two letter then start with capital and second will be in small letter as
He for helium, Crfor chromium.
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16

He

carbon sulphur helium

Fig 1.4 Symbols of elements

The symbols of 30 elements in English derived from Latin, Greek and Gefman dire given
in table 1.3

Table 1.3 Symbols of first 30 Elements

S. No | Names of Elements in English | Derived from Latin and
01 Hydrogen Greek (root genes)
02 | Hellim Greek (Helios)
03 Lithium Greek (lithos)
04 Beryllium Be
05 Boron B
06 Carbon C
07 Nitrogen N
08 | Oxygen o]
09 Flourine F
10 Neon Greek (neos) Ne
11 Sodium Latin (Natrium) Na
12 Magnesium Greek (magnesium) Mg
13 | Aluminium Latin (alumen) Al
14 Silicon Latin (silen) Si
15 Phaosphorais Greek (Phoros)
16 Sulphur N Latin (sulohur) S
17 ) Greek (Chloros) Cl
1 on Greek (argon) Ar
Potassium Latin (Kalium) K
(0] Calcium Greek (Claix) Ca
Scandium Latin (scandia) Sc
22 Titanium Greek (titan) Ti
23 | Vanidium Greek (vanadis) \%
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 electrons of an atom of an element can gain, lose or share. Some elements wit

their symbol and common valencies are given below in table 1.4 O

S.No | Elements | Symbol | Atomic Number Valen()
1 Hydrogen H 1 1
2 Helium He 2 0
3 Lithium Li 3
4 Beryllium Be 4 2
5 Boron B W 3
6 Carbon C g
7 Nitrogen N 3
8 Oxygen @) 8 2
9 Flourine 9 1

10 Neon 10 0
11 Sodium 11 1
12 Magnesiu g 12 2
13 Alumi Al 13 3
14 Siligon Si 14 4
15 s P 15 3
16 Sulpbur S 16 2
1 CHKlorine Cl 17 1
rgon Ar 18 0
1 Potassium K 19 1
Calcium Ca 20 2
21 Scanidium Sc 21 3
22 | Titanium Ti 22 .
23 Vanidium vV 23 54
24 Chromium Cr 24 3
25 | Manganese Mn 25 2,4,7
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26 Iron Fe 26 :23
27 | Cobalt Co 27
28 Nickle Ni 28
29 | Copper Cu 29
30 | Zinc Zn 30

1.3.8 What is Chemical formula?

The chemical formula represents the symbol of elements ang
anotherin a compound.

Chemical formula tells us number of atoms of each ele
For Example: Chemical formula of water is H,O whichyj
combines with T atom of oxygen, or Chemical forgul

nitrogen atom combines with 3 atoms of hydrogen.

1.3.9 Compounds: C)

The Compound is a substance formed w%r more elements are chemically bonded
u

together in a fixed ratio by mass, new entirely different properties possessing
substance is formed.
The type of bonds holding ele be ionic bond or covalent bond.

For Example: NaCl, CuSOJ}} KBRare ionic compounds and H,0, CH, HSO , are covalent
compounds.

@bl .5€0me Common Compounds with their Formula

\ Compounds Chemical Formula

R H,0O

Su.con 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,

Sugor C12H22011

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 chemica
properties. Mixtures can be separated again by physical methods, as Filtr

Evaporation, Distillation and Crystallization. There are two main types of mixturg

are shown in figure 1.5, Homogeneous mixture and Heterogeneous mixt a
homogenous mixture all the substances are evenly distributed throughofit the_mixture
(Salt water, air, blood). In a heterogeneous mixture the substances ngt evenly

distributed (chocolate chip cookies, pizza, rocks) .

Homogeneous
Mixture

.5 Types of Mixture

Table 1.6 Bj ce between Element, Compound, Mixture

Element Compound

Element is a sukstance|l Compound is formed by a|Mixture formed by the simple
made up of saine atoms,| chemical combination of atoms| mixing of the substances.
and disccvered naturally. | of the elements.

Elen eni <hows unique | Constituent of compound lose| Constituents of mixture retain
piooarties due to |their identity and form a new|their properties in mixture.
similarity of atoms. | substance with new properties.

Atoins of elements have | Compounds have fixed Mixtures have no fixed

same atomic number. | composition by mass. composition by mass.

Element cannot be|Components cannot bg The components can be
decomposed in to simple |separated by physical means] separated by physical means.
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.

Elements are Compounds have homogenous| Mixtures have homoge ous a

homogenous composition. well as heterr_er=ors
composition. .

As the atomic number| Compounds have sharp and| Mixtures do not have <harp and

increases in elements| fixed melting points fixed melting points

melting points increases.

Test Yourself
®  How you can differentiate between matter and s b&
B Which elements do the following compounds%

Washing soda, sugar, sand, caustic soda
B |dentify mixture, element or compound fgom the following?
Table salt, ice cream, blood, silicon , tin, zinc, water, sulphur

1.3.11 Relative Atomic ndl Atomic Mass Unit

Relative Atomic mass:
The Relative atomic mass of an\@dm’is the average mass of naturally occurring isotopes,
compared with Y2t mass.of one @tom of carbon (C-12)

ergge mass of one atom of the element

Th the mass of one atom of carbon —12

Theu tive atomic mass is atomic mass unit, with symbola.m.u .

la.m.u=1.66 x 10* gram

1.3.12 Empirical Formula and Molecular Formula

The compounds are represented by Chemical Formula as elements are represented by
symbols. 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 i
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 molg @
B Empirical Formula tells us the type of element presentin it.

For Example:
( 1) Benzene has molecular formula C,H,. The simplest ratio of hydrog&g and carbon

L 2
is 1:1, so the empirical formula becomes CH.

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

6:12:6 @
:2:1 \
H,:

1
C:
So the empirical formula of glucose is C}-@ as simple ratio 1:2:1 of atoms in

molecule of glucose.

Molecular Formula ?\
The Molecular formula is the hich shows actual number of atoms of each

element presentin a molecu
B Molecularformulais from empirical formula.

B Molecular formpula Mass calculated by adding atomic masses of its atoms.
B Molecular

rmulgof a compound may be same or multiple of empirical formula.

For Example: M r Bormula of benzene is C,H,, which have six carbon and six

Hydrog cular formula is an integral multiple (1,2,3 etc.) of the empirical
Formula:
Molégu rmula = (Empirical Formula)n wheren=1,2,3,etc

Table 1.7 Some Compounds with their Empirical and Molecular Formula

Compound Empirical Formula Molecular Formula

H
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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
is represented by symbol Z. All atoms of an element have same atomic number due to the
presence of same number of protons. For example all oxygen (Os) atoms have 8 hum

of protons due to this atomic numberis 8 (Z=38).

The Atomic Mass is sum of number of protons and neutrons present in th
atom of any element. It isrepresented by symbol A and calculated by A=Z+@e nis

number of neutrons. For example nitrogen atom have 7 number of protgns an umber
of electrons then Atomic mass of nitrogenis 14 (A=7+7=14). . > *
Example 1.1: If any element have number of protons 11 and num ns

12, find out its atomic number and atomic mass
Data:
Number of protons 11 \
Number of neutrons 12

A =2

As we know atomic number Z is number o ns due to this

Atomic number Z =11
Atomic massis A =Z+n Q
A=11+
A 21
Example 1.2: How ma num er of protons and neutrons are there in an atom

havi 0 and Z= 20?
Data:
A = 40
Z =20
Nu protons?
N of neutrons?
As Number 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 molegule

of a substance. For example molecular mass of CO, is 44 a.m.uand H,Ois 18 o.b

Example 1.3: Calculate the molecular mass of HNO,
Solution

Atomic mass of H 1 a.m.u *
14 a.m.u

Atomic mass of O = Téam.u Q

Molecular mass 1(At. Mass of H) +1(At. Mass o ® ass of O)

Atomic mass of N

= 1 + 14 +3(16)
1 + 14 + 48 \
= 63 am.u
Formula Mass: C}
The ionic compounds which form three ional solid crystals are represented by their
formula units. In such cases for, m@ss calculated by sum of atomic masses of all
atoms in formula unit is called uld Mass of that substance. For example formula

mass of sodium chloride is 5

Example 1.4: Calculate la mass of Al,(SO,),
Solution

Atomic mass of = 26.98 a.m.u
Atomic mas =32 a.m.u

Atomic m =16 a.m.u

Formula AL(SO,),
mass of AL(SO,), = 2(26.98) + 3(32) +12(16)
=5396 + 96 + 192

= 341.96 a.m.u
@ Test Yourself

How you can differentiate empirical formula and molecular formula?

- Why formula mass and molecular mass calculated separately while
process of calculation is same?
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L3 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 charge on it. Tjs&rc

may be positive or negative. There are two types of ions, cations and anions. The cdfions
are formed when an atom loses electrons form its outer most shells.

Forexample: Na*, K* are cations. The following equation shows formgtion Sficdtions.

Na » Na' + le
An atom or group of atom that has a negative charge on it @ | anion. Anion is
formed by the gain or addition of electrons to an ato op exgple: CI" and O,

following examples shows formation of an anion by additign @felegfrons to an atom.

Cl+ 1le > N
Molecular ions: when a molecule loses or gai rons the species formed called
molecular ions. Molecular ions also possess pgsitive grhegative charge like any ion. If it
i

has negative charge known as anionic moleculagion) if they have positive charge known
as cationic molecularions. Forexample C etc.

Free Radicals: Free radicals are ato d\group of atoms having number of unpaired
electrons. Itis represented by putting erthe symbol of an element.

Forexample: H®, CI°,H,C°

Free radicals are formed olytic breakage of bond between two atoms takes
place by the absorptign of Reat or light energy. Free radical is very reactive chemical

species. *

With the entioned definitions of ions, molecular ions and free Radicals.
t what is difference between Atom and lons, Molecule and Molecular
ion. Ever i erence between ion and free Radical? Let's discuss it one by one.

Table 1.8 Difference between Atom and lons

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

properties of that element or compound.

electrons by a molecule.

Molecular ion have posi*e r

Molecule is always neutral. :
negative charge .

Molecule is stable unit. Molecular ion is recctive species.

Molecular ion forme.' by tt & ionization of
o ino!3culss

Molecule is formed by the combination
of atoms.

Table 1.10 Difference between ion and bfee Radigals

Free Radicals

lons are atoms which have positive or  |Free Rac'icals are atoms with odd number
negative charge. of unpaired electrons.

lons exist in crystals and solutions. Fre . Radicals exist in air and solutions.

lon are not affected by the presenc:
of light.

1.4.2 Molecule and Ty

Free Radicals are affected by the

presence of light.
v

Molecules:

ﬁﬁﬁﬁ

Molecule Molecule Molecule Molecule Molecule Molecule
consists of | |consists of two| | consists of consists of consists of consists of
one 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,O, CH,,H,SO, H.,O4,P.,Se CO,, H,0,
argon(Ar) Oxygen (O,), CO, 18O NH,

Chlorine (Cl,)
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Test Yourself

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

0,,H,N,,Cl,,CO., H,0, Br, H,, H,C° N&
M Justify the classification of molecules? O
CHEMICAL EQUATION AND BALANCING CHEMI@
EQUATION .

1.5.1 Chemical Equation:
Chemical equation is short hand method of describing the che @ eaction in terms of

symbols and formulae of substances.
>  The starting substances are known as reactants @fd alvays written on the left
hand side of arrow,

ctions of reactants are known as

> The substances which are formed due t
products and written on the right side

> The reactants and products are sgpar@iged ffom one another by using (=) single
arrowor (=)double arrow dep ntype of reaction.

> The number written in fro @ ormula is called coefficient which shows number
of molecules of that reactang@r préduct.

>  The expression (s),(g) hows the state i.e. solid ,gaseous and liquid of
reactants and products.

esses that substance is in the form of solution.

> The expression (
Similarly if a cQtalystTs used then this catalyst is shown over the arrow.

For example : yvh molecules of hydrogen and one molecule of oxygen react then
two moleculeSyofWwater are formed instead of writing the full names of reactants and
products, ts show this reaction as follows in form of equation.
Reactants Proiuc’r
2H2(g) 02(9)—> 2H,0,,
Coefficients Liguid

Gaseous State
1.5.2 Balancing of Chemical equation
The chemical equation must be balanced 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 anarrow.

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 equa
by inspection method. Multiply the coefficient with formula to make the number #f atég
same on the both (reactants and products) sides of equation. ‘
4. The covalent molecules of hyderogen, nitrogen and chlorine exist as diatomj
molecules. e.g H,, O,, N, and Cl,. We must write them as diatomic mole her
than isolated atoms in chemical equation. .

5. Finally check the equation to be sure that number and kind offatom ire same on
the reactant and product side. If yes now equation is balancg@
For Example: Let us consider, in laboratory oxygen (O,) gas
potassium chlorate (KCIO,). The products are potclssi oridé
(O,) gas.

Now balance the equation step wise.

Step nol: Write correct formula of all reac Ie side and product on right
side of an equation.

KCIO,,— > KCl, +

pared by heating
(KCI) and oxygen

2(9

Step no2: Balance the number on each side.
Reactants Produc’rs

K(O) ————

c(l) ———»

O @)

| elements hove same number of atoms on both sides of
net balance because three atoms on reactant side and two atoms

We see that K ond
equation but Og
on product si

Step no3} multiply the formula (KCIO,) with co efficient 2 on reactant side

and t of oxygen on product side to balance the oxygen atoms.
2 9 KCl, + 30,

anfs Products
K2 ——— > K{(1)

Cl(2 ——» CI(1)
O ——» 0O(4)

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) — > CI (2
O () — > O (6)

Now this chemical equation is balanced. O
Test Yourself ‘ ’

B  Balance the following equation with coefficient 4 in front of
KCIO; on reactant side and 4 in front of KCl on product side. 2

KCIO; — > KClg+ Oy,
B Balance the following equation. Q

CaCO; +HC| ——— > CaCl, +H,0 +CO

| £ MOLE AND AVOGADRO'S NUM

1.6.1 Gram Atomic Mass, Gram Mole®yfarMWass, Gram Formula

Mass
As we have discussed before that all suﬁs’ra re made up of atoms, molecules
s

or formula units.

The mass of atom is atomic ma molecule is molecular mass and mass of
formula unit is formula mass. All of§hese masses are expressed in a.m.u. When these
masses are expressed in Ggam e termed as Gram atomic mass, Gram molecular
mass and Gram formul ss.

Gram Atomic Mass{ he ic mass of an element expressed in gram is called gram

lléd 1 mole.
ass of oxygen = 16.00g = 1 mole of oxygen atom

atomic mass. ltis

tomic mass of carbon =12.00g = 1 mole of carbon atom
omic mass of nitrogen = 14.00g = 1 mole of nitrogen atom

Its 1gram atomic mass 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. ltis also called 1 mole.

1 gram molecular mass of oxygen (O,) = 32.00g = 1 mole of oxygen molecule
1gram molecular mass of water (H,0) = 18.00g = 1 mole of water

1 gram molecular mass 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 ofsodium chloride
Tgramformula mass of CaCO, =100g = 1mole of calcium carbonate

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

1.6.2 Mole:
The atomic mass, molecular mass and formula mass of a substance expr@ ms
ing

L 2
Gram atomic mass and a.m.u
Gram atomic mass of ~ Atomi ss, Ot one
carbon atom = 12g a 2a.m.u
Thus
Gram Atomic mass of carbon is 12grgm = 1 mole of carbon atom
Gram Molecular mass of H,SO, is28 = Imole of H,SO,
The relationship between mole an aff be expressed as
Number - iven mass of a substance
Molar mass of the substance
Or
ass o substance ( gm) =Number of moles x Molar mass
<
Example 1.§° e the number of moles in 40g of Na.
Solution
Giv of Na =409
c@lar mass of Na =23 am.u
u of moles =2

Given mass of a substance

Number of moles =
Molar mass of the substance

40

23 =1.73 moles of Na

Number of moles of Na=
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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 a.m.u
mass of CO, = ? O
Mass of CO, = number of moles of CO, X formula mass @
= 4x44 =176 gm

1.6.3 Avogadro’s Number ¢

Avogadro an ltalian scientist, calculated the number of atom Sgulés or ions present
in one mole. The value is found to be 6.02x10". This valyéis Peprgéented by N. and is
called as Avogadro's number.

Forexample:  Tmole of O,molecule = 32g

So 32gm of O, will contain 6
Similarly 1 mole of NaCl =(23+35. 58J5g of NaCl
Nd + 6.02x10°CI

Example 1.7: Calculate the num s present in 9.2gm of Calcium (Ca).

Solution:
Atomic mass of Calcium (
1 g atomic weight of Cal gm

40g of Calcium cont@ins =6 2x10 atoms of Calcium

By using t Na x Given Mass i
R % Number of atoms = —— e

Atomic mass

6.02 x10% 9.2

Number of atoms =

40
= 1.384x10 atoms of Ca
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Example 1.8: Calculate the number of moles, number of molecules present
in 8g of C,H,,0,?

Solution

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

Given Mass of C,H,,0, = 8gm O
Number of moles = 8 =0.04 mole O

180 .
Number of molecules = Number of mol
= 0.04 x 6.
= 0.240
=2.4 \ olecules of glucose
Test Yourself &
B  Prove that Avogadro's number is e ole of any

substance.
®  Calculate the number of @ 30gm of H,PO,.

WA CHEMICAL |¥L‘AT|0NS

In all type of chemigal calgulations we calculate number of moles and number of particles
calculations are based on mole. In the sequence of calculation first
then number of particles.

of a substance.
moles are

ass Calculation

tion we calculate number of moles of a substance with the help of following

Given 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 silverin coin?

Solution

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

Given mass of substance
Number of Moles = Al
Molar mass of substance (

_ 85
107 .
= 0.07 moles of silver in silyer coin

1.7.2 Mole-Particle Calculation
In this calculation we calculate number of moles of a \ ceyin the given number of

Particles (atom, molecules or formula unit).

Given number of pasic Given number of particles
Number of Moles= =
Avogadro’s nufgber 6.02x10°

We can calculate number of particle
Number of le§= Number of moles x 6.02x10”
Example 1.10: Calculate the of moles and number of molecules

m
present in 10gm of H,SO,?2 V
Solution

The given mass of H,SO, = 10gm

Molar mass of H,S0, e = 98.0gm
Gi f subst 10

Number esof H, SO,= NE e BT ARRRNES =0.10 mole
Molar mass of substance 98

ber Of molecules = Number of moles x Avogadro’s number

=0.10x 6.02x10"

= 0.602x10"
= 6.02 x10 molecules of H,SO, in 10g.

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 atm)
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Example 1.11: How many liters of carbon dioxide would be produced if 0.450
mole of carbon monoxide reacts with excess oxygen at STP.

Solution:

The equation for the reaction is

2CO(g) + O,(g) 2C0,(g)

x,= 0.450 moles X, liters = ?

2 moles of CO 2 moles of Co,

0 0450 x, 0.450x2 0.450 O
_— = —— > = =

volume 22.4dm’.

Step 1 X —
<P 2 2 ’ 2 moles
Step 2 Volume in litre/dm® = moles x 22.4dm®
— 0.45 x 22.4 = 10 fco,

1 mole of gas at STP means 0°C temperature, 1 atm pres d6Ccupied

So 10.08 liter of CO, would be produced when le of carbon monoxide
reacts with excess oxygen at STP.

e which deals with the properties, composition and
deals with the changes involved in the matter.

B Chemistry is the branch of sci
Structure of matter. Chem

® Chemistry is everywhere in Qur environment and serving the humanity day and night.

Due to its wide scop istry is divided into physical chemistry, organic chemistry,
biochemistry, industrial chemistry, nuclear chemistry,
environment mﬁstry, analytical chemistry, medicinal chemistry, quantum

ply defined as anything that has mass and occupies Space.it is found in
n states solid, liquid and gas. The plasma is also considered as fourth
atter. The different states of matter are due to difference of energy in
sing order.

tter 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 ato
number and cannot be decomposed into Simple substances by ordinary c
reaction.

® Elements occurin nature in free or combined form in solid, Liquid and gasés stat
Now 118 elements have been discovered.

B Symbol formulais an abbreviation to represent the name of element. mibol is taken
from the name of that element in English, Latin and Greek. If it iSyone Jetter, it will be
capital as H for Hydrogen, Cfor carbon, S for Sulphur and ogen etc. in case of
two letters symbol, only first letter is capital as Na for sodi@im; Chromium, He for
Helium and Znfor Zinc.

B When two or more than two elements or compou NG ly combined without any
fixed ratio is known as Mixture. The compopen nces retain their chemical
properties. Mixtures can be separated again physical methods, as Filtration,
Evaporation, Distillation and crystallizatio

® The Atomic Number is number of n sent in the nucleus of atom of any
Element. It is represented by symbol toms of an element have same atomic
number due to the presence of @: umaber of protons.

B The Atomic Mass is sum of aumbB&r of protons and neutrons present in the nucleus of

| mic mass, molecular mass and formula mass of a substance expressed in
s known as mole.

B 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 N, and is called as Avogadro's number.
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I SECTION- A: MULTIPLE CHOICE QUESTIONS

Tick Mark (v) the correct answer O
1. The branch of Chemistry which deals with hydrocarbons:
(a) Industrial chemistry (b) Inorganic chemistry
(c) Organic chemistry (d) Physical chemist@ *
2. The atomic mass of an element expressed in gram is:
(a) Gram molecular mass (b) Gram ss
(c) Gram formula mass (d) Male
3. Which of the following can be separated by phys eans?

(a) Mixture ement

(c) Compound @ubstance
4 The molar mass of H,SO,is: v

(a) 98 a.m.u Q (b) 9.8gm

(c) 98gm (d) 9.8 a.m.u
5. The Molecule consis of%ms is :

ic lecule (b) Polyatomic molecule

(c) Heter ictnolecule (d) Di atomic molecule
6. Aform indicates actual number and type of atoms in a molecule is called:
a) ical formula (b) Empirical formula
) lecular formula (d) Formula mass

hyl"alcohol was prepared by:

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

(c) Al-Beruni (d) Jaber bin-Hayan
8. which of the following is a homo atomic molecule:

(a) H, (b) NH,

(c) H,O (d) CO,
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9.

The Empirical formula of hydrogen peroxide (H,O, ) is:
(a) Hzoz (b) HO
(c) OH, (d) Osz

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

| SECTION- B: SHORT QUESTIONS: 0 .
1. Differentiate between the physical and analytical chemistr,

2.
3.

O A WO N —

Write down the classification of molecule? Q
Identify the differences among the following: @

(a) Atom and lon \

(b) Molecule and Molecular ion %

(c) Compound and Mixture O

. Define the following terms:

(b) Gram molecular mass

(a) Gram atomic mass 2 Q

(c) Gram formula mass

. Write down the empiric@l and molecular formula of the following?

N- C: DETAILED QUESTIONS:

. What do you mean chemical species, explain ion, molecular ion and free radical?
. Write down the applications of chemistry in daily life?

. Explain in detail empirical and molecular formula?

. Explain the steps for balancing the equation?

. 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,0

(b)KNO,  ——» KNO, + O, O
(c)Ca+HO — 3 Ca(OH), + H,
(d) NaHCO; ————» Na,CO; + H,0 + CO,
(eyCO+0, —>» CO, o
(2) Calculate the formula mass (a.m.u) of the following? 0

ALO, , MgCl, , NaCl , KNO, Q
(3) Calculate the molecular mass (a.m.u) of the followihg2
C,H,OH, H,O, NH

2

/5

(4) How many moles are present in 40 gm of

olecules present in the following?
20g of C,H,,0O,

(5) Calculate the number of moles and nu

(a) 16 gof H2CO3S




ATOMIC STRUCTURE

Time Allocation
Teaching periods
Assessment period

Major Concepts Weightage =
2.1 Discovery of Sub Atomic Particles, electron, proton and neutron. O
2.2 Theories and Experiments Related to Atomic Structure.

2.3 Modern Theories of Atomic Structure.

2.4 Electronic Configuration.

L 2
2.5 Isotopes and their common application. Q

STUDENTS LEARNING OUT COMES ( x

Students will be able to:
@ Describe the discovery of electron, proton andfneutr

© Define Atomic Number (Z) and Mass N er i term of number of proton and/or
neutron.
@ Describe the contributions Ruther@ to the development of the atomic theory.

@ Explain how Bohr's atomic maqgdel is djfferent.
© Define Modern theories ofgAto ucture( De Broglie Hypothesis & Schrodinger atomic

model)
@ Describe the presence of shells in a shell.

el® and Sub shells.

@ Distinguish be
© Write Electr figuration of the first 18 Elements in the Periodic Table.
@ Define a pare isotopes of an Atom.

roperties of the isotopes of the H, C, Cl and U.

structure of different isotopes from mass number and atomic number.

the importance and uses of the isotopes in various fields of life.
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Introduction

The word atom is derived from a Greek word ATOMOS
means indivisible, which was first describe by Greek
philosopher Democritus. Democritus beleived 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 explains that all elements are
made up of tiny indivisible particles called atoms.
Dalton assumed that no particles smaller than atom
exist, but by the passage of time new experiments
showed that atom is composed of even smaller

particles which are known as sub-atomic particles\

After that these sub-atomic particles were discove
and named as electron, proton and neutron.
discuss all these discoveries in this chapter.

Discovery of Sub CJ
Particles (ElectropaPRdton,
Neutron) of an

Dalton’s atomic theory explai
matter and existence of indiviSible atoms, but at the
end of 19" century omic particles were
discovered by different Seientists. First sub-atomic
particle Electron isc8vered by M. Farady, William
Crooks and mSon, second sub-atomic particle
Proton entified by Goldstein and Ernest
e third sub-atomic particle Neutron
by Chadwick. All of these findings were
in the knowledge of atomic structure which

emical nature of

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




Atomic Structure

Fig 2.4 J.).Thomson Fig 2.5 William Crooks

The apparatus used for this type of experiment is called di e which consists of

glass tube fitted with two metal electrodes connected, t voltage source and a
odes are connected with
high voltage source at very low pressure(1mm of Hg) n'the high voltage current start
passing between electrodes then a streak of bl light originate and travel in straight line
from cathode (-ve electrode) to anode(+ve électrode), Which cause glow at the wall of

opposite end. These rays are called cath

vacuum pump. Discharge tube inside is evacuated,

Dis ry‘of Electrons

i at very low presure
‘ Green glow

?_' Anode
ﬁ — To vacuum pump
/l

Production of cathode rays

Discharge Tube

igh voltage Generator

Fig 2.7 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 cathode
and when cathode material was changed the same phenomenon was observed 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 electric a
magnetic field.

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

5. The charge to mass ratio (e/m) of cathode particles is 1.75 10°coulomb per
gram. This is same for all electrons, regardless of any gas,in di hgrge tube.

6. They can produce mechanical pressure indicating t inetic energy
(K.E).

2.1.2 Discovery of Protons \
The Proton is positively charged particle dis by
Goldstein in1886. J.J. Thomson investigate@ﬂ s

of protonin 1897.

Protons were observed in same appgraté€ of cathode
rays tube but with perforate . Goldstein
discovered that not only negativelfacharged cathode
rays but positively charged ra oving in opposite
direction through perforgted cgthode. These positive
rays passes through the of cathode, where they
strike with walls of Yube aRd cause the glow of tube. Fig 2.8 Goldstein
These rays were Js Canal rays (protons).

Discovery of Protons

Alr at very
lowve pressure

- Discharge

E....--" tube

=
= E\
& P

Perforated ' el Anode
cathode
g vorage o gl ¥
generator To ;E:r::'l:lt:-:m

Fig 2.9 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 justified that atoms are electrically neutral, while electrons carry @-
charge. It mean for each electron there must be one equivalent positiv Akg

neutralize that electron. This particle is called proton and it is a fundamentalfparticle of all
Atoms.

Properties of Canal Rays (Protons) 0 ¢
1. They travel in straight line towards Cathode. Q
Ir

2. They produce sharp shadow of object placed in t

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

4. The charge to mass ratio (e/m) of posisi rticles is much smaller than
electron. It varies according to naturg of g resent in tube.

5. The mass of proton is 1836 tim e than electron.

2.1.3 Discovery of Neutr
In 1920 Rutherford predicte
equivalent mass of protonf Di
later on, in 1932 Chad

alpha (o) particles b

om must possess another neutral particle with
ent scientists started working on this neutral particle.
ssfully discovered Neutron. Chadwick found that when

bar on Beryllium plate some penetrating radiations were given
out. Chadwick s sted that these radiations were due to material particle with mass
comparable t geh atom but have no charge. These radiations (particle) are called
Neutron. lgggn¥be eXpressed in equation as follows.

9 2
Be + He C+n
4 2 6 Y
n is fundamental part of an Atom, present inside nucleus with proton and is
inclu 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.
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2.1.4 How Atomic Number (Z) and Mass Number (A) are related
with number of proton and neutron

As we discussed in discovery of fundamental particles of an atom, that Atom consist o
three particles Electron, Proton and Neutron. But if all atoms have same fundame
particles then why the atoms of one element are different from the atoms o ne
element? @

For example: How does an atom of Carbon (C) is different from an at of Nitrogen
(N)?Because all atoms can be identified by their number of protons theycontai®Therefore
no two elements have the same number of protons. ¢

Atomic Number (Z)

The number of protons inside the nucleus of an atom i§.cglfed Atomic Number. Atomic
number is represented by Z. The elements are identi '% r atomic number. Different
elements have different atomic numbers becquse erent number of protons. In
neutral atoms number of protons are equal t r of electrons, so the atomic number
also indicate total number of electrons outside thgnucleus. For example atomic number

of Carbon(C) is 6. It mean that each cor% as 6 protons and 6 electrons init.
o

Atomic number= Z = Number o tot{in nucleus = Total number of electron
around nucleus Q
Atomic number (Z) is written ipt on the left hand side of the chemical symbol e.g
.C. Some other examplesaire agtollows.
,Li, O, H

L 2
Mass Nu
The total su ons and neutrons in the nucleus of an atom is called Mass Number. It
is alsq,kn “Nucleon number”Mass number represented by A. For example, the
sodiu atom has atomic number 11 and mass number 23. It indicates that sodium

at 11 protons and 12 neutronsz.sThe mass number (A) is written as superscript on
nd side of chemical symbol. e.g Na

Mass number = A = Number of protons (Z) + Number of neutrons (N) OR
Mass number A=Z+ N
And numberof neutron N=A-Z7
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Mass number
Number of protons
and neutrons in atom

N\ 12
QX—Atomic symbol 6 C
/

Abbreviation used 6protons @

to represent atom

in chemical 6 neutrons )
Atomic number formulas 6electrons @
Number of protons
in atom

Fig 2.10 Description of Mass number and Atomic number

Test Yourself .

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

b. Find out mass number of chlorine which have 17 protonsgnd#8 trons?

How many electrons, protons and neutrons are presen

d. Do you know any element which have no neutron in i

Theories and Experimenf{s
Related to Atomic St

2.2.1 Rutherford Atomic I

Lord Rutherford in 1911, carriedout series of
experiments and proposed a @ godel for the
atom.

EXPERIMENT
Rutherford took
obtained fro

sheet of gold foil and bombarded it with alpha (a) particles
tive element (Like Polonium). These rays were scattered after

passing through the¥sil and examined on a zinc sulphide (ZnS) screen.

Lead block containing
an alpha-particle-
emitting source

Alpha particle
deflected at a
rge angle Beam of

\\ ! //
alpha particles @ Do you know?

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

l Gold foil

Fel ey For example:
Most alpha particles erl.ri:?&nifle
ciiected ot = . . .
ol with e or Smail angie Uranium, Radium and Polonium

no deflection

Fig 2.11 Gold Foil experiment
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Observations

1. Most of the particles passed straight and un
deflected through the sheet and produced
illumination on the zinc sulphide screen.

Do you know?

[llumination:

It is the action of supplyilg

2. Very few alpha (a) particles undergo small and BT i Ml 7 N
strong deflection after passing through gold  flux per unit area on_gg iRkercepfing
sheet. surface at any given paint called

3. Averyfew alpha (a) particles (one out of 8000)  illumination
retraced their path.

Conclusion

1. According to Rutherford an atom consist of tw eus and extra nuclear

part.
2. Madjority of the alpha particles passed stgai and un-deflected, shows that
most volume occupied by atom is em
3. Alpha particles are positively cha d their deflection indicates that the
centre of atom has a positive ch |ch is named as nucleus.
4. The mass is concentrate cIeus and the electrons are distributed outside
the positively charged nucleds.
5. Theelectrons are gev ound the nucleus in extra nuclear part called orbits.
Conclysiomof Ruther Ford “Gold Foil” experiment
e Alpha Atom of gold foil Majority of alpha-rays
Nucleus ° l
' 1 € Passed away e © -
) © o =
Pur‘tlcles ' 2 ° Deﬂected _N.UELQ.\..‘S. - ﬂ -—o
3 € Bounce Back —\-—o
4 | R
. 4 © Deflected o
© © o -
o T
©

Fig 2.12 Pictorial description of bombardment of alpha particles on gold foil
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Rutherford postulates :
B An atom consists of positively charged, s ELECTRON ORBITS
dense and very small nucleus containing ?
protons and neutrons. The entire mass is
concentrated in the nucleus of an atom.

-+ NUCLEUS

N
Z]

... PROTOI

®  The nucleus is surrounded by large empty
space which is called extra nuclear part

where probability of finding electron is
maximum. Fig 2.13 RUfhen‘GWomic Model

B The electrons are revolving around the nucleus in circul h high speed
(Velocity).

B Thesecircular paths are known as orbits (Shells). @

B An atom is electrically neutral because it h \ number of protons and
electrons.

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

Defects of Rutherford ato

\\ I //
e @ Do you know?
fan atom.

1. Rutherford did not explain the
2 SPECTRUM: A Beam of light is allowed to pass through a
. glass prism, it splits into several colours. This phenomena
is called dispersion and band of colours is called
spectrum, which is classified according to its ware length.
then t ould be a continuous spectrum but in
o It we get line spectrum from the atoms
elements
\\ I //
. ' . B ~
2.2°99eil Bohr's Atomic Model b Know?
. . O YOU KNOW?
In 1913 Neil Bohr proposed another atomic model. y
This atomic model was different in this manner that it What is quantum?
showed two folds, first removed the Rutherford atomic A discrete quantity of energy
model and second explained 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 Bohr's Atomic Model

Neil Bohr proposed the following postulates for atomic structure.

1. The atom has fixed orbits in which negatively charged electrons are revolving around the
positively charged nucleus.

2. These orbits possess certain amount of energy which are called shells and na
K, L, M, N shells.

3. The energy levels are represented by an integer (n= 1, 2, 3....) known ntum
number, this quantum range starts from nucleus side, where n=1"§ lowgst energy
level.

4. Electrons are revolving in particular orbits (ground state) co @ sly, but they do not
emit energy.

5. When electron absorbs energy, it jumps from low el (E1) to higher energy
level (E2) (excited state).

6. When electrons jumps back from higher e y lexel (E:) to lower energy level (E)), it
emits energy.

7. The emission or absorption is disco s in the form of energy packet called
Quantum or Photon.

8. The AE difference in energyof higher (E:) and lower (E1) energy level.
AE =E2— E1
AE = hv =1 photon

Here his planks c t, its value is 6.63x 10** Js and v is a frequency of light.
9. Stationar present in those orbits in which angular moment of electron
would multiple of h/2n

1 (where n = no: of orbits) h=(planks constant) m= (mass of electron)

Increasing Energy
of orbits

/ A photon is emitied
\_\’;:rg; E=hv

Fig 2.14 Neil Bohr’s Atomic model
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Limitations of Bohr's Atomic Model :

n 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 spe
atoms).
It deviates the Heisenberg Uncertainty Principle.
It could not explain the spectra obtained from larger atoms.

| |
- It only explain the monoelectronic species like He”, Li*?, Be3+.0 *
Test Yourself @Q

B Which particles shows mass of an atom?

B Prove Rutherford atomic model based on classic
theory and Bohr atomic model based on quagtu

theory?
B How you can relate living things with ch@

2.3 Modern Theories of Atgmic®tructure

In the year of 1900 Max Planck p uantum nature of radiations and energy in a

photon wave E=hv as quantu This quantum theory accepted by Albert Einstein
in 1905 and proposed reldtion
effect by wave particled

of radiation with andlilar m@mentum of electrons. Bohr predicted and explained the line

ip between mass and energy to explain photoelectric
=mc’. In 1913 Neil Bohr continue to use quantization

23.1d ghte Hypothesis
In 1923 L Broglie extended the wave particle duality to electron, and proposed a
hypothasi all matter has particle as well as wave nature at the submicroscopic level.

combined the Einstein and Planck equations and argued that if

E= here E = energy, h = plank'constant, v= frequency of light

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

Th hv = mc’
en he _ e (v=-<)
A h A
oy A=
T\C (P = mc)
_ oy
oY A= P P=mv
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The wave nature of a particle is quantified by De ) ) ) )
Broglie wavelength defined as A=h/p where p is DeBroghe Wk partlcles duallty hyp°theSIS

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.

2Bfoglie wave duality
hypothesis

2.3.2 Schrodinger Atomic Model

In 1926 Erwin Schrédinger, an Austrian physicist, took hr.s’atomic model one step
forward. Schrédinger used mathematical equations, tode e the likelihood of finding
an electron in a certain position. This atomic mogel igfhgown as the quantum mechanical
model of the atom.

Schrodinger model is just an improvement &f Boht’s atomic model. He took an atom of

hydrogen because it has one proton a electron. He proved mathematically that
electron can be find in differe sition around the nucleus and determined by
probability.

B The quantum meghanjgbl Mmodel determines that electron can be find in various
location arounét us. He found electrons are in orbit as an electron cloud.
[ in aMorbit have different shapes which determine the presence of
<

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. If 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 n

electrons are revolving. Now we have to understand how these electrons are r
around the nucleus. These electrons are revolving around nucleus in di n
according to their potential energy.

2.4.1 Concept of Shell (K, L, M, N,O, P & Q) ¢
The Energy levels or Shell or Orbit are all possible paths on whij ctrofis are revolving
M, N, O, P& Q with

ave definite amount

around nucleus. Which is shown by 'n'. These shells are nam
quantum numbersn=1, 2, 3, 4,5, 6 and 7 respectively. T

of energy by means of increasing order as they becom nucleus.

4 N Shell
A M Shell
L Shell
O\ K Shell
\ \ \ \\ Positively
/ charged
Nucleus
* K
L
M
N

Fig 2.17 Shell (Energy level)

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

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

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




Atomic Structure

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 a
discussed in zemen and stark effects. These lines means that electrons in the same

may differ in energy by small amount. Thus main energy level are divided in to syl’e

levels and known as sub shells. When electrons are many in numbers in a shell @
repulsion and main shell splits into subshell which are named as s, p, d and fsubshelfs.

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

Ny
N

L 2
Table 2.1 Values of shell and sub shell N ¢
Value of " Shell Sub shell D ow?
The ic gspectrum of substance

1 K Onlys c s pectral lines. These lines
i energy by small amount.

di
2 L s, p ergy levels are divided into
s@bshells/ subenergy levels due to
3 M s.p,d < ’epulsion. The shell or orbit split into
P subshell which are named as s, p, d,
4 N s,p, d, f andf.

2.4.3 Electronic Confi
Now we can understand that'
and subshells accordi
atom'. Generally, t
at the ground st
higher ener

n of First 18 Elements

distribution of electrons among the different orbits/shells
e rules is known as the electronic configuration of an
table electronic configuration is represented when an atom is
h |éss energy level. Electrons filled in increasing order from lower to

ch shell has a maximum number of electrons that it can hold.
Electrons will fill the shells nearest the nucleus first.
a2 1 shell holds

a maximum of
2 electrons

2" shell holds
a maximum of
8 electrons

3" shell holds
a maximum of
18 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

QO

irst®then
s asfollows.

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 is slight difference in Energy of subshells, the subshell “s” {ille

subshell'p'and onward. The distribution of maximum electrons i [

2 electrons in's' subshell

6 electrons in 'p' subshgl

Iways remember following points.

10 electrons in 'd'

14 electrons in 'f'

Whenever we write electronic configuratio

1. Number of Electrons in an Atom. v
agcording to energy levels.
shells and subshells.
Example 2.1: write dgwh ele§tronic configuration of an element which has 8
electrons.

2. Arrangement of shells and s

3. Maximum number of ele

|l 8lectrons will be filled in K shell which have maximum capacity
aining electrons will be filled in L shell which has maximum

For this element fi
of 2 electron
capacity of@ e

0
;
trols. Now arrangement of electrons will be as:

8 protons (#)
B electrons (-}

6,0

The above element is Oxygen which has 8 electrons.
In writing electronic configuration first two electrons
will go into '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 into 2p subshell of L shell. Now electronic
configuration of oxygen is 1s” 2s” 2p*

Oxyge

=

8 protons

n atactro

ton:
n configuration: 2-6

8 electrons
2-6

First shell: 2
", second shell: &

Fig 2.19
Electronic Configurati

on 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%, as shown in figure 2.20. =~ G ®»’ @
Where coefficient shows nurr.mbe.r of shell, s & ® !
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 ®@ { ’
intable 2.2 n=6 @

n=7 @

Fig 2.20 Order of

=

Table 2.2 Electronic arrangement of the first 18 ele

Hydrogen H

1s*, 28, 2p
1§°, 25, 28
1s?, 2¢, 29
19,24, 26
1¢2,2¢, 29

15,25, 29
15, 2¢, 28 3¢
Magn. sium 1¢, 28", 2p,3¢
Al minom 1€, 24, 2p,3¢,3p
Silicon i 1¢, 2¢°, 2p 3¢,39
Phosphorus 15, 2¢, 28 ,35°,38

Sulphur 1¢,2¢, 2¢,3s,3p
1s’, 28, 29,35 ,3p
15, 2¢, 28,35 ,3p
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Test Yourself

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

®  How many electrons will be in L shell of an atom having
atomic number 112

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

B 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 COMM LICATION

As we know that atom is composed of three particles electrans,¥orotons and neutrons. In all

the atoms of an element number of electrons, proto mber of neutron are same, due
to this their atomic number and mass numbegfare same but in few elements some atoms

have different atomic number and mass number.

2.5.1 What are Isotopes?

Atoms of the same elements havi omic number but different Mass number are
called isotopes. They have sa umper of electrons and protons but different number
of neutrons. These elemepts ame chemical properties due to same electronic

configuration but differegt physiceal properties due to difference in mass number.

There are sotopes of Hydrogen. These are
know otim, deuterium and tritium as
showqinfig 221

1

tyarogent | I3 H
Protium / '

1 neutron

> 1 electron
-

Hydrogen-2 H
. 1
Deuterium—— e e
e B 2 neutrons
Hyteeans H

Triﬁum > G - 1 proton
Fig 2.21 Isotopes of Hydrogen
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(2) Isotopes of Uranium

234 235 238
There are three common isotopes of 92U 92 92U
234.04094 235.04392 238.05078

uranium with atomic number 92 and

mass number 234,235 and 238 RB'L'P"S;'_%’ = :_720';/‘_' ::j”s'/“
loactive adloactive 1

respectively, as shown in fig 2.22. The Fia 2.22 Isot U

uranium %:U is found 99% in nature. g9 £.£4 Isotopes of L8

(3) Isotopes of Carbon

. L 2
There are two stable isotopes and one AT 8 Pr & Protons

radioactive isotope of carbon. Which O Mo o e
are shown infig 2.23.

The carbon 12 contain 6 proton and 6

neutron, Carbon 13 possess 6 proton
and 7 neutron, carbon 14 contain 6 i02.23 Isotopes of Carbon
proton and 8 neutron. Carbon 12 is the O

most abundant (98.89%) isotope.

(4) Isotopes of Chlorine @E

There are two isotopes of Chlggine With atomic number 17 and mass number 35 and 37.
s% ;

as shown infigure 2.24. C[Io

17 protons

s 75% and chlorine 37 is 25% abundant in nature.

37 . 17 protons
° 18 neutrons Cl ° 20 neutrons
17

° 17 electrons ° 17 electrons

Fig 2.24 Isotopes of Chlorine
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| Table 2.3 Applications of Isotopes

Name of
S. Radioactive Fields Uses
No
Isotopes
(1) | Phosphorous -32 |Radiotherapy e Treatment of skin cancer
or strontium -90
(2) | Cobalt-60 Radiotherapy e Treatment of body canceRdue t
more penetrating pByer.
(3) | lodine isotopes  |Radiotherapy e Detestations ofﬁ‘roiéjlonds in he
neck.
(4) | Technetium Radiotherapy j
(5) | Gammaray of  |Medical instrumentation
cobalt - 60
arfful bacteria.
(6) | Americium -241 |Safety measures & sed in back scatter gauges, smoke
industries detectors fill height detectors and
measuring ash content of coal.
(7) | Gold-198and  |Sewage & liquidWas e Tracing factory waste causing ocean
Technetium - 99 |movement f pollution
e Tracing sand movement in rivers and
oceans.
(8) | Uranium -235 e Conversion of water energy from
steam to generate electricity.
(9) | Plutonium - e Used to stimulate a regular heart
beat in heart pace maker.
(T0) | Carbgn Archaeology and Geology e Used to estimate the age of fossils.
est Yourself
hich of the isotopes of hydrogen contains greater
number of neutrons?
B Why do isotopes of same elements have same
chemical but different physical properties?
® 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 charged particle discovered by Goldstein in 1886.J.J.Thomso
investigated properties of proton in 1897.

In 1932 Chadwick become successful to discover Neutron.

Lord Rutherford in 1911, carried out series of experiments and proposed d%ew model for the
atom that an atom contains nucleus at the center and electrons revolve.aroufid tfis nucleus.

In 1913 Neil Bohr proposed another atomic model. This atomic mod® ifferent in this
manner that it shows two folds, first to remove the Rutherford atof adel and second
explain the line spectrum of Hydrogen atom based on quantusfl thé Max Planck.

In 1923 Lois De Broglie extend the wave particle duality t ongand propose a hypothesis
that all matter has particle as well as wave nature at th s\ copic level.

The Energy levels or Shell or Orbit are all possible pat ich electrons are revolving
around nucleus. Which is shown by 'n'. these She amédas K, L, M, N, O, P

Main energy level are divided in to sub energy [evels nown as sub shells.

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

Atoms of the same elements havin atemic number but different atomic masses are
called isotopes. They have same n ectron and same number of protons, but
different number of neutrons.

The Isotopes are used in warld applications of daily life. Research laboratories, medical
centers, industrial facilitigs, food gradiation plants and many consumer products all use or

contain isotopes.

2
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EXERCISE

I SECTION- A: MULTIPLE CHOICE QUESTIONS

Tick Mark (~) the correct answer
1. In an atom number of protons and neutrons are added to obtain: O
(a) number of electrons (b) number of nucleons
(c) atomic number of element (d) number of isotopes
2. If proton number is 19, electron configuration will be: 0 ¢
(a)2, 8,9 (b) 2,8, 8,1
(c) 2, 8,1 (d) 2, 8,3

3. If nucleon number of potassium is 39 and its ato m is 19 then, number
of neutrons will be:

(a) 39 (b) 19 \
(c) 20 (d) 29
4.  The isotope C-12 is present in abund@

(a) 96.9% (b) 9
© 98.89% (

5. Electronic configuration is di of:
(a) protons neutrons
(c) electrons d) positrons
6. Which one of the following is most penetrating?
(a) electron (b) Proton
(c) alpha parti . (d) neutron
7. How many lIs in a L shell:
(a) one (b) two
(c) t (d) four
8. lie extend the wave particle duality to electron in:
1920 (b) 1922
c) 1923 (d) 1925
9. Name the material of screen which is 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. Draw the structure of isotopes of chlorine to justify the definition of isotopes?

2. An atom has 5 electrons in M shell than:

(a) Find out its atomic number? O
(b) Write Electronic configuration of atom?

(c) Name the element of atom?

Justify that Rutherford atomic model has defects? Q ¢

Describe wave particle duality of electron of De Brogli thesis?

What are Limitations of Bohr's Atomic Model? @

Differentiate between shell and sub shell with %

EXfrom each other?

heir masses in a.m.u with their

How the atoms of O, and O, are similar og di

Write down the names of sub atomic icl
unit charges.

| SECTION- C: DETAILED Q S:
1. Discuss Rutherford' gov oil experiment in the light of structure of atom.

Writ down the appli@ations of isotopes in daily life.

N> O~ ®

Explain how Bohr's @omic model is different from Rutherford atomic model.

M 0N

Prove that n?heory of De Broglie is related with Einstein and Plank's

Ho athode rays produced? What are their major characteristics?
the schrodinger atomic model.

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

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

(i) Fe, (i) O, (i) CI, (iv) Uy W) C/




PERIODIC TABLE AND
PERIODICITY OF PROPERTIES

Time Allocation

Teaching periods =08
Assessment period = 2
Weightage = 08

Major concepts O
3.1 Periodic Table.
3.2 Periodicity of properties.

<
STUDENTS LEARNING OUT COMES (SLO'S) 0
Student will be able to:

@ State the periodic law.
© Distinguish between a period and a group in the periodig tdble:
s

© Classify the elements (into two categories: groups and p
configuration of their outer most electrons.

ccording to the

@ Determine the demarcation of the periodic tablg into -block, p-block, d-block
and f-block

@ Construct the shape of the periodic table.

@ Determine the location of families o Periodic Table.

@ Recognize the similarity in the chemigglfand®physical properties of elements in the same
family of elements.

@ ldentify the relationship betWeenelectron configuration and the position of an element on
the periodic table.

© Explain how shielding, effecinfluences periodic trends.

@ Describe how electro
within a group an

gatiyitiy, electron affinity, atomic radii and ionization energy change
a period in the periodic table.




Periodic Table and Periodicity of Properties

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 hundreds years struggle
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 whi

groups of three elements classified on the basis of atomic masses. In this Tria

element had atomic mass approximately equal to average of mass of the othegftwo elé ts.
For example, Calcium (40), Strontium (87.6) and barium (137). In which mas8of str@ntium is
average of atomic masses of calcium and barium.

Table 3.1 Dobereiner classification of traids *
ELEMENTS ATOMIC MASS
Lithium 7 '
Traids ~ Sodium 23 7+ 39 _ 53
Potassium 39 ‘ 2
 J
Chlorine 35.5
Triods bromine 80 355 + ]265_ 8-|
lodine 126 2
Triads Strontium 87’ 72 = 885
Barium

In 1864 British chemist Newland p Law of Octaves and arranged the elements in order
of increasing atomic masses. Agegrdingyto him if elements are arranged in increasing order of their
masses then eighth element has roperties as of first element in a group. For example:

aBle 3R Newlands Classification octaves
B=11 C=12 N=14 O=16 F=19

L 2
=24 Al=27.3 Si=28 P=30 S=32 CI=35.5

rragement Li and Na, Be and Mg, B and Al, C and Si,
and S, F and Cl shows same chemical properties.

leev published a periodic table containing eight vertical columns (groups) and horizontal
on the basis of physical and chemical properties of elements. In 1869
cientist Lother Meyer published a periodic table in which 56 elements were

Li=74Be

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

Mendeleev’s periodic table was the first attempt to arrange the elements although this
periodic table was failed due to many demerits but provided the base for discoveryof
Periodic Law. On the basis of periodic Law a periodic table developed in which veti
columns are called groups and horizontal rows are called periods. This period

predict the properties of elements.
3.1.1 Periodic Law: Q

In 1869 Mendeleev Proposed a periodic law on the basis of physic@hang chemical
properties empirically. Periodic law states that “ The Properties ofthe elements are a
periodic Function of their atomic weight”. In certain cases » > ev left gaps, which
were modified by Moseley.

3.1.2 Modern Periodic Table
Atomic number is fundamental property because™Si, i ses regularly element to

imarrangement of elements that

element and is fixed for every element. It was no
atomic number increasing from left to right inf horiz
were found repeating after regular intervals, Due to this reason elements of same
properties and same electronic configura placed in the same group.

In 1913 Moseley discovered that @ ic Qumber is the basic property of an atom. He
proposed a modern periodic Igw. TRE Moseley states that “ The Physical and chemical
Properties of elements are @ odic function of their atomic numbers” Atomic
number of an element is equal t@ the number of electrons in a neutral atom so atomic
number also provides the¥eleCtronic configuration of elements of periodic table. So on
the basis of Electroni conﬁ ration elements are arranged in long form of periodic table
and Periodic table posed with 7 rows and 18 columns.

tal row and properties of elements

Periods iodic Table:
There en horizontal rows in periodic table known as periods. In periods physical
an ical properties changes from left to right. Elements of a period shows different

ies because The electronic configuration continuously changing within a period
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).

B K-shellis filled in this period.
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Second and Third Period(Short Period)

B Each period 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. O

Fourth and Fifth Period(Long Period)

B Each period contain 18 elements.

B Inthese periods M and N shells are being filled by eIectronQ ¢

B Fourth period starts from Potassium (K) and ends on

®  Fifth period starts from Rubidium (Rb) and ends ongXe e).
Sixth Period(Longest Period)

B This period contains 32 elements.

B The 14 elements inthe bottom are ngmed@s Lanthanides.

B Sixth periods starts from Caesium (C8) andends with Radon (Rn).
Seventh Period (Incomplete Perh?\

B This period starts from F m (Fr)

B This period is consid indgmplete.

B This period contaifis a'gebup of 14 elements known as Actinides.

All the periods exceptt riod start with an alkali metal and end at a Nobel gas. Itis

observed that number of glements are fixed in each period because of maximum number

able 3.2 Period wise Atomic Number of Elements in Periodic Table

Period Number Number of Elements Range of Atomic
Number
First 2 1to2
Second 8 3to10
Third 8 11 to 18
Fourth 18 19to 36
Fifth 18 37 to 54
Sixth 32 55 to 86
Seventh [32]* 87 to 118*

(Where * Shows incomplete period)
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Periodic Table and Periodicity of Properties

Groups in Periodic Table:

There are Eighteen 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 i

periodic table.

The elements of sub group A are called Main or Representative Elements.
The elements of sub group B are called Transition Elements. The group nlC te

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),
Potassium (K), Rubidium (Rb), Cesium (Cs) and

*

/

~ -

Do you know?

i Fr).
Francium (Fr) Francium(Fr) is
B TheirValence shell contain one electron. radioactive element
of IA group.

They are highly reactive metals.

®  On reaction they lose one electron an
univalent positive ion (cation).
. C)

B They have low melting point.
Group Il A(Alkaline Earth

B This Group include Be
Calcium (Ca), Stronti

B TheirValence shell cont@in two electrons.

r Beryllium Family:

Be), Magnesium (Mg),
arium (Ba) and Radium (Ra). radioactive element

Ny
N .

Do you know?

Radium (Ra) is

of IlA group.

B On reaction th two electrons and form divalent

positive ion. .
B Theygho ular Densities, Melting and Boiling point.
Group n Family) :
L) oup include Boron (B), Aluminum (Al),

m (Ga), Indium (In) And Thallium (T1).
heirvalence shell contain three electrons.

On reaction they lose three electrons and form
trivalent positive ion except Boron.

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

B Theirvalence shell contain four electrons.

Ny

@ Do you know?

Boron (B) is metalloid in Il A
group due to increase in
atomic volume boron shows
some properties of metals
and some properties of non-
metals.
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B C,Siand Ge form covalent bond, whereas Sn and Pb exhibit variable Valencies 2

and 4.
B Carbon is nonmetal, Silicon , Germanium are metalloids and Tin and Lead are
metals. R
Group V A(Nitrogen Family) : @ Do yo?
B This Group include Nitrogen (N), Phosphorus (P),
Arsenic (As), Antimony (Sb) and Bismuth (Bi). Carbon ““@* in
allotropic forfp,ingdVA

®m  Theirvalence shell contains five electrons.

group, due to,increase in
®  They show large variations in their properties as we go ~ af@gic radii and volume,

down the group.

di
B Except Nitrogen all existin allotropic form.
Group VI A(Oxygen Family) : \
B This Group include Oxygen(O) ,Sulph ,Selenium (Se), Tellurium (Te)
and Polonium (Po).

®  Their valance shell contain six elem
All of these elements exist in allotr ms.

®m  Oxygen and sulphur are
metalloids.

Group VIl A(Halogen fa

B This Group in orine (F),Chlorine(Cl),Bromine(Br),lodine(l) and
Astatine(At).

Imetals, polonium is metal and all other are

®m  Theirvale II%ontcin seven electrons.

u e (metal) all are nonmetals.

| nd chlorine are gases, bromine is liquid and iodine is solid at room

Gr Il A( Inert or Nobel gases):

This Group include Helium(He), Neon(Ne), Argon(Ar), Krypton (Kr) Xenon(Xe)
and Radon(Rn).

B Their valence shell contain eight electrons except Helium which contain two
electrons.

Group IB to VIl B( Transition Elements):
B These Groups are metals.
B Inchemical reactions they shows Variable valencies.
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

e
:
— r'Z‘Cr hiv'ln Fe IImCo ”ECu Zn

w D 3
. |*.:Tﬁ;‘e” || P | el | Il | Meetctll | O | e | M | I | o | "
annoannaae + |

Rh | Pd

L M rlzﬁ

HES

HE

Zireomir IR | PR | e | R Rhodiun Palladi sw
e 52 906 10107 102906 I “ 107,869 I

=
wnum Ta-lu m mm IIM-\ " Qo icuim nmw
178.49 180,548 18384 186.207 190.23 192217 195,085

!_F EmmlE
01 wmm mss ml'gwt w

"I. BE0E0
"l U"“ D\;;:;lm lﬁﬂ l“‘l IIWI MHN ] | MHN
I

61 r

!
Pr Nd " Pm
e )

Ce

© Identify and list downgithe
periodic table.

™liquid and gases at room temperature from the given

© ldentify and natine thégrtificial elements from the periodic table gives above.
. * . .

® lIdentifyan wn the radioactive elements.

Ikaline , transition metals.

list down metalloids , lanthanide and actinide.
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3.1.3 Demarcation of periodic table in s, p, d and f blocks:

The periodic table has been divided into four blocks, s, p, d, andf based on electronic
confiquration.

2= —
-3 5= R
] 3d 4p
=58 ad Sp
[+ 65 4f 5d P
=15 Sf 6d | ® 7
s-block d- f-block d-block p-block
Fig 3.2

Nobel Gases:They are colorless, unreactive and di etigfThey are placed in zero
group. Their electronic configurationis ns’,np® and a Gxu ionally stable.

Representative Elements It includes metalgsand§ponmetals. Some are diamagnetic
and some are paramagnetic and marked as S lock P block elements.
() s-Block Elements: In's bloc ents electrons occupy in ns orbital. The

elements of group |A and Il s Block elements. Their electronic configuration
varies ns' to ns-.

() p-Block Elements: ck elements electrons begin to fill np* to np’

Elements of group IIAt lIA and zero group except He arealso p block elements.

d-block Eleinentsy(Outer Transition Elements): These elements are metals
but their prope different from metals of representative elements i.e. Melting
point, Boiling®Rgir, vatiable oxidation state color compounds etc. In these elements
i —1)d"""? orbital. d-block elements consist of three series.

ements (Inner Transition Elements): The elements in which inner f-orbital is
fille lled f block elements. They exhibit electronic configuration ns’(n-1)d'(n-2)f""*
Th re two series called Lanthanides and Actinides.

kW3 PERIODICITY OF PROPERTIES:

The Periodicity means” Repeatation of some thing after some 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 see 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 measure the distance between the cent

two bonded atoms of any elements. Half of this distance is considered to be the

the atom. It is measured in Angstrom unit (A) TA=10%cm @

r=d/2 < ’

d

Fig 3.3 Atomi

In the periodic table, that atomic radius ificreasgs from top to bottom within a group
due to increase in number of shells. € s the atomic number increases from
left to right, the atomic radius decrea gradual decrease in the radius is due to
increase in the positive chargé tRe nucleus. As the positive nuclear charge
increases, the negatively char electrons in the shells are pulled closer to the
nucleus. Thus, the size of th a@v ost shell becomes gradually smaller. This effect is
quite remarkable in the lem&nts of longer periods in which"d " and " f" sub shells are
involved. For example} dual decrease in the size of Lanthanides is significant

and called Lanthakide traction.
&
Table 3.4 Atomic radii decreases in period

°Li ‘Be °B ‘C N ®0 F "Ne

152 113 88 77 75 73 71 69

\4

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 minimum 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 mo

difficult for example the ionization energy of hydrogenis 1312KJ/mole. O

H(g) + Energy > HJ?g)+ e (I.LE= +1312KJ/mol)
If we move from left to right in periods the value of ionization energy incr Its

because of size of atoms reduces and electrons are held strongly by the, attgactive
force of nucleus. Due to this elements on the left side have less ionizati®g energy. Which is
shown in table 3.6.

Elements of Second o B 5B
periods I ¢

lonization Energy(k)/mol | 520 | 899

0 | F | "Ne
1314 | 1681 | 208]

As we move down the group ionization decreases from top to bottom due to
additions of shells. Decrease in ioni energy is shown intable 3.7.
Increase in number of shells redu e efectrostatic force between electrons of valence

shell and nucleus.

Tagle.7 Wpnization Energy Decreases in group

Elements of lonization
®| first group energy (KJ/mol)
*Li 520
"Na 496
K 419
“Rb 403
M 377

3.273 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
For example electron affinity of fluorine is -328 KJ/mol.

AH = -328 KJ/mol

I:(g)dl— e > I:(_

a)
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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 decreases the attraction between nucleus and incoming
electron increases and more energy is released.

Table 3.8 Electron affinity increases in period

Elements of Second 3L “‘Be B | °C ‘N |0 |2 0

periods

Electron Affinity (kJ/mol -60 -48 | -29 [-122|-6.8| -141 0
L 2

Electron Affinity decreases in group

In a group electron affinity values decrease from Top to botte @ ause the size of atom
increases.

-325
v -295
Down the group attractio oming electron and Nucleus decreases and less
energy released.
As the size of iodine is i n bromine its electron affinity is less than bromine.

is defined as reduction in the effect of nuclear charge on the valence
ue to presence of inner shell electrons in an atom.

eVeffect on electrons present in outermost shell. As a result valence electron
ience 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
sodium atom.




Periodic Table and Periodicity of Properties

Fig 3.4 Shielding effect in Potassium atom is more then Sodiug ato

3.2.5 Electronegativity: *

The ability of an atom to attract the shared pair of electrons to
called electronegativity. The trend of electronegativity is s

Elements of Second
periods
Electronegativity

In group electronegativity dec ecause size of Atom increases and attraction for
shared electron pair decre@ses:§or example in table 3.11 Electronegativity of halogens
are given.

blé8.11 Electronegativity decreases in group

Elements of 17" | Electronegativity
group
’F 4.0
cl 3.2
*Br 3.0
v | 27

Test Yourself

What is trend of atomic radius in group?

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

Which element have highest ionization energy and why?
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Periodic Table and Periodicity of Properties

B 19th century is considered as milestone in Systematic arrangment of elements in Periodic
Table.

B Dobereiner arranged elements in Triads.

B Newland put forward Law of Octaves.
B Mendeleev Published Preiodic law with groups and Rows.

B Moseley stated his law as “The physical and chemical properties of element
function of their atomic numbers”

e ﬂ‘e periodic

B There are total eighteen groups and seven periods in modern periodi

B Physical and Chemical properties change from left to right in a
show different properties because the electronic configuratio
period.

B The sub groups are divided on the basis of their similar p & s A and B and placed
together in periodic table.
es

ents of a period
y changes within a

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

B The elements of sub group B are called Transiti

Elements. The group number indicate total
number of electrons in valence shell of the e
B The atomic size increases down a group.but redses along the period.
B |onization energy decreases down a ncreases along a period.
B Electronegativity decreases dow but increases along a period.
B Electron affinity decreases d oup but increases along a period.

B The Shielding effect incr
from left to right.

the group in periodic table and remain same in period

ULTIPLE CHOICE QUESTIONS

) the correct answer
andeleev put forward his periodic law about:

a) Atomic Number (b) Chemical properties
(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 O
(c) Electronegativity (d) Electron Affinity
5. The elements of VIIA group are known as: 0 *
(a) Lanthanides (b) Actinides

(c) Halogens (d) Nobel Gases Q

6. According to Mosely the chemical properties of tsgare the periodic
function of their : \

(a) Atomic Size (b) Atom as
(c) Atomic Radius (d) Atomi mber
7. The shielding effect across the peri
(a) Increases %rease
(c) Moderate (d) Same
8. The ability to attract silaredypair of electron is called:
(a) Electron Aﬁi% (b) Electronegativity
(c) lonization\Energy (d) Shielding Effect

9. Ingrou inity values decreases from top to bottom because :
ic size normal (b) Atomic size increases

mic size decreases (d) Atomic size same

0) JIransition Elements are :
(a) Gases (b) Metals
(c) Nonmetals (d) Metalloids
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| SECTION-B: SHORT QUESTIONS:

o 0~

Distinguish between periods and groups.
Describe the trend of electronegativity within group and period with the help o
examples?

Explain the similarity of chemical and physical properties of element'Q
an

same family.

Justify that periodicity of properties dependent upon number ofqgroto

atom? .
Identify that which halogens exist as gases, liquid and slfd?
Why Alkaline earth metals shows irregular melting % point?

Why ionization energy, electron affinity and elect
in period and groups?

| SECTION- C: DETAILED QUESTIONS:C
le

Discuss in detail the long form of @egrio

Determine the demarcation erigdic table in to s, p, d and f blocks.
|dentify the electronic conf f the following elements.
a, Ca, F Si

Determine the location offfamilies on periodic table.

Discuss that Men eriodic law provide a base for modern periodic table.

Explain hoy shigldigg effect influence the periodic trends?
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Time Allocation

Teaching periods
Assessment period
Weightage

[
A —

Major Concepts

4.1 Why do atoms form chemical Bonds?
4.2 Formation of Chemical Bonds.
4.3 Types of Bonds. O
4.4 |Intermolecular Forces. .
4.5 Nature of Bonding and Properties.

STUDENTS LEARNING OUTCOMES (SLO'S) @Q

Students will be able to: \
@ Find the number of valence electrons in an atomasi eriodic Table.
@ Describe the importance of noble gas electr ‘coRfigurations.
@ State the octet and duplet rules. < ,
@ Explain how elements attain stability.
@ Describe the ways in which bonds eformed.
@ Statetheimportance of noble ga ic configurations in the formation of ion.
Describe the formation of cat an atom of a metallic element.
Describe the formation offaniofys from an atom of a non-metallic element.

Describe the characteristi

nionic bond.

Recognize a compound qs aving ionic bonds.

Identify chargcteR fionic compounds.

Describe theformaion of a covalent bond between two non metallic elements.

Describe amples single, double and triple covalent bonds.

Describe roperties of polar and non-polar compounds.

Dr tron cross and dot structures for simple covalent molecules containing single,
and triple covalent bonds.

(OB OXOXONONONONOXOXC]

Describe the weak forces of interaction such as dipole-dipole interaction and hydrogen
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 whic
binds atoms together is called as a chemical bond or chemical forces. Few element
consist of un-bounded atoms. For instance, helium, neon, argon, xenon and&Fp
present in the atmosphere consist of un-bounded atoms. The way in which varis
are bonded together has a effect on the properties of substances.

In this chapter, we will explore the nature of various types of chemical bondi@

X)) WHY DO ATOMS FORM CHEMICAL BOND? \|

ryone in the world
so trying to become
each other to obtain

Why do atoms form chemical bonds? The essential answer is tha
desires to be stable in their life. Atoms are just like that, the @
more stable, so atom try to shares required number of elegtronSwis
the electronic configurations of noble gases.

Electronic Configuration of Noble Gas \

Noble gases have ns* np° electronic configurgi the outermost shell and rarely form
chemical bonds. The noble gases are Heliugnh (He) Neon (Ne), Argon (Ar), Krypton (Kr),
Xenon (Xe) and Radon (Rn). These element metimes called the inert gases. This is
because they do not participate in chem ctions. Outer shell of five noble gas atoms
are shown infigure 4.1

Helium (2)
Krypton (2,8,18,8)
Xenon (2,8,18,18,8)
ure: 4.1 Outer electronic configuration of the noble gases
Note lium contains 2 electrons and other noble gases contain 8 electrons in the
va hell. Because of these electronic configurations noble gases are stable and not

toms 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 o

electrons in the valence shell.

Test Yourself

®  Why an atom form chemical bond?
B When atoms are considered to be unstab
®  Whydoesn't helium atom tend to gai
®  Where are valence electrons located,
B Whatis meant by bonding elec
B Write the electronic configura e (atomic No. 10),Carbon
(atomic No. 6) and sulphu No. 16).
B Why, noble gases ddl notfreact with other element to form
compounds?
¥ Findthe numbergfva e electrons in the following atoms.
* (b) Sodium
m (d) Potassium

TION OF CHEMICAL BOND
Chemi ing is the combining of atoms to form new substances. An interaction that

ol atoms together is called a chemical bond. Atoms can lose, gain or share
va electrons to form chemical bonds.

Ll 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 electron and changes into negative ion
(anion). These cations and anions have opposite charges. They attract one anothe
electrostatic force of attraction. The electrostatic force of attraction that h
oppositely charged ions together is called as ionic bond or electrovalent bond.

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

L 2
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 tabl as only one electron in the

a is 2, 8, 1. By losing one
). Whereas chlorine atom is

outer most shell. The electron arrangement of sodiu
electron from the outer most shell, sodium forms cati
non-metal of VIIA group and has seven elec outermost shell. The electron
arrangement of chlorine atom is 2, 8, 7. Sidce ch e atom has seven electrons in its
outermost shell, it needs one electron to complete @ctet. By gaining one electron, chlorine

atom now has eight electrons in its outer ell and a chloride ion is formed (CI).
N Na® + e
2,8
- CI7
8,7 2,8,8
R (Sodium chloride)
Both these atom ow oppositely charged ions. Therefore two charged ions are
attracted to eac er by electrostatic force of attraction. Thus Na™ and Cl ions are joint

by ionic b
diagraimi

d\dlyd form sodium chloride. The formation of ionic bonds by a 'dot and cross'
infigure 4.2.

-0

Sodium atom Chlorine atom Sodium ion Chlorine ion
2,8,1 2,8,7 2,8 2,8,8
Fig 4.2 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 [IA group of the periodic ta
and has only two electrons to share and oxygen is in group VIA and has six electro
outermost shell. By losing two electrons from the outermost shell, magnesium b

Mg”* and it is left with 8 electrons in the second shell. By gaining two eIe

atom now also has eight electrons in its outermost shell and becomes Of .Bothgthese

atoms are now changed into oppositely charged ions. The attraction b n the
oppositely charged ions forms the ionic bond between magnesium afRgd oxygen. The
formula of magnesium oxide is MgO. The formation of ionic bon a ot and cross'

diagram is shown in figure 4.3.

@O0 FOE

Magnesium atom Oxygen ato Magnesium ion  Oxygen ion

2,8,2 2,6 2,8 2,8

Fig 4.3 Formatio nig bond in Magnesium oxide

xygen is stronger than the ionic bond between
ater charge density on the ions. Magnesium oxide
e presence of the stronger bond.

The ionic bond between magnesiu
sodium and Chlorine because
has a higher melting point due t

\\ l //
E You Know?

metals (IA group elements) lose a single electron to form a
lent cation.

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

Aluminum, a member of the IlIA family, loses three electrons and form
tri valent cation (M™"7).

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

®  The VIA elements 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 betwee

two atoms of the same element or atoms of different elements. This bonding ocegurs
primarily between nonmetals; however, it can also be observed between metals -

metals.

Consider the formation of covalent bond
between two hydrogen atoms.
Hydrogen 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

L
N P

] Do You Know?

When there is one electrdfin a sub-orbital, it

is called an unpaired

sub-orbital is filleg=wi i
electrons, it is @
electron paj§ cgnheffound in two types as

the duplet rule. . .

bond paiga nespair.

The m nce between bond pair and

lon r iSthat bond pair is composed of
o el@gtrons that are in a bond whereas

one pair is composed of two electrons that

aremotinabond.

formation of a hydrogen molecule

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.

+, _>

gt 4T
Types of Coval nt%\?
.

As we know that
atoms. The

valent bond is formed by mutual sharing of electrons between two
s of atoms that pair up to form a chemical bond are called bond pair

ingle Covalent Bond
ouble Covalent Bond

7" Triple Covalent Bond
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.




Chemical Bonding

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 no

gas. The single bond in chlorine molecule is represented by a dot and cross dia
showninfigure 4.5.

({)—

Fig 4.5 Formation of single covalent bond in

Some other examples of formation of single covalent&oRgd i hydrogen chloride and
methane can be represented as follows:

H- +*Cl H-«Cl  orHCI
H H
ox |
X [
H Xc ¢ H Q~ H C —H
X® |
; H
Fig 4.6 Formation oi gle covalent bond in hydrogen chloride and methane
Double Covyal nd (=)
A covalentgond w is formed by the mutual sharing of two bond pairs called a double
covalengbo it is represented by two short straight lines. The examples of molecules

having'do bonds are oxygen (O,) and ethene (C,H,).

Formation 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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(2r(e)~ (olle)

Fig 4.7 Formation of double covalent bond in oxygen molecule

The structural formula of an oxygen molecule is written <

L 2
Another example of double covalent bond in ethene molecu befrepresented as

‘cuc \Eg/

H 'H H

Triple Covalent Bond (=

A covalent bond which is for y the mutual sharlng of three bond pairs is called a triple
covalent bond and it is repr by three short straight lines. For example, Molecule
of nitrogen (N=N) and ethyne{(\CH =CH).

2

Formatio gen Molecule

etal. Each nitrogen atom has five electrons in its outer shells. Two
will share three electrons to form three covalent bonds which is called
t bond and form a nitrogen molecules (N,). The triple bond in nitrogen
is represented by dot and cross diagram shown in figure 4.8

Fig 4.8 Formation of triple covalent bond in nitrogen molecule




Chemical Bonding

The structural formula of a nitrogen molecule is:

Another example of triple covalent bond in ethyne molecule can be represent
follows:
[ N J
H: C::C :H H C= CC,
[ N ]

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

> Mutual sharing of two electrons between two atoms form a singletgovalént bond.

> Mutual sharing of four electrons between two atoms form d@d » covalent bond.

»  Mutual sharing of six electrons between two atoms fo aiCovalent bond.
H-H 0=0

(O

Single bond

4.3.3 Polar and Non-polar Co ond
Covalent bonds are formed betwee
Forexample, H-H, O =0, N=N,

Non-polar Covalent Bo

The covalent bond form een identical atoms is called non-polar covalent bond.
Both the identical ms rt same force on the shared electron pairs. Non polar
covalentbondin enolecule is shown below:

H—> H:H

Int ve example, each H atom has same electro negativity value of 2.1, therefore the
t bond between them is considered as non-polar.

It 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 mak
it partially negatively charged 8 and another atom partially positively charged &'

positive charge due to electronegative difference. Thus, the bond between
chlorineis called a polar covalent bond.

H+.Cl — HAEl

The compounds which have polar covalent bonds
are called polar compounds.

Electronegative values determine whether a
chemical bond will be ionic or covalent i

nature. When the difference betwgden
electronegative values of two bonded atoms, is
more than 1.7, the bond will be purel icor Fluorine (the most electronegative
electrovalent, whereas the diff e less  element) is assigned a value of4.0,
than 1.7, the bond will be c@ the and values range down to cesium
electronegative difference ofsonded atoms is  and francium which are the least
zero, the bond will be pure nt or non-  electronegative at0.7.

polar.

4.3.4 Coordindge alent Bond or Dative Covalent Bond

< .
e have learned each atom contributes electron to form a covalent

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

In the previous t

bond. How alent bond can be formed between two atoms even when only one of
the ato ibutes both electrons constituting the covalent bond. Such a bond is called
asa at@covalent bond or dative bond. Thus, we can define a coordinate covalent
bond

Th of bond in which bond pair of electrons is contributed by one atom only, is called

inate 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 a 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, t
hydrogen ion is attracted to the lone pair and a coordinate covalent bond is for

H HOP
H:N:H + HCl—> H-N-H 9,
H

*

Lone pair

Fig 4.9 Reaction between Ammonia and Hydrc @ loride
.

When hydrogen chloride dissolves in water, hydrogen io d to the lone pair of
electrons which is available on oxygen and hydronium i(\ as shownbelow:

o N
H O H+H — H

and ordinary covalent bonds. The
difference between the two is g modé€ of formation. Due to their covalent nature of bond
formation, the properties o compounds are similar to those of covalent

(Or) H30+

compounds.

Metallic Bond

Metallic bonds meg by the attraction between metal ions and delocalized or
"mobile" electr@ns i metal as showninfigure 4.10

e
000000
o &%
e © e o
@0 0.0.6-0
000000
e e V4

Delocalised electrons Metal ions

Fig 4.10 Diagramatic representation of metallic bonding
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> 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 calle
delocalized electrons and move freely

> Thus the metal lattice structure shows positively charged ions surroun
delocalized outer electrons.

Test Yourself { ’

B Magnesium is present in which group ? How many electronsare i .
the outer shell of a magnesium atom?

B Whatis the charge of a magnesium ion and what is its s§ @

B Why Fluoride ion is not considered as Neon atom?.

B Does anionic bond have a dipole?

B Describe the formation of anions for thegfollgWing®non-metals
using dot cross structure.
(a) Sulphur(atomic No.16) () Oxygen (atomic No.8)

®  Where are valence electrons gdgca and why are they
important?

®  Why, noble gases do no t With other element to form
compounds?

B Write the formation o for the following metals atoms

using dot cross strudture
(b) K(atomic (b) Al (atomic No.13)
2

4.4 IS

CULAR FORCES

As we alr iscussed that some forces which hold the atoms together in a substance
are hemical bonds. Moreover, along with these strong bonding forces, weak
f s'are also created in between the molecules. These are called intermolecular forces.

, Itermolecular forces are defined as the set of all the forces that occur between two
ne oring molecules. The bonding and intermolecular forces of hydrochloric acid are
shown below:

Intramolecular force Intermolecular force
(strong) (weak)
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These intermolecular forces are weaker than ionic and covalent _» '/

bond. The intergction between intermoleculgr forces may i i Do You Know?
be used to describe how molecules interact with each other.
The strength or weakness of intermolecular forces
determines the states of matter of a substance (e.g., solid,
liquid, gas) and some of the physical properties (e.g.,

Intra-molecular forces
forces between
within a single m

melting point, structure etc). Thicee foreas sthong
There are several types of intermolecular forces, but we will than intermol@cularfforces
discuss two of them. as betwegn Ha in HCI.
4.4.1 Dipole-Dipole Interaction ¢
Dipole-Dipole interactions result when the two dipolar moleculg$ ith each other.

When partially negative portion of one of the polar moleculgs iS\gttrdcted to the partially
positive portion of the second polar molecule, the el attraction is created
between two molecules. These attractive forces are call ipole interactions and

represented as below:
[l o 1 o 1
_|—>

Dipole Interactions

Inthe diagram, "§" (read [ta¥) means "slightly".

Interaction

Example Dipole- ipQ

Dipole-dipole can be seen in hydrogen chloride. Chlorine atoms are much
more electro Neg than hydrogen atoms. A partial negative charge is created on
Chlorine aRdNigNturn a partial positive charge on hydrogen due to electronegativity

o &

H—CI

When 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 &
H—Cl-—--H—Cl
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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 off
electronegative atom get partially negative charge. The interaction between p@mii
positive charged hydrogen atom of one molecule with electronegative ato
molecule is called Hydrogen bonding.

In molecules containing N-H, O-H or F-H bonds, the large difference in el&ctronegativity
between the H atom and the N, O or F atom leads to a highly polar covlent bo

Because of the difference in electronegativity, the H atom bears afartia posmve charge
andthe N, O or F atom bears a partial negative charge. ( §" c1 ight charges).

o & O 8+ 8
N-H O FH

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

Example of Hydrogen Bondj

Consider the example of hydro ide. The fluorine atom is more electronegative.
They tend to pull on the sha of electrons, creating a partial negative charge on
itself and a partial positive ch the hydrogen. The partial positive charge bearing
hydrogen, then forms nd with the electronegative atom of a neighboring molecule,
while its electronegati ent forms another bond with the positive hydrogen of
another neighboring mol@cule. Therefore, several molecules combine by hydrogen
bonding thus:

O o 0 > 0
—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 etc. 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?

Write down dot and cross structure of CCl,
B Why does not a hydrogen atom form more than one covalent O

bond?
B Represent the formation of anions by the following nonmetals
using electron 'dot' and 'cross' structure.

(@ N (b) Br ()P .

B Whydoes adipole occurin a molecule?

LY NATURE OF BONDING AND PROPE

As discussed earlier the losing or gaining of electrons iBnic bonding, while the
sharing of electrons leads to covalent bonding. The p ies/of the compounds depend
upon the nature of bonds existing between them. legt discuss the effect of nature of

bonding on the properties of compounds.

4.5.1 lonic Compounds

ionic compounds. The properties
compounds relate to how stro
positive and negative ions

other in an ionic bond.
compounds are in a saji

in NaCl. NaCl
chloride each .

Cl- ions. Figure 4.11 arrangement of
surrou siXNa+ ions. ions in Solid crystal of NaCl

They ounds exhibit the following properties:

ic compounds form crystals.
lonic compounds tend to be hard and brittle

iii) 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 &g
atoms. The bonding force of covalent bonds are generally weak as compare @ ic

bond. The covalent compounds have following properties:

i) Covalent compounds usually exist as molecule i.e. H,, O,, H can exist
as crystals, examples include sugar crystals and dlamo d

ii) The melting and boiling points of most covalent comp uaIIy low.

iii) They are usually bad conductors of electricity.

iv) They are usually insoluble in water, but solubl lar solvents like ail,

petrol, kerosene, etc.

4.5.3 Polar and Non-polar Compounds

Polar and non polar both compounds differi pérties.
i) Nonpolar covalent compounds o@r lly insoluble in water while polar
covalent compounds are s le er.

ii) Non-polar covalent compounds conduct electricity in the solid, molten or
aqueous solution, byypolar Gpvalent compounds usually conduct electricity
due to the formation oRighs T/ water.

iii) Non-polar covalent olnds are soluble in non-polar solvent like petrol,
benzene etc. While@blar covalent compounds are insoluble in non-polar solvent.

iv) Fewexamples valent compounds are H,50,, H,O, HCI, HF, HBr, HI

v) Few examples of men-polar covalent compounds are CO,, CH,, C,H,.

.
4.5.4 Me

Following, afe the different properties of Do You Know?
metalgsu
> Is are usually malleable and  Malleable mean that metals can be
uctile. hammered into different shapes and

They are good conductor of rolled info sheet.

electricity and heat due to the Ductile is the property through which
presence of delocalized electrons  metal can be drawn into wires.
(mobile 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 electricity? O

Society, Technology and Science Q

Uses of different synthetic adhesives like glue and epoxy resins *

iclgto the surface
glass and rubber etc

Synthetic adhesives like epoxy resins and glues are the substancetha
of the other objects. The material like plastic, wood, metal, c
at which glue is applied are called substrate. Epoxy a ore expensive as
compared to resin glue. Both are synthetic adhesives an ixing before use, but

epoxy hardens much faster than resin glue. We can e& ive anytime to reattach the
broken objects. For example, Poly vinyl acetate is %f) white glue. Itis used in book

binding. Polyurethane glue is a flexible adhesiv sed Tn fixing of soles to the bodies of
to
0

O
S

shoes and wood working. Natural rubber bo rate on contact. It is used in self-
adhesive envelopes. Conductive adhesiye i only used in electronics to repair
equipment. A mino resins are water solub ‘-&; agsive, they are used in bonding of layers in
plywood. Epoxy glue contain epox forfn strong bonds with glass, plastics, plywood,
laminated boards and ceramic. A 2tise for epoxy resin is the decorative flooring
applications. Commonly, ep are used where water resistance is required.

Bridges, dams, power stati coated with epoxy resins.

Explain how Aircrafts, ¢ and boats parts are partially held together with epoxy

adhesive (Analyzing

between the resStin and the surface of the substrate. One of the most
common xy resin is for adhesive purposes. For that purpose, epoxy
resin is construction of vehicles, trucks, boats and aircrafts. Its drying

inutes hardly.

timeis




Chemical Bonding
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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. O
Metal reacts with non metal to form an ionic compound.

Atoms which loose electron(s) form positive ions. Atoms whigh ga ectron(s)
form negative ion. .

In anion, the number of electrons is different from the rotons.

lonic bonding is commonly formed between ele group |A or Il A and

groups VI AorVIIA.
Covalent bonding involves sharing of electr s\ molecules.
The sharing of three pairs of electrons b%o atoms is called a triple bond.

Metal tends to lose valence electro f positively charged ions (cations).
Non metals usually gain electrons to%ermmegatively charged ions (anions)

Common covalent molecules a r H,O, Methane CH,, Ammonia NH,and
carbon dioxide CO,

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

A covalent bond gan ofar or non-polar. But coordinate bond is only polar in
which both elegtrans come from the same atom.

The sharing of pairs of electrons between two atoms is called a double
covalen .

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

When slightly negative end of polar molecule is weakly attracted to the slightly
sitive end of another molecule then such attracting forces are called dipole-
dipole interactions.
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I SECTION- A: MULTIPLE CHOICE QUESTIONS

Tick Mark () the correct answer

1. Anexample of ionic compound is:
(a)H, (b)CH, ()N, (d)Nagl
2. Interaction between highly electron deficient hydrogen and highly electron i

e
atom is called .
(a) covalent bond (b) ionic bond

(c) hydrogen bond (d) metallic bond

3. Two fluorine atoms share one electron each in their ou‘t@;to achieve

electronic configuration of:

(a) Xe (b) Ar \
(c) Kr (d) Ne O

4. Number of electrons lost by atoms of groupWllA equials:

(a)l (b) 2
(c)3 (d)4 ;
5. Atom which loses two electrons %uter shell to formionis:
(a) oxygen ( sium
(c) magnesium (dearbon

6. InNaClcrystal lattice ea®lg Na " ion is surrounded by:
(a) 6 Clions ¢ (b)6Na"ions
(c)8Clion (d)12Clions

7. Atroom re most of ionic compounds are:

solids (b) crystalline solids

(d) gases

8. ency of atoms to acquire eight electrons in their valence shell is:
(a) octet rule (b) dupletrule
(c) tripletrule (d) none of above

9. 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:

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 exe e
than
bondformis:
(b) polar cov;

(a) non-polar covalent bond

(a) double covalent bond (b) single covalent bond O
(b) triple covalent bond (d) none of above Q

L 2

on each other

(c) double covalent bond (d) coordina valent bond
14. Synthetic resins are used on places wher
(a) electric resistance is required  (b) v@istonce is required
(c) adhesion is required igtion is required
15. Oxygen belongs to group VIA mBer of electrons in its valence shell are:
(a) 4 (b) 2
(c) 6 (d) 8

16. Electron pairs which GE nthared by atoms are called:

(a) electron pairs (b) lone pairs

(c) bond pai . (d) shared pairs

ntermolecular forces from ionic or covalent bond is:
(b) stronger

(d) none of above

gh melting points (b) moderate melting points
c) low melting points (d) none of above
19. Bond formed by mutual sharing of electron is:

(a) ionic bond (b) coordinate covalent bond

(c) covalent bond (d) metallic bond
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20. Which of the following diagram shows atoms are bonded with same electro

negativity?
(a) A———B (b) A - B
(c) Az B (d A= B

| sEcTION- B: SHORT QUESTIONS: O

1. Draw dot and cross diagrams to show how different types of chemical bo@
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 Slelectrons?
How oxygen forms an anion? @
Whatis the difference between lone pairand b ir?

Explain why table salt has a very high melting pothit.

How is electronegative value determined the fo
Why itis easy for magnesium atomtolg

Atoms of metallic elements can form iénic b
form covalent bonds. Why?

10. How does an ion differ from an at
11. Describe dipole—dipolefor‘c@
12.

n of chemical bond?
electrons?
, butthey are not very good to

WONOOAWDN

Write uses of adhesive ma
13. Why Intermolecularfo
14. Write characteristicg of

araéweakerthan intera molecular forces?
alffe bond.

15. lonic bonds are hard to break but why most of the covalent
compounds have I0W melting and boiling points.

16. Write dowmthé&charsacteristics of ionic compounds.

17. Why iqgic unds are solid?

en bonding affecting the physical properties of compounds?
the chart:

Number of|Number of|| Electronic Number of
protons | electrons ||configuration|| valence electrons

11 11 11 2,8,1 1
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| SECTION- C: DETAILED QUESTIONS:

1.
2.
3

00N

Define ionic bond. Discuss the formation of sodium chloride (NaCl).
Explain element attain stability?
Describe the formation of a covalent bond between two nonmetallic ato
Explain single, double and triple covalent bond with examples. D
How are electrons arranged in molecular compound? Draw electrog®ot
cross structures for the following atoms. 5 '
(a) H,O (b)N,  (c)CH, (d) C,H, e) C=(f) H,
Define metallic bond. How are metallic bonds are formed?, *
What is coordinate covalent bond? Explain with two exagap




PHYSICAL STATES OF

MATTER

Time Allocation

Teaching periods

Assessment period = 3
Weightage =
Major Concepts O
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 0 *
5.7 Plasma State 5.8 Bose Einstein Condensate
STUDENTS LEARNING OUT COMES (SLQy Q

Students will be able to: \
© Understand effect on the pressure of gas by cho%e olume and temperature.
e

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

@ Accountfor pressure volume changes i using Boyle's Law.

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

@ Summarize the properties of liquidgffike évaporation, vapor pressure and boiling point.

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

© Describe physical propeMies of solids (boiling and melting points).

@ Differentiate b arorphous and crystalline solids.

icforms of solids.
@ Definet ma with help of examples.
© Defi Einstein Condensate with help of example.




Physical States of Matter

Introduction:

As we know that matter is physical material of universe. It is defined as anything which has
mass and occupy space. States of matter differ in some observable properties. A gas ha
no fixed volume or shape it can easily be compressed and expanded. A liquid state h

there are two more states of matter named as plasma state and instein
condensate. The different physical states of matter are due to arrangeme
and intermolecular forces.

Gaseous State:

ppolecules

The gaseous state molecules are lying away from
one another, this assumption was proposed by
Boltzmann, Maxwell, Kelvin. They explained the

behavior of gases according to their kineti \
. ixed sh
molecular theory. Gaseous state shows followin xed shape —o
no fixed volume |~

characteristics - @
The molecules in gases are widely sep@ated from each other. Fig 5.1

L 4

@ They have negligible volume.

@ The gas molecules arein co t rigndom motion.

® The gas molecules moves i line until they collide with each other or wall

of container.

@ On collision moleculles dafhot lose energy because their collision is perfectly elastic.
@ Pressure Produce

olecules collide with the wall of container.
I’O(II and repulsive forces between molecules.

S OF GASES

iffusion is defined as spontaneous mixing °
of molecules by random motion and collision ° ° ¢
to from a homogenous mixture. Gases are rapidly
diffusible and rate of diffusion depend upon 880 0%,
the molecular mass of the gases. Lighter gases ° AN
diffuse rapidly than heavier gases as H, diffuses Before Diffusion After Diffusion

four times more than O, Fig 5.2 Diffusion
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Diffusion is movement of particles from an area of higher concentration to lower
concentration. The rate of this movement depends upon temperature, viscosity of the
medium and the size or 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 i @
nose.
® Smoke diffuses into the air.

& Flowersmell, garbage stink or body odor.

5.1.2 Effusion:

The Effusion is escaping of gas molecules through a tiny

a space with lesser
er gases effuses rapidly
ust be smaller than the

pressure. Effusion depends upon molecular masses of gasés .
than heavier gases. For process of effusion the diam e&

-
Do you know?

Mean free path is the average
distance that a gas particle
travels between successive
collisions with other gas

molecule's mean free path.
For Examples:
©® Ledakage of airthrough tyre pin hole.

Leakage of helium through gas b g

particles.
\ &
B
.13 P Do you know?
The fo rted by gaseous particles per unit q
are@N lled gas pressure. It can be expressed Pressure exerted by the
atically as. atmosphere at the sea level is
Pressure = Force/AreaorP = F/A = N/m’ called atmospheric pressure. It is

defined as the pressure exerted by
a mercury column of 760 mm

The S.I unit of force is Newton (N) and unit of
area is m’, hence pressure has S.l unit of Nm™. It
is also known as Pascal (Pa). 1 Pascal = TNm™. height at sea level.

latm = 760mm of Hg = 760 torr

Tatm = 101325 pascal

The molecules of gases are in continuous motion,
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V. £ ¢
— / dt
But the pressure is developed by the collisions of > "z
molecules of gas with the walls of container. . = ,(_..
Barometer is used to measure the atmospheric v
pressure and manometer is used to measure the ~F PN
pressure of gases in the laboratory. /._

*
Fig 3.4

% ession
re e on walls

5.1.4 Compressibility

The capacity of something to be flattene \ T More compression
reduced in size by pressure is called compressibility. - More pressure on walls
Oor container

The gases are highly compressible due i B ¢
spaces between their molecules. Whenl gas N -
compressed, the molecules comegelgs one |\, » v +
another and occupy less volumeyas\¢ompared to | / o L.'\\. "\/C/
the vol f . J

e volume of uncompressed - \\.\) N
5.1.5 Mobility: Fig 5.5
The ability to move s known as mobility. As the gas molecules are in

continuous moti th@/ an move fast due to high kinetic energy. The molecules

ess of a molecules. Gases have low
density 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 liquids. 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 of different gases

Chemical formula

Oxygen

Chlorine Cl, ) g
Carbon dioxide Co,

¢

Hydrogen H, 0.088

Nitrogen N, f Q 1.232
Helium He \ 0.176

Test Yourself < '

®  Why gases diffuse rapidly, Explai
©  Why density of gases incre onycooling?
® Explain that Effusion dependg on mean free path.

WY | AWS RELA T® GASES

The properties of gas
5.2.1 Boyle|

areg verned by the following laws.

In 1662 R oyle proposed gaseous law about the relationship between volume and
pressu s at constant temperature, Boyles law states that “The volume of a given
ma as is inversely proportional to applied pressure, at constant temperature “

Mathematical 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 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 ‘ ’
o gqual to each

As the both equations have same constant therefore their variable are'als
other so PV, =PV,

This equation establish a relationship between pressurgfan e. The relationship
between volume and pressure can be well defined
from following figure (5.7). Where given mass of a \ #2 Boyl's Relationship between
gas at constant temperature shows increase i pressure and volume
volume by decrease in pressure. On the r

. . P \'% K
hand increase in pressure decreases volume. But

the product of pressure and volume is (Change in (Change in (Constant
both cases. (Table 5.2) pressure) Volume) pressure)

1.0 X 4 = 4
2.0 X 2 = 4

Boyle's law

Pressure Pressure

Volume

Temperature 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:
V, = 5 liter
P, = 3 atm
P, = 2 atm
V,="7? O
Solution: .
PV, =PV,
— Plvl
V, = B, < >
3x5
V.= \
g 15
2 e volyme will be 7.5 liters.
V, = 7.5 Litre he yolume is increased by decreasing the
ressure.
Examples 5.
The 700 gas is enclosed in a container undera pressure of
650 nm &t Hg. If the volume is reduced to 350 cm®, what will be
th e then?
Datg:
*
= 700cm’
, =650mm Hg
V, = 350cm’
P,=7
Solution : PV, =PV,
p, — PV
V,

By putting the values P, = 650 x 700/350 = 1300mm of Hg

Thus pressure is increased by decreasing volume.
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5.2.2 Charles’ Law

?
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 Scale
constant. He states that “the volume of a given

mass of a gas is directly proportional to the Lord Kelvin introduced \g te
absolute temperature if the pressure is kept temperature scale ogfKelvin S€ale.it
constant”. starts from zero (OK Which/is equal

to -273°C). It is tegnperature at
which an ide@hgas Would have zero
kAdwn as absolute
s and kelvin scales

Mathematical Representation of
Charles’ Law:

According to Charles law if temperature of a gasis  zerogA

increased, its volume will also increase. h ugl'degree range therefore

Mathematically itis represented as: x nis equal to -273 Celsius,
Ve T 273 kelvin is equal to zero

0 Celsius.
r
V= KT O Conversion of kelvin temperature

V and Celsius temperature are vice
T K versa as follows:
Where K is proportionality con . en

(MK=(MC+273

temperature increases the v o increases.

For example, if we dauble th&temperature from (T)C = (T)K-273
300 K to 600 K, at con

nt pressure, the volume
I become double (Fig 5.8).

of afixed mass of t gas,)

|

T

Pressure * Temperature Pressure * Temperature

constant constant

Fig 5.8
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Imagine a gas at a certain temperature (T1) and has volume (V1). If change in the temperature
(T1) to a new value (T>), occur then volume (V1) changes to a new value (V2). We can use

Charles's law to describe both sets of conditions: N
_ ~
Vi @ Do you knguw?
Initial State : ?] =K =
Always convert te
V, scale from °C tdK whije
Final State : Tz =K seivitie @ gl
o L 2
The constant, k, is the same in both cases, therefore K =27®

Vi 'V, :
T T \
Examples 5.3 %
A 600 ml sample of g@ from 27 °C to 77 °C at constant
ingl vo

pressure. What is the fi me?
Data:

T, =27" +273K=300K

T C¥/77+273K=350K

2 =
V=
Solutiep:
Bytusing the equation
*
i
T
or
Vi T
V2 _ 1 2
T
By putting the values in equation
Vi = 600 x 350
2 300
V, =700 ml

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

its final temperature?
Data: O
Ti =40 C=40+273K = 313K { )
V=350 cm’

V.= 700 cm®
Tz S ?
Solution:

By using the Charles’ law equation

By putting the values

E . _700x313
2777350

T, = 626K

Thee iowrin volume is due to increase in temperature.

L 2
Test Yo

bles are kept constant in Boyle's law?
gas is allowed to expand, what will be the effect on its temperature?

at is absolute zero temperature?
anyou 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.

@ The Liquids are denser and not compressible like gasses.
S

Not rigid

No fixed shape J_ N

Fixed volume A ) N Liquidgartigle r,
v re got compressed easily.

Fig 5.10

5.3.1 Evaporation

Fig 5.9 \
Properties of Liquids: :%

The process by which a liquid changes to hase
is called evaporation. Evaporatio engdothermic
reaction in which heat is absorbed.

For example clothes dr, he sun due to
evaporation, in this prqcfs wafer is converted from

liquid state into vapours by'acquiring Heat.

Fig 5.11
® _
ater (liquid) » vapour (gas)
The molecule ids are in continuous motion they collide with each other but all the
molecules t have same kinetic energy. Majority of the molecules have average

and few have more than average kinetic energy. The molecules having
age kinetic energy overcome the attractive forces among the molecules and
rom the surface by evaporation. It is directly proportional to temperature and
increase 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 vapours by taking energy from lower molecules

as a result the energy 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 cooling occurs.
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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 te @ e!
Because temperature increases the kinetic molecular energy which e
intermolecular forces and makes evaporation rapidly. For example clothes dry quickly
in a sunny day than in a cloudy day.

iii. Intermolecular Forces: The rate of evaporation increases witly we intermolecular

perfume have weak intermolecular forces than water t i evaporates quickly.

\re liquid state at a particular

m is a state when rate of evaporation

forces .If intermolecular forces are stronger evaporat r. For example

5.3.2 Vapour pressure

The pressure exerted by vapours at equilibriu
temperature is called Vapour Pressure. The egui

is equal to rate of condensation but in opposite diregtions.

Liquid Vapours

Vapour pressure takes place in system on heating because in open system or

open surface liquid molecule es and mix-up with air.

Vaporization Vaporization Condensation Vaporization _ Condensation
rate rate rate - rate

When a liquid is heated in a closed container evaporated molecules start gathering over
the liquid surface. Initially the vapours condense slowly 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, pressure exerted by the vapours on liquid 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:

i. 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 of polar liquids.
example water (polar liquid) has less vapour pressure than petrol (non polar i

ii. Size of Molecules: The vapour pressure is more in small size molecules bec I
sized molecules evaporate easily and exert more vapour pressure. fFor example
hexane (C,H,,) has small sized molecules as compared to decane (C,,H,; to this
hexane evaporate rapidly and exert more pressure. -

iii. Temperature: The vapour pressure increases with raise in temp
kinetic energy of molecules increases with temperature \causes increase in
vapour pressure. For example vapour pressure of wategat 0‘% 8 mm Hg while at
100°Citincreases up to 760mm Hg.

5.3.3 Boiling Point \

The temperature at which vapour pressure #fa id become equal to atmospheric
pressure is called boiling point of that liquid. When ghe liquid is heated, bubbles begin to
form throughout its volume. The bubbl
than the liquid, rise to surface and
atmospheric pressure. All bubble
and burst into air. It appear
atmospheric pressure.
Factors Affecting Bqjli

i. Atmospheric Pressure®Jhe boiling point is directly proportional to atmospheric

pressure. Boil in®can be increased by increasing atmospheric pressure. For
ressure cooker.

turg! The average

vapour pressure) which being lighter
he vapour pressure in bubble is equal to
irg vapours will rise to the surface of the liquid

Table 5.3 Boiling Points of
Some Common Liquids

o s
boiling point than nonpolar

Lo 1 Diethyl ether 34.6
), because polar liquids have stronger
molecular forces than nonpolar liquids. 2 EEiyiigechy 7
Boiling points of few liquids are given in 3 EESh 100
table 5.3. 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 _to
vapour pressure of its solid state is known as Freezing Point of a liquid. At this temfp e

liquid and solid coexist in dynamic equilibrium. Q

Factors Affecting Freezing Point:

The freezing point depends upon the
temperature and intermolecular forces. In ; — -
comparison molecules with stronger &

intermolecular forces are pulled together to

form a solid at higher temperature. Due to this 2

they show high freezing point. Molecules with ter 0.0

lower intermolecular forces solidify on mor 4 SAcetic acid 16.6

lower temperature. Mercury 38.83
Freezing points of few liquids are giveRyin J/ ¢ Sullslurie Ade 10.6
table(5.4) V vl e 72

5.3.5 Diffusion:

The diffusion is defined as sprea out of the molecules throughout the vessel. The
liquids diffuse less rapidly tha

As the molecule of i in cluster and bounded with intermolecular binding

forces, the liquid
move from hig

lecul@s roll over one another and are in continuous motion. They
A\ 4 . . . .
centration to lower concentration and mix up with molecules of

For exampléwhen few drops of =1

in ropped in water filled | :}
the molecules of ink move L -

around and after a while spread _

in whole of flask, thus diffusion [

takes place as shown in figure &

512

Fig 5.12
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Factors Affecting Diffusion:
i. Inter molecular forces : liquids have weaker intermolecular forces than solid due to
this they diffuses faster than solid but less rapidly than gases.

ii. Size of Molecules: Diffusion depends upon size of molecules small size molecules
diffuses rapidly than bigger one. For example diffusion of methanol of (CH,
higher than ethanol (C,HsOH).

iii. Shape of molecules: Molecules with irregular shape diffuses slowly while fegular
shaped molecules diffuses faster because they can easily slip over agd mo ster.
<
iv. Temperature: Diffusion increases by increasing temperature b%ot high
i

temperature intermolecular forces becomes weak due to energy of the

molecules.
5.3.6 Mobility: @
The mobility is ability to move freely. The molecules N id move freely, due to free

movement they can adjust their shape in a contai ueto this reason liquids can flow.

Factors Affecting Mobility: C)

I.  Temperature: Mobility increases_b
increases in a liquid moveme

i asing the temperature. When temperature
lolegules increases accordingly.

ii. Inter molecular forces: M reases by decrease in intermolecular forces. The

liquids which have strogg intefmolecular forces show less mobility.
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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 closeness of molecules and small intermolecular spaces. As the molecules o
liquids are close to one another, they have strong intermolecular forces they c
expand freely and shows definite volume which makes liquids denser than gaseso

Mathematically it can be expressedas D = % (C/A:vg?jsr:,e) Q
Factors Affecting Density:

. . . . <
I.  Temperature: Density of liquids is slightly affected by tHe temperature as by
increasing temperature liquids increase their volume which ensity. Different
densities of water at different temperature is given in Table

ii. Pressure : Density of liquids i
liquids increases the densi
change s negligible.

temperature causes increase in the process of evaporation?
© Wh of diffusion in liquids is less than gases? Prove with the help of

w equilibrium state involved in vapour pressure of liquids in close system?
xplain how evaporation causes a cooling effect?
ow boiling point of a substance is affected by atmospheric pressure?
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SRy SOLID STATE

Solids have fixed shape and volume. The molecules in solids are extremely closer to each
other, without having space between them. According to kinetic molecular theory s

state shows following characteristics.
© 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 betweenjthe

® The molecules can vibrates and rotate in their fixed position.
@ Solids have definite shape and definite volume.

@ Pure solids have sharp melting point. @Q

rig

fixed Shape

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 5.6.
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Table 5.6 Melting points of solids

S.No Solids Melting point

c

1 Sugar 185 O
2 Chocolate 36

3 Mercury -38.83

L 2
4 Sodium chloride 801
5 Water 0 Q

P
5.4.2 Rigidity:

The molecular arrangement of solids is clos ed due to this solids are not mobile.
They exhibit vibration at fixed positions. Thegefore goltds are rigid in their structure.

5.4.3 Density:

The solids are typically denser th iqlid or a gas. Molecules in solid are more tightly
packed together because of the intermolecular forces. Due to this reason solids
have highest densities amonw tates of matter. Some densities are shown in table
P.7.

Table 5.7 Densities of solids

Density (g/cm’)

1 Aluminum 2.70
2 [ron 7.86
3 Gold 19.3
4 Sodium chloride 2.16
5 Sugar 1.59
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SRY 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 @
. . Fig 5.14
5.5.1 Crystalline Solids:

The solids in which molecules are arranged in definite three dimgnsiofal §eomatrical
i are bounded

pattern are called crystalline solids. The arranged molecul
biplane surface called faces which intersect each other at a
point of crystals are sharp. Sodium chloride and diamg#d
crystalline solids.

Fig 5.15 sodj hlokide Fig 5.16 Diamond
5.5.2 Amorphoug soligs:

Fig 5.17
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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 point.
of temperatures.

Amorphous solids are isotropic. Crystalline solids are an tropg:.

Amorphous solids are unsymmetrical. Crystalline so ‘% mmetrical.

break along particular
ixed cleavage planes into small
same shape.

Amorphous solids do not break at fixed cleavage
planes.

5.6 Allotropy

The existence of an element in

one crystalline forms is known as allotropy.
ropes or allotropic forms. This happens when
ed together in a different way. Different bonding
arrangements between @to résult in different structures with different physical
properties. Only som like sulphur, phosphorus, carbon show allotropy.

These forms of the element are
the atoms of the element

Forexample, the al ropg of carbon include:

R,
> i nd, where the carbon atoms are 4 »;.g‘\ e
N, ey Y
nded together in a four-cornered \“3‘,‘:"7/
ice arrangement. '&?-’

Fig 5.18 Diamond
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»  Graphite, where the carbon atoms are
bonded together in sheets of a six-sided
lattice.

»  Graphene, single sheets of graphite.

>  Fullerenes, where the carbon ato
are bonded together in spher
cylinders or egg-shaped formatio
Q Fig 5.21 Fullerenes

5.7 Plasma State
English scientist Willia
was discovered by a
formed positive apd
strongly electrj

okesydentify the fourth states of matter known as Plasma. It
ing @hergy to a gas. As a result some electrons left their atoms and
gatjye ions by ionization. In plasma these charged particles react
gnetic fields. If plasma loses heat, the ions will re-form into a

gas, emitting the gy which had caused them to ionize.

Fig 5.22
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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:

@ Thelightning 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 childre
toys and room decoration.

4
@ Scientists are experimenting with plasma to x
new kind of nuclear power, called fusion wilPbe
much better and safer than ordinaryfnuclegr¥power Fig 5.23
with less radioactive waste.

5.8 Bose Einstein Conde @ Q)

Two scientists Satyendra Bosesgnd%Albert Einstein discovered another state of matter in
1920 but they did not haye thegquipment and facilities to make it happens at that time.
Afterward in 1995 er\scientists Eric Cornell and Carl Weiman also proposed
another state of matter KRgwn as Bose-Einstein Condensate (BEC)

Ny

as molecules come together and form a liquid. It all A g
ens because of a loss of energy. Gases are really excited Do you know?
or energetic atoms. When they lose energy, they slow down

and come close to each other. They can gather into one drop. ~ Absolute Zero is a
temperature where all

the atomic activities
stop theoretically.

For example, when you boil water. Water vapour in the form
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.

Do you know?

*
Sublimation
Cool to -
Absolute zero lonization
/. ﬂ@\) o ©
e — oo
< o o

b\;\)) Heat

B-E Condense

Deionization |[© ©

Plasma

Low Energy High Energy
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¢

Summary

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 th
constant random motion.

Solids have fixed shapes and volumes. They cannot be compressed.

Liquids do not have fixed shapes. They have fixed volumes and cagnot pe com-
pressed easily.

L 2
Gases do not have fixed shapes or volumes. They can be comfkesse

Boyle's law states that volume of a given mass of agas i @ ly proportional to the

pressure at constant temperature.

Charles law states that volume of a gas is di %orﬁonol to the absolute
temperature at a constant pressure. \

Diffusion is mixing up of a gas molecules ﬂ@t a space or other gases. Gases

diffuse very rapidly.

Effusion is escaping of a gas molecule through a fine hole into an evacuated space.
The pressure exerted by vapours ilibrium with its pure liquid at a particular
temperature is called Vapou su

The temperature at which vapéur pressure of a liquid become equal to atmospheric
pressure is called boiling iquid

The Density of liquid|depa&nds upon mass per unit volume. Affected by temperature
and pressure.

The tempegatute atyvhich a solid starts melting and coexist in equilibrium with liquid
state is call ing point.

Freezing,p of a liquid is that temperature at which vapour pressure of a liquid
stat: al to the vapour pressure of a solid state.

e rigid and denser than liquid and classified as amorphous and crystalline.
rphous solids are shapeless and do not have sharp melting point.

rystalline solids have definite three dimensional pattern of arrangement of mole-
cules.They have sharp melting point.

The solids exist in different physical forms is 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 gases diffuse fastest?
(a) Hydrogen (b) Chlorine { ’
(c) Fluorine (d) Helium

2. The vapour pressure of a liquid increases with the: .
(a) increase of pressure

(b) increase of temperature

(c) increase of intermolecular forces
(d) increase the polarity of molecules
3. The freezing point depends upon: \

(a) Nature of liquid (b) Pressu
(c) Temperature (d) Volfim

4. One atmospheric pressure is equal to:
(a) 10325 Pascal
(c) 10523 Pascal

5. Which of the following does n
(a) Intermolecular forces

Pascal
1325 Pascal
e boiling point :
b) External pressure

(c) Initial temperature @f li (d) Nature of liquid

6. The mobility of liqui than:
(a) Solids (b) Gases
(c) Botha & . (d) None of these
7. Which of t have sharp melting point in solids :
(a) Plagti (b) Rubber
(c) (d) Diamond
8. Whi following is the lightest form of matter:
id (b) Liquid
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. Define the allotropy with examples?
2. What is Effusion, explain with the examples?
3. Define the following?

Boiling Point, Melting Point, Freezing Point
4, What is density, how the density of liquid is affected by temperat

pressure? i ’
5. Explain plasma with the daily life examples?

6. Justify that atoms of Bose Einstein condensate are super@edand super

cooled?
7. How kinetic molecular theory differentiates states o @ ?

I SECTION- C: DETAILED QUESTIONS:
1. Discuss the property of evaporation in quuids\ chefactors affects the

evaporation process?

2. Describe the Boyl's law with example?

3. Differentiate between amorphous afid Crystalline Solids?

4. Define and explain the Charles' la es?

5. Describe the process of diffusio iguids? State the factors which influence
it?

6. How boiling point is affe ifferent factors?

7. Define vapour press justify that it is visible in a close system only?
| secTion-b: NumERICASS
1. Convert thafolloWing units :

CwK (b) 150°Cto K
to°’C  (d) 170 Kto °C

2. i o increase the volume of a fixed amount of gas from 90.5 to 120
ile holding the pressure constant. What would be the final temperature
ial temperature is 33°C.

3. 78ml sample of gas is heated from 35°C to 80°C at constant pressure.

hat is the final volume?

4. 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 at unchanged
temperature what would be the new volume?

5. 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?

6. 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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Teaching periods
Assessment period
Weightage

Major Concepts O
6.1 Solution, aqueous solution, solute, and solvent

6.2 Saturated, unsaturated, supersaturated solutions and dilution of soluti

6.3  Types of solution .
6.4 Concentration Units

6.5 Solubility
6.6 Comparison of Solutions, Suspension, and CoIIoids@
STUDENTS LEARNING OUT COMES (
By the end of Chapter Students will be able
@ Define the terms: solution, agueous solutior@ and solvent and give an example of

each. (Remembering)
@ Explain the difference between satugatedlf’ unsaturated and supersaturated solutions.

(Analyzing)
@ Explain the formation of solutjgns

ixing gases into gases, gases into liquids, gases into
solids) and give an example o nderstanding)

@ Explain the formation lutiols (mixing liquids into gases, liquids into liquids, liquids
into solids) and givean e ple of each. (Understanding)

@ Explain the formgtioRof splutions (mixing solids into gases, solids into liquids, solids into
solids) and gi ple of each. (Understanding)

@ Explain what t by the concentration of a solution. (Understanding)

@ Define Moldrith (Remembering)

@ Defin tage solution. (Remembering)

@® So blems involving the Molarity of a solution. (Applying)

C) ibe how to prepare a solution of given Molarity. (Applying)

@ Describe how to prepare dilute solutions from concentrated solutions of known Molarity.

© (Applying)

@ Conversion between the Molarity of a solution and its concentration in g/dm?. (Applying)

@ Use the rule that "like dissolves like" to predict the solubility of one substance in another.

(Understanding)
Define colloids and suspensions. (Remembering)Differentiate between solutions,

(O]

suspension and colloids ( Analyzing)
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Introduction
A solution is the homogenous mixture of solute and solvent. Solutions are everywhere
around us. Many substances around us are solution aslike a glass of milk, drugs a
medicines, blood, alloy, kerosene oil, tap water, cooking utensils and surgical tools.
all are the example of a solution. The nutrient absorbed by plants from the soil js
example of the solution. The foods we eat come into contact enzymes with the helpjof a

solution. The majority of chemical reactions occur in solutions. All these (e possibfe with

the presence and support of the solution.

solutions, suspension and colloids in detail.

m Solution, Aqueous Solution, S()@Q Solvent

In this chapter, we will study about solutions, types of solution®i gomparison of

6.1.1 Solution

A solution is a homogeneous mixture of two or morgsubstances to form a single phase. A

solution exists in all three states of matte ample of solid solution is brass (Zinc
dissolved in copper), the liquid solution is Sugar ihto water and gaseous solution is air we
breathe. Airis made up of gases like ertitrogen, carbon dioxide etc.

6.1.2 Aqueous Solution
An aqueous solution is for
derived from the Latin

issolving a substance in water. The word aqueous is
led aqua meaning water. Sugar, salt, and acid in water are
the examples of aque
amount and term asi

ion. In aqueous solution, water (H,0O) is present in greater
ent.

Solution

Water

Solute + Solvent —— > Solution

Figure 6.1 Preparation 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 sol

may be present. For example, in a soft drink, sugar, salt and carbon dioxide are sol#
water is a solvent. Consider another example, air is a solution of severa
nitrogen, carbon dioxide, oxygen and inert gases. In this solution carbon digkide, @xygen
and inert gases are solute and nitrogen is solvent.

6.1.4 Solvent

The component of the solution which is present in larger amou |e@solvent. Solvent

*

are generally liquid, but can also be gas or solid. The co n solution which can
dissolve solute is called solvent. Water is the most commo ent because it can dissolve

most of the solutes. Itis also called as the universal sol \
Test Yourself é

Why solutions are important for us?
Why solution is called mixture? v
How is solution formed? Q
What is an aqueous so :

Write any two examples &f solute and solvent.

Air is solutiongof gefaeral gases like nitrogen, carbon
dioxide, oxygeR and inert gases, why nitrogen is called

WA Sa ed, Unsaturated, Supersaturated Solutions and
iftRion of the Solution

turated solution
Take s@me water in a beaker and add sugar in a small amount. The sugar dissolves 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
occurs 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 th
example of unsaturated solution if the solution has ability to dissolve more solu

become a saturated solution.

6.2.3 Supersaturated solution

When we heat the saturated solution, it develops further capacity to dissolv
of sugar (solute). This solution contains greater amount of solute th
saturated solution and the solution become more concentrated.

&

andsupersaturated solution, a brief

super saturated.
Thus, we can define a supersaturated solution as:

A solution that can dissolve more solute than it contai
heating is called a Supersaturated solution.

For better understanding of saturated, unsat
comparison of their differences is given in talile.6.

abl
The difference between Saturated

Saturated

In saturated solution Jturated solution less
f athount of solute is dissolved
particulartemperature.

Unsaturated

maximum amount
solute that can be diss
at particular tempékature:

*
high The solution has low
th an concentration than saturated
solution.

The solution
concent

unsatur lution.

Therg, i formation of There is also no precipitation
p tion at the bottom atthe bottom of container.
tainer.

A solution having 36 gram A solution having amount of
of sodium chloride per salt less than 36 gram per
100cm’ of water at 20°C is 100cm’ of water at 20°C is the
the example of saturated example of unsaturated

solutions. solution.

orelamount
tha sentin a

ow Seldtion is called

saturated solution after

aturated and Supersaturated solution

Supersaturated

In super saturated solution
more amount of solute has
been dissolved than its
maximum capacity.

The solution has more
concentration than
saturated solution.

There is formation of
precipitation at the bottom
of container on cooling.

A solution having more
amount than 36 gram of salt
per 100cm® of water at
higher temperature is the
example of 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 wate

a solution.
Whereas, concentrated solution contains a relatively large amount of solute_i I
amount of solvent.

Dilution of a solution is necessary process in the laboratory, as stogk solttied” (more
concentrated) are often purchased and stored in laboratory whég the desired
concentration of solution is required can be prepared by diluti stgck solution by

givenformula.

Preparing dilute solution

In a laboratory, we can make a dilute solution fro rated solution by using
formulas: N

Concentrated Solution = Dilute Solution
MV, =MV,

Where, M, = Molarity of concentrated solgtion

V, = Volume of Concentrated solu

M, = Molarity of dilute sol

V, = Volume of dilute soluti
Note: Tcm® = Imland 1dm’= _
Example 6.1 6.2 Dilute solution
How do you preparegsolu of 100ml of 0.40M MgSO, from a stock solution of
2.0M MgSO,? .
Solution:
Data M,

Concentrated Solution = Dilute Solution

M, V, =M.V,
2xV, = 0.40x100
04x100
T

=20cm’
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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
NaOH?

Solution
M; = 1.5M NaOH
Mz = 0.2M NaOH

V2 = 500cm?®
Vi="7?
Concentrated Solution
MV,
1.5xV,
_ 0x 500
' ) 15

dilute it by adding water up tg theNnark. It will become 0.2M solution of NaOH.

Test Yourself

® Consider two b&akers® and B. Each one having 20ml of
water. Add s@dium thiosulphate in beaker A and

Y\ = 66.67cm?
Take 66.67 cm® of concentrate d placed in a 500cm’ measuring flask and

can be supersaturated solution prepared from
bdve experiment?

ompare the term saturated and unsaturated solution.
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 th
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 Soldtion
No | Solute Solvent Solution
1. Gas Gas Gas Air, mixture ofghydr eg and
helium in on, oxygen in
air
2. Gas Liquid Liquid Carbghate ks
(r\ digxide dissolved in water
3. Gas Solid Sol ﬁogen gas in palladium,
‘ nitrogen in titanium.
4. Liquid Gas Gas Fog (water vapour in air) liquid air
pollutants
Liquid Liquid Alcohol dissolves in water, oil in
. ether.
Solid Solid Amalgam, butter, cheese
Gas Gas Smoke (carbon particles in air)
8. Solid Liquid Liquid Salt in water, Sugar in water
9. Solid Solid Solid Brass an alloy (Zinc dissolved in

copper), Bronze (tin dissolved in
copper)
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X3} CONCENTRATION UNITS

We already discussed in section 6.2.4 that concentration is the amount of solute presen
in a given amount of solvent or solution. It is also the ratio of amount of solute tQuthe
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’) of .

Mass of solute in gram

Concentration in g / dm’® = —— > w?
volume of solution in dm

There are many ways of expressing the con ra of the solution. In this class we will
discuss only two main concentration units.

6.4.1 Percentage

Itis a unit of concentration. It refe @
be expressed in four different ways:

he percentage of solute presentin a solution. It can

(i) Mass by mass percgnt (%om/m)
Itis the mass of solute in@tam dissolved in 100 grams of solution.

For example, 5% sugar solution means that 5 grams of sugar dissolved in 95 grams
of waterto ams of solution.
m Mass of Solute (g)
Perc ution (E%) = J x100

(Mass of Solute + masss of solvent (g))

Mass of solute (g) %100

B 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) Alcohol solution means 5cm? of alcohol is dissolved in (unknown)
volume of water so that mass of solution become 100g.

Vol f Solut. ¥ O
Percent of solution Y _ _roume of Solte (cm) x100
m Mass of Solution (g)
*
(iv) Yolume by volume percent (%v/v)

The volume of solute in cm’ is dissolved per 100cm® of the soluti

For example, 5%(v/v) Alcohol solution means that 5cm?® is dissolved in 95 cm® of
the water to make 100 cm?® of the solution. \

Vv ofSolute (cm”)

Vol
Percent of solution — = ° .
V' Mass of Solution (cm®)

Example 6.3 (Percent by Mas E

Calculate the percentage conw (m/m) of the solution obtained by dissolving 15g

saltin 110g water.
Solution %

Massofsalt=15

x100

lution= 15gsalt+ 110gwater=125g
rc mass would be calculated as:

Mass of Solute (g) <100

Percent (mass/mass)
Mass of Solution (g)

15/125 x100 =12%

Thus the concentration of a solution is 12% by mass.




Solutions

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? O
Volume of solution = 150cm’ < '
Volume/volume percent =?
L 2
~V  Volume of Solute (cm®)
Percent of solution — =
V  Volume of Solution (c@
~25 100 @

150
=16.7%
Thus the concentration of a solutionis 16.7% lume
6.4.2 Molarity

Molarity is defined as the number of %f solute dissolved in one dm® (1 Litre)of the
solution. Molarity is the concen n ukit in which the amount of solute is expressed in
gram and the volume of solutioMs expressed in dm®. It is denoted by “M” and its unit is

mol/dm’.
ity (M) = Number of moles of solut?
Volume of solution in dm
L 2
_ Mass of solute
erof moles of solute= ~
Molar mass of the solute (gmol™)
. Volume of solution (cm®)
| f solut dm’=
ume of solution in dm 1000
Molarity = Mass of solute (g) 8 1000

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.

For example, prepare 1.0 M solution of NaCl in 1 dm”’.
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Following steps may be considered:

1. Weigh out 58.5 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. O

You have prepared 1M NaCl solution by dissolving 58.5 grams of NaCl in sufficienwater

to make the volume 1dm?®.
Similarly, to make a 0. 1M solution, you could dissolve 5.85g of NoCI@ ofwater.

Problems based on Molarity of a solution @:

Example 6.5

20 gram of salt (NaCl)is dissolved in 500cm’ of a s nNCalculate the molarity of that
solution. C
Data:
Mass o = 20g
Molar f NaCl = 23 + 355

= 58.5g/mol
Ve solution = 500cm’.
N | Molarity (M) = ?
Formu *
Mold) Mass of solute (g) » 1000

Molar mass of the solute (gmol') ~ Volume of solution (cm’)

tion:
20g 9 1000

Molarity =

58.5g/mol 500
Molarity = 0.683 mole / dm’.




Solutions

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 O
Molar mass of oxalic acid (C,H,O,) =(12x2)+(1x2)+(16x4) Q

=24+2+64 =90g/mol R
Mass of solute = ?
Formula Q
. Mass of solute (g) 1000
Molarity = . . -
Molar mass of the solute (g olume of solution (cm®)
Solution:
Mass <f soI,e 1000
2= X ——
9 100
E 2x90x%100
olute =W—18gm

Example 6.7
A sample of sulphuric gcld hasjthe molarity 20M. How many cm® of solution should
we use to prepare 200 of 0.5M H,SO,?

Solution: *

_ MV, _ 0.5x500
M, 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

B 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?

B A solution of NaOH has concentration 1.2M, calcul
mass of NaOH in g/dm? in this solution (50 cm3).

B Determine the percentage concentration o \
obtained by dissolving 10g sugarin 140g water

B A student asked to prepare 10%(m/m) s@lutiomgf sugar. How
much solvent will be required to prepare this solution?

X3 soLUBILITY
Solubility is defined as t aximim quantity of solute that can be dissolved in 100 grams

of solvent to prepare satur solution at a particular temperature.

Different substa av® different capability to dissolve in the same solvent at a

particular te reFor example, the solubility of sodium chloride in 100g of water at
100°C is ereas, the solubility of silver chloride in 100g of water at 100°C is
0.002 ws that sodium chloride is much more soluble in water than silver

chlqrid
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General Principles of Solubility

1. The general principle of solubility is “Like dissolves like”. Its mean that twg
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,
sugar and alcohol are polar and dissolved in water because
polar.

» Nonpolar solute dissolved in non-polar solvents. Such as&jl and paints are
non-polar, they are dissolved in ether as both are fgon-polar. Similarly,
waxes and fats dissolve in benzene and notin wa

» Nonpolar compounds are not soluble in#polar€sGlvents (water). For

example, oil, petrol, benzene are non-p I& e not dissolved in water
because water s polar.

2. Solute-solvent interaction

Temperature -
?‘ @ Do you know?

When solute-solute or solvent-
solvent interactions are much

Q more than solute-solvent
interaction, a solution will not

form.

-Solute bonding should be broken.
Ivent-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
added into 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 interacti

stronger enough to overcome the attraction between Na" and Cl ions in NaCl. Fig
shows the attraction of Na” and Cl ions with water molecules.

Na* s Na* Pt Na* s Na*

e )Ycrycr

odium Chloride Dissolved in Water

action of sodium chloride and water

there is more attraction between solute and solvent in
-sdlute interaction, then the solution will be formed. If Solute-
reater than solute-solvent attraction, then solute will not dissolve in

Now it is concluded) that
comparison with
solute interac

solvent.

6.5. t of Temperature on Solubility

Solu directly proportional to the temperature for solid & liquid solutes. Solubility is increased
by asing 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 chlorideis 277.7g/L
in water at 20°C. It will become 540.2g/L at 100°C.

For all gases, the solubility decreases as the temperature of the solution increases.
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Test Yourself

B Explain the general principle for solubility, “like dissolves
like”?

® Why solute dissolves in solvent?

® Why benzene does not dissolve in water?

Suppose solute-solute forces are weaker than those of 0 ‘:

solute-solvent forces. Will solute dissolve in solvent and to be

form a solution?
® What is the main reason that non-polar solute dges

dissolve in water? \
X3 COMPARISON OF SOLUT \GPENSION

AND COLLOIDS
When a solute (sugar or table sal
completely dissolve in water and
you repeat the same practicewith
of sugar in water is a clear so
After some time, sand_or{clay Settles at the bottom and we can see the particles of sand
clearly. Now compare o solutions with milk. Milk is not a clear solution but
particles do not seftle af the bottom with time. So we can say that particles remain
dispersed in sol ut the size is big enough that does not allow the clear appearance
of the soluti

is c&d in water, after some time sugar or salt
t even see the particles of sugar or salt. Now if

whereas sand or clay in water is not a clear solution.

particles size and their characteristics, mixtures can be classified as true
id and suspension.

Solution

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
even 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.
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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 colloi

cannot be separated by filtration, but they scatter the beam of light. This phenomé S
called the Tyndall effect. These solutions are also called false solutions. Milk, @ A
blood are the example of colloidal solution. Few other examples of colloid ar€ fog, gmoke
and dust particles which are suspended in the air and the beam of light c easily

scattered. RS .
@ Know?
e sC ing of visible
Colloidal particles is
\ d Tyndall effect. This

henomenon was
discovered by Physicist John

k._

Solution Mixture of water
and milk

Flash lig

Figure: 6.4Tyndall effect by colloids

6.6.3" 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 etc. 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 Particle size greater |Particle size 1 to
than 1T nm than1000 nm 100 nm
Homogeneous Heterogeneous Homogeneous an
(particles dissolve (particles settle down| heterogenous
uniformly) after sometimes) (Particles do nBf settle

down for adlong tilme

Particles cannot be |Particles are big
distinctly seen with |enough but can be
the naked eye. seen with naked eyes

ra microscope

’homogeneous,
niform

Clear, transparent | Cloudy, non unifor
and homogeneous |and heterogene

Transparent but Translucent

Often opaque, but can
often colored often opaq

be transparent

Solutes cannot easily | Solutes € Solutes can not be

be separated s <@_A edeasily separated easily

Do not scatter light Mer light, but are | Scatter light (Tyndall
ansparent effect)

articles do not pass | Particles pass through
rough filter paper | filter paper

Particles can pa
through filter

Test Yo *

different from a solution?

colloidal solution, Starch solution or Glucose solution?

algt is €olloidal solution. Give reason?
aints should be stirred thoroughly before using?
rite two examples of suspension.

Differentiate between suspension and colloid.

Why sugar solution don’t scatters the light?

®
®
@ Justify that milk is a colloidal solution.
4
@ Define false solution.

4

Why does the colloidal show tyndall effect?
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Society, Technology and Science

Relate Solution to Different Products in the Community
Solutions have great importance and influence in our daily life. As we look in
surrounding, such as air, soft drinks, beverages, medicines, butter, tooth pastes,
gas and even water are solutions. When we stirr sugar in a cup of tea, we are

solution. Most of chemical reactions take place in the bodies of living organg
presence of water as a solvents. The food assimilation process in our bodies @lso ogeurs in
solution. Brass and steel are also solution. These solutions are widelyyused making
cooking utensils, surgical instruments, cutlery, and many other iRer and tin
amalgams are widely used to make dental filling. The majority processes are
mical industries for

reactions that occur in solution. Gaseous solutions are also use
the preparation of urea, ammonia gas, nitric acid, rubber, y€g

A solution is a homogeneous mixture of ore substances.
The substance which is dissolved is ¢
@1 dissolved is called a solvent.

dgeneous mixture of solute and solvent.

The substance in which the so

The solution is single phasgho

v vV vV v v

Component of solutiog w
solventis called “s

ispresent in small quantity and it can be dissolved in

» Component of i hich is present in large quantity and it can dissolve solute is
called “solve

» 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 form so it is considered a true solution.

> Adilute solution has a small amount of solute in a large amount of solvent.

>  Aconcentrated 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 solution.

»  Percent solution is based on mass and volume of the components of sg @
solvent.

>  The quantity of solute and solvent may be increase or decrease acgording to the
percentage of the solution. Percent solution has four types

L 2
ent. The main
re of solute and

»  Solubility is defined as the amount of solute dissolved in 10
factors which effect the solubility are temperature, press
solvent.

»  Nature of solute and solvent obey the principle of ” es like”.

» A heterogeneous mixture containing undissol
with naked eyes is called suspension.

> In colloidal solutions, solute padicle@ er than those present in the true

s large enough to be seen

solution but not large enough to be s byhaked eyes. They are also called false

solution.
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I SECTION- A: MULTIPLE CHOICE QUESTIONS

Tick Mark () the correct answer O

1. An alloy is the homogeneous mixture of: { ’
(a) two solids (b) two liquids

(c)two gases (d) solid and liquid 0 *
2.

A saturated solution of KCl on heating becomes:
(a) unsaturated (b) supersaturated Q
(c) diluted (d) all of these

3. If we dissolve sand into the water, then the%@\ dto be:

(a) solution (b) susp
(c) colloids (d)co@t d solution
4. Solubility is usually expressed in S e solute dissolved in grams

of a solvent
(a) 10 0
(b) 500 (d) 1000
5. Example of heterogeéneols mixture is:
(a) sugarand w$ (b) sand and water
(c) saltand water (d) ink and water

2

6 2 mol chloride (NaCl) is equal to:
(a)gd (b) 135 grams
ams (d) 117 grams
7. olafity of a solution which is prepared by dissolving 40g sodium chloride in
cm’of solution is:
(a) 1.4M (b) 1.5M
(c) 1.6M (d) 1.7M
8. 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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10.

1.

12.

13.

14.

An example of true solution is:

(a) solution of starch (b) solution of soap

(c) inkinwater (d) tooth paste

Which solution contain more water:

(@) 1.0M (b) 0.75M O
(c) 0.5M (d) 0.25M

When a saturated solution is diluted, it change into: Q

(a) saturated solution (b) unsaturated solution .
(c) concentrated solution (d) supersaturated soluti

Butter is example of solution:

(a) gas-liquid (b) solid-liquid
(c) liquid-solid (d) gas-soli \
i e

A solution that contain solid solute into ligui is called:
(b) ligGids imysolids
(c) solidsin solids d) @quuid
What is the particle size in suspev
(a) 10°nm Q& 10%nm
(

(c) lessthan 10°nm d) greaterthan 10°nm

(a) solidsingas

Write the examplegof € e of solution.

Liquid Liquid
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I Section B: Short Questions

1. Explain the solute-solvent interaction to prepare sodium chloride solution.
2. Differentiate between the saturated and unsaturated solution?
3. Detfine solution and explain the major components of solution?
4, What do you mean by mass/volume percent ? O
5. Define with example one molar solution. Q
6. Why does colloidal show Tyndall effect? 0 .
7. Define the terms
i Dilution ii. Concentration iii. Sol iv. Molarity
8. Polar and ionic solutes dissolve in polar solve
9. Why does Polar solute not dissolve in nonpel

10.  How are solutions beneficial for comm
11.  Whysaltdissolves in water? ‘ ’
12.  Airis a solution containing rbon dioxide, nitrogen and other

: e
gases. Which one of the gasi Oo%olven’t and why?
13. i

Why gasoline does not water?

| Section C: DetajledNJU&Stions

1. Describe p‘repa re dilute solution from concentrated solution.

rm solubility. How does nature of solute and solvent determine
t of dissolution?

e solubility of a salt increases with the increase in temperature?
lain the attraction of Na and Cl ions for water molecule.

Explain the solubility with reference to “like dissolve like” principle.

6. 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 HC
gas into enough water to make 30 cm’ of solution?
2. A solution of potassium chloride was prepared by dissolving .
potassium chloride (KCI) in water and making the volume u 3

Find the concentration of solution in mol/dm?.

3. A flask contains 0.25 M NaOH solution. What mass ofeNaO
per dm’ of solution? *

4. What volume of 0.5M acid is needed to neutraliz 4M base?
5. A mineral water bottle contains 28 mg of caléiu 00 cm® of solution.
What is the concentration in g/dm?®?

N m’ of water. Calculate the

present

6. A solution of 20cm® of alcohol is dissolve
concentration (v/v) of this solution.

7. How much sodium hydroxide (V\@i required to prepare 400 cm® of
0.3M solution?




ELECTROCHEMISTRY

Time Allocation

Teaching periods =12
Assessment period =5
Weightage =

Major Concepts O
7.1 Oxidation and Reduction

7.2 Electrochemical Cells O

7.3 Corrosion and its Prevention *

7.4 Alloy Formation

STUDENTS LEARNING OUT COMES (SLC%

Students will be able to: \

@ Define oxidation and reduction in terms of loss il of oxygen or hydrogen. .

@ Explain oxidation and reduction in terms of lo8s or gdin of electrons.
@ Describe the nature of electrochemical p es.
@ Sketch an electrolytic cell, label th od€ and the anode.

@ ldentify the direction of movement@ffcations and anions towards respective electrodes. .

@ List the possible uses of a elav cell.
@ Sketch a Danniell cell,% e cathode, the anode, and the direction of flow of the

electrons.

@ Distinguish be lectgolytic and Galvanic cells.

@ Describ of iron as an example of corrosion.

® Su he methods used to prevent corrosion.

® in\electroplating of metals on steel (using examples of zinc, Tin and chromium
ing)-

@ Describe how a battery produces electrical energy.
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INTRODUCTION:

In our ddily 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 a
applications of electrochemistry. It can be defined as the branch of chemistry g
with electro chemical reactions, electrolyte and electrochemical cells & lled
electrochemistry.

“or” It deals with the conversion of electrical energy into chemical ener chemical

energy into electrical energy.

/AN OXIDATION AND REDUCTION REACT, l!l

The chemical reactions in which chemical energy changes
Versa are called electrochemical reactions.

Oxidation may involve introduction of oxygen® t Hydrogen from a chemical

glectrical energy or Vice

substance.

Example:
C+0, —— CO, (hyrni oal)

2CH,;+250, — 160, ,O (combustion of octane)

NH,+0, ——— »O (removal of Hydrogen from Hydrazine)

Similarly, reduction ma in Swaddition of Hydrogen or removal of oxygen from a
chemical substance.

Example:
—<+—>» Cu+CO (reduction of copper oxide)
%’ CH;-CH; (Reduction of ethene)

——» ALO; + 2Fe + Heat (Reduction of Iron oxide)

n and reduction reactions involve transfer of electrons.
electrochemical reaction in which atom molecule or ion loses electron and its
oxidation numberincreases is called oxidation reaction.

Example: Cu ———Cu*"+ 2e (Oxidation)
The electrochemical reaction in which atoms, molecule or ion accepts electron and its

oxidation number decreases is called reduction reaction.

Example: S+26 ———  § (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 a substance | Decreases in oxidation number of a s

Oxidizing and Reducing Agents:- R
Oxidation occurs due to oxidizing agent and reducing agent is resp@gsibleffor reduction.
Oxidizing agents are substances that accept electrons. Simj edw€ing agents are

substances which lose electrons.
Ay
@ Do You Know? \@

Photosynthesis is a

le of redox reaction.
Photosynthesis pr
6CO, + 6H,0

Water ( er goes oxidation by losing electrons and
for en ions. Carbon dioxide (CO,) accept
electr@fis and hydrogen ions to form glucose (C,H,,0O,)
ZnCl,

Ey losing electrons and it act as reducing agent while chlorine
by accepting electrons and act as oxidizing agent. A table of
S\gnd reducing agents is given below.

Table 7.2

uceg glucose.

ight ———» C,H,,0, + 60,

Example: Zn+Cl,
Zinc undergoes o
undergoes ret
oxidizing agén

Oxidizing Agent Reducing Agent
12504, HNO3, KMnO4, K2Cr203, Cly, Br,, | etc. Alkali metals, Al, H,S, Zn, NaH, 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 redo
reaction are called electrochemical cells.

The electrochemical reactions are carried out in electrochemical cells. It consisis=e
~ ons
occurs at each electrode is called half cell reaction. The overall cell Reactigh is the
combination of two half cell reactions. Each electrode is in conta& with Battery and
electrolyte presentin cell. Electrochemical cells are of two types. ¢

(1) Electrolytic Cells (2) Galvanic Célls aic Cells
7.2.1 Concepts of Electrolyte: \

An electrolyte consists of free moving ions and ctricity. Acids, bases and salts
in molten or in aqueous solution form are el . Some strong and weak electrolytes
are shown below intable 7.3.

electrodes at which redox reaction occurs. The electrode at which oxidation také
called Anode and electrode at which reduction occurs is called Cathode.#Fhe

Strong Electrolyt Weak Electrolyte

m HCI, HNO3, HI,

H,S, H,CO3, CH:COOH
NH4OH, Ca(OH),, Mg(OH)2

Pbl, KHCOs, AgCl

Define electrolyte?

| |

®  What are strong electrolytes?

B  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

(aqg)’

(aq)

(aq)/ (aq)/ (aq)/ (aq)/
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7.2.2 Electrolytic cells and Electrolysis:-

The electrolysis involves redox reactions and

carried out in electrolytic cell. In electrolysis Cathode Anode
current passes through an electrolyte, due to \ -
this migration of positive and negative ions
towards cathode and anode takes place. As a
result of redox reaction 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 diagram of an electrolytic cell is shown in ¢Fig \ctrolysis in electrolytic cell
figure7.1.

The figure shows that electrons from battery @nter tirough cathode at which positive ions
are reduced by accepting electrons. n negative ions loses electrons and

undergoes oxidation. It means at catagdewéduction occurs and oxidation takes place at

anode.
At Cathode M M (Reduction = Gain of electron)
At Anode X +e (Oxidation = loss of electron)
Test If &
i. Sk lectrolytic cell for

lysis of molten potassium
loride

%y ldentify 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 sodium c
solution by Nelson's cell. It is also used to obtain chlorine gas.
iii.  Itisusedto extractaluminum metal.

iv.  Itisusedin electro refining of copper. .

V. Electrolytic cells are used for electro plating of metals.

7.2.3 Faraday's law of Electrolysis:-
Michael Faraday was a British chemist who grx onfributed in the field of

electrochemistry. He observed the quantitative r between current and the
amount of substance collected at electrodes.

He conducted several experiments regardifig el
electrolysis based on his observation.
Faraday's First law of Elec

It states that amount of any subs is deposited or liberated at an electrode during
electrolysis is directly propastionaljto the quantity of electricity passed through the
electrolyte.

W o€ A x WeeQ 1=20 Q=1t
or t
In this equatiign W, = weight of the substance deposited or liberated at electrode.
A = Current in Ampere
t = Time in second
Z = Electrochemical Equivalent
Ampere (A) xtime(t)= Coulomb (C)
fA=1Amp,t=1Sec then W=Z

Electrochemical equivalent is the weight of the substance collected at the electrodes
when one coulomb of electric charge is passed through the electrolyte for 1 second.
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

Example: Chemical equivalent of Al =% = 9g O
108

Chemical equivalent of Ag = i 108 g

Quantity of charge which deposits or liberates 1 gm equivalent weighg of sij stance is
called 1 Faraday (F).

1 F =96500 Coulombs

Example:

Take three electrolytic solution of silver nitrate, copper su e gnd aluminum nitrate in
three electrolytic cells and same quantity of current ( N ombs) is passed through
them. As a result 108 gm of silver, 31.75 gm af c rand 9 gm of aluminum are

collected at their respective electrodes.
Batteries:-

We use lot of electrical devices having bo% a source of electricity. A battery consists
sefies.

of group of galvanic cells connecte
Examples of batteries include dry celéflead storage battery, mercury battery etc.

Batteries are classified as gpri on rechargeable) and secondary (rechargeable)
batteries.

Scientist are working$or enhéincing high energy, safety, recycle of batteries for mobile

phones, transport omputer technology etc.
Dry Cell:; Insulator
Leclanche cell.
. . Graphite rod
primary cell which produce (Cathode)

al substances placed in it. It uses zinc Mn O,and carbon
as anode, magnese dioxide as cathode and black paste
a.queohl:s Smm;ngm chllorldeI (NI—JFEI) olll' . NH,Cl and ZnCl,
zinc chloride (ZnCl,) as electrolyte. The ce paste (electrolyte)

diagramis givenin Fig 7.2.
Zinc metal
A copper cap is fixed on the top of the carbon (Anode)

rod for conduction of electricity. Fig 7.2 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 — > 7Zn""+ 2e
Reactionat Cathode ~ 2NHj +2MnO, + 2" ——— Mn,0, + 2NH, +
It produces a potential of 1.5 volt.

Lead Storage Battery:-

A battery is a device which produces electricity through electro chemitgl reactions. Lead
storage battery is an example of secondary cell in which chemical aﬁges can be
reversed. It has several voltaic cells connected in series .1t contgi tes which serve
as anode and lead oxide (PbO,) which acts as cathode. Th des areimmersed in
electrolytic solution of dilute sulphuric acid (H,SO,). C i dnges during charging

and discharging processes can be shown as
Discharge
—_—>

Pb + PbO, + 2H,SO, .+ 2H,0
Anode
== Cathode
(%]
Dilute
sulphuric acid | I
Lead l l Lead oxide
Fig: 7.3 Lead storage battery

Alloy Forma
Alloy is the mi f metal with metal or metal with non metal. There are about 7000

alloys wh used for different purposes in the world.

Example: ss is an alloy of Copper (Cu) and Zinc (Zn). Steel is a alloy of iron and
ca

Al an 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

h l.
than pure meta 0000 X X X | 0000

...._I_ 0000 _ 0000

o000 0000 o000

0000 0000 0000
Metal Metal / Non-metal Alloy

Fig 7.4 Alloy formation
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Some important alloys are summarized below
Table 7.4

Name of Alloy Components Applications
Bell metal Cu-5Sn Casting of bell
Brass Cu-Zn Door nobs and hard rails due to anti @
nature, Hose nozzles, Stamping dies.
Bronze Cu-Zn-Sn Coins, medals, tools, etc.

Monel Ni- Cu - Fe Corrosion resistant contaigers *
Duralumin Al - Cu - Mg - Ni Boat, Air craft etc

Solder Sn-Pb-Cu-Sb Joining electrical n@ts into circuits.
Alnico Fe - Al - Ni - Co Magnets use<\ peakers

Amalgam Hg-Ag-Cu-Zn  Dental filhin
Cupronickel  Cu - Ni - Mn Coi

Sterling silver Ag - Cu ery set, Medical tools

Pewter Sn-Cu-Pb-Sb-Bi a S
White gold

Au - Pb - Ag.- Jewel
(18 Karat) u-Pb C ewelry

Ay

You Know?
L 2

oldis called 100% pure gold.

jon of metals to gold form different colour.

oys of gold:
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 re re n in
presence of air or water to form iron (lll) oxide (Fe,O,. nH,O) called rusting @f irog. Rusted

surface of iron provide no protection to underlying iron and eventuall nvert whole iron
into reddish brown rust. Rusting occurs at different places of al slrface. A metal
surface area of less moisture act as anode and oxidizes iron in O™

Fe, o 2e
Metal surface with high moisture contents act as &ath nd reduces atmospheric

oxygento OH ions.
O, +2H.,0 40H"
m

The Fe? ionsfurther reacts with oxygen to st iron (Ill) oxide(Fe,O;. nH,0)
Prevention from corrosion: Y\

All metals can be prevented fro@ n by following methods.

1- Alloying:

Formation of alloy prevefts metal from corrosion by reducing its ability of oxidation.
Example: lron (Fe) ca%nged into stainless steel by mixing with chromium (Cr)
and Nickle (Ni)gThus irgn (Fe) is prevented from corrosion.

2- Metadlli ing (Electroplating)

All metal e protected from corrosion by coating its surface with other metal like tin

(Sn) n). The coating of metal at the surface of other metal by electrolytic process

is electroplating. Metals like iron can be electroplated with chromium (Cr), Nickle
nd 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.
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Fig: 7.5
4- Coating with paint:

A metal is commonly coated with paint to protect it

N

ful'®hemical agents.

orrosion. Paint prevents the
reaction of metal with oxygen moisture and oth

Test Yourself

| What is corrosion of metal? Y

| Name the methods which a rotect metal from corrosion.

| How cathodic protectio e etal from corrosion?
7.3.2 Electroplating ory Ste®:
The process of depositio metal at the surface of other metal through electrolysis is
called electroplati .
Tin Plating;
Steel spo tin plated by using pommeter Batiery
acidified, ti ate as electrolyte. Tin (Sn) 'l

as anode and steel spoon is % e

athode. When current passes
electrolyte tin ions (Sn*?) deposits at
cathode as tin (Sn) metal. Tin (Sn) electrode

Anode: Tin Cathode: Steel Spoon

Electrolyte :

is then changes into tin ion (Sn**). aheiiablie i L
SnSO,, St 4 SOj_ Fig 7.6 Tin plating of steel spoon
Sn , Sn""+2e (Anode reaction)

Sn** + 2¢e —» 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 cathode. Du
electrolysis Zn"" deposits at cathode and Zinc (Zn) anode is then changes int

Zn™".

Following reactions occur during zinc electroplating.

Zn —>  Zn*"+2e (Reaction at e)
L 2
Zn?  + 2e- — Zn (Réactionjeit cathode)

Electroplating of Silver:

In this process silver (Ag) is coated electrolytically at the glrfgce &f'steel or other metal. It

is called silver plating. In this process aqueous solutio veychloride (AgCl) is used as
electrolyte to produce silver (Ag”) ions. Silver (Ag) métal i$wsed as anode and steel object
like spoon used as cathode. Silver (Ag”) io reduced at cathode by accepting
electron. Silver anode loses electron and oxidized tg Silver (Ag”) ion.
Following chemical changes takes plac

AgCl A I;
At cathode

Ag'+e %
Atanode

hich chromium (Cr) is coated electrolytically at the surface of other base
d chromium plating. Acidified chromium sulphate Cr,(SO,), is taken as
e. 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+(oq) + 35042_(oq)

—

Reaction atanode:

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.
Tin is non toxic, less reactive and resistant to corrosion. Tin can not %eact Wwith

organic acids or salt present in food so tin plated cans are used foreverages and
for storing foods. N

Silver is lustrous white metal. Many metal objects are silve enhance its
beauty and strength against corrosion.

coating of silver on

metal surface is soft and gradually turns bla to formation of silver

sulphide(Ag,S).

v
&

Thin layer of silver on metal surface form durable I(ﬁ h

2
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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 - it convert chemical energy

into chemical energy into electrical energy

For Example For Example
. Down cell . Daniell cell
. Batteries

. Castner-Kellner cell

Electro Chemical cell contain €lectrodes

v v

Cathode

v

. Reduction reaction
occurs at cathode

. Positive ions move
towards cathode

. Oxidati

. introduction of oxygen

|
v

Electro chemical Reactions

!

. These reactions convert electrical
energy into chemical energy ¢

3

. ltconsists of ions and
conduct electricity

For Example

Aqueous solutions of

Acids, bases or salts

are electrolytes.

vise versa.

. it involve redox reg
y 1

NS

ation Refction

Reduction Reaction

. In this reaction oxidation
number of an element
decreases by accepting
electron.

. introduction of Hydrogen
or removal of oxygen is
also known as reduction

is reaction oxidation
ber of an element
increases by loosing
electron.

or removal of hydrogen

is also known as oxidation )
. reaction.
reaction.
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Oxidation is the loss of electron by chemical substance.
Reduction is the gain of electron by chemical substance.

An electrolyte consists of free moving ions and conduct electricity.
An electrode is an electrical conductor.

The electrode at which oxidation occurs is called anode. .

The electrode at which reduction occurs is called cathode.

Electrolysis is a process of migration of ions towards caifio node when current
passes through en electrolyte.

Oxidizing agent helps in oxidation by accepting ele \

Reducing agent helps in reduction by losin

A galvanic cell converts chemical energy intg elegtrical energy.

An electrolytic cell uses electrical ener: ive a non spontaneous reaction.
Corrosion of iron is called rusti

Corrosion of metal can be by alloying, paint or electroplating metal by zinc,
tin, silver, chromium etc

An alloy is a mixture o ith metal or metal with non metal.
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Tick Mark () the correct answer

1. Alloy of Cu - Snis called C
(a) Brass (b) Bronze
(c) Monel (d) Bell metal 0 o
2. Which one is Alloy.
(b) Mercury

(a) Graphite

(c) Steel (d) Water Q
3. Value of 1 Farady is equal to
(@)9.65 C (b) 965 !§

I SECTION- A: MULTIPLE CHOICE QUESTIONS :

(c) 96500 C (d) %65
4, Which one is non electrolyte.
(a) Aqueous HCI Agleous NaCl
(c) Molten KCI Urea
5. Which one is oxidizi @ nt.
(a)Al (b) H,S
(c) Cl, S ? (d) NaH
6. Which oneyis Feducing agent.
(a)H, (b) HNO,
(C) L 2 (d) Iz
7. i forms weak electrolyte solution with water
(b) KOH
(d) CH,COOH
8\ ndry cell is used as cathode.
(a)Zn (b)Cu
(c)Sn (d) graphite
9. 1g equivalent weight of Al is equal to
(@)9g (b)27g

(c)54¢ (d)1g
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10. Which one is correct statement.
(a) Oxidation occurs at cathode.
(b) Reduction occurs at anode
(c) Reduction occurs at cathode

(d) lons lose electrons at cathode.
| SECTION-B: SHORT QUESTIONS:
Define oxidation, reduction reactions with examples.
Why ionic compounds conduct electricity in molten orin aqueous so 'ons‘on y?

What is electrolytic cell? Explain with diagram.
Define oxidizing and reducing agent with examples.

Examine the following chemical equations and identif)@Q

o~ W~

(i) Oxidizing agent (i) Reducing agent

(iii) Substance undergoes oxidation \
(iv) Substance undergoes reduction
1. Zn+Cl, — ZnCI2<

2 Br,+H,S —» 2HBr

3. 2Ca+0, —» 2
4. 2Li+S — i

Identify the Alloy.

Compgne Alloy
Cu-
u

Al+Mg—Ni
—/Zn-Sn

. DETAILED QUESTIONS:

cribe the dry cell with diagram.

2. Whatis battery? How lead storage battery works?

3. Explain process of electrolysis in electrolytic cell.

4. Whatis Alloy? Explain its classification with examples.

5. Whatis rusting? How it can be prevented.

6. Whatis electroplating? How steel object can be electroplated with Tin, Zinc and Silver?

7. State and explain Faraday first and second law of electrolysis.




CHEMICAL REACTIVITY

Time Allocation

12

Teaching periods
Assessment period
Weightage =

Major Concepts O
8.1 Metals 0 *
8.2 Non-Metals

STUDENTS LEARNING OUT COMES (S @
Students will be able to:

© Classifying the type of elements into metals, non- s and metalloids.

@ Draw flow chart diagram of classification of njetals, mon-metals and metalloids.

® Show how cations and anions are relate e t8rms metals and non-metals.

@ ldentify elements as an alkali meta n alkaline earth metal.

©® Analyze why alkali metals are not in the free state in nature.

@ Explain the differences in ipniz ergies of alkali and alkaline earth metals. .

© Describe the position

Periodic Table, its simple properties and uses. .

© Describe the positidh of cafeium and magnesium in Periodic Table, their simple properties
and uses. *

© Differentiat n soft and hard metals (Iron and Sodium).

© Describe rtness of noble metal.

ommercial value silver, Gold and Platinum.

some important reactions of halogens.

@ some elements, which are found in uncombined state in nature.
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Introduction

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 .@ als
depends upon its tendency to accept electron.

Matter which undergoes chemical reactivity may be element, compougd or rmixidre.

An element is always composed of similar atoms. Elements are fagther iviled into

metals, non-metals and metalloids.
Table 8.1
Non-Metals Metalloids
, . S/ . .

% Tend to lose electrons in | *** Tend to gain electreps iy Intermediate properties of

reactions reactions with metal metals and non-metals
¢+ Good conductors of heat |+ Poor-conducters ea %+ Boron (B), Silicon (Si),

and electricity and electri Germanium (Ge), Arsenic
% Ductile % Not ductile (As), Antimony (Sb),
%+ Lustrous < Often u Tellurium (Te),

Polonium (Po) and
Astatine (At) are
metalloids.

% Oxides may be acidic
(B,O,, SiO,) or amphoteric
(AS,05).

%+ Strong
< Malleable

+* Sonorous
¢+ Oxides are basic in nature

e.g. (Li,O,Na,0,KO,,MgD).

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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Table 8.2
EA) METAL
The element which readily loses electron

and easily form cation is termed as metal. . i
A metal structure consists of metal ions  Na Mg Al
joined by metallic bonds. All B group K o Ga O

elements are metals and known as
Transition Metals. Rb Sr In S
Cs Ba Tl Pb Bi

Some elements of A group are also
metals. Fr Ra

Elements of group A are called Alkali metals.
Elements of group I|A are called Alkaline earth metals.
Metals of A - Group family are shown in table 8.2

-~ \
L
.

Do you

L 2 Beryll@) s a light strong and highly toxic
l. all grain of 0.25 mg may kill a rat.
® abtindant metal is aluminum (Al).

useable metal is iron (Fe).

ost reactive metal is cesium (Cs).
® 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 Ele ositive Character (Cation formation)
Metgls are ly electro positive, due to this property they easily lose their valance shell

When an atom or a molecule loses electron then it changes into positively
ion 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 metals lose one electron and form monovalent cation.
Example Li*, Na*, Rb", Cs"
The valence shell electronic configuration of alkaline earth metals is ns’. O

:':
Do you know?

Alkali and Alkaline earth metals can be identified by tRg flame test.

Lithium Li

.olour >f Flame

(Bright Red)

(%
<
I
o
=3

Sodium Na \ olden Yellow
Potassium K Violet
Rubidium Rb Lilac (Dark Red)

Cesium Cs O Bright Blue
Beryllium White

Magnesium Mg Bright White

Calcium Ca Brick Red
Strontium v Sr Crimson Red

Bariu* Ba Green

L 2
urge

al is found in liquid state?

the alkaline earth metals from the
lowing elements.

Br, Ba, B, Se, Si, Sb, Sr
Write few properties of metals.
B Write some properties of non-metals.
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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 + €
Table 8.3
lonization Potential in KJ / mole

)

@ I-A [-A o

Q (@]

< Li = 520 Be = 899 z

E;

5 Na = 495 5

Q Q

2 K=419 2

("4 wn

(] )

@ Rb = 403 @

v Cs =376

lonization energies values decreases with sing atomic size and vice versa.
The Alkali metals and Alkaline ea tals show increasing trend of reactivity down the
group because their atomic size incredses down the group.
Since Alkali metals have low lo Energy values than Alkaline earth metals, Alkali

metals are highly reactivg thian Alkaline earth metals.

Alkali Metals and AlkalineSearth metals have low values of lonization Energies due to
which they easily@lgsé théir 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:

The general comparison of reactivities of |A and I|A group elements is shown bleow:

Alkali Metals (1A) Alkaline Earth Metals (11A)

They are highly reactive than (lIA) group  They are less reactive than (IA!

elements due to low ionization energy. elements due to high ioniz@
They form monovalent cation(M") They form divaleng cati )
L 2
They immediately tarnish in air and form They react with enjon heating.
metal oxide. K + O, — K,O go
They react violently with halogens They with halogens
2Na + Cl, — 2NaCl , — CaCl,

They react with water vigorously at room  Th ith water less vigorously

temperature and form strong alkaline o alkalme solution

solution M H,O - MgO+ H,

2K + 2H,0 — 2KOH + H, O + H,O0 — Mg(OH),

Their oxides and hydroxides are mo eir oxides and hydroxides are less
basic than those of IIA group e b05|c than those of IA group elememts.

They form metal carbides on heating.

They do not form met Ca + 2C — CaC,

Position of Alkali metals aline earth metals in periodic table is also useful to explain
their reactivity. Det d‘s ussion about reactivity of sodium, magnesium and calcium is
given below:
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Position, Properties & Uses of Some Metals
Sodium (Na)

Position:

It is sixth most abundant element and constitutes 2.87% of earth's crust. It belon
group, 3" period of periodic table.

Properties: (

Sodium is silvery white alkali metal. It melts at 97.8°C and boils at 882 8°C. Yisss0Oft and
can be cut with Knife due to weak metallic bonding between their atoms. Tyyiolently reacts
with H,O water and form Sodium Hydroxide and Hydrogen gas, is kept in Kerosene
oil to prevent its reaction with moisture.

2Na + 2H,0 —» 2NaOH + B}
Sodium metal has shining surface but its appearance begormes déll due to action of air.

2Na + O, — 020\

Sodium reacts with halogens to form sodium hglide.
2Na + Br, % 2N@aBr

Sodium reacts with sulphuric acid to form

2Na @) Na,SO, + H,
Uses:
Itis an excellent heat transferfl is used as coolent in nuclear reactors.
Itis used in Detergent pr iom.

Itis used in Street lights and\gjves yellow colour.

Itis used as Redu entin the extraction of Calcium, Zirconium and Titanium.

Some comm ounds of Sodium and their uses are mentioned below:
Table 8.4
B
SodaAsh Na2CO3 Used as water softener
Baking Soda NaHCO; Used in Baking Powder, Health Salt, Beverages
Table Salt NaCl Food Items

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 ggoup
and 3" period of periodic table.

Properties:
It is a grey-white metal. Its name is derived from Magnesia, a district in GregCe. It s at

650°C and boils at 1090°C. Magnesium reacts with water and releases Hydkogemw'gas

Mg+ 2H,0 — Mg (OH), + H, o

Magnesium fire cannot be extinguished with water because hly flammable
and intensifies the fire. Magnesium fire can be extinguished b gidry sand.

Uses:

Itis used in flares and photographic flash bulbs becquse,it to produce brilliant white
light. Magnesium hydroxide are used as an Anta is used for manufacturing of

Mobile Phones, Laptop and Tablet Comput ause of light weight and electrical
properties.

The use of Magnesium reduces the weight o cle by replacing steel components of a
vehicle.

Magnesium alloys are used in avj «@ induistry, space crafts and missile because they are
light weight and remain stablg.at high temperature.

Magnesium can be changed Iftricate (twisters, knotty) shapes, so it is used in tenis
rackets and handles of@rchery Bows.

&9ium is used in cathodic Sacrificial Anode
ion (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)
0, + 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: O
It is silvery white soft metal. It melts at 851°C and boils at 1484°C.

Uses: Q
Calcium is essential for healthy teeth and bones. .

Calcium forms useful compounds which are mentioned below:

Table 8.5

R

Slaked lime Ca (OH).

il cgnditioner, used in water treatment to
ce acidity.

sed in steel industry to remove impurities
om lron ore

Gypsum 2CaS It is used as component in construction of
buildings.
It is used medically in plaster for setting
broken bones.

*

Calcium hyp iteneaOCl It is used for sterilization of water in
swimming pool.

Calci state CaWOu It is used in Luminous paints.

A CaCOs3 As source of CO,, In Cement industry.
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Do you know?
“Calcium Light”
When a popular personality becomes the @v
public attention then it is said to be in
Limelight. Previously musical halls, thegters Btages,
were lit by chemical called lime ( g Oxy-

produced which is known

This light increases thefisjb f audience to
enjoy the performa\ or on stage.

S

Test Yourself

B Write uses of baking soda, d sodium
nitrate.

B Enlist the uses of magresium?

B Write uses of Slaked li ypsum and calcium
tungstate.

| tals 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 R
It is a soft metal of group IA It is a hard metal VIIIB
It has large atomic size It has smaller ionic radii
It has low value (0.5) on moh scale It has high value (4.5) on mo
It has weak metallic bonding so it is a It has strong metallic bonding so iWis
soft metal hard metal.
- &
It can be cut easily with knife. It,'s RLIRAEE) € sh¥pts'and
wires.
It is light due to its low density It is heavier mé @ to its high density
(0.971 g/cm®). (7.87 g/lcm)
It has low melting and boiling point It has hi iglg and boiling point
values (melting point = 98°C, values ind point = 1535°C,
boiling point =882.8°C) iling point = 2450°C)

Test Yourself

Define Soft metals with examples

in

t, density and

Define hard metals with e

Write melting point, boiling
moh values of sodium iro

- orgness of metals and other material is measured by Moh scale. It is
devised 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.
N

Do you know?

Two pieces of pure ungoate tals
permanently stuck tog€ther space
because there is no oxygemigsspace and
hence no oxidation ctlg'l occurs. The
oxidized layer metals serves as a
barrier and rence of metals.

Commercial Value of Silver (Ag), Gold (A

u
& decorative items and Silver

light. Silver forms compounds of

SILVER (Ag): - It is widely used in society. It is used i
tableware because it does not tarnish and maintaj

to make mirror because it is best reflecto of visi
significantimportance.

Silver Nitrate (AgNQO,) or Lunar CGUSTI% in detection of Halogen. Light sensitive

material AgBrand Agl are used |@ phic films.
GOLD (Au): - Gold has i in our society. It is used in Jewellery because it has

very high luster, yellow colour and tarnish resistance.

Gold is used in Elegtroni@icomponents because it is highly efficient conductor of current

ices’ highly reliable. Therefore, Gold is used in cellphones, global
ms, Calculators etc. Gold is used in Laptop Computers for rapid and
smission of digital information. Itis used in dentistry because it is chemically
-allergic and easy for dentist to work. Gold coated polyester films are used in

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
heat inward 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): - Itisa 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 co
Hydrocarbons and reduces the emission of air pollutants.Price of precious fmetal is fixed
according to its weight. Its density is more than Gold. So itis more expensive t old.

L 2

Test Yourself

Write names and symbols of few noble metals? :
Why helmets of astronauts are coated with thin fi
of gold?

Why glass surface are coated with gold?

Why gold is used in jewelry?
Why platinum is used as catalytiggco rin

vehicles?
\ E

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.

For example, 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

Table 8.7

Non-Metal of Periodic Table

&

1A IVA VA VIA
1
H
Hydrogen
1.00797
6 7
C N
Carbon Nitrogen g
12.01115 14.067 094
15 16
P S
Phosph Sulphur

7% 32.064
34
Se

78.98

Selenium

2

Fluorine

18.9094

17
Cl
Chlorine

35.453

35
Br
Bromine

79.904

53
[
lodine
126.9044

OO

VIIA

2
He
Helium

4.0026

10
Ne
Neon

20.180

18
Ar
Argon
39.948

36
Kr
Kryptos
53.80

54
Xe
Xenon

131.30

86
Rn
Radon
(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.

L 2
Test Yourself 0
B Describe the properties of non-metals. Q
B Identify the VIIIA group elements from the @

following

N, Na, Ni, Ne, Ar, At, He.
B Write names and symbols of Non metals o
group elements.

B Which group contain non metals in gase@us stdte
only?

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 an'
ed

number of negative charges on anion shows the excess number of electrons
to number of protons.

Electronegative character increases across the period because Atomic size sesand
nuclear charge density increases. It decreases down the group due to figcregsing Atomic
size.
Halogens accept electrons easily due to their high electroneg @ aracter.
Cl+e - CI

Non-metals form acidic oxides which react with watéyaporsfof atmosphere and cause
acid rain.

SO; + H,0 — H,S0; us Acid

SO; + H,0O — H,80, Sulphuric Acid
CO; + HO = H» arbonic Acid

Do you know?

. Silver iodide

Artificial Rain % particles
Dr. Vincent J. Schaefer in 1 ssfully created artificial «F, ‘ e e
clouds in a chilled chambgr. ','-'.‘:»__.v Tiyn - ZE)L?ﬂ.eted
Artificial Rain can oc rough cloud seeding. In this process 2. Silver fodide -, ©

chemicals like Silver gl) or Dry ice (Solid CO,) are acids in the !

spread over cloud§, As a Fesult a super cooled water molecule formation of - B lf‘:vaf:"‘:‘iﬁ;”;ﬁ
condenses r rofind these chemicals and forms ice ice crystals the ice crystals
crystals. ice crystals grow big and become too :Z[:mge"on"tﬁzl':
heavy the downward and change into rain. way down to

form rain.

8

Comparison of Reactivity of the Halogen

en belongs to VII-A group and consists of Fluorine (F), Chlorine (Cl), Bromine (Br),
lodine (l) 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 + I, — 2Kl




Chemical Reactivi

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 it @

Example
2KI+Cl, — 2KCI +1, O

Chlorine is more reactive Halogen than lodine so Chlorine displaceg lodifg. Bhe mixture
turns reddish brown due to liberation of lodine.

3. Fluorine is more reactive, therefore it can replace other h
2KCl + F,— 2KF + Cl,
2KBr + F,— 2KF + Br,

4. Reaction of Hydrogen with Halogen form Ha cid.
(X =F2,CI2,Br2,|2)
Rt X > = HF, HCI, HBr, HI)

The Acidic strength of Halogen Ac es in the following order

> HCl > HF
HI is very strong acid becadse asily breaks up and forms H" lon in water due to weak

Covalent Bonding.

HF is very weak acid cauge’it has strong Covalent Bonding so it does not break up easily
to form H" lon_in * lons reacts with water molecule to forms Hydronium (H,O")
lon.

ANy

~ -

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. O
EXPERIMENT
Table 8.8
Test for Zn**
Experiment Observation ﬂesult
Salt Solution + NH,OH solution. White ppt #'may be present
White ppt + excess NH4OH or White ppt is dissolv a@ Zn?* ion is present
NaOH solution. form clear sol

Test for Mg™* \

Experiment ervation Result
Salt Solution + NaOH or NH.,OH solution. ite ppt Mg®* ion may be
White ppt + NaOH/ NH,OH solution. W insoluble in excess  Mg”" is present

f NaOH or NH,OH
Test for NH;

Experiment Observation Result

Portion of Aqueous solution of V ungent of NH3 Gas release NH:lon is present

NaOH solution w [
& 2

ar
Test for Ca”* .

nt Observation , Result
. . . + .
ire until flame is no Apple Green colour flame Ba™ is present
2+,
ip the loop of wire Brick Red colour flame Ca™"is present

ater and then in unknown salt.
Heat the wire on flame.
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Qualitative analysis of

Anions like CO; , CI', I, SO; and NO; can be identified

by following test.

Test for CO3~
Experiment Observation
Sample of Solid + Dilute Mineral Bubbles comes out which turns
Acid lime water milky
Test for CI°
Experiment Observation

Few ml of salt solution + dilute
HNO; + AgNO;

White ppt +NH,OH solution
Test for |~

White ppt so®4OH
QJ

tion

2 ellow ppt

ellow ppt insoluble in excess

Experiment

Few ml of salt solution + few drops
of dilute HNO3 + few drops of
AgNO;

Yellow ppt + NH,OH solution

NH.OH
Test for SO:~
. Observation
e HCI + .
aCl, White ppt

ppt + dilute HCI White ppt ins|_?lcu|ble in excess

Test for NO;

Experiment
Small amount of salt 4+ few drops of
dilute H2SOy4 solution

Observation
Reddish Brown vapours evolve

White ppt @Q CI" may be present

sult
COsi nt

0.

Result

CI" lon is present

Result

I” ion may be present

I"ion is present

Result

SO% lon may be present

SO% lon is present

Result
NO: lon is present
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Concept Map

Chemical Reactivity

(Chemical interaction between
chemical substances)

Involve matter which may be Q

v v Q
Non-metal Metal e s
— T &

. Easily accept electron . Easily loses electron . Elements having

and form negative ion form cation intermediate character of
(electro negative (electropositife chagaCter). metals and non-metals.
character). A, A ments . Can form acidic or

. Halogens are non- are bighly\eélectro positive amphoteric oxides.
metals. fo ic Oxides and act

. Halogens act as reycing agents.
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difficult to oxidize.
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. Alkali metals are soft
metals.

. Metals like iron (Fe),
nickle (Ni), tungsten (W)
are hard metals.
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Metals have greater tendency to lose electron.

Non-metals have greatertendency to accept electron.

Oxides of metals are basic because they produce basic solution with water, O
Oxides of Non-metals are Acidic because they form Acidic solution with Water.
lonization Energy decreases and Electro positivity increases down tHegroup:

Group I-A elements are called Alkali Metals. ¢

Group lI-A elements are called Alkaline earth metals.

Metals of Group I-A, 1I-A are powerful reducing agents
Noble metals like Platinum, Silver, Gold etc are diffi oxidize.
VII-A group elements are Non-metals and act as o &g

VII-A group elements are known as Haloge

Halogen reacts with metals and form salt

Elements of group VIIIA are non-met sist of gases.

Metalloids are elements which dagyve \groperties intermediate between metals and
Non-Metal elements.

Forexample B, Si, Ge, As, metalloids.

A3
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Exercise Questions

I SECTION- A: MULTIPLE CHOICE QUESTIONS

Tick Mark () the correct answer O
1. Which one metal belongs to Alkaline earth metal? (

(a) B (b) Bi (c) Br (d) Ba

2. Which one is Barium .
(a) Bi (b) Be (c) Ba (d)

3. Chlorine can be displaced by .
(a) F (b) Br (c) | )

4. Which one is strong acid? \
(a) HF (b) HCI (c) @ (d) HI

5. Which Halogen exists in liquid stafe:

(a) F, (b Cl, d 1,
6. Non-metals of r(% gases

(a) VI-A (b) (c) VII-A (d) VIII-B
7. Which one is Metalleid?

(a) Br (BY Se (c) S (d) Sr
8. Whichoneo wing act as oxidizing agent ?
¢ (b) Mg (c) Na (d) Cl
n turn lime water milky?

(b) NO, (c) CO, (d) N,

ich compound is known as lunar caustic?

(@) KNO, (b) AgNO, (c) NaOH (d) NaNO,
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SECTION- B: SHORT QUESTIONS:

1. Identify the elements as Metals, Non-metals and Metalloids from the following
elements:-

C, Caq, Sb, S, Sr, Si, K, P Ba, Ge

Metalloids

2. What are Alkali metals? Write names and symbols of alkali metals?

3. What are Alkaline Earth Metals? Write names and symbols oféAlkgline earth
metals?

4. What are Halogens? Write names and symbols of Hal

5. Write names and symbols of any three metalloids.

6. Define following with examples: - 1. Cation @ 2. Anion
7. Explain why alkali metals do not exists free in n N

8. Explain inertness of noble metals.

9. Write names and symbols of some noblgmet
10. Explain electronegative character gf n tals.
SECTION- C: DETAILED Qu@k

. Explain importance of Sil

Explain importance offGol
Explain the experim stCl" and | lons.
Explain Electrop@sitive®haracter of metals.

Explain the positigh of Magnesium in periodic table and its importance.
Explain the pBsiiion of Sodium in periodic table and its importance.

NOUA W

Arran following Halogen Acids in increasing order of their Acidic
HBr, HCI, HI, HF

in Electronegative character of non-metals.
rentiate between sodium and iron as soft and hard metal.

10. Discuss the reactivity of Halogens.
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